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P R E F A C E

T h e sy n o p ses  o f  the lectures on the d isc ip lin e  “G eo p h y sic s” con sist  
o f  three b o ok lets, each  o f  them  in c lu d in g  tw o  basic subjects:

I. Su bject 1 — - T he m eth o d o lo g ica l basis.
S u b ject 2  —  Earth in  the structure o f  the U n iverse .

II. S u b ject 3 —  P h ysica l m o d e ls  o f  the Earth.
Su bject 4  —  G eo p h y sica l fie ld s .

III. S u b ject 5 —  S p a ce  and tim e in  the sc ien ce s  on the Earth.
Su bject 6  —  T h e  interaction  b etw een  the external geosp h eres.

T heir  conten ts m eet the contem porary requirem ents o f  T each in g  
Standard o f  the E ducation  M in istry  o f  R u ssian  Federation for  
S p ec ia liza tio n  6 5 7 2 0 0 —  H yd rom eteoro logy .

W ith  regard to the R F  G overnm ent reform ation (M arch, 2 0 0 4 ) and  
the reorganization  o f  the E ducation  M in istry  into  the S c ien ce  M inistry , 
creation  o f  n ew  Standards for  education  is  ex p ected , w h ich  a lso  affects  
the d isc ip lin e  “G eo p h y sic s” . P robably, the n ew  requirem ents for teach ing  
G eo p h y sic s , b e in g  m ore un iversa l, w ill g iv e  to the course  the  
W eltan schauu ng orientation and add to its fundam entality .

P rop osa ls m ade b y  the R S H U  on  the im provem ent o f  teach ing the 
G eo p h y sic s  d isc ip lin e  w ere taken into  accou nt in these syn op ses . T he  
proposals are concentrating o n  e ssen tia l ro le  o f  m eth od o log ica l  
foun dations, sy s tem  id e o lo g y  in  presentation  o f  the m aterial, and 
orientation to the scrutiny o f  the p r incip les and m echanism  o f  the 
geo sp h eres interaction . F irst o f  a ll, it  con cern s the upper en v e lo p es  o f  the  
Earth as the m ain  o b jec t for  both  practical and sc ien tific  p rofessional 
activ ity  o f  m eteoro log ists , h y d ro log ists, o c ea n o lo g ists , and e co lo g ists . 
A lso  co n sid ev ed  in the course is  a n ew  geo sp h ere  —  noosph ere —  as a  
f ie ld  around the Earth.

T he sec tio n  on ev ery  su bject is  provided  w ith qu estion s and  
prob lem s for se lf-co n tro l and a lis t o f  regn ired and further read ing for  
stu dents’.
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IN T R O D U C T IO N

“G eo p h y sic s” is on e  o f  the education  d isc ip lin es b e in g  taught in  the  
R S H U  fo r  sp ec ia liza tio n  6 5 7 2 0 0  —  H ydrom eteoro logy . In accordan ce  
w ith  the Standard o f  the H ig h er  P ro fession a l E ducation , the program m e  
o f  the course  presu p p oses the acquain tan ce o f  the students w ith  genera l 
in form ation  about the Earth as a p lan et o f  the Solar S y stem , its p h y sica l  
fie ld s , g eo lo g ic a l p ro cesses and phen om en a, problem s o f  interaction  
b etw een  the so lid , liq u id , g a seo u s en v e lo p es  o f  the Earth, and m eth ods  
o f  g eo p h y sica l in vestig a tio n s.

T he word physics. T hus, in  general understanding, it  is  a sc ien ce  
about the s im p lest properties o f  the substance. In this or app roxim ately  
th is w ay  it is  w ritten in  h ig h er-sch o o l textb ooks and m anuals on  p h y sics .

T herefore, for  S p ec ia liza tio n  6 5 7 2 0 0 —  H y d rom eteoro logy , the  
term  G eo p h y sic s can be understood  as the sc ien ce  about the nature o f  the  
Earth.

Earth is  a ce les tia l b od y. Earth is  a product o f  the U n iv erse , and its 
d ev e lo p m en t o b ey s  the la w s o f  the U n iv erse . T he structural e lem en ts o f  
the Earth a lso  are n ot iso la ted  from  each  other. B e in g  the au tonom ous  
creation s, they  are aggregated  in to  a  w h o le , w h o se  nam e is  the p lan et  
Earth.

B u t the w h o le n e ss  is  form ed  as a sy stem  and rev ea ls i t s e lf  in  the  
interaction o f  the parts, o f  w h ich  the sy stem  con sists .

T hus, in  our cou rse  the Earth is  considered  as a  c o sm ic  and  
g eo lo g ic a l system . H en ce , further in  the text, both the term  “g e o p h y s ic s” 
and the term  “g e o lo g y ” w ill b e  used . T o  adopt such  approach to  the  
prob lem , it  is  n ecessa ry  to b eg in  w ith  co n sid er in g  the m eth o d o lo g y  o f  
th is d isc ip lin e.
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Subject 1. The M ethodological B asis

M e th o d o lo g y  is  a  system  o f  m ethods a n d  ru les ap p licab le  to re sea rch  o r  w o rk  in  a  

g ive n  sc ie n ce  o r  a rt  ( C h a m b e rs  2 (fh C en tu ry  D ic tionary).

“Whoever undertakes to set h im se lf  up  

a s  a  ju d ge  o f  Truth  a n d  K n o w le d ge  

is  sh ip w re cked  by  the lau ghter o f  the go d s .” 

Albert Einstein

1.1. T he Change o f Paradigm s

The paradigm is a complex o f  opinions that determine the direction and 
way o f  scientific thinking at a given stage o f  its development.

A n alysis o f  the history o f  sc ien ce  reveals that its developm ent is 
determ ined and controlled by the scientific  revolutions, which originate as a 
product o f  the change o f  paradigm s, i.e ., predom inant W eltanschauungs.

G e o lo g y  w en t through tw o  paradigm s. N o w , w e  are entering the 
third paradigm , after th e  seco n d  revo lu tion . B e fo re  w e  start d iscu ssin g  
th ese  ev en ts , w e  first o f  all try to fo rm a lize  the idea  o f  the sc ien ce  
d ev e lo p m en t through the ch a n g e  o f  paradigm s.

In their constructions, the o ffic ia l p h ilo so p h y  and sc ien ce  on  
sc ien ce  co n tin u e  to rest on  the co n cep t o f  the exponentia l law  o f  the 
ev o lu tio n  o f  our k n o w led g e . Param etrizing this idea, w e  can write:

I  = I0e \

w h ere  I  i s  sc ien tific  in form ation  at the m o m en t t; l0 is  in itial 
inform ation; A, is  a  constan t characterizing the rate o f  grow th o f  our 
k n o w led g e , i .e ., accu m u lation  o f  in form ation  over  tim e (F ig . 1.1).

Figure 1.1. Exponential law o f  science development. 
I stands fo r  information; t stands fo r  time
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It is ea sy  to n otice  that exp lo itin g  the ex p on en tia l law  as a 
descrip tion  o f  the e v o lu tio n  o f  our k n o w led g e  is con n ected  w ith  no less  
than three principal d ifficu lties:

•  T here are n o  abrupt ch an ges and poin ts o f  d iscontin u ity  on  the  
graph. T hus, exp on en tia l law  is not able to d escr ib e  the sc ien tific  
revolutions.

•  T he va lu e  o f  I  g ro w s over  t w hen X = const. A n d  i f  t =  0 , w e  
obtain I = I0 (/„ >  0 ). In other w ords, a  certain in itia l inform ation had  
already ex isted  before  sc ien ce  cam e into being. It is  natural, but the 
un iqueness o f  the b eg in n in g  lea d s to pure lo g ic ism  that contradicts to the 
G o d e l’s T heorem  o f  In com p leten ess.

•  T he gradient d l/d t g ro w s catastrophically  o v er  t. In practice, it 
corresponds not to the ch a n g e  o f  paradigm s but in form ational ex p lo sio n ,
i.e ., the d em olition  o f  sc ien ce .

T o  ex c lu d e  the third d ifficu lty , the m ost ev id en t at first g la n ce, the 
sc ien fis ts  proposed  to u se  the lo g is tic  fun ction  as the la w  o f  sc ien tific  
developm ent:

I = ( h - Q / ( l + e a + b!) + I 0 , 

w h ere a and b (b <  0 ) are constants (F ig . 1.2).

Figure 1.2. Logistic law o f  science development:
Ia is the lower asymptote, Ij is the upper asymptote

Indeed , in  this ca se  the gradient dl/dt first grow s and then 
decreases; therefore, the op tion  o f  inform ational e x p lo sio n  is  excluded . 
H ow ever , h av in g  e lim in ated  on e  drawback, w e  g e t another and m ore  
serious problem : T he in form ation  grow th, or the d ev e lo p m en t o f  sc ien ce , 
w h ich  is  th e  sam e, is  bou nd  to a lim it o f  l t .

In vestigating  the k in em atics o f  the inform ational sp iral, the author 
m anaged  to d escr ib e  the process o f  sc ien ce  d ev e lo p m en t in  the form  o f  a
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ser ies o f  lo g is tic  fun ctions (F ig . 1 .3). It a llo w s, on the o n e  hand, to avoid  
the a b o v e-m en tion ed  d ifficu ltie s , and on  the other hand, to p o se  
additional q u estion s w h ich  new  for g e o lo g y  and g eo p h y s ic s . W ithout 
so lv in g  these  questions, both g e o lo g y  and geo p h y sics  cannot develop  as 
up-to-date sc ien ces.

Figure 1:3. The law o f  transfinite development o f  science with the main 
paradigm s (the set o f  logistic functions).

h , I2, I3 are the firs t ( initial), the second, and the third paradigms, 
respectively;

In, h i, h i are the limit values o f  information that can be obtained 
from  I  1, l 2, h , respectively

T h e cross-hatched  areas are revolutionary periods. A rea I is  the 
ep och  o f  the R enaissance (com m encem ent o f  the / ,  activity), area II is the 
epoch  o f  the end o f  the 18th and the early 19th cen turies —  the 
E nligh tenm ent (co m m en cem en t o f  the I2 activ ity ), and area III is  the end  
o f  the 2 0 th century (co m m en cem en t o f  the I3 activ ity).

T h e  pecu liar  feature o f  th ese  revolutionary periods is  the 
c o ex is te n c e  and the struggle  o f  tw o  w orld  outlooks: o ld  and n ew  
paradigm s. In this struggle, the n ew  paradigm  is  to n ecessa rily  oust the 
o ld  o n e , so  the gradient dl/dt w ith in  th e  co n fin es o f  o ld  lo g is t ic  function  
d ecreases and approaches zero; on  the contrary, the gradient o f  new  
lo g is t ic  fu n ction  increases. T he o ld  and n ew  id eas are irreconcilab le; 
h en ce  the d iscontin u ities o f  the total lo g is tic  function . T heoretica lly , a 
p reviou s paradigm  can  be ex p lo ite d  w ithout any lim itation o f  tim e, but in  
practice  this tim e is  restricted b y  the life  span o f  the hum an generation  
that exp lo ited  this paradigm  last o f  all.

E very new  paradigm  is  b o m  in  the depths o f  the o ld  one. 
T heoretica lly , its roots g o  back  to the very rem ote past. H o w ever , in  
practice  it appears as i f  all o f  a sudden lik e a sm all ju m p  8j detach ing the
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lo w er  asym p tote  o f  the g iv en  lo g istic  fu n ction  from  the low er  
asym ptote  o f  the n ex t lo g is tic  function .

T he proposed  sch em e  (F ig . 1 .3) e x ce lle n tly  corresponds to  the  
fundam ental G o d e l’s In co m p leten ess T heorem . W e  g iv e  this theorem  in 
interpretation o f  Prof. Y ury I. M anin:

For comprehension o f  the fu ll truth, it is necessary to have a 
transfinite series o f  creative acts (acts o f  belief) and we do not prove the 
truth o f  these acts, we can only guess them right.

T he acts o f  b e lie f  are p ostu lates that can  b e  considered  as 
paradigm s, i.e ., as a  w h o le  c o m p lex  o f  the id eas accepted  to b e  true. In 
F ig . 1.3, th ese  are the lo w er  asym p totes. G o d e l’s In com p leten ess  
T heorem  states that ev ery  such  act is  fin ite . In F ig . 1.3, th ese  f in iten esse s  
are represented b y  upper asym p totes. T he  theorem  a lso  states that the  
num ber o f  th ese  acts and the n u m b er  o f  th e ir  a lter n a tio n s  is  in f in ite .  
O n ly  tw o  su ch  a lte r n a tio n s  are sh o w n  in  F ig .  1 .3 , a lthough w e  can  
draw as m uch o f  them  as w e  like.

S c ien ce  e v o lv e s , and the fact o f  its evo lu tion  is  sh ow n in F ig. 1.3 as 
the grow th o f  va lu e  o f  fun ctions I-,{t) b e in g  theoretica lly  unlim ited.

W ithout concen trating  on G o d e l’s proof, w e  w ill on ly  consider, 
very  briefly , the co n seq u en ce  o f  the theorem  that concerns the bound o f  
the d ed u ctive  sy stem  o f  draw ing co n c lu sio n s . T he theorem  states that 
there is  n o  d ed u ctib ility  b e in g  non-contrad ictory for  all transfinite se t o f  
the lo g is tic  curves (U sp en sk y , 1980). W e  d en o te  the w h o le  c o m p lex  o f  
lo g is tic  curves I(t) (F ig . 1 .3 ), w here the lo w er  asym p tote  o f  every  next  
curve is  situated under the upper asym p tote  o f  the prev iou s curve, as 
transfm itude.

T hus, accord in g  to G o d e l’s T heorem , the ded u ctive  sy stem  is  
con sisten t, i.e ., non-contrad ictory o n ly  o n  intervals: 1ю - 1ц, h o - h i ,  ho~  
Isi, and s o  on. T he  e x is ten ce  o f  upper lim itations Ju , I2i> h i,  ••• m akes the  
ded u ctiv e  sy stem  in co m p lete . T herefore, ev ery  paradigm  b e in g  n o n 
contradictory is  n ecessa r ily  incom p lete .

N o w , w ith  the help  o f  transfm itude (F ig . 1 .3), w e  w ill briefly  
co n sid er  the seq u en ce  o f  ch an g in g  o f  paradigm s in g e o lo g y  and  
g eo p h y s ic s  as a b asis for  the m ech an ism  o f  their develop m en t.

T he first lo g is tic  cu rve o f  transfinitude corresponds to the ep och  o f  
the R en a issan ce. T h is paradigm  orig inated  from  the B ib lica l insigh ts. Its 
g ist  w as b r iefly  ex p la in ed  in  the w orks o f  A ndrey V iste liu s (1 9 8 0 ) and  
A lexan d er  P a v lo v  (1 9 9 0 ). G eo lo g ica l dedu ction  o f  this paradigm  has 
n ev er  b een  sp ec ia lly  investigated . T he puiport o f  the approach to  
g e o lo g ic a l in v estig a tio n s w as p la in ly  ax iom atic  and id e o lo g y  w as clear  
enou gh  but not so  s im p le  as is  presented  so m etim es b y  orthodox atheists. 
T his approach im p lie s  that our w orld  is  created b y  the D iv in e  R eason  
according  to strict m athem atical la w s w h ile  the hum ans are b esto w ed  a



part o f  this reason. T herefore, they  are able to reveal these  law s and  
com p reh en d  the structure o f  the w orld. I f  they w ere able to construct a 
non-contrad ictory theory o f  form ation  o f  our w orld, this theory co u ld  be  
a ded u ction  o v er  g eo lo g y ; therefore, all g e o lo g ic a l law s cou ld  b e  derived  
m athem atica lly .

H o w ev er , there w as no g e o lo g y , in  the sen se  w e  understand this 
term  n o w a d a y s, during the l ife  o f  the first paradigm  ( /;  in  F ig . 1.3). T he  
d ed u ctive  foun dations o f  g e o lo g y  w ere form ed later by such titans as 
M ikolaj K o p em ik , T y c h o  B rahe, Johann K epler, G a lileo  G alilei, R ene  
D escartes, Isaac N ew to n , G ottfried  L eib n iz. Thus, w e  can se e  that 
a x iom atic  approach to sc ien ce  w as estab lished  by the outstanding  
scholars o f  authority o f  that tim e, m ain ly  o f  ph ysica l, m athem atical, and  
p h ilo so p h ic  orientation . N ev erth e less , a lo n g  w ith  the prevalent id eo lo g y ,  
the in d u ctiv e  sy stem  o f  co g n itio n  appeared and began to d ev e lo p  (G eorg  
A g rico la , N ico la u s S ten o ), w h ich  afterw ards determ ined the generation  
o f  a n ew  paradigm  to  in vestig a te  the w orld  in  the 18th— 19th centuries. 
For g e o lo g y , it w a s the creation o f  the secon d  descrip tive  paradigm , 
related  to  such  nam es as M ikhail L o m o n o so v  in  R ussia , Jam es H utton in 
Scotland , A braham  W erner in  S a x o n y , C harles L yell in E ngland, 
G eorges C u vier  and A lexan d re  B rongniart in France, and others.

G e o lo g y , at th is stage  o f  its develop m en t, w a sn ’t concerned with  
the p h ilo so p h ica l problem s and the search for the beg inn in g  o f  all 
b eg in n in g s. It w as m o st c learly  m anifested  by Jam es H utton, w h o  
b e liev ed  that the Earth liv ed  and d ev e lo p ed  in  accordance w ith com m on  
p h y sica l law s. T he  Earth is  a  m ach ine and all g eo lo g ica l phenom ena can  
b e  ex p la in ed  through the natural agen ts that the g e o lo g ist  is  able to  
observe . T he seco n d  paradigm  and sp ecia l attention to the gen etic  trend 
o f  g e o lo g ic a l w orks a ffec ted  the d ev e lo p m en t o f  g e o lo g y  in a very  
produ ctive  w ay.

T h e  seco n d , or d escrip tive, paradigm  w as based on  the id e o lo g y  o f  
h elio cen tric  con cep tion ; therefore, its deduction  w as m ore or less  
invariant w ith  regard to d iverse  co sm o g o n ica l theories (from  Pierre  
L a p la ce ’s h y p oth esis to ‘c o ld ’ hyp oth esis by O tto Schm idt and  
contem porary ideas on  ‘h o t’ form ation  o f  the Earth). W ithout any cla im  
on  str ictn ess and co m p leten ess, it  is  p o ss ib le  to  form ulate three  
statem ents that m o d em  g e o lo g is ts , o n e  w ay or another, u se  in  their w ork  
as cardinal axiom s:

•  T h e  g e o lo g ic a l d ev e lo p m en t o f  the Earth is  an evo lu tion ary  and 
at the sam e tim e step -w ise  process.

•  T h is p rocess is  generated b y  the internal en ergy  sources: 
gravitational, therm al, and others.

9



•  T he o n ly  external energy sou rce  is  the Sun that controls the 
e x o g e n ic  p ro cesses on  the Earth.

T h e  lo g ic a l apparatus o f  the d ed u ctio n  fo r  the d escr ip tiv e
paradigm  is so p h istica ted  enou gh ; it is  b ased  on the c la ss ica l lo g ic ,
c la ss ica l p h y s ic s , and therm od yn am ics. U n til recen tly , a x io m a tics  o f  
the se c o n d  paradigm  and its lo g ic a l d ed u ctiv e  apparatus w ere  in 
a greem en t w ith  the factual data and w ere  su itab le  fo r  g e o lo g is ts  as 
sa tisfa c to ry  to their dem and s. T he  k n ow n  facts rem ain  to be va lid  today  
as w e ll. H o w ev er , the p o stu la tes th e m se lv es  are fou n d  to  be
in su ffic ien t, b eca u se  it  b e c o m es  im p o ss ib le  to  a n sw er ser io u s q u estion s  
on their b asis —  in  particular, to  ex p la in  the c y c lic  recurrence o f  
d ifferen t sc a le s  in  the d e v e lo p m en t o f  the Earth (m agm atic ,
m e ta llo g en ic , b iosp heric , tecto n ic , and so m e  others). T hus, o n e  can say  
that the o ld  a x io m a tic s  has serv ed  its  tim e and n o w  w e  are o n  the verg e  
o f  crea tin g  a n ew  ax io m a tics .

It w o u ld  b e  proper to r eco llec t here the o p in ion  o f  the outstand ing  
p h y sic is t  o f  the 19th cen tury L u d w ig  B oltzm an n . H e  understood the 
m issio n  o f  the m o d em  sc ien ce  not as gatherin g  the em pirical facts and  
their further estim ation  from  the standpoin t o f  a lready-k now n la w s, but 
as an adjustm ent to our thinking, ideas, and con cep ts w ith  the obtained  
em pirica l data. T od ay  it is c lear  to m o st sc ien tists  that it is  e sse n tia lly  
ea sier  to m ake m easurem ents than to com preh en d  w hat w as m easured .

T h e  principal p ro v isio n s o f  n e w  a x iom atics w ere  for the first tim e  
form u lated  in  the w orks o f  A lexan d er  P a v lo v  and A zariy  B arenbaum  
(1 9 9 1 ). T h e se  are as fo llo w s:

•  T he g eo lo g ic a l d ev e lo p m en t o f  the Earth is  cau sed  b y  the in flu x  
o f  the en erg y  from  outside.

•  T h e  Earth rece iv es this en ergy  not con tin u o u sly  but b y  certain  
f ix ed  am ounts (quanta).

•  T h e se  en ergetic  quanta em erge  during the Soiar S y s te m ’s passing  
through the je t  f lo w s o f  the G alaxy.

•  T h e  p er io d ic ity  o f  the energetic  quanta em ergen cies corresponds  
to  the p er iod ic ity  o f  the Solar S y s te m ’s p a ssin g  through the je t  f lo w s  o f  
the G alaxy .

T h ese  p ostu lates are the b asis for  a n ew  paradigm  in g e o lo g y , 
quantum  paradigm  that a llo w s us to abandon the h eliocentric  co n cep t on  
g e o lo g ic a l d ev e lo p m en t o f  the Earth for the G alacentric id e o lo g y . The  
G alacentric id e o lo g y  is  based с-n the co n cep t o f  open  system  not o n ly  for  
the Earth and the S o la r  S ystem , but a lso  for  the G alaxy.
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1.2. The P rin cip le  o f A ctualism

Actualism is a form  o f interpretation o f  geological processes o f  the 
past by means o f  comparing the geological phenomena o f  the past 
epochs o f  the evolution o f  the Earth with the processes o f  the present.

T here are p lenty  o f  b ook s and articles written about actualism . A nd  
th is very  fact sh o w s that the co n cep t o f  actualism  is not on ly  
sop h istica ted  but a lso  very  im portant. It concerns the foundations o f  the 
g e o lo g y  as a sc ien ce . It is  necessa ry  to n otice  that during the past years, 
the qu estion  about the foun dations o f  the sc ien ce  cea sed  to be on ly  
ph ilosop h ica l, it b eca m e very  particular and requiring a c lear and precise  
answ er. G eo lo g y  (in our educational program , it is  ca lled  g eo p h y s ic s)  is 
a sc ien ce  about the structure o f  the Earth, its origin, and d evelop m en t. So  
it  is  n ecessa ry  to d eterm ine w h at truths are the foundations for  g eo lo g y . 
R egretfu lly , the m o d em  g e o lo g y  can propose o n ly  the id eas o f  actualism . 
H o w ev er , the princip le  o f  actualism  is  not an up -to-date concept. The  
d egree  o f  contem p oran eity  o f  the p rincip le  o f  actualism  depends on the 
m anner h o w  it interprets the g e o lo g ic a l sp a ce -tim e  system .

Thus, the princip le  o f  a ctualism  cannot b e  used  as a m eth od  w ithout 
precise  sp a ce -tim e  notions.

T h e  ideas o f  actualism  appeared as early as at the epoch  o f  
R en aissan ce  (the 16th— 18th cen tu ries) and in on e  or another form  can be  
foun d  in the w orks o f  L eonardo da V in ci, N ico lau s Steno, G eorge de 
B u ffon , Jam es H utton, and R u ssian  sc ien tist M ikhail L om on osov . B ut in  
the m o st co m p lete  form , the notions o f  actualism  w ere formulated by 
Charles L yell in his 3 -vo lum e w ork  “Principles o f  Geology” (1 8 3 0 -  
1833). C harles L y e ll m ade the d ev e lo p m en t o f  the Earth to be in te llig ib le  
b y  determ ining three cardinal princip les.

•  A ll the p rocesses altering the appearance o f  the Earth are 
constant o v er  the tim e. It is  the principle o f  monotony.

•  T he forces d e fin in g  the form ation o f  the Earth act s lo w ly , but 
continually . It is  the principle o f  continuity.

•  T he slig h t alterations actin g  continually  during lo n g  tim e lead to 
considerab le  alterations w ith ou t additional catastrophes. It is  the  
principle o f  summation.

Thus, Charles L y e ll prom ulgated  the concep t o f  uniform itarianism  
in its fina l form  that ex p la in s the features o f  the Earth’s crust by m eans  
o f  natural p rocesses over  g e o lo g ic a l tim e. U n iform itarian ism  posits that 
natural p rocesses e x is tin g  through lo n g  periods o f  g eo lo g ic a l tim e and 
actin g  in  the sam e m anner and w ith  essen tia lly  the sam e in tensity  as at 
present are su ffic ien t to accou nt for all g e o lo g ic a l alterations.
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In sp ite  o f  all sh o rtco m in g s and m istakes that are un avo id ab le  in the  
process o f  c o g n itio n  o f  nature, the con cep t o f  uniform itarianism  is  based  
on  the id ea  “today as alw ays and always as today” that perform ed an 
excep tion a l and p ro g ressiv e  role in  g e o lo g y . U n iform itarian ism  rece iv ed  
its further substantiation and develop m en t in  the w orks o f  R ussian  
sc ien tists A lexan d er  A rkh angelsky , N ik o la i Strakhov, and others.

W hen it b ecam e c lea r  that "today is not absolutely the same as 
always ”, the prin cip les o f  C harles L y e ll w ere transform ed to the m o d em  
form ula: “the present is a clue to the cognition o f  the p a s t”. N o w a d a y s, 
this form ula is co n sid ered  to be the g ist  o f  the m eth od  o f  actualism .

H o w ev er , this form u la  by its e lf  g iv es not m uch. It o n ly  sh o w s that 
to accep t the uniform itarian reconstructions is  not enou gh . T h e se  a llo w  
us o n ly  so m eh o w  to  orien t o u rse lves in  the g e o lo g ic a l h istory o f  the 
Earth, but do not a llo w  o n e  to reproduce auth en tica lly  the g eo lo g ic a l  
even ts, auth en tica lly  in  the sen se  o f  reconstructing  the observed  
g eo lo g ic a l structures w ith ou t variants.

T o avo id  the card inal m istake that is  usual for  m any g e o lo g is ts , it  is  
necessa ry  to draw the lin e  b etw een  the actualism  as a prin cip le  and the 
actualism  as a m eth od . T he princip le is, generally  sp eak in g , a postu late. 
A n d it is  im p o ss ib le  to  d iscu ss w hether to accep t it  or  not. W e have  to  
accept it, b ecau se  the refu sa l o f  this postulate is a fruitless declaration  
g iv in g  us nothing. A s far as the g e o lo g ica l p rocesses are concerned , w e  
search fo r  the a n a logu es o f  the present in  the past. A n d  the d iscu ssio n  
about actualism  as a  pr incip le  rem inds us o f  the d iscu ss io n  on  parallel 
lin es  in  E uclid ean  g eom etry . A ctua lism  as am ethod  is  an algorithm  in  
our sp ec if ic  g e o lo g ic a l activ ity . Probably, it w ou ld  be m ore correct to 
sp eak  not about a m eth od , but about m eth ods, b eca u se  in  app lied  
g e o lo g y  th ese  m eth ods, a lthough havin g  a c o m m o n  basis, are 
n ev erth eless d ifferent enou gh . T here are various sch em es o f  descrip tion  
o f  seq u en ces o f  operations necessa ry  fo r  m eth od ica l rea lization  o f  the  
p rincip le  o f  actualism , but all th ese  sch em es are very  im perfect. T o m y  
m ind, all d ifficu ltie s  associa ted  w ith  the creation o f  these  sch em es are 
caused  b y  the situation that the sp a ce -tim e  prob lem  o f  g e o lo g y  is  not 
reso lv ed  till n ow . T herefore, the so lu tion  o f  the problem  o f  “sp a c e -t im e ” 
rem ains asan urgent p rob lem  for m o d em  g e o lo g y .

W e can approach nearer to the so lu tion  o f  the p rob lem  o f  “sp ace
tim e” in g e o lo g y  o n ly  b y  reso lv in g  sp ec if ic  g eo lo g ic a l prob lem s. A t the 
present tim e, d ev e lo p m en t o f  the “sp a c e -t im e ” b asis o f  g e o lo g y  
p rop oses at lea st f iv e  groups o f  th ese  problem s:

•  In vestiga tion  o f  the ph ysica l sen se  and properties o f  the  
g e o lo g ic a l “sp a c e -t im e ” .
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•  In vestigation  o f  the stab ility  o f  sp ace  and tim e sca les and their 
relationsh ip .

•  Syn ch ron ization  o f  the g e o lo g ic a l c locks.
•  D ev e lo p m en t o f  p rincip le  o f  actualism  on the sp a ce -tim e  

g eo lo g ic a l basis.
•  Further elaboration  o f  the foundations o f  the geohistorical 

m eth od  (the d ev e lo p m en t o f  actualism  as a m ethod).

1.3. Sim ulation as a M ethod o f Investigation.

C on sider  a gam e. T h ere  are m any different objects o f  the interior in 
a room : furniture, p ictures, v a ses, and so  on. T he players survey the 
room  for about a m inute. E ach  player m ust enum erate all item s o f  the 
interior that h e  or sh e  can rem em ber. A t first sight, it is  a gam e to check  
the attention and m em ory. B u t in  reality , the description o f  w hat w as 
seen  is  m ore than o n ly  an e x er c ise  for  these capabilities. Enum erating the 
item s o f  the furniture, the p layers reproduce in their m ind the room  
interior by creating the m o st su b jective  and private im ages. In this w ay  
the player sim ulates the room . A n d the listeners to the enum eration  
create their ow n  su b jective  and private im ages, i.e ., they  a lso  sim ulate  
the room . T his p lay  qu ite p rec ise ly  illustrates the process o f  cogn ition  o f  
the w orld  around.

C ognition by way o f sim ulation.

In its m ost general sense, a sim ulated m odel provides a framework for 
organizing or structuring a study o f  the natural phenom ena. T he word model 
is akin to the w ord mode. In m athem atical statistics, mode is the m ost 
frequent value in  a statistical array. Let the price o f  garments be its 
indication. W e can state that o n ly  a few  people, w h o are very rich, can afford 
haute couture and on ly  a  few  people, w h o are very poor, wear the rags. And  
w hat is  worn by m ost people  m akes a  m ode o f  fashion, i.e., norm.

N o b o d y  can produce an a b so lu tely  ex a ct co p y  o f  the real w orld. For 
this, it  is necessa ry  to com preh en d  all the d iversities o f  the real w orld ’s 
traits, w h ile  hav in g  su ch  a c o p y  is  se n se le ss . T o  com prehend the w orld  
around, it  is  en o u g h  to h a v e  certain sch em es or ev en  the grotesque, 
cartooned  pictures. T h erefo re , in ste a d  o f  the o r ig in a ls  w e  can  u se  
ersa tz  as an im ita tio n  o f  th e  real w orld . A sto n ish in g ly , very often  the 
m ore caricatural and sim p lified  the im itation , the better the reproduction  
o f  the o b jec t’s g ist, h en ce  m ore usefu l for  sc ien ce .
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Ersatz substitutes the original.
T h e procedure o f  constructing ersatz is  simulation. W hat is  the  

m ech an ism  o f  th is procedure;? N o b o d y  k n o w s it  e x a ctly , although  
ev ery b o d y  can sim ulate . It can be sa id  that the a b ility  o f  sim ulation  is  
our natural g ift. Is it p o ss ib le  to im prove  this a b ility?  Y es , it is  p o ssib le  
ind eed , lik e  m any other o f  our sk ills. T o  do it, it is  necessa ry  at first to 
determ ine the b asic  sta g es o f  sim ulation . A p p rox im ate ly , they  are the  
fo llo w in g :

observation —> determ ining the m odel —► abstracting —> 
—► form alization —► sim ulation —*• testing

Observation  is  a process o f  obta in in g  in form ation . It can  b e  the  
g lan ce  o f  a ch ild , the work o f  a m odem  te lescop e , a book , so m eo n e’s 
story, and so  on.

Determining the model is the d eco m p o sitio n  o f  the in form ational 
sign a l in to  the portions and se lec tio n  o f  its stron gest com ponent, w h ich  
can b e  ju x ta p o sed  w ith  m aking  an impression.

Abstracting  is a transform ation o f  a m o d el to any gen era lized  
im age. T he lo ss  o f  association  w ith the real ob jec t stipu lates the 
transition to  a  n ew  area o f  the inform ational f ie ld , to a realm  o f  certain  
sym b ols .

Formalization  is  b inding the abstraction to a certain  form . It is  the  
creation  o f  a sy m b o l.

Simulation is  constructing  so m e  structures from  sy m b o ls , co p y in g  
the real ob jec t or p h en om en on , producing its ersatz  that dem onstrates the  
essential part o f  the orig inal in form ational signal.

Testing is  the com parison  o f  a m o d el w ith  real ob ject and m aking  a 
d ecis ion  concern ing  w hat to do next: A ccep t the m odel, im prove it, or 
reject it.

O f  co u rse , the g iv en  sch em e is con v en tio n a l enou gh , s in c e  it  sp lits a 
s in g le  w h o le  that can n ot be sp lit becau se  it has neither b eg in n in g  nor. T o  
be ab le  to ob serv e  and see , o n e  needs to p o sse ss  so m e  a priori 
k n o w led g e . T he le v e l  o f  our k n o w led g e  g ro w s as a result o f  the  
accu m ulation  o f  exp erien ce , advance in  ed u cation , and so  on . For 
ex am p le, w e  arrive to the outcrop o f  the rocks at a steep  seash ore or at a 
river v a lley . E v ery b o d y  p erce iv es here h is or her ow n . A  com m on  person  
can  se e  a  c lif f , an artist can see  a certain pattern o f  co lou rs, and o n ly  a 
g e o lo g is t  can  se e  the alternation o f  the rock  layers and con d ition s o f  their  
bedd ing.

H o w ev er , to r eco g n ize  the rocks o n e  sh ou ld  understand the  
m eaning  o f  sp ec ia l term s, kn ow  their c la ssifica tio n  and, o f  course, 
distin gu ish  the sand  from  c la y , lim eston e, or m arble; the k n o w led g e  o f
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m any other th ings is a lso  needed. In other w ords, to be able o f  see in g  
nature, it  is  necessary  to operate w ith abstractions (in  our case , in the  
form  o f  c la ssifica to ry  sy m b o ls) and at least h a v e  the prim itive m odel 
perception in  the form  o f  such notions as bed, boundary, thickness, and so  
on. A ll this inform ation is g iv en  at g eo lo g ic a l fa cu lties o f  un iversities.

L et’s e x erc ise  the g e o lo g ic a l them e on  a very s im p le  exam p le  that 
m ust be understandable to ev eryb od y  w h o  rem em bers a little  the sch oo l 
program m e on natural history and geography. W e p ick  up a rock  
sp ec im en , w h ich  the w e ll-k n o w n  g e o lo g ic a l c la ssifica tory  ind ications  
a llo w  o n e  to reco g n ize  as quartz. A t o n c e  w e  find  o u rse lves in the sphere  
o f  abstraction: A  particular sp ec im en  is  labeled  w ith  a genera lized  term  
used  fo r  all typ es o f  quartz. T hen w e  in vestiga te  this abstraction on the  
basis o f  a lo g ica l sch em e, a lso  abstract, that m ust correspond to certain  
requirem ents. F or the sak e  o f  co n v en ien ce , in  their practical w ork  
g e o lo g is ts  o ften  use, instead o f  the w ord  quartz, the sym b ol Q, or the  
ch em ica l form ula o f  silico n  d io x id e  S i 0 2.

S y m b o ls  Q  and SiC>2, lik e  the w ord quartz itse lf, both are 
form alization  o f  an abstract notion . S y m b o lism  o f  Q is  not identical to 
sy m b o lism  o f  S i 0 2. T he first d esignation  is  ju st a substitu tion o f  the  
w ord quartz by the capital letter Q, w hereas the d esignation  S i 0 2 is  not a 
m ere substitu tion . S i 0 2 is  a m od el itse lf, the on e  that uses chem ical 
sy m b o ls . T he  m od el S i 0 2 represents our notions on  the properties and 
g en esis  o f  this sp ec im en  as a representative o f  a certain c la ss o f  chem ical 
com poun ds. T h e  real sp ec im en  o f  quartz that w e  are h old in g  in  our 
hands d iffers essen tia lly  from  pure s ilic o n  d ioxide: It i s  characterized by  
the presen ce  o f  adm ixtures, structural d efects, and other specia l features. 
T hus, from  the ex a m p le  w ith  quartz w e  can co n c lu d e  that sym b olism  o f  
the m o d e ls  m ay b e  naught, i.e ., not bearing any content (lik e  the  
d esign ation  Q ), or based  on  the m o d els o f  another origin (designation  
S i 0 2). T h e  latter cannot b e  consid ered  as naught.

A  written form ula o f  a chem ica l reaction w ith  quartz is  a m o d el o f  a 
real process. A bstracted quartz participates in  this reaction  —  not our 
real one. A lthou gh , in  princip le , our sp ec im en  can w ork in su ch  reaction .

T he ch em ica l reaction  is a product o f  our d efin ite  theoretical 
notions form ed  as a resu lt o f  generalization  o f  our exp erien ce  and so m e  a 
priori k n ow led ge. F o llo w in g  the ex a m p le  w ith  quartz, w e  can  construct 
m any d ifferent m odels: so c ia l, p ro fession a l, and so  on. D esp ite  th is, it  is  
c lear  that the beginning and the end o f  a model are rather vague notions 
to define.

T he fixation  o f  the b eg in n in g  and the end is  a lw a y s conventional  
and determ ined by the sp ec if ic s  o f  practical purpose.

A n a ly s is  o f  the process o f  cogn ition  revea ls that w e  usually  operate  
w ith  tw o  lev e ls  o f  sim ulation: conceptual and working.
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T he conceptual model is a b a sic  sch em e reflec tin g  our very  
approxim ate and, as a rule, in tu itive  co n cep ts about real ob jec t or  
p h en om en on . C on ceptu al m od els , b e in g  the m ental im a g e  o f  a natural 
ph en om en on , are based  on the observations and serve for ex p ressin g  
so m e seg m en t o f  the real w orld  in an id ea lized  form . In e sse n c e , it  is  
o n ly  a h yp o th esis  that determ ines the typ e  and direction o f  all our further 
work. It defin es the c ircle  o f  param eters and the type o f  their relationsh ip . 
T h ese  param eters are to  be m easured  and the exp ected  results estim ated . 
W ithout such m odel, it  is im p o ssib le  to  start w orking because it  w ill be  
unclear what, how and fo r  what purpose to measure, how to estimate the 
volume o f  the whole work, what precision is necessary, and so  on . F o r  a 
w e ll-d ev e lo p ed  concep tu a l m o d e l, w e  obtain the final result fa ster  and  
w ith better quality . V ery  o ften , e sp e c ia lly  in the process o f  sc ien tif ic  
exp lorations, sp ec ia lis ts  w ork  w ith  severa l m o d e ls  sim u ltan eou sly . T hen , 
after estim ation  o f  the corresp on d en ce  o f  m od els to the results o f  
observations or exp erim en ts, so m e  o f  the m o d els  are rejected , w h ile  the  
others can be corrected . T hen; is  an essen tia l d ifference b etw een  the  
engineering  and sc ien tific  work. E ngineers ex p lo it ready and rev ised  
m odels; sc ien tists  create m od els.

T h e  concep tua l m o d els  can be both  qualitative and quantitative. T he  
p h y sica l clarity  o f  the concep tua l m o d e ls  and c lear elaboration  o f  their  
ax io m a tics  are the m atter o f  pr inc ip le  fo r  m o st problem s co n cern in g  the  
m aterial w orld , and fo r  th ese  p rob lem s it is  g o o d  to accept the a d v ice  o f  
John W . T uk ey  (A nn. M ath. Stait., v o l .3 3 , p . 1 3 , 1962):

“Far better an approximate answer to the right question, which is 
often vague, than an exact answer to the wrong question, which can 
alw ays be made precise ”.

T his recom m en dation  em p h a sizes the fundam ental im p lica tion  that 
the e ffic ie n c y  o f  understanding the w orld  in  general and sp ec ific  
in v estig a tio n s in  particular depend s o n  the defin ition  o f  the problem . T he  
problem  defin ition  c o n sists  not o n ly  and not as m uch in form u latin g  the  
p rob lem  as o f  the sch em e  ch o sen  fo r  its so lu tion , i.e ., the con cep tu a l  
m od el. T he d ev e lo p m en t o f  this m o d e l is  a  g ist o f  the d e fin itio n  o f  the  
problem .

T he working models are the resu lt o f  the d eta iled  in v estig a tio n  o f  
the ch o sen  co n cep tion . Just th ese  m o d els a llo w  us to  find  a  sp ec if ic  
so lu tion  e ither in  the form  o f  statem ents (qualitative m o d els), or  in  the  
form  o f  num erical data (quantitative m o d els). For exam ple, the qu estion  
about w hether a  reg io n  is se ism ica lly  dangerous m ay have  a qualitative  
answ er “Y e s ”. T h e  confirm ation  o f  this answ er m ay be the resu lts o f  
com p reh en siv e  g e o lo g ic a l exp lorations and the se ism ic  m aps m ade up on  
the m aterial o f  the exp lorations. I f  in the process o f  these  w orks the areas 
o f  m o st  se ism ic  danger are outlined , then a  quantitative estim ation  can
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b e  g iv en . T h is  quantitative answ er is  confirm ed by the exact figures, 
nam ely , by the geograp h ica l coordinates, d im en sion s o f  the areas, 
se ism ic  records, and so  on.

B y  their form , the concep tual and w orking m o d els can  b e  c la ss ified  
in d ifferent w a y s. T h ese  c la ssifica tio n s th em se lv es are m o d els to be  
determ ined  b y  the ru les o f  the d iv is io n  and grouping. A s an illustration, 
co n sid er  the c la ss ifica tio n  o f  W illiam  C . K rum bein and Franklin A . 
G raybill (w ith  so m e  author’s additions and contractions).

D iagram m atic m odels. It is a table, sch em e, or graph. In 
g eo lo g ic a l practice, these m odels are used very w idely, as m aps, sections, 
profiles, and so  on.

D eterm inistic m odels. T h ese  sh ow  the cause-an d -effect  
relation sh ip  b etw een  the param eters, w h en  for m easured or defined  
argum ents the fu n ction s take certain sp ec ified  values. T h ese  m odels are 
u su a lly  said  to  d escr ib e  the ev en ts w ith abso lu te  m em ory.

S tatistical m odels. T h ese  propose the absolu te ab sen ce  o f  the  
ca u se -a n d -effect rela tion s, and create ersatz based  on the assum ption o f  
the e x is ten ce  o f  the p ro cesses  w ithout m em ory. A  statistical m odel is  a 
m athem atical ex p ressio n  in v o lv in g  m athem atical variab les, param eters, 
constants, and o n e  or m ore random  com ponents due to fluctuations in 
experim en ta l data.

Statistical m o d e ls  can be derived  from  determ inistic  m od els by  
in c lu d in g  the random  com p on en ts exp lic itly .

Stochastic m odels. T h ese  descr ib e  the ob ject or process in  term s o f  
probability , that is , n o t the ev en t itse lf, but the probability  o f  its 
occurrence.

T he term stochastic model is  essentia lly  synonym ous w ith statistical 
m od el, because ea ch  o f  them  contains a  random  com ponent. A  statistical 
m odel has on e  or m ore random  com ponents related to m easurem ent error, 
equation error, or to the inherent variability o f  the objects be ing  m easured, 
such as the actual d ifferences in  shape, say, o f  a handful o f  pebbles. A  
stochastic m odel, w h ich  m ay contain sim ilar random effects, has in 
addition a built-in  sp ec ific  random  process that describes the phenom enon  
on a probability basis. In stochastic m odels, an investigated phenom enon is  
exactly  determ ined at any fix ed  p oint o f  tim e.

A lg o rith m ic m odels. It is  a sp ec ia l type o f  m od els. U su a lly , these  
su g g est gu itea  qu ite  a  co m p lica ted  descrip tion  o f  the behaviour o f  an 
object, or a process. T his description  includes m any sequentia l 
operations, o ften  im p ly in g  other m od els.

T hus, it is p o ss ib le  to  agree that the sam e problem  m ay have  
so lu tion s based  o n  d ifferent m o d els and expressed  in  d ifferent term s. It is  
u sefu l to reco llec t here the w e ll-k n o w n  dictum  o f  N ie ls  B ohr that for  the  
sam e group o f  ob jects , an in fin ite  se t o f  t
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created. It rem ains o n ly  to c o m e  to  an agreem ent h o w  to estim ate  their  
truthfu lness. B u t about that a little  later.

T h e  w orld  is  p erce iv ed  by hum ans through the procedure o f  
sim ulation . A p parently , th is m eth od  is the o n ly  o n e  at p e o p le ’s d isp osa l. 
A n d n o w a d a y s th is m eth od  o f  cog n itio n  has been  d ev e lo p ed  w e ll  
enough . T he fo llo w in g ; sch em e  g iv e s  the best guarantees:

1. Form ulation  o f  the prob lem . W e determ ine w hat w e  actually
w ant.

2. S tatem en t o f  the problem . C onstruction o f  the concep tu a l m o d el,  
o n e  or  several.

3. C on struction  o f  the param etrical base for  the m odel chosen: w hat 
sh ou ld  be m easured , h o w  to m easure, and so  on .

4 . F ie ld  in v estig a tio n s. O bservation s, m easurem ents.
5. R e v is io n  o f  the m o d e l in accordance w ith  the results o f  f ie ld  

in vestiga tion s.
6. E xp lo ita tion  o f  the m od el (testin g) and d ec ision -m ak in g .

In ca se  o f  p o s itiv e  resu lts, the m o d el is  accepted . O therw ise, the  
procedure o f  sim ulation is repeated again. For this reason, the investigators  
work w ith severa l m o d e ls  s im u lta n eo u sly .

T he c lo sed n e ss  o f  the procedure o f  sim ulation  is  e sp ec ia lly  
im portant. Just closedness  as iteration , as a process w ith a feed back  
a llo w s for perm anently  acquirin g  the in form ation  at qu alita tive  and  
quantitative lev e ls . E very  iterative c y c le , from  the statem ent o f  the  
problem  (item  2 )  to  the testin g  (item  6), accum ulates the inform ation . 
From  c y c le  to c y c le , the qu ality  o f  inform ation im proves, b eca u se  every  
iteration takes p la ce  w ith  d u e accou n t o f  the p rev iou s ex p erien ce  and  
errors.

T h e  sc a le s  o f  th ese  c y c le s  co u ld  be very  d iverse: from  the so lu tion  
o f  partial p rob lem  to the le v e l o f  paradigm . H ere is  an exam ple.

In 18 2 9 , the outstand ing French p h y sic is t D o m in iq u e  F J .  A rago  
w rote about w eather-form ing  that "Atmospheric machine fo r  pumping 
out the w ater is an irreproachable mechanism and its discontinuous 
work doesn’t present any inconveniences”. M ore  than 100  years later, 
R u ssian  acad em ician  V a s iliy  V . Shuleik in , investigatin g  the ph ysica l 
basis o f  the c lim ate and w eather forecasts, began  to develop  ideas about 
the w orking princip les o f  natural thermal m ach ines. F o llo w in g  Sh u leik in , 
the g e o lo g is ts  and g eo p h y s ic ists  began  to  d e v e lo p  the id ea  o f  therm al 
m achine. T h ey  put forw ard the id ea  o f  Earth’s therm al m ach in e  as a 
d e v ice  w ith  heater and c o o ler  that produ ces the work.

T here is  o n e  m eth o d o lo g ica l subtlety  havin g  principal im portance  
fo r  the co m p reh en sion  o f  the w orld  and its law s. A rago  derived  his
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reasoning  from  his con sid er in g  the nature phenom ena as engineering  
problem s. On the contrary, m o d em  sc ien tis ts  g o  from  the eng ineer ing  
a ch ievem en ts to the natural p ro cesses . Each w ay has its ow n  starting  
point (prototype). For A rago, it is  nature, w h ile  for  Shuleik in  and other  
m o d em  explorers it is  a se t o f  technical dev ices. I have proposed another  
form  o f  analogy, w here both prototype and analogu e are the natural 
phenom ena: T here is  n o  n eed  to com pare nature w ith a  m achine. It is 
p o ssib le  to com pare various nature e lem en ts w ith each other by the 
criterion o f  their resem blan ce to a  therm al m achine.

T h e  hum ans, lik e  du a l-faced  Janus, look  both to nature and to their  
o w n  creations sim ultaneously .

T he hum ans borrow  the technical ideas from  nature. T hen they  
m ake experim en ts w ith  them , interpret results, and co m e  back to nature 
again to take the n ew  and the n ew est ideas u s in g  m ore and m ore refined  
m ethods.

T o  acquire the inform ation , hum ans constantly  put it into  
circu lation .

Living creates the living, money make money, 
and information makes information.

A ll this resem bles the circu lar f lo w , rotation o f  procedure.

S IM U L A T IO N  IS A  M E C H A N IS M  O F  IN F O R M A T IO N  
C IR C U L A T IO N  A N D  A C C U M U L A T IO N

1.4. O b jectivity and T ruth fulness

A s w e  h a v e  seen , creation o f  a m odel is a procedure excep tion a lly  
su bjective . T herefore, dem anding the ob jectiv ity  from  the m odel is , at 
least, n o t correct. T o  m y  m ind , the co n cep t o f  ob jectiv ity  itse lf  is  an idea l 
that cannot b e  a ch iev ed  d u e to the very e sse n c e  o f  the ideal. T he reality  
is  sen sed  through the apparatus o f  sp ec ific  param etrical perception  and  
b ecause o f  this reason  the reality  is  illu s iv e  for  every  observer. 
Objectivity exists outside the observer.

In real life , w e  can  g iv e  the estim ation  to the facts w ithout ask ing  
w h o  and h ow  obta ined  them , and w ith ou t th ink ing about so -ca lled  m ete 
w and, standard estim ation s. H o w ev er , standard estim ation s are very  
im portant. T he p eo p le  have  their o w n  and m uch  different standard  
estim ation , w h ich  m akes understanding each other very d ifficu lt.

R egretfu lly , ev en  the o ffic ia l sc ien ce  rather o ften  forgets about it. 
A nd sc ien tific  d iscu ssio n s o ften  debate  not the ax iom atic  base, but the  
co n c lu sio n s and estim ation s o f  the observations. C on sider the w e ll-  
know n d iscu ssio n  betw een  the supporters o f  inorganic  and organic origin  
o f  the o il, or the d iscu ssio n  o n  origin  o f  g lacia l deposits . T here are tw o

19



v iew p o in ts  about the g la c ia l deposits: A re th ese  the result o f  g lacia tion , 
or w ere they  brought b y  the ca lv ed  ice?  W ho is  right?

U nfortunately , very often  that expert is considered  right w h o  is 
m ore assertive  and d u e  to this c ircum stance can make his opinion to be 
public  or takes the public opinion fo r  his or her own.

E stim ate n o w  the hum our o f  the fam ou s A m erican  p h y sic is t  
C larence D arrow , w h o  g a v e  su ch  characteristic to the theory:

“The theory is an intellectual cathedral erected fo r  the G o d ’s 
Glory and giving the complete satisfaction to both the architect and an 
onlooker. I am not going to proclaim  that the theory is the reflection o f  
reality. The word ‘rea lity’ frightens me, 1 suspect the philosophers know 
exactly what this w ord means while I  don't know, so I  can say something 
that could hurt them. Nevertheless I  am not ashamed to say that theory is 
a beautiful construction, because the beauty is a matter o f  taste. So here 
I  am not afraid o f  ph ilosophers”.

A ll quoted a b o v e  certa in ly  concerns m o d els  as w e ll. M o d e ls  are 
in tellectu al constructions too and i f  they  are n ot the cathedrals then at 
least they  are the bu ild in gs fo r  production activ ity  and/or liv in g  in.

D arrow ’s understanding o f  the factual d ifficu lty  o f  the real w orld  
w as very d eep ly -fe lt. That is  w h y  h e  a lw a y s regarded the defin ition  o f  
theory w ith great seriousness, although not w ithout a tinge o f  joke. It is 
difficu lt to say better or not to agree that theory is a cultic construction 
fo r  performance o f  intellectual necessities o f  life. This A esop ic-Ian guaged  
d efin ition  reproduces the m odern requirem ents to  any theory or m od el 
that w ere  lo n g  a g o  form ulated  b y  A lbert E instein  as p r incip les o f  
internal perfection and external justification.

T he internal perfection  is  the beauty. T he minimum o f  antecedents 
and maximum o f  consequences are the m o st im portant features for  
sc ien tific  beauty. W e can estim ate the beauty  or internal perfection  o f  a 
theory  or a m odel by th ese  quantitative characteristics.

T he requirem ent o f  beauty a llo w s us to draw a clear dem arcation line  
b etw een  the h yp othesis and the theory. B oth  hypotheses and theories 
sh o w  a g o o d  agreem en t w ith  the observations and experim en ts that 
a llo w s us to forecast the future and reconstruct the past. H ow ever , 
h yp o th eses the th eories h a v e  d ifferent num ber o f  an teced en ts and 
co n seq u en ces. O n ly  a h y p oth esis w ith m in im um  antecedents and 
m axim um  co n seq u en ces  co u ld  be consid ered  a theory. O f cou rse , it 
rem ains a theory o n ly  till the m om en t o f  the appearance o f  a n ew , m ore  
beautifu l in te llectu a l construction.

R ecen tly , add itional requirem ent has arisen, about the falsifiability 
that probes the th eories for  b e in g  sc ien tific . A scientific theory can be at
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the same time scientific and non-scientific. It is  not d ifficu lt to 
understand this paradox.

H a v in g  m in im um  an teced en ts and m axim um  con seq u en ces is  the  
n ecessa ry  cond ition  for  a h y p o th esis  to be a theory, but it is  not 
su ffic ien t. T he theory is  dead  i f  it  ex p la in s everyth ing  w e  know  today but 
n oth in g  m ore. In this case , th e  theory form ally  c lo se s  the id ea  o f  research  
and augm entation  o f  our k n o w led g e , h ence our exp erien ce  as w e ll,  
w h ich  d o es  not a llo w  to a d van ce  our com preh en sion  o f  the world  
around. I f  in exp la in in g  all k n ow n  facts and observations the theory  
a llo w s us to m ake the risky p ro g n o ses and steps to the unknow n, then the 
theory is  sc ien tific  —  o n ly  in  th is ca se . A  really  sc ien tific  theory states 
n e w  tasks and problem s, and m ak es the process o f  k n o w led g e  to be  
o n g o in g .

W hen  ana lyz in g  w hat w e  can co n sid er  as theories, w e  a re concern  
ed  about their verification. It is  n oth in g  e lse  than the agreem ent o f  the  
theory w ith  the observations and experim ent.

S u p p o se  an experim en t (observation ) is consisten t w ith  a theory. 
T his fa c t g iv e s  to  the theory the right o f  life , although no m ore. A nd  
certa in ly  it  d o es not m ean  that the theory is  true. It is  not ex c lu d ed  that 
tomoiTOw so m eb o d y  w ill fin d  n ew  data that d isp rove this theory. 
A cco rd in g  to the rem ark o f  the A m erican  p h y sic is t R ichard P. F eynm an, 
sc ien ce  is  perm anently  con cern ed  w ith  the denial o f  itse lf. A n d it is  
a b so lu te ly  norm al. D e v e lo p in g  this them e further, he  affirm s that the  
exp erim en t m ust be c lean , i .e ., m u st represent the reality  correctly , 
w ith ou t any distortions. S o  the qu estion  on  the truthfulness o f  experiment 
is  ra ised  here. It brings to m in d  the adage “Who are you to ju dge?”

In search o f  the truth, w e  o u rse lv es are catch in g  our o w n  tail. 
C on sid er  so m e  exam ples.

•  E very b o d y  can  w atch  the su nrise  and the sunset, i.e ., the m otion  o f  
the Sun. T h e  M oon  a lso  appears on  the horizon , m o v es across the sk y  
and then disappears. T h e  observation s sh o w  the m ov em en t o f  the 
ce les tia l b o d ies around the Earth. D u rin g  the ages, the p eop le  b e liev ed  in 
it. A cco rd in g  to this theory, the sh ip s laid their courses and a lw ays  
arrived to the seaport В  from  the seaport A  su ccessfu lly . H o w ever , later  
it b eca m e k n ow n that the rem arkable geocen tr ic  theory o f  the U n iverse  
structure is  on ly  k in em atica l and its agreem en t w ith  observations and 
experim en ts d o e sn ’t represent the real m otion  o f  the Solar S y stem  
b o d ies. T h e  geocen tr ic  theory w a s not b ased  on  the dynam ical law s o f  
m o tio n . T here w as n o  gravitation la w  to  take into  account. O n ly  in the  
16th cen tury the he liocentric  sy stem  o f  the U n iverse  rep laced the 
geo cen tr ic  system .

21



•  A n other illustration , at first seem in g  very s im p le . T here is  a graph  
in F ig . 1 .4, sh o w in g  the p o ss ib le  d ep en d en ce  o f  o il co n ten t in  the so il,

D IS T A N C E  from  the derrick

*  C %

Hи
DQ
О
ойa,
- J

3
X

Figure 1.4. The illustration o f  the linear interpretation o f  
observations. 1, 2, 3, and 4 are the points o f  observations.

a lo n g  the d irection  X, so m e d istan ce  aw ay from  the o il derrick. A lo n g  
the X  ax is, sam ples o f  the so il w ere taken and then an a lyzed  fo r  the total 
content o f  o il. T he poin ts on the graph ex a ctly  correspond to the results 
o f  laboratory ana lyses. C onstructing the graph, w e  a ssu m e that the 
relation  betw een  the variab les X  and С  is  linear w ithin  the poin t-to -p o in t  
intervals. H a v in g  assu m ed  the d ep en d en ce  to be linear, we fa ll within the 
realm o f  the belief. W e d o n ’t k n o w , w h ich  it is in d eed . In r ea lity , the  
s itu a tio n  m a y  b e  v e ry  d ifferen t. T h e  graph С =  C(X)  m ay  b e  not 
p ie c e w ise  linear, but h a v e  any c o n v e x  or c o n ca v e  configuration ; it is  a lso  
p o ssib le  that b e tw een  the poin ts o f  observations С  =  0. In the la st case , 
the o il products w ere not accum ulated  a long  th ese  intervals.

B ut w hat is  the truth? O n ly  G od k n o w s it. It is im p o ss ib le  to g iv e  
the ex a ct answ er. W e can say  that the po in ts on the graph reflec t the real 
facts w ith in  the accuracy o f  the topograph ic base  and the precision  o f  
ch em ica l ana lyses, m ade in accordan ce  w ith  certain ch em ica l m ethods. 
B y  usin g  another m eth od  o f  analytica l chem istry , w e  cou ld  obtain  
another va lu e  o f  the o il conten t. O n the graph, w e  can se e  o n ly  som e  
random  variab les. S o  the truth rem ains e lu s iv e . T here are m any  
ex a m p les o f  this kind.

W e  m ay q u ote  the resp on se  o f  P rofessor  Jam es L . B . Sm ith  to  the  
new sp ap er  article about h is fin d in g  o f  the C oelacanth  L atim eria.

In 18 3 6 , L o u is A g a ss iz  d isco v ered  a  fo ss il  fish  and ca lled  it 
C oelacan thus (from  G reek koilos —  h o llo w , space; akantha —  sp ine). 
T he d isc o v e ry  w as im portant, b ecau se  this sp ec ies  spanned a “m iss in g
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lin k ” in the story o f  evo lu tion : It g a v e  rise to am phibians, terrestrial 
rep tiles , birds, and m am m als. C oelacan ths w ere found in  the sedim entary  
layers from  the D ev o n ia n  till the end  o f  C retaceous period and w ere  
n ev er  m et in youn ger  layers. U n til qu ite recent tim e, these observations  
en co u ra g ed  the sc ien tists to  affirm  that coelacan ths d isappeared by the 
en d  o f  the M e so z o ic  era. Y e t  th is statem ent w as unknow n to the 
inhabitants o f  the C om oro  Islands and M adagascar w h o  caught this fish  
and ate it  w ith  great pleasure under the nam e “gom b essa” .

T h e  first liv in g  coelacan th  k n ow n  to the scholars w as by chance  
netted  near the South-E astern co a st o f  A frica , not far from  E ast L ondon, 
in 1938 . T h e  secon d  “sc ien tific” coelacanth  w as found by Prof. Sm ith  
near the C om oro Islands o n ly  14  years later, in  1952. T h e  “liv in g  fo ss il” 
ca u sed  a great sensation  as the so le  survivor o f  a lin e  o f  d evelop m en t that 
oth erw ise  b ecam e extinct.

V ery  co n v in c in g ly , this d isco v ery  dem onstrates that in g e o lo g y , all 
the tim in g  b ased  on  the p a la eo n to lo g ica l find in gs g iv es  o n ly  the even t  
boundaries and can b e  co n sid erab ly  sh ifted  a long  the astronom ical tim e  
ax is . S o  the truthfu lness o f  this tim in g  is  a lso  event-dependent.

P rof. Sm ith  strove to fin d  and catch  the C oelacanth  during 14 years 
and certa in ly  understood  the fundam ental s ig n ifica n ce  o f  h is d iscovery .

T here w as an in teresting  d ia lo g u e  betw een  Sm ith  and the ed itor o f  
an E ast L ondon new spaper. T h e  ed itor ask ed  w hether the P rofessor  w as  
sure that the E ast L ondon exem p lar  (the first that w a s netted  in  1938)  
rea lly  w a s C oelacanth . Sm ith  dry ly  answ ered: —  No.
T he ed itor  excla im ed :

—  No! How could you say then?..
—  /  didn't say so, —  Sm ith  rem arked. —  I have said, and I  keep saying 
that as fa r  as I  can rely on my knowledge, experience and observations, I  
can ju dge that it is a real Coelacanth.
T o  the n ex t qu estion  o f  the editor: —  What is the difference? —  Sm ith  
answ ered:
— If you show me a flow er and tell me its colour is blue then I ’U answer 
I  should say it is blue, instead o f  definite “Yes".

I h o p e  y o u  fe lt the su btlety . T here are neither any abso lu tes nor any  
a sser tiv en ess . “Y e s” or “N o ”, but always under some conditions.

S o  w e  are m o v in g  a lo n g  a  certain c ircle . T o  prove the truthfulness 
o f  a statem ent, w e  u se  d efin ite  criteria, prim ary standards, w h o se  
correctness w e  should  a lso  prove. A n d  so  on , w ithout an end.

T h e  w a y  out o f  this situation  is  the o n ly  one:
It is necessary to accept something as the truth w ithout any proofs  

and prelim inary conditions.
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R e co llec t  the sc e n e  o f  the talk o f  B erlio z  and V o la n d  from  
B u lg a k o v ’s “The M aster and M argarita

—  Bear in mind that Jesus d id  exist.
—  You see, Professor, —  B er lio z  responded  w ith  fo rced  sm ile , —  

we respect your great learning, but on this question we hold to different 
poin t o f  view.

—  There’s no need fo r  any points o f  view, —  the strange professor  
rep lied , —  he simply existed, th a t’s all.

—  But there is need fo r  some p r o o f ... —  B er lio z  began.
—  There’s no need fo r  any proofs, —  rep lied  the p ro fe sso r ...

W e ll, it is  all about the relig io n  as y o u  m ay  rem ark. A n d  I ’ll answ er  
to this:

—  With science, it is the same thing ...

In c o n c lu sio n  to the them e o f  this sec tio n , w e ’ll d iscu ss the problem  
o f  proofs.

S cien ce  know s a notion o f  the legislative truth or the truth by 
convention. A ctually , it relates to the invention o f  a truth. T he process o f  
invention takes place in  accordance w ith  the clear and w ell-d efin ed  schem e  
that the m athem aticians call proof. It is  a principal notion in m athem atics. 
Sp ecia l literature g iv es a detailed and rigorous description o f  the proof 
procedure. This procedure includes such elem ents as axiom atics, log ic , and 
function o f  the separation o f  the proven statem ent (see  Section 1.1).

T h e m eth od  o f  obta in in g  the leg is la tiv e  truths represents, accurately  
en ou gh , the m o d em  con cep t o f  the algorithm  as a procedural 
prescription:

•  F or ev ery  a lgorithm , it is  n ecessa ry  to ind icate  an alphabet o f  
in itia l data, so  that all p o ss ib le  in itia l data are the w ords in this alphabet.

•  It is  necessary  to create the alphabet o f  the results. A ll  the results  
are w ords in this alphabet.

T hu s, before  y o u  obtain a n ew  truth, you  have  to  d iscu ss the  
d edu ction  and your o w n  doctrine on  your w orld  ou tlo o k  w ith  your  
op p on en ts, and gain  their agreem ent to your statem ents. A fter  that, your  
opp onents m ust not debate your in feren ces. C ertain ly they m ay  exam in e  
your p ro cess o f  dedu ction  to c h eck  w hether y o u  m ade any m istak es, but 
n o  m ore. Y ou r in feren ce  w ill be a new truth, a lthough invented . A n d this

* Michael Bulgakov. "T h e  M a s te r  a n d  M a r g a r i t a " , Penquin Books, 1997.
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truth rem ains truth ev en  i f  so m e b o d y  cannot understand it, or d islik es it, 
or con sid ers this truth too  fantastic . It is  the truth by convention .

In everyd ay  life , the id e o lo g y  o f  prov in g  lo o k s outw ardly different. 
U sin g  the sam e argum ents,, y o u  can  prove the va lid ity  o f  your truth to 
o n e  p erson  and cannot p rove  it to another. W hy can it b e  so? T he k ey  to 
this p u zz le  is  the d ifferen ce  b etw een  the W eltanschauung and the 
dedu ction  sy stem  o f  your opp onent and your ow n . T o accept your  
argum ents and understand the va lid ity  o f  your  truth, your opp onent needs  
to  accep t your W eltan sch au u n g  and deduction  system  beforehand. S o  
first y o u  n eed  to ch a n g e  the b e lie f  o f  your opponent. T here is  an E nglish  
proverb: “When in Rome do as Romans d o ”...

T o  c lo se  the reason in g  on  the o b jectiv ity  and trustfu lness, I ’ll g iv e  a 
quotation from  a m onograph on  geo lo g y :

...in  reality, a considerable part o f  geology is a fruit o f  our 
imagination. When we say  “T h e  observation  sh o w s the Earth has a dense  
n u cleu s w ith  a  radius o f  3 ,4 0 0  km ”, this means that on the basis o f  a 
great number o f  estimations, mainly, the data on the seismic waves 
propagation time, we can surmise that the Earth has a nucleus. But 
nobody saw the Earth nucleus, neither did anybody see an electron.

A lso  n ob od y  saw  tropopause, stratopause, and a great num ber o f  
other th ings. Our truths are ours indeed. A s a  m atter o f  fact, they  are 
o n ly  our interpretations m ade w ith  the aid  o f  certain deductions.

1.5. The System s and the Law s

B y  the term  system  is  m ean t so m e  degree o f  order, certain lo g ic  o f  
relation s b etw een  the ob jects , phen om en a, or e lem en ts o f  a se t that w e  
co n sid er  as a  w h o le . M e n d e le e v ’s P eriod ic  T able  o f  E lem en ts is  the 
c la ss ica l illustration  o f  system .

D u e  to the peculiarities o f  hum an m ind and its predilection for the 
harm ony, the hum ans strive for  the system atic perception o f  the world  
around based on  su bconscious cause-and-effect postulates. It is the 
determ inism  that is the basis o f  any religion  —  the id ea  about G od as a 
prim e cause o f  all reality. E ven  elaborating the id eo lo g y  o f  stochastic or 
random  events and processes, the p eop le  created the probability theory and 
m athem atical statistics, constructed the equations and criteria, and so  on, 
w h ich  represents a certain lo g ic  and rules, i.e., attributes o f  the system .

V arious c la ssifica tio n s o f  the natural objects and p ro cesses are a lso  
ex a m p les o f  system atization . T h e  system atiza tion  depends on the aim s 
and tasks set. T h e  c la ssifica tio n  o f  rock s is a g o o d  exam p le  o f  the  
approach to  system atization . T h e  g e o lo g is ts  in vestiga tin g  the structure o f  
the Earth and the orig in  and distribution  o f  m ineral resources d iv id e  the  
rocks accord in g  to  their g e n e s is  in to  three groups:
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•  M agm atic  rock s (granite, basalt, gabbro, e tc .)
•  Sed im entary  rock s (sand and san dstone, c la y , lim esto n e , e tc .)
•  M etam orphic  ro ck s (g n e iss , sch ist, m arble, e tc .)

E ach o f  these  groups has m any subgroups featured w ith  their ow n  
chem ical and m ineralog ica l com position , structure, texture, and other  
attributes.

E ngin eering  g e o lo g y  in v estig a tes other param eters o f  the rock s, i.e ., 
ultim ate strength, w ater perm eability, creep strength, and so  on. AH these  
properties are e ssen tia l for various construction  w orks w h en  
hydroelectric  p lan ts, enterprises, and h ou ses are b e in g  built. A n d  for  
these tasks, another c la ss ifica tio n  sy stem  w as created:

•  S o lid  rock s •  P ressed  rocks
•  S o ft  rock s •  Incoherent rocks

T here are n o  g en e tic  typ es in  th is c la ssifica tio n . O ther param eters 
are essen tia l here. S o  o n e  group can  in c lu d e  granite, g n e iss , sch ist, 
sandstone, or e v en  lim esto n e  w ith  strong cem ent.

E xam p les w ith  d ifferent c la ssifica tio n s o f  the rock s h e lp  us 
com prehend the fo llo w in g  questions:

•  D o  the sy stem s o b jec tiv e ly  ex is t  in the nature, so  that the hum ans  
o n ly  d isco v er  them ?

•  Or m ayb e there are n o  system s in  nature, and hum ans fabricate  
them  to m ake the proced ure o f  understanding the w orld  easier?

It is  not e a sy  to answ er these  questions. T he answ er m ay be  
am biguous. L o o k  at F ig . 1 .5. There are lots o f  spots on the picture: W hite  
o n es are the sn o w  and b lack  on es are the ground. A t first, you  can see  
on ly  chaos o f  the spots. T hen, after you  have found an order or, m ore  
exactly , constructed  it in your m ind, you  w ill see  the face  o f  Jesus Christ. 
A n d then it w ill be im p o ssib le  for you  to return to the chaos in the picture. 
Y o u  w ill continue to se e  the fa ce  o f  Jesus Christ. It w ill be so  d esp ite  any  
picture rotation. T he im a g e  o f  Jesus Christ is  fix ed  in your m em ory.

Figure 1.5. A photograph o f  thawing snow  
(from the book “Models in G eography”) 
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I brought th is photo  to the lecture hall and sh o w ed  it to m y students. 
A b ou t 20%  o f  them  at o n ce  sa w  the fa ce . M ost o f  the students needed  
so m e  tim e to find  the im age. A p p rox im ate ly  10% o f  m y aud ien ce spent 
m uch tim e  but cou ld  se e  n oth in g  ex cep t chaos.

E very b o d y  has seen  the c lo u d s in the sky, scrutin ized the frost 
d esig n s  on the w in d ow -p an e, com b in ation s o f  d ifferent spots, and so  on. 
Y o u  rem em ber that y o u  co u ld  find  there anim als (real or fantastic), trees, 
f lo w ers , figures o f  p eo p le , d ifferen t fa ces. N o b o d y  drew  th ese  im ages. 
Y o u  fa n c ied  them  y o u rse lv es . B ut w h y  can y o u  see  on ly  fam iliar  
im a g es?  C ertain ly  b eca u se  y o u  cannot im ag in e  anyth ing e lse . Y ou  
cannot think about th ings that are not ex istin g  in  your o w n  m em ory  or  
m em ory  o f  other p eo p le . W e can m ake inventions o n ly  accord ing  to our 
id eas and notion s that are in our m ind . W e take all w e  can  im ag in e  from  
our o w n  m em ory or m em ory  o f  our ancestors.

T h e  sy stem  is  an em b od im en t o f  the idea  o f  integrity. T alk ing  or 
th ink ing about natural sy stem s, w e  m ean o n ly  their integrity, realized  
through an interaction . T his in tegrity  is  constructed  in  our m ind and can  
represent so m e  features o f  reality . T he quality  o f  such  representation is  
determ ined  by o u rse lv es , although our ow n  ideas about the real absolu te  
are qu ite vague. R each in g  the abso lu te  is o n ly  m aking a co p y  that w e  are 
u n ab le  to m ake. A  sk ilfu l painter can produce rep licas o f  the can vases o f  
S h ishk in , R ep in , R em brandt, C ezan ne, but ev en  the m ost outstanding  
painter cannot create the abso lu te  o f  a landscape or hum an face. The  
m o st outstand ing painter is  o n ly  a cop y ist, m aybe the greatest am ong the 
other p eo p le , but a  c o p y ist  anyw ay. T he m an is  no m ore perfect than 
G od. A n d this is  the truth.

R e co llec t  the story o f  creating the m o d el o f  atom . D uring m any  
cen turies, an atom  w as consid ered  in d iv is ib le  and this m od el w as  
accep ted  as truthful. T hen, h o w ev er , Joseph  T h om son  (1 9 0 3 ), Ernest 
R utherford (1 9 1 1 ) , N ie ls  B ohr (1 9 1 3 )  created  m ore and m ore  
co m p lica ted  m o d els  o f  atom . Is there an end  or not? Is the m odel o f  
atom , w h ich  at the m o m en t ru les over  the sc ien ce  develop m en t, so  
f la w le ss  and perfect?

M an a lw a y s created the sy stem s as theoretical constructions. B u t a 
sy stem  b oom  began  in the 197 0 s. A ll  sc ien tific  c ircles started talking  
about sy stem s, sy stem  approach, and sy stem  analysis. W h y  did  it  so  
happen? Probably, the hour o f  the sy stem  m eth o d o lo g y  struck w hen  
sp ec ia lists  understood  that it had b eco m e  necessary  to  construct system s  
n o t sp ontan eou sly , but strictly  fo llo w in g  certain rules. A nd th ese  rules  
b egan  to b e  form ed.

T here is  an O riental parable te llin g  about three b lind  m en w h o  
co u ld  not co m e  to an agreem ent about w hat an elephant lo o k s like. T he  
first m an w as co n v in ced  that the e leph ant resem bled  a snake, becau se  he
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cou ld  put h is arm s on  its trunk, o n ly . T h e  seco n d  w as sure that the 
elephant w a s lik e  a broom , as he kept its tail. T h e  third argued that the  
eleph ant rem ind ed  h im  o f  a pillar: H e  tou ch ed  the e lep h an t’s leg . 
C ertain ly th ey  all w ere  w rong, and the reason  o f  their m istak es is  ea sy  to 
understand. E ach  b lin d  m an co u ld  o n ly  rely  o n  h is  o w n  sensuou s  
exp erien ce  that h e lp ed  him  reco g n ize  o n ly  a part o f  the anim al (leg , tail, 
or trunk). B e s id e s , their op in ion s rested  o n  the w ron g  prem ise  that the  
elephant m ust resem b le  o n ly  som eth ing  a lreadyk now n to them .

T his s im p le  parable raises and illustrates at lea st tw o  cardinal issu es  
o f  sc ien tific  cogn ition : about the in tegrity  o f  the ob jec t to b e  investiga ted  
and about the v a lid ity  o f  our notion  on  this object.

A t present, there are m any concep tua l d efin itio n s o f  a system , and  
all o f  them , in  the m eth o d o lo g ica l sen se , can  b e  reduced  to the identity:

system atism  =  in tegrity
T he process o f  co g n itio n  is  e ssen tia lly  a controversia l one. It is 

procedurally  co n n ec ted  w ith  seem in g ly  irreso lvab le  paradox: T o  c o g n ize  
m eans to d eco m p o se , to d eco m p o se  again , a n d ... to con tin u e  the d eco m 
p osition . Y e t n o b o d y  can  sa y  Where is  a lim it w h en  w e  n eed  to term inate  
this process, w h ich  m eans the refusal o f  the id ea  o f  in tegrity , the lo ss  o f  
w h olen ess.

T he real depth o f  this paradox h id es, as o n e  can su p p ose , in  the law  
o f  sp ontan eou s in form ation  grow th. T here are m any exa m p les  
supporting this assertion . C on sider the situation  a little  m ore thorough ly . 
A ll the h istory o f  sc ien ce  con sists  o f  period s o f  its spontan eou s  
differentiation , i .e ., the  num ber o f  sc ien tific  d isc ip lin es  increases  
constan tly . T h e  sa m e p rocess takes p la ce  in relig io n s. C on sider  the  
C hristianity. It orig inated  from  the s in g le  in d iv is ib le  doctrine brought in  
by the M essiah . B u t n o w ad ays, there are m any  branches o f  Christianity: 
O rth odoxy , C ath o lic ism , Protestantism , and so  on . T he C ross is  a sign  
com m on for all th ese  re lig io u s fractions. H o w ev er , they  d iffer  from  each  
other. A nd the p rocess o f  d ivergen ce  o f  re lig io u s v iew s  co n tin u es sp on
taneously , by  it s e lf  and w ithout any sp ecia l e fforts.

T o  gather the sp raw ling-aw ay k n o w led g e  in to  a s in g le  w h o le , great 
efforts are n eed ed , great energy expenditures, and ev en  great sacrifices. 
T he idea  o f  m o n o th eism  —  the on ly  G od (not the c h ie f  o f  go d s , lik e  Ra  
or Z eus or O din , but ju s t s in g le  G od) w as in cu lca ted  lo n g  enou gh  and  
not w ithout d iff icu ltie s . T h e  n ew  P h y sics and M athem atics trying to  
co lle c t  a s in g le  w h o le  from  all prev iou s ach iev em en ts in  d iverse  
branches o f  the sc ie n c e s  had a lso  to w a lk  a  very hard w a y  o f  their  
co m in g  in to  be in g .

T he author su p p o ses that system  m eth o d o lo g y  appeared as an idea  
to create the p r in c ip les and, i f  p o ssib le , the apparatus fo r  reco n c ilin g  the 
contradictions o f  the co g n itio n  process:
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•  How it is possible to decompose without destroying the single 
whole

•  H ow it is possible to control the process o f  natural differentiation 
while preserving the single whole

T h e in tegrity  o f  the ob ject, from  the v iew p o in t o f  system  id eo lo g y , 
co n sists  o f  its internal and external co n n ectio n s, w h ich  lets us consider  
the ob ject as a c o m p lex  set. T his se t a llo w s for  essen tia lly  d ifferent 
d e co m p o sitio n s  prov id ed  that the ob ject is  non -add itive  rela tive  to these  
d eco m p o sitio n s.

T h e  p rob lem  o f  param eters, add itive  and non -add itive , arises here. 
T h e g ist  o f  add itiv ity  is  the fo llo w in g :

•  F or add itive  param eters, say, ah the fo llo w in g  cond ition  is  valid:
A  =  liUj

T his m ean s that the su m  o f  va lu es o f  properties o f  separate  
e lem en ts o f  the ob jec t is  equal to the va lue  o f  the property o f  the w h o le  
ob ject (A). F or exa m p le , o n e  k ilo  o f  app les is  equal to the sum  o f  the 
m ass a,- o f  all the app les from  this o n e -k ilo  pack. Instead o f  m ass, w e  
m ay deal w ith  w eigh t; it  d o e sn ’t ch a n g e  the situation , w h ich  im p lies the 
a b sen ce  o f  in teraction  b etw een  the m a sses or  w eigh ts o f  the separate  
app les. It is  better and m uch  m ore ex a ct to say  that this interaction is  not 
f ix ed  at the le v e l o f  our in terests. T hus, the se t o f  apples, i f  their m asses  
or w e ig h ts  are co n sid ered , cannot be a  system -

•  F or n o n -ad d itive  param eter, say , £>,■, this cond ition  is  not valid:
ВфЪЬ,

T h is m eans that the su m  o f  va lu es bt o f  properties o f  separate  
elem en ts o f  the ob ject is  n o t equal to  the va lue  В o f  the property o f  the 
w h o le  object. A s  an ex am p le, w e  m ay  again  take that pack  o f  apples, but 
n o w  co n sid er  the tem perature o f  each  apple. It is  a non-add itive  
param eter: S u p p o se  our se t co n sists  o f  5 app les and the tem perature o f  
ev ery  app le  is  10°C. It is  natural to co n c lu d e  that the tem perature o f  the 
w h o le  se t  is  a lso  10°C , but n ot 50°C  as the cond ition  o f  add itiv ity  w ou ld  
require. S o  it  is  ind eed , b eca u se  as far as the tem perature is  concerned, 
the interaction takes p la ce  a m o n g  the app les and a lso  b etw een  the apples  
and the environ m en t. T hus, b y  the tem perature variable, this pack  o f  
app les is  a system .

F u n ction in g  o f  the ob ject and its d ev e lo p m en t m anifests itse lf  ju st 
through the com m u n ication a l co n n ectio n s. T herefore, the  
co m m u n ication a l co n n ectio n s, w h ich  w e  h a v e  defined  through  
interaction , determ ine the in tegrity  and sy stem atic  character o f  the
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object. T hus, to su cc e ed  in constructing the sy stem  in its m o d em  
understanding, it is  n ecessa ry  to take as com p on en ts such e lem en ts o f  the  
object that are n o n -a d d itiv e , i .e ., the sum  o f  their properties is  n o t equal 
to the property o f  the w h o le  object.

H um ans create  in te llectu a l im a g es o f  the real world: em pirica l 
observations g iv e  r ise  to the w h o le  chain  o f  notion s already k n ow n . T he  
interaction b etw een  variou s co n n ectio n s determ ined by th ese  n o tio n s  
destroys the bulk o f  the m inor-im portance a sso cia tio n s (in form ation  
n o ise ) and creates o n e  sp ec if ic  im a g e  based on the m ain notion . T his  
im a g e  is  a lw a y s abstract and su b jectiv e  due to its b e in g  der ived  from  
se lec ted  in form ation  o n ly , i.e ., from  the inform ation usefu l for  so lv in g  
the problem  form ulated .

T he sy stem  approach is a m eth o d o lo g ica l p rincip le  that im p lie s  the  
endeavour fo r  d isc o v e ry  o f  the internal e sse n c e  o f  an object, but d o e sn ’t 
g iv e  any s in g le  form al apparatus to stu dy  this object. In each  particular  
case, m eth ods o f  form aliza tion  and so lu tion  can e ssen tia lly  vary and  
depend o n ly  on  the prob lem , w h ich  the in vestiga tor  is  in terested  in. 
H ow ever , the sy s tem  approach puts forw ard a num ber o f  requirem ents:

•  P rec ise  d e fin itio n  o f  the ob jec t boundaries
•  D eterm ination  and a n a lysis o f  the system -fo rm in g  co n n ectio n s  

and the w a y s o f  their fu n ctio n in g
•  C h o o sin g  the m ech an ism  that descr ib es the e x is ten ce  o f  the 

object, its ev o lu tio n , and reproduction

T he im plem entation o f  these requirem ent a llow s us to construct a 
m odel o f  the object. T h is m odel, b e in g  o n ly  a theoretical and as a  rule  
very abstract sch em e, reflec ts the reality  in  an abstract and co n v en tion a l  
form . N ev erth e less , it  fa c ilita tes the perception  o f  reality  and g iv es  the  
opportunity to pred ict and control it. W e p erce iv e  the ob jec tiv e  reality  in  
a su bjective  w a y  and th is su bjectiv ity  can be either “im m anent” (w e  
inherited it  from  our ancestors) or “acquired” (accepted  from  the ex is tin g  
k n ow led ge). A n y  in tellectu al representation o f  the com p lica ted  natural 
objects (their co m p lica tio n  is  determ ined  b y  the problem  se t in  
accordance w ith  the general g n o stica l p r incip les) is no m ore than a 
conventiona l sch em e, w h ich  can  satisfy  us o n ly  until the m om en t w h en  
the approxim ation  accu racy  o f  this representation d o es not su ffic e  and  
w e  have  to create a  n e w  m odel.

T hus, to both  q u estion s raised  by the parable te llin g  about the  
w h o len ess o f  the ob jec t o f  our investiga tion  and about the truthfulness o f  
our notion s o n  th is o b ject, the sc ien ce  answ ers b y  representing the nature  
ob jects through variou s m o d els w h o se  approxim ation to reality  is  the  
b est w ith  regard to  their internal p erfection  and external correctness. T his
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m eans that the o b je c tiv e ly  co n v en tion a l character o f  any m odel, 
in c lu d in g  sy stem  m o d e ls , m ust not prevent them  from  internal lo g ic , 
co n siste n c y , accurate u se  o f  la n gu age  at their construction , and correct 
param etric representation  proven  b y  the experim ent.

S Y S T E M S  A R E  IN V E N T E D  B Y  H U M A N S .
H U M A N S  C A N N O T  IN V E N T  W H A T  IS N O T  E X IST IN G .

O N L Y  T H E  M E M O R Y  O F  H U M A N S  IN V E N T S .

N o w  co n sid er  p h y sica l la w s. In general, w hat do they m ean? D o  
th ey  e x is t  in  nature b y  th em se lv es  and hum ans o n ly  d isco v er  them ? Or 
m a y b e  m an in v en ts them  as w e ll as sy stem s, su p p osin g  that a certain  
order and ex p e d ien cy  are characteristic  for  nature, and by inventing  law s  
th ey  fin d  o n ly  w hat they  h a v e  search ed  for? It is  hard to d isagree w ith  
R ichard L . G regory  w h o , in v estig a tin g  the perception  o f  the w orld  
around us, ca m e to a  c o n c lu sio n  that we not only believe to what we can 
see, but to some extent we also can see to what we believe.

W ell, on e  should  lik e  to ask, to w hat extent? W here is  the lim it o f  our 
b elie f?  It is  not d ifficu lt to understand that this question touches the deep  
layers o f  our in v estig a tio n  o f  in terrelation  o f  hum ans and nature.

W e  o ften  ta lk  about the o b jec tiv e  and the su bjective , o p p osin g  and 
ju x ta p o sin g  them . W e  sh ou ld  agree  w ith  the op in ion  o f  Satprem , w h o  
w rote  that it  is  n o t correct to  o p p o se  the o b jective  and su bjective . T o  
h im , the su b jectiv e  is  a  h igh er  and at the sa m e tim e, o n ly

a preparatory stage o f  the objectiveness, and our excellent 20 th 
century is no better than the stone age as fa r  as psychology is 
concerned... there are horizons o f  perfection, harmony, and beauty 
before us —  com pared with them, our most wonderful discoveries are 
sim ilar to crude half-finished products o f  an apprentice.

T he intellect is  not the instrum ent o f o u r cognition, but only 
the o rg an izer o f o u r knowledge.

The know ledge comes from  the other source (Satprem ).

From  this statem ent, a  co n c lu sio n  fo llo w s  —  at first g la n ce, a 
paradoxica l o n e  —  that the intrusion o f  our m ind  inev itab ly  lead s to 
errors. P rob ab ly  due to this reason , the history o f  science is a history o f  
our delusions.

It is  appropriate here to reco llec t Che princip le  o f  uncertainty o f  
W erner H eisen b erg . A cco rd in g  to it, any observation  or m easurem ent o f  
param eters that d o es n ot a ffec t th ese  param eters is  im p ossib le . A n d i f  
our m in d  is  o n ly  the instrum ent o rg an izin g  the inform ation , then it  is  
im p o ss ib le  to ig n o re  the princip le  o f  H eisen b erg  in  this procedure.
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O u r m ind cannot leave re ality  undistorted.
O u r m ind is a great deceiver.

T h is d e c e iv er  is  sm art enough . It can d isg u ise  the ignorance  
pretending  to be the k n o w led g e , substitu ting the truth w ith  fa lseh o o d , to 
w h ich  w e  prom ptly  g e t a ccu stom ed . H ere it  is  an exa m p le .

T he en ergy  resp o n sib le  for  ground w ater m o v em en t is  prov id ed  by  
the gravitation force. D u e  to gravitation , w ater m o v e s  from  areas w h ere  
the w ater table is  h igh  to zo n e s  w h ere the w ater tab le is  the lo w est. 
G round w aters, as w e ll as o il and g a s, m igrate through the pores in rocks 
and sed im en ts, fo rm in g  the so -ca lled  d iscrete  f lo w . T he structure o f  this 
subterranean f lo w  is  h idden  underground. W e  can neither m easure it  nor  
represent it in a  geo m etr ica l form . H o w ever , w e  can  m easure the total 
c ro ss-sec tio n  o f  the rock , or layer (co) w h ich  the subterranean f lo w  
p a sses as a set o f  d ifferen t separate stream lets. A n d  w e  can m easure  the  
f lo w  rate ( 2 ) ,  i.e ., the  quantity o f  w ater or another liq u id , p a ssin g  
through th is c ro ss-sectio n  per m inute (see  F ig . 1.6).

D iv id in g  the f lo w  rate Q  by  th e  area o f  the to ta l c r o s s -s e c t io n ,  
w e  ob ta in  th e  v e lo c ity  o f  the c o n tin u o u s f lo w  (V). It i s  a filtra ted  
f lo w , and v e lo c ity  V i s  th e  v e lo c ity  o f  filtra tio n . B u t su ch  f lo w  is  
o n ly  im a g in a ry  and d o e s  n ot e x is t  in  rea lity . W e  h a v e  su b stitu ted  a 
rea l cross-seGtions w ith  sm a ll h o le s  d u e  to th e  c a v it ie s  with a c r o s s -  
se c tio n  o f  an im a g in a ry  tub e, and  a real f lo w  c o n s is t in g  o f  n u m ero u s  
strea m le ts  —  w ith  a  u n ifie d  c o n tin u o u s  f lo w  in  f ic t it io u s  filtr a tin g  
m ed iu m  w ith  f ic t it io u s  v a lu e  o f  h y d ra u lic  r e s is ta n c e  (К ), 
c h a r a cte r iz in g  p e r m ea b ility  o f  th e  m ed iu m .

Ы е

Figure 1.6. The scheme explaining the concept o f  filtration flow. 
coc is the area o f  cavities through which the water rills, co is the total 

area o f  the cross-section (both cavities and mineral grains). coc <  co. The 
area o f  mineral grains, as waterproof part, is shaded.
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T he m odern  co n cep ts o f  ground w ater m ov em en t w ere form ulated  
in  the m id d le  o f  the 19th century. H enry D arcy, a French en g in eer  w h o  
stu d ied  the w ater su p p ly  o f  the to w n  o f  D ijon  in  France, form ulated  a 
law  that n o w  bears h is n a m e and is  b asic  to understanding o f  ground  
w ater m ov em en t. D a rcy  fou n d  that i f  perm eab ility  rem ains uniform , the 
v e lo c ity  o f  ground w ater in crea ses as the s lo p e  o f  the w ater table 
increases. T he w ater tab le s lo p e , k n ow n as the hydraulic gradient, is  
d eterm ined  b y  d iv id in g  the vertica l d ifferen ce  b etw een  the recharge and 
d isch arge  poin ts (a  quantity  k n o w n  as the head) b y  the len gth  o f  f lo w  
b etw een  th ese  po in ts. D a rcy  d etected  a linear d epend en ce  b etw een  the 
v e lo c ity  o f  w ater f lo w  and the hydraulic gradient, w h ich  can be  
ex p ressed  by the fo l lo w in g  form ula:

V = K -  АН/AX,

w h ere V  stands for  v e lo c ity , AH  for  the head, AX  for  the length  o f  the  
f lo w , and К  represents the c o e ff ic ie n t  that accou nts fo r  perm eab ility  o f  
the m aterial. T h is form u la  is  c a lled  the law  o f  D arcy  or the law  o f  
filtration .

T h e  w h o le  m o d em  theory o f  m o v em en t o f  ground w aters is based  
o n  th is law , i .e .,  on  the co n cep t o f  an im aginary f lo w  that d o es not ex ist  
in  reality . It is p o ss ib le  to  sa y  then that the la w  o f  filtration is  a  fiction , 
trem endous b lu ff.

B u t the m o st surprising th ing  is  that this b lu ff g iv es  m eth od  to so lv e  
m any practical prob lem s. It agrees w e ll enough  w ith the results o f  
observation s and experim en ts, a lthough  this agreem ent is  not absolu tely  
perfect, a certain d iscrep an cy  in  v e lo c itie s  is  registered.

T hus w e  can  se e  that our great decei ver, i .e ., m ind , is  really  smart.
A s  a resu lt o f  the con sid eration  o f  our attitude to the la w s o f  nature, 

it  can  b e  sa id  that

IF  T H E  M IN D  IS T H E  O R G A N IZ E R  O F  IN F O R M A T IO N , 
T H E N  T H E  L A W S  A R E  T H E  M O S T  C O M M O N  P R O D U C T  

O F  T H IS O R G A N IZ E R .

Q U IZ

1. E xp la in  the g ist  o f  G o d e l’s theorem .
2 . W hat is the g ist  o f  the quantum  paradigm  fo r  the course  o f  

G eo p h y sics?
3 . W hat is  the d ifferen ce  b etw een  uniform itarianism  and 

actualism ?
4. W hat is the g ist  o f  the rotation o f  inform ation!?
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5. T ell about the prin c ip le  o f  fa ls ifia b ility  for sc ien tific  theories.
6. W hat is  the d ifferen ce  b e tw een  law s and dogm ata?
W hat d o  they h a v e  in  co m m o n ?
7. Form ulate and d isc lo se  the se n se  o f  the principal requirem ents to 

objectiv ity  o f  m o d e ls  (b y  A lbert E in ste in ).
8. W hat is a leg is la tiv e  truth?
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There  is  n o  lo g ic a l w ay  to the d isco ve ry  o f  these

elem ental laws.

There is  on ly  the w ay  o f  intuition, 

w h ich  is  h e lped  by  a  fe e lin g  f o r  the o rd e r  

ly in g  beh ind  the appearance.

Albert Einstein

2.1. The U niverse

O n the q u estio n  “T he U n iv erse  —  w hat is  it?” it  is  better to say  
noth in g . B u t i f  y o u  need  an answ er y o u  m ay say  that the U n iverse  is 
every th in g  around us. H o w ev er , this answ er is  a lso  not defin itive . M any  
other q u estio n s arise: about the d im en sio n s o f  the U n iverse , about its 
nature and structure, a ge , and so  on.

T he artic le  o f  the G reat S o v ie t  E n cy c lo p a ed ia  says: “The Universe 
is a whole world, without any limits in time and space, with infinitely 
varied form s that the substance takes on during its development. The 
Universe exists objectively and independently from  the consciousness o f  
the humans investigating it. The Universe contains a gigantic set o f  
celestial bodies, many o f  them have dimensions that are much more than 
the Earth, sometim es in many million times" (v o l. 5 , p .1 3 15, М ., 1971).

A cco rd in g  to  this ca n o n ized  defin ition , the U n iv erse  is  in fin ite, i.e ., 
has n o  b eg in n in g . T h e  m aterial b o d ies  that constitu te  the U n iverse  are 
lo ca ted  in  in fin ite  sp a ce  and the m ateria lity  o f  this sp ace  is  not to be  
d iscu ssed . H ere, it  is  very  im portant to  underline that our notion  about 
the U n iv erse  and its structure is  the extrapolated  U n iverse . W e  identify  it 
w ith  the M eta g a la x y  a ccess ib le  fo r  our investiga tion . A t present, the 
c o n cep t o f  M eta g a la x y  cannot b e  con sid ered  as w e ll d evelop ed . In fact, 
the M eta g a la x y  is  the w h o le  co sm o s, or  o n ly  its part that is  availab le  for  
instrum ental su rvey . T h e  co n cep t o f  the M eta g a la x y ’s in fin ity  in tim e  
and sp a ce  is  an institu tional and a rather artificial postulate.

T h e  co n tem p orary  estim a tio n s o f  the a g e  o f  the M eta g a la x y  g iv e  
about 1 5 -1 8  m illiard  years. B e fo re  answ ering  the questions: How were 
these estimations obtained  and Which physical processes are behind the 
them, w e  n eed  to co n sid er  so m e  characteristics o f  the U n iverse  or, m ore  
ex a ctly , o n ly  the M eta g a la x y , i .e ., the part o f  the U n iverse , availab le  for  
the su rvey .

A t the present stage  o f  the U n iv erse  ev o lu tio n , its substance is  
c lu sterin g  m a in ly  in the stars. H o w ev er , the stars f i ll  up o n ly  about 1СГ25 
o f  the w h o le  v o lu m e  o f  the U n iv erse  (w ith ou t the n u cle i o f  G alax ies). 
T h e stars’ form ation  from  the co n d en sin g  interstellar m atter is  a secret

Subject 2. The Earth in the Structure of the Universe
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not rev ea led  till n o w . T he ever lastin g  p ro cess o f  hyd rogen  
transform ation in to  h eav ier  e lem en ts, m ain ly  helium , can ind icate  the  
irreversible character o f  the evo lu tion  o f  the U n iverse .

T he astronom ers o f  the 18th—19th cen turies con sid ered  the  
interstellar m ed iu m  as abso lu te  vacuum . B ut at the b eg in n in g  o f  the 20th  
century, the G erm an astronom er Johannes F. H artm ann proved  that the  
interstellar m ed iu m  is  f illed  up w ith  very  rarefied gas. T he m o d em  
ach iev em en ts o f  a stroph ysics a llo w ed  to obtain  the qu ite co m p reh en siv e  
k n o w led g e  on  the d en sity  and ch em ica l co m p o sitio n  o f  the interstellar  
gas, though o n ly  for th o se  zo n es  o f  co sm o s  that are situated  at a 
co m p arative ly  short d istan ce  from  the Earth. T h e  d istribution o f  the  
interstellar gas is  very  irregular. T here are both h ig h -d en sity  areas (ten  
tim es m ore than the average d en sity ), nam ed c lo u d s, and the areas o f  
scattered gas m o lec u le s . A  p erfec tly  regular g lo b a l a lteration  o f  the  
average d en s ity  is  a lso  ob served . A round the p lan e o f  our G alaxy , the  
average d en s ity  is  about ( 5 - 8 ) - 10-25 g /cm 3 and it decrea ses rap id ly  a long  
the d irection  to the periphery o f  the G alaxy. A lth o u g h  o f  a very  lo w  
den sity , the in terstellar m ed ium  is  not vacuum .

W e  can  co n sid er  a m ed ium  as vacuum  o n ly  i f  the len gth  o f  the free  
path o f  a particle  w ith in  it  is greater than the d im en sio n  o f  the v o lu m e  o f  
this m ed iu m . T he average value ( 5 - 8 ) - 10"25 g /cm 3 is  related to  the layer  
w ith  th ick n ess about 2 0 0  parsec and the m ean free path o f  a p article  in  it 
is  estim ated  as 1 0 15 cm  (3 -10”4 parsec). T hus, the central part o f  our  
G ala x y  cannot b e  co n sid ered  as vacu u m  and the interstellar g as here  
sh ou ld  be co n sid ered  as a co m p ress ib le  m ed ium  —  continuu m , to w h ich  
the la w s o f  gas d yn am ics are app lied . T his interstellar g as can  propagate  
the w a v e s  and is in v o lv ed  into  c o m p lex  turbulent m o v em en ts .

H y d rogen  and h e liu m  are the dom inan t ch em ica l e lem en ts o f  the  
interstellar g a s, w h ich  is  c lo s e  to  the chem istry  o f  the atm ospheres o f  the  
Sun and other stars. R ecen tly , h ow ev er , e ssen tia l d ifferen ces w ere foun d , 
m ain ly  in  the conten t o f  m agnesium , m angan ese, ch lorin e , and carbon  
com poun ds. Interstellar gas contains the ch em ica l e lem en ts in  the form  
o f  atom s and io n s. There are m o lecu les  as w e ll, but on ly  in  m o d icu m s, 
about 10~7% o f  the conten t o f  the atom s o f  hydrogen. A m o n g  th ese  
m o lecu les , the carbon com p ou n d s are d isco v ered , such  as C H , C H +, C N . 
There are a lso  m o lec u le s  o f  hyd rogen , w h o se  proportion  varies on a 
large sca le  (from  severa l tens to 10~7 and less).

B e s id e s  the gas, the interstellar m ed ium  conta ins the so -ca lled  
in terstellar dust. Its distribution in  interstellar sp a ce  is ex trem ely  uneven . 
T he dust c o n sists  o f  m icro sco p ic  particles le s s  than 1 jam in s ize . T h ese  
are represented  w ith  graphite, s ilica tes, m inute fragm ents o f  d irty ic e  and  
others, u su a lly  e lo n g a ted  in shape and oriented  in ap p roxim ately  the  
sa m e d irection  under the in flu en ce  o f  the w ea k  m agn etic  fie ld . T he
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tem perature o f  the in terstellar m ed iu m  is  very lo w , about several K elvin  
d egrees.

W h ile  the in terstellar m ed ium  cannot b e  treated as an em pty space, 
the in terga lactic  m ed iu m  is  s ig n ifica n tly  m ore rarefied. T he average  
d e n s ity  o f  a ll the U n iv e r se  to g eth er  w ith  in v is ib le  cro w n s o f  g a la x ie s  is  
e stim a ted  as 1СГ26 g /c m 3, that is , b y  a degree  lo w er  than the average  
d en s ity  o f  the interstellar m ed ium . In literature, other va lues can be  
foun d , e .g ., 1СГ29 g /cm 3.

T he p resent-day  observation s sh o w  that the interstellar m edium  is  
so  transparent that it practica lly  d o e sn ’t w eaken  the lum inosity  o f  the 
g a la x ie s  scattered in  it. I f  this is  the case , the den sity  o f  the interstellar  
m ed iu m  can n ot b e  greater than 10~3l~10"32g /cm 3.

B efo re  the form u lation  o f  the general relativ ity  theory, the U n iv erse  
w a s con sid ered  as an integral ob jec t in  a  stationary state, a lw ays be ing  
eternal and invariable. A ll even ts in sid e the U n iverse  w ere considered  
loca l, unable to cause any o v era ll alterations, and the U n iverse  w as  
co n sid ered  as a  se t o f  actual w orlds w ith  n o  b eg in n in g  and no end. Its 
centre is  every w h ere  and the su rface is  now here.

H ow ever , in  1 9 2 2 -2 4 , the outstanding R ussian scien tist A lexander  
Friedm an p ro p o sed  a  m o d el d escr ib in g  the geom etry  and evo lu tion  o f  the 
U n iv e r se  su bstance. In accordan ce w ith  this m od el, the U n iverse  is  n o t a 
stationary sy stem , it  can  e ith er in crease  or decrease. A t first, even  A lbert 
E in ste in  co u ld  n ot b e lie v e  it.

F iv e  years later, in  19 2 9 , the A m erican  astronom er E dw in  H ubble  
d isco v ered  that the spectral lin es  o f  nearly  all g a la x ies he observed  
(e x ce p t fo r  th o se  situated  m o st c lo s e ly  to our p lanet) are sh ifted  to the  
red part o f  spectrum . H e  ex p la in ed  this situation  w ith  phen om en on o f  the  
D o p p ler  e ffec t.

R e c o lle c t  the g is t  o f  the D o p p ler  e ffec t. I f  an object sends the ligh t  
sig n a l w ith  the v e lo c ity  С  and w a v e  len gth  X and the ob ject i t s e lf  holds  
f ix e d  p o sitio n  in  rela tion  to the observer, or m o v es  w ith  a v e lo c ity  V « C ,  
then the o b served  w a v e  length  is  equa l to  the actual w a v e  length , i.e ., X. 
B u t i f  the ob ject and the observer  m o v e  in  o p p osite  d irections w ith  
co n sid erab ly  h igh  relative  v e lo c ity  V, then the observer w ill m easure the  
length  o f  the w a v e  w ith  an increm en t o f  AX, that sh ifts the ob ject’s ligh t  
sp ectru m  to the lo n g -w a v e  red section .

S u p p o se  the d istan ce b etw een  the observer and the object at the 
m o m en t o f  s ig n a l em itting  by the ob jec t is  equal to L0 =  CAt, w here С  is 
the s ign a l propagation v e lo c ity  and A t is  the period  o f  tim e that the 
sig n a l n eed s to reach the observer.

T hen  le t  the d istan ce b etw een  the observer and the ob ject at the  
m o m en t o f  the sign a l receipt b e  equal to (L0 +  AL), w here AL  =  VAt. For
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n, the num ber o f  the w a v e  len gth s b etw een  the ob ject and observer, w e  
can write

n = L0/ X=( L0+ AL)/(k  +  AX).

From  th is, w e  can obtain  the expression:

(Lo+AL)/Lo = (k + AX)/},,
and therefore

V/C = А Ш  (2 .1 )

H ubble has sh o w n  that the va lu e  o f  the ratio АУХ  depend s on the 
g a laxy  spectrum  and in crea ses  p ro p ortion a lly  w ith  r, the d ista n ce  to the  
g a laxy . A s С = co n st, w e  can w rite

C(AUX) = Hr, (2 .2 )

w here Я  is  a c o e ff ic ie n t  o f  proportionality  ca lled  H u b b le ’s 
constant.

In astronom y, the last exp ressio n  is accepted  as a law , v er ified  by  
reiterative observation s. B u t w e  sh ou ld  rem em ber that the form u la  
derived  from  (2 .1 )  and (2 .2 )

V = H r  (2 .3 )

is correct o n ly  under the assumption  that the nature o f  the red sh ift is  
ex p la in ed  only through the D oppler effect. Form ula (2 .3 ) w orks until 
another exp lan ation  is  fou n d  fo r  the p h en om en on  o f  the red sh ift. H ere it 
is  p o ss ib le  to fe e l  the d ifferen ce  b e tw een  the measurement and the  
explanation  o f  the result o f  measurement.

From  (2 .3 ), the resu lt fo llo w s  that captures the im agination : The 
farther from  the Earth a galaxy is situated the faster it moves away. T he
value o f  the H ubble constant H  is  rep eated ly  updated. A t present,
sp ecia lists use  d ifferent estim ation s o f  H, m a in ly  55  km /sec-m egaparsec  
or 75  km /sec-m egaparsec. T his m eans that fo r  ev ery  m egaparsec, the  
v e lo c ity  o f  the g a la x y ’s m o v in g  aw ay  increases by 55 or 7 5  k m /sec .

H u b b le’s L aw  m ak es it  p o ss ib le  to co n c lu d e  that the ca u se  fo r  the  
g a la x ie s  “runaw ay” m igh t be a great ex p lo sio n  —  “T he B ig  B a n g ” that 
g a v e  a launch to the m odern U n iverse , w h ich  orig inated  from  a p ie c e  o f  
substance, in itia lly  sm a ll enou gh . T he H ubble co effic ie n t is a constan t 
characterizing the v e lo c ity  o f  the en largem en t o f  the c o sm ic  space. T his  
en largem ent is  iso tro p ic , and the H ubble law  is  correct for  observations  
m ade at any poin t o f  the U n iverse . B a sed  on the H ubble constant, it is  
p o ssib le  to estim ate  the a g e  o f  the U n iverse . R ea lly , i f  the v e lo c ity  o f
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en largem en t is  5 5  k m /sec  for ev ery  m egaparsec (3 .0 8 T 0 19 km ), then the 
a g e  o f  the U n iv erse  is

t =  3 .0 8 -1 0 19 /5 5  =  5 .6 -1 0 17 se c  =  17 109 years (1 7  m illiard  years)

O b v io u s ly , the ca lcu la ted  a g e  o f  the U n iv erse  depends on  the  
c h o ic e  o f  the H ub ble constan t value: the greater it is , the “youn ger” the 
U n iv erse . T he first estim ation  o f  the H ubble constant H  w as 5 4 0  
k m /sec-m egap arsec  and therefore, the age  o f  the U n iverse  w as estim ated  
as 2 .5  m illiard  years.

In 19 6 3 , n ew  extraordinarily  pow erfu l sou rces o f  radiation, quasars 
(the term  is  a  contraction  o f  “quasi-star”) w ere d iscovered . Their  
radiation w as detected  by radio, optic , X -ray, infrared, and ultraviolet 
te lesco p es. F or quasars, enorm ous red sh ifts are those characteristics that 
a lso  con firm  the theory o f  the en largem en t o f  the U n iverse.

In 1 9 6 5 , R obert W ilso n  and A m o  P en zias, em p lo y ees o f  the B e ll  
T elep h o n e  C om p any, w h o  experim en ted  w ith  the antenna receiver o f  
sa te llite  sig n a ls , d etected  a fa in t rad io-frequ en cy  em issio n  that ca m e w ith  
ev en  in ten sity  from  all the areas o f  the sky. N early  sim ultaneously , 
P rinceton  astronom ers headed  b y  R obert H. D ick e , w h en  w ork ing  w ith  
the “B ig  B a n g ” prob lem  (the id ea  w as proposed  by G eorge G am ov in the 
1940s), applied  the im portant and sim ple therm odynam ic law:

I f  something (like gas) is expanding, then its temperature must 
decrease.

In accord an ce  w ith  th is law , the en largem ent o f  the U n iv erse  m ust 
b e  a cco m p a n ied  w ith  a tem perature drop. A ccord in g  to the estim ation s, 
tw o  hours after  the e x p lo s io n  the tem perature o f  the U n iverse  sh ould  be  
10 s K; in  100  years le s s  than 106 K , and 17 m illiard  years later, i.e ., 
today , about 3K .

O bjects w ith  such  tem perature em it radio w aves w ith  X from  1 m m  
to  1 0 0  cm . T h e  A n ten na o f  the B e ll  T e lep h on e C om pany w as tuned to  X 
=  7 .5 3  cm . A fter  num erous experim en ts and observations, experts cam e  
to  the c o n c lu sio n  that th is all-round radio n o ise  is  residual. It is  a 
background radiation o f  the U n iv erse  form ed as a result o f  the “B ig  
B a n g ” . T h e  m o st surprising pecu liar ity  o f  this background radiation is  its 
iso tropy .

Isotrop y  o f  m o v em en t (in our ca se , the m o v em en t o f  radio w a v es)  
m ean s the iso tropy  o f  real sp ace  and, con seq u en tly , its hom ogen eity .

A lth o u g h  the p h y sica l g is t  o f  the sp ace  iso tropy  is not ye t clear  
en ou gh , the relict radiation b eg in s to  be con sid ered  as the n ew  co sm ic  
ether, i .e .,  as an idea l reference  system . A ssig n in g  to  ether any special 
properties is  n o t necessary . Ether as a m ed ium  d o e sn ’t prevent the
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relativ ity  o f  the m o v em en t and the rest. T h ese  are ordinary un iform ly- 
propagating e lectrom agnetic  w aves.

W ithin  the fram ew ork  o f  c la ssica l p h ysics , b y  a n a lo g y  w ith  the air 
vibrations due to a sou n d  im pulse, the m o v em en t o f  e lectrom agn etic  
w a v e s w as com pared  w ith  the vibration o f  a su bstance  (ether). A t 
present, after aban don in g  the c la ssica l ether theory, the e lectro m a g n etic  
f ie ld  is  co n sid ered  as a n ew  orig inal kind o f  m atter and th is m atter can  
fu lf il the ro le  o f  c la ss ica l ether for  all other form s o f  m o v em en t. T he  
d irection s and v e lo c it ie s  fo r  d ifferent ob jects o f  the U n iv e r se  are 
estim ated  in relation  to  th is n ew  ether.

T h e  d isco v ery  o f  the relict radiation is  the ev en t o f  great im portance  
that can  be com pared  w ith  the H u b b le’s d isco v ery  o f  the red sh ift in the 
spectra  o f  g a la x ies.

In c o n c lu sio n , it  sh ou ld  b e  poin ted  out that all contem porary  
experim en ts and ob serv a tio n s confirm  that our U n iv e r se  is  not a 
stationary system . It orig inated  about 17—18-109 years a g o  —  probab ly , 
after a great ex p lo sio n . A n d  the p rocess o f  its en largem en t con tin u es.

2 .2 . S ta r s , G a la x ie s , S u p e r s y s te m s  o f  G a la x ie s

A s w as m en tio n ed  a b ove , in  m o d em  U n iv erse  the su bstance  is 
concentrated  in  stars. A  star, w h at is  it? E veryb od y  k n o w s th is. It is 
enou gh  to lo o k  at the n igh t sky. A  p oet wrote: “...there is nothing simpler 
than a s ta r ... ”

H um ans m an aged  to ex a m in e  the sk y  w ith  a ided e y e  o n ly  in  1609  
w h en G a lileo  G alile i created  h is first te lesco p e . B u t lo n g  a g o , lo o k in g  at 
the sk y , the p eo p le  co u ld  d istin gu ish  stars from  p lanets. T he p lan ets lo o k  
travellin g  a m on g  the practica lly  un m ovin g  stars. (T he w ord  planet is 
G reek  for w anderer). B e s id e s , the p lanets seem  brighter due to  their 
c lo s e  proxim ity  to the Earth and their reflecting  the sunlight.

In contrast to the p lanets, stars are seen  in  the n igh t sk y  as bright 
sh in ing  m o tio n less  p o in ts f ix ed  in the firm am ent. B u t n ow a d a y s, due to 
the m o d em  sc ien tific  ach iev em en ts, w e  kn ow  that it  is  o n ly  an illu sion . 
Stars, lik e  other ce les tia l b o d ies, a lso  m o v e  in c o sm ic  sp ace , but o w in g  
to  their co lo ssa l rem o ten ess w e  p erce ive  them  m o tio n less . In vestiga tion s  
o f  stars’ spectra h a v e  sh o w n  that stars co n sist  o f  a h igh-tem perature gas. 
T he S o v ie t  astronom er I o s if  S . S h k lo v sk y  wrote:

“A star is a gaseous sphere being in an equilibrium state..., the 
overwhelming majority o f  stars don ’t change their properties during 
enormous periods o f  tim e”.

B ut stars, lik e  p eo p le , are b o m , l iv e , and d ie . T heir l ife  c y c le  has 
not b een  ex p la in ed  properly  till now . It is  n o t our purpose to d iscu ss  this
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prob lem  here. A ll inform ation about it can be foun d  in the literature from  
the lis t  recom m en d ed .

A  star appears as a b lob  o f  su bstance o f  the U n iverse  co lla p sin g  
under the action  o f  the gravitation forces. In ten sive  com p ression  ca u ses  
h eatin g  o f  the su bstance w ith  the result that its den sity  and tem perature  
reach the critica l va lu es g iv in g  r ise  to the therm onuclear reaction , w h ich  
ra ises the pressu re and tem perature m ore and m ore. T he  prim ary blob  
b e c o m es  a g a seo u s sphere (b e in g  in  ba lan ced  state as to temperature and  
p ressu re) that is  nam ed a star. T he  internal en ergy  o f  the star is caused  
m a in ly  b y  the reaction o f  the transform ation o f  hydrogen nu clei into  
h eliu m  n u c le i. A s  the quantity o f  h yd rogen  decreases, the central zo n e  o f  
the star b eg in s  to shrink, w h ich  lead s to a n ew  tem perature increase. T he  
internal structure o f  the star is  e ssen tia lly  rearranged. T he star sw e lls , 
w h ile  its  n u c leu s  con tin u es to  shrink. T h e  external layers o f  the star m ay  
c o m e  o f f  fo rm in g  g a seo u s nebu lae.

B u t at the m o m en t w h en  the nuclear fu e l co m es to  an end, the star 
b e g in  to c o o l  d o w n . T h e  internal pressure drops dow n and the star’s 
n u cleu s shrinks qu ite rapidly. T his situation can  lead  to on e  o f  three 
events:

•  O rig ination  o f  a w h ite  d w arf
•  O rig ination  o f  a neutron star
•  O rig ination  o f  a  b lack  h o le

T h e se  are the fina l products o f  the ev o lu tio n  o f  stars.

W hite dw arfs. A t present, they  are enou gh  w e ll. T heir d im en sion s  
correspon d  to the d im en sio n s o f  the Earth. T he m ass o f  their nuclei is no  
m ore than 1.4 M s (M s is the m ass o f  the Sun equal to 1.98-.Ю30 kg). T he  
average  d en sity  is  about 109 k g /m 3.

N eutron stars. T heir m asses are 1 .4 -2 .0  M s, or som etim es about 3 .0  
M s. T here is  n o  m ore p rec ise  estim ation  so  far. T he neutron stars 
shrinkage is  stronger than the w h ite  d w arfs’. T heir average den sity  is 
about 1 0 18 k g /m 3. T heir  d iam eter is  about 2 0 - 3 0  km . T he density  o f  10 IS 
k g /m 3 correspon ds to the den sity  o f  atom ic n u clei. E lectrons, being  
p ressed  in to  a tom ic  n u cle i, un ite w ith  protons and as the result, neutrons 
are generated. Such  atom ic nu cle i b eco m e  unstab le, and break dow n. 
S o m e  sc ien tists  conjecture that un lik e  ordinary stars and w h ite  dw arfs, 
neutron stars are n ot g a seo u s spheres: T h ey  are liquid  spheres w ith  
superflu id ity . T h is neutron liqu id  is  co n fin ed  w ith in  an iron sphere as a 
crysta llin e  crust. T h e  p rocess o f  a pow erfu l and rapid com pression  
c a u ses p ow erfu l h eatin g  in  these  stars and, consequ en tly , a co lo ssa l
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increase  o f  their lu m in o sity , up  to 1 0 10 o f  the Sun lu m in osity . S u n 's  ligh t  
flash  d o es not last lo n g  (severa l w e ek s). T hen the lu m in o sity  fa lls  and  
the star gradually  b e c o m es  in v is ib le . Its m atter, en rich ed  w ith  the h ea v y  
e lem en ts, d iss ip a tes in  the m id d le  p lan e o f  G alaxy  under the in flu en ce  o f  
the gravitation  forces.

T he rem nants o f  th ese  stars can co m b in e  to produ ce a n ew  star. 
O b servation s co n firm  that the n e w  stars are richer in  the h ea v y  e lem en ts  
than parental stars.

B la ck  holes. T h eo ry  sh o w s that i f  the m ass o f  the nu cleus at the  
d eca y  o f  the star is  greater than 3 M s , then n oth in g  can p reven t its 
co lla p se . T hes so -c a lle d  gravitational co lla p se  o ccu rs , resu ltin g  in  the  
generation  o f  n u cle i o f  very  sm all d im en sio n s and v ery  h igh  d ensity . 
S im u lta n eo u sly , the gravitation  fo rces increase  en o rm o u sly , so  that ev en  
ligh t is  absorbed b y  the n ew ly -g en era ted  nucleus; h en ce  the n a m e “black  
h o le ” . It is only a hypothesis. T h e  b lack  h o le s  ha v e  n o t been  d isco v ered  
till n o w . H o w ev er , the cand id ates fo r  b lack  h o le s  ha v e  been  determ ined. 
T h ese  are d o u b le  stars in  the con ste lla tio n s o f  C y g n u s and the L arge  
M a g ella n ic  C loud . O f  th ese  d ou b le  stars, o n e  star is in v is ib le . I f  the m ass  
o f  the in v is ib le  star e x c e e d s  the m a ss o f  its v is ib le  com p an ion , then the  
in v is ib le  star sh o u ld  b e  v is ib le  too . B u t o n ce  that it rem ains in v is ib le  
desp ite  o f  the fa c t that its  m ass is  greater than 3 M s , this unordinary star 
m igh t b e  a b lack  h o le .

T he total nu m ber o f  the stars in  the v is ib le  zo n e  o f  the U n iv erse  is  
estim ated  as Ю20. M o st o ften , th ese  are the stars w ith  le s se r  m ass and  
le s se r  lu m in o s ity  than the Sun; h o w ev er , their internal structure is  nearly  
o f  the sam e typ e  as o f  the Sun. B righ t g iants stars are rare en ou gh . T he  
w h ite  dw arfs take about 1% o f  the total num ber, neutron stars, about
0.01% , and, apparently, b la ck  h o le s  cannot take m ore than 0.1% . In the  
early  1 9 7 0 s, the theoretica l p o ss ib ility  o f  the e m erg en ce  o f  the prim ary  
black  h o le s  in  the U n iv e r se  and their partial su rv iva l till n o w  w as proven  
by S tep h en  H a w k in g . B la ck  h o le s  w ere  co n sid ered  as the product o f  the  
“B ig  B a n g ” . T here are h y p o th eses that the background radiation  is  
cau sed  by the v o la tiliza tio n  o f  th ese  b lack  h o les  and that their num ber  
can  am ount to  o n ly  3 0 0  prim ary b lack  h o le s  per cu b ic  ligh t-year  ( i f  all 
the b lack  h o le s  are in s id e  the G a la x ies).

G alaxies. T h e se  are g ig a n tic  star c lusters. T h ey  b ecam e k n o w n  as 
lo n g  ago  as in  the seco n d  h a lf  o f  the 18th cen tury after the in v estig a tio n  
o f  the E n g lish  astronom er W illia m  H ersch el, the first w h o  detected  in  the  
sk y  a  large c irc le  w ith  great num ber o f  th ese  star c lu sters. W hen  
approaching this c ir c le  from  any d irection , the num ber o f  the stars 
increases and reaches its m ax im u m  at the very  c ircle . It is  our G alaxy.
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T h e  h yp o th esis  o f  W illia m  H ersch el w as proven  o n ly  after the other  
c o sm ic  ob jects , o u ts id e  our G alaxy , had been found.

O ur G a la x y  is  not a s in g le  ste llar  sy stem  in the U n iverse . There are 
m ultitudes o f  them  in  the U n iv erse  and in princip le they have m uch in  
co m m o n . H o w ev er , to  adm it this fa c t the astronom ers had to toil up a  
s lo w  and d ifficu lt  path. B y  an a logy  w ith  the other g a la x ies  that resem ble  
ours in  their ste llar  structure, w e  can assum e that our G alaxy  has a spiral 
shape.

In 1953 , the su p ersy stem  o f  g a la x ie s  w as d isco v ered  by the French  
astronom er G erard d e  V au cou leur. It com p rises num erous bright 
g a la x ie s , in  a w a y  sim ila r  to  our G a la x y ’s com p risin g  the stars. T he  
su persystem  is  strong ly  co m p ressed  in  the d irection  norm al to its plane, 
w h ich  in d ica tes the rotation  o f  the su persystem  around its axis; it 
resem b les a  d isk  w ith  a d iam eter equal to  3 0  m egaparsec. Our G alaxy is 
situated n ot far from  its border, i.e ., at 2 - 4  m egaparsec. T he centre o f  the 
su p ersystem  is  lo ca ted  in  the co n ste lla tio n  o f  V irgo  that m ay be  
con sid ered  as a  n u cleu s o f  the su persystem  o f  ga lax ies.

T h e  su p ersystem  d o es  n o t in c lu d e  w eak  ga lax ies; presum ably, these  
co m p o se  their o w n  su persystem . T hus, the su persystem  o f  ga la x ies  
can n ot b e  con sid ered  as a M etaga laxy . N ev erth e less , it is  an im portant 
e lem en t o f  the U n iv erse .

T h e  co n ste lla tio n  o f  V irgo  recen tly  drew  attention o f  astronom ers in 
co n n ectio n  w ith  the e f fe c t  o f  the so -c a lle d  gravitational lens predicted  
b y  A lb ert E in ste in . T h e  g is t  o f  this p h en om en on  is  that a pow erful 
gravitational f ie ld  can  so  strong ly  ch a n g e  the d irection  o f  a ligh t ray that 
an optica l illu s io n  appears and w e  can  se e  a doubled  or ev en  m anifold  
im a g e  o f  o n e  ob ject. T h is p h en om en on  w as first observed  in  1979. Later, 
another 5 gravitational len se s  w ere  foun d. In 1986 , w ith  a 4-m eter  
optica l te le sco p e , the astronom ers o f  Princeton U n iversity  d iscovered  the 
p resen ce  o f  a utterly  g ig a n tic  in v is ib le  m ass in c lo se  proxim ity  to the 
con ste lla tio n  o f  V irgo , w ith  the gravitation  equal to gravitation o f  
thousand large g a la x ie s . T he ev id en ce  o n  the ex isten ce  o f  a  n ew  object is 
the d o u b le  im a g e  o f  a  very  d istant quasar loca ted  at the very e d g e  o f  the  
M etaga laxy . T he angular d istan ce  betw een  th ese  tw o  im a g es is  about 2.5' 
(F ig . 2 .1 ). S p ec ia lis ts  b e lie v e  that th is d isco v ery  can turn up side dow n all 
our understanding o f  the U n iverse .
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Figure 2.1. Illustration on the effect o f  gravitational lens.
1 is the Earth; 2 is the trajectory o f  the light rays; 3 is the gravitational 
lens; 4 is the visible position o f  quasar; 5  is the real position o f  quasar.

In c o n c lu sio n , w e  can  affirm  that the U n iv e r se  is  the com b in a tio n  o f  
the d ifferen t ce les tia l groups. T h e  stars c o m p o se  nu m erou s c lu sters that 
are con stitu en t parts o f  the g a la x ie s . T h e  g a la x ie s , in  their turn, are 
un ited  in to  su p ersy stem s, o f  w h ich  the M eta g a la x y  is  constructed . It is 
qu ite  p o ss ib le  that in  future, M eta g a la x y  w ill happen to be not a  s in g le  
o n e , but n o w  it is  con sid ered  as the greatest structural c e ll  o f  the  
U n iverse .

It is  n o t ex c lu d ed  that o n e  o f  the fundam ental properties o f  N ature  
is  its aptitude fo r  fractalizing, i .e ., recurrent grou p in g  the o b jec ts  sim ilar  
in  s iz e  and  properties in to  an ob jec t o f  a  m eta  lev e l, w h ic h  is  ob serv ed  in  
a w id e  range o f  natural p h en om en a. T h is  id ea  is  ad vo ca ted  b y  the  
m athem atic ian  B erio if M andelbrot w h o  p ro p o sed  the term  frac ta l  for  the  
ob jects w h o se  structure is  the sam e, or app rox im ate ly  the sam e, at any  
sca le . M andelbrot argues that su ch  apparently  disparate th ings as shape  
o f  coasta l lin es  and river basin s, c lu sterin g  o f  g a la x ie s , b lo o d  v e sse ls  and  
lu n gs, p lan ts and trees; ev en  the sn o w fla k e  and sto ck  m arket p r ices can  
be con sid ered  as fractals (recurrent structures). E x a m p les o f  geo m etr ica l 
fractals are sh o w n  in  F ig . 2 .2 . E ach  o f  them  is n am ed  after its  author and  
can  b e  d escr ib ed  b y  a  gracefu l m athem atica l form u la  im p ly in g  the 
d ep en d en ce  o n  the iteration  step  n. T here is  true inner b eauty  in  these  
constructions.
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Figure 2 .2 . Examples o f  fractals. From top down: 
M andelbrot’s tree, Sierpinski’s trianle (given in progress), 

Barnsley’s fern

I f  th is hyp oth esis w orks, then w e  w ill see  this type o f  structuring on  
the Earth.

2.3. The Structure o f O u r G alaxy

O ur o w n  G alaxy , the M ilk y  W a y , is  re la tive ly  w e ll studied. It is  a 
typ ica l star system  w ith  the m ass equal to 10 12 o f  m ass o f  the Sun. It is  in  
th e  state  o f  qu asi-dyn am ic  equilibrium . Its evolu tionary stab ility  is  
m ainta ined  b y  the in term in g lin g  o f  the stars during their m o v em en t in  
the genera l gravitational f ie ld  o f  the system .

T h e  G a la x y  lo o k s  l ik e  a f la tten ed  d isk  w ith  an eq u ator ia l p lan e  
o f  sy m m e try  and an a x is  o f  sy m m e try  norm al to  th is p la n e  and  
lo c a te d  in  its  cen tre . T h e  G a la x y  h a s  n o  c le a r -c u t border; to a  certain  
d e g r e e , th is b order is  c o n v e n tio n a l and its co n to u r  is  a ssu m ed
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a c co r d in g  to  the p u rp o se  o f  the e x p lo ra tio n . T h e  sc h e m e  o f  ou r  
G a la x y  is  g iv e n  in  F ig .  2 .3 .

T h e  m a x im u m  star d en sity  (the num ber o f  stars per cu b ic  parsec)  
fa lls  in to  the central parts o f  the G alaxy , w here it is  equa l to  severa l stars 
per cu b ic  parsec. I f  w e  put the border o f  the G a la x y  at the area o f  the  
d en sity  no le s s  than 1 • 10 -3 stars p er  c u b ic  p a r se c , th en  th e  d ia m e ter  o f  
the G a la x y  w il l  b e  a b o u t 3 0  k ilo p a rsec , and the th ick n ess about 2 .5  
kiloparsec. T he Su n  is  lo ca ted  a lm o st e x a ctly  on the p lan e  o f  sy m m etry  
and at a d istan ce  o f  abou t 10  k ilo p a rsec, or 2 /3  o f  the G a la x y  radius, 
from  the cen tre  o f  the G alaxy . T h e  num ber o f  stars in  our G a la x y  is  
estim ated  as b e in g  about I 0 n (or  100  m illiard  “S u n s”).

Figure 2.3. M odern notions about our Galaxy. It is shown as a side 
view. The black line corresponds to the equatorial plane. The arrow  

poin ts at the location o f  the Sun.

T h e G ala x y  has an intricate in terior structure. T here are various 
c o lle c t iv e  ob jects there, such  as d o u b le  stars or star c lu sters con ta in in g  
ten to 2 ,0 0 0  stars (F ig . 2 .4 ).

S p herica l star c lu sters un itin g  hundreds o f  thousands, or m illio n s , 
stars are v e iy  large ob jects o f  the G alaxy. T h ey  are situated  
sy m m etrica lly  in  relation  to  the cen tre  o f  the G alaxy.

T he S o v ie t  a cad em ic ian  V ic to r  A m bartsum yan has d isco v ered  the  
c o lle c t iv e  ob jects , later ca lled  the star a sso cia tio n s. T h ese  are the “n e sts” 
c o n sistin g  o f  2 - 3  tens o f  g ig a n tic  stars. S u ch  star asso c ia tio n s o ccu p y  the  
sp ace  o f  tens and hundreds cu b ic  parsec and b esid e  the g ig a n tic  stars 
fo rm in g  their b asis con ta in  a lso  star-dw arfs and stars w ith  m ed ium  
lu m in osity .
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The conspicuous Pleiades in the constellation o f  Taurus, one o f  the 
nearest galactic star clusters, are commonly spoken o f  as seven-starred, 
though only six are visible by the naked eye. The cluster also contains 
over 100 small stars. The light o f  some o f  the stars can be seen reflected 
from  dust clouds in their vicinity (R. Kippenhan, 1990)

E vo lu tio n  o f  g a la x ie s  stim ulates the p ro cesses o f  o ld  stars destruction  
in  the g a la x y  n u cle i, w h ere the star den sity  is  the h ighest. T he gas-and- 
dust products o f  the destruction  are accu m ulated  in the g a laxy  centre and 
m ake up a  rap id ly-rotating system .

W h en  the accu m u lated  m aterial c ea ses  to b e  kept b y  gravitational 
f ie ld  o f  the n u c leu s , it  d etaches from  the d isk  and scatters in  the galaxy  
form in g  w h ir led  f lo w s , the so -c a lle d  spirals o f  Archimedes.

T he su b stan ce  eruption from  the n u cleu s o f  our G alaxy  began m ore  
than 5 m illiard  years ago . D u ring  the la st 3 .6  m illiard  years, the average  
ou tflo w  o f  the su bstance is  8 .8  Sun m a sses per year.

B e sid e s  the f lo w s  w h irled  in to  the spirals o f  A rch im ed es, there is 
another k ind  o f  f lo w s , the so -ca lled  logarithmic spirals. T he  logarithm ic  
spirals are the resu lt o f  action  o f  the G alaxy  e lectrom agnetic  field .

Figure 2.4. The Pleiades star cluster (about 500 light years away).
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O ur G ala x y  has four logarithm ic sp irals orig inating  from  four  
d ifferen t p o in ts o f  the central d isc .

T h e  c o m p o sitio n  o f  the su bstance  e jec ted  from  the central part o f  the  
G a la x y  is  c lo s e  to the c o m p o sitio n  o f  the Sun . B y  tw o  d iv erg in g  fan- 
sh aped  f lo w s , th is su bstance spreads a lo n g  the G a la x y  p lane, w h ere  it 
co n d en ses  to gas and du st c lo u d s, co m ets , and stars. T he p ro cesses o f  gas  
con d en sa tio n  and star form ation  are m o st  in ten siv e  in  the areas o f  the  
in tersection  o f  the sp irals o f  A rch im ed es and logarithm ic  sp irals, w h ere  
the G a la x y  e lectrom agn etic  f ie ld  p artia lly  traps and carries a w a y  the 
io n ize d  g a s  and du st particles o f  the je t  f lo w s . T h e  zo n es o f  accu m ulation  
o f  the io n ize d  ga s and dust particles are the m ain  p la ces o f  the stars 
form ation .

W ith  the rotation  o f  the G a la x y , th ese  p la c es  ch a n g e  their loca tion  
m o v in g  a lo n g  the spirals.

T h e  ob jects form ed  in  the z o n e s  o f  the io n ized  ga s and dust 
particles accu m u lation  d e v e lo p  in  d ifferen t w a y s. S o m e  o f  th ese  ob jects  
co n tin u e  their m o v em en t in  radial d irection  and in aboutlO 8 years lea v e  
the v is ib le  borders o f  the G alaxy. T h e  others, form ed  m ain ly  o f  the g as  
and du st o f  the logarithm ic sp irals, inherit the tangential d irection  
m o v e m e n t and rem ain  in  the G alaxy . A fter  con d en sation , th ey  take their  
o w n  orbits. Our S u n  is o n e  o f  su ch  objects .

2.4. The S o la r System

T h e  S o la r  S y s te m  is  th e  S u n  and a ll  o b je c ts  that are s itu a ted  in  
its  g r a v ita tio n a l f ie ld .  T h e se  are 9  p la n e ts  and  th eir  3 4  sa te llite s ,  
n u m ero u s c o m e ts , and  a ste ro id s . A l l  th e  p la n e ts , e x c e p t  fo r  M ercu ry  
an d  P lu to , ro ta te  around  th e  S u n  in  o n e  d ir e c t io n  in  the orb its c lo s e  to  
c ircu la r. T h e  p la n es  o f  th e se  orb its  p r a c t ic a lly  c o in c id e  (w ith  an  
a c cu ra c y  o f  se v e ra l d e g r e e s ) . N u m er o u s  p r e c ise  m ea su rem en ts  
a llo w e d  to  d e te rm in e  that th e  orb its  o f  p la n e ts  are n o t c ir c le s  but 
e ll ip s e s .  T h e  orb its o f  M ercu ry  an d  P lu to  h a v e  th e  m a x im u m  
e c c e n tr ic ity  an d  a  n o t ic e a b le  s lo p e  to  th e  a v era g e  p la n e  o f  orb its o f  
oth er  p la n e ts . T h e  p la n ets , e x c e p t  fo r  V e n u s  and U ran u s, ro ta te  
arou n d  th e ir  a x e s  in  the d ir ec tio n  c o in c id in g  w ith  the d irec tio n  o f  the  
ro ta tio n  around  th e  S u n . V e n u s  ro ta te s  in  th e  o p p o s ite  d irec tio n ,  
w h ile  th e  ro ta tio n  a x is  o f  U ran u s l ie s  n e a r ly  in  the p la n e  o f  the o rb it  
o f  its  ro ta tio n  around th e  S u n . T a b le  2 .1  d isp la y s  the m a in  
in fo r m a tio n  o n  the S o la r  S y s tem .
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T able 2.1. G eneral C h aracteristics o f S o lar System

Sun
Planets
Moon

Average
Radius,

km

Average
Distance
to
The Sun,
Million
km

Period of revolution 
along the orbit

Number
of

satellites
Mass,
kg

Sun 695,000 - 275 million years 9 planets 1.98-Ю30
Internal planets

Mercury 2,440 57.9 88 earthdays 0 3.28-1023
Venus 6,129 108.2 224.7 0 4.83-1024
Earth 6,378 149.6 365.26 “ 1 5.98-1024
Mars 3,387 227.9 687 2 J 6.37-1023

External planets
Jupiter 71,400 778.3 11.86 years 13 1.90-1027
Saturn 60,000 1,427 29.46 “ 11 5.67-1026
Uranus 25,900 2,870 84.01 “ 5 (15)* 8.80-1025
Neptune 24,750 4,497 164.8 “ 2 1.03-I026
Pluto 2,900 5,900 247.7 0 6-1023

Moon 1,740 29.5 earthdays - 7.34-1022

* In addition  to  5 k n o w n  sa te llites , the c o sm ic  station V o y a g er-2  
d isco v ered  another 10  sm all sa te llites in  1986.

A ll the fig u res p resen ted  in  T ab le  2.1 are not constants. T hey  
characterize our ev er-ch a n g in g  w orld , bu ilt w ith  d efin ite  regularity, on ly  
w ith  a  certain d egree  o f  accuracy. T h e  quantitative estim ation  o f  the 
d eg ree  o f  th ese  ch a n g es is  rather d ifficu lt to obtain. For exam p le, the 
v e lo c ity  o f  the present-day  M o o n ’s m o v em en t o f f  the Earth, m easured  
b y  m eans o f  laser  en g in eer in g , equals 3 .8  cm /year, w h ile  analysis and  
interpretation o f  observation s o f  lunar ec lip se s  during historical periods 
g a v e  4 .0  cm /year. T h e  forecast o f  estim ation  o f  this value, for both the 
future and the past data, depend s on  our theoretical assum ptions and on  
our v iew p o in t o n  the orig in  o f  the M oon , its age , structure, and so  on.

T hus, the Solar S y stem  is  varying in its param eters; h ow ever, the  
general regu larities in  its structure and activ ity  are detected. There is  a 
principal pecu liar ity  in  the d isco v ery  o f  the m ysteries o f  the U n iverse . 
T he c la ss ic s  o f  sc ien ce  delib erately  id ea lized  the real w orld  around and  
o n ly  in  this w a y  th ey  co u ld  find  its fundam ental la w s. G etting rid o f  the  
deta ils , so m etim es k n o w in g  n oth in g  about them , they cou ld  se e  the gist. 
U sin g  m o d em  term in o logy , w e  m ay sa y  that they created  fundam ental 
m o d el o f  the w orld  ph en om en a  and p rocesses. T hey  sou ght ideal 
a n a lo g u es fo r  nature. N o w a d a y s, it  is k n ow n  that the m ore com plica ted  a
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real sy stem s is, the m ore  con sid era b le  sim p lifica tio n s are a p p lied  w h en  
creating a  m o d el. A n  outstand in g  S o v ie t  p h y sic is t  Y a k o v  I. Frenkel 
w rote about th is p ecu lia r ity  o f  hum an k n o w led g e , that the in vestiga tor  
“is like a-cartoonist.... The good theory o f  an intricate system must be 
the good caricature o f  this system, exaggerating certain most typical 
characteristics; at the same time, it must ignore all other features that 
are not essential”.

S o  the g en iu s  o f  c la s s ic s  o f  sc ien ce  co n sists  in  their ab ility  to sort 
out the m o st characteristic  features o f  the intricate natural p h en om en a.

N o w , after prelim inary  co m m en ts , it is p o s s ib le  to sp eak  about the  
m ain  la w s o f  the S o la r  S y stem  structure and the p ro cesses  g o in g  on  
there.

A ll th ese  la w s w ere  ob ta ined  on the b asis o f  em pirica l m aterials; 
therefore, they  in  fa c t are in d u ctiv e  rules. T h e  first rule rev ea ls so m e  
order, a system a tiza tio n  in  the d isp o sitio n  o f  p lan ets, i.e ., d escr ib es the  
spatial structure o f  th e  So lar  S y stem . It is  the so -c a lle d  T itiu s-B o d e  la w

r =  0 .4  +  0.3-2",

w h ere r  i s  the d istan ce  to the Su n , m easured  in  astronom ical un its (A U ). 
T h e exp o n en t и has an in d iv id u a l va lu e  for ev ery  planet.

P la n e t n
M ercury — OO

V en u s 0
Earth 1
M ars 2
Jupiter 4
Saturn 5
U ranus 6
N ep tu n e 6 .6 3
P luto 7

T here are so m e  e y e -c a tch in g  e x cep tio n s  in  this regularity:

•  n =  3 d o e s n ’t co rr esp o n d  to  a  p la n et. H o w e v e r , at th e  d is ta n c e  
r =  0 .4  +  0 .3 -1 0 3  =  2 .8  A U  a b e lt  o f  asteroids e x is ts  as a se t o f  par-ticles  
and b o d ies w ith  the s iz e s  up to  severa l hundred k ilom eters. T h e  total 
m a ss o f  th is asteroid  b e lt is  about 0.1%  o f  the Earth m ass. It m ay  be  
con sid ered  either as an agg reg a tio n  o f  the m atter n o t y e t  h a v in g  b een  
form ed  in to  a p lanet, or as the product o f  destruction  o f  a p lan et b o d y  (or  
m ayb e severa l b o d ies) e x is tin g  before.
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•  F or the p lan et N eptu ne, loca ted  betw een  Uranus and P luto  
(r =  3 0 .0 6  A U ), the ex p on en t n is  a non -in teger  num ber, i.e ., n =  6 .63 .

•  M ercury is a lso  an ex cep tio n , b eca u se  its n is  -oo.

E num erating the p lanets, putting M ercury and N eptu ne aside, as 
V en u s is  1, Earth is  2 , M ars is 3 , and so  on , w e  can rew rite the T itius- 
B o d e  ru le  in  the fo llo w in g  form:

r =  0 .4  + 0 . 3 -г""1,

w h ere  the seco n d  addend is  a  term  o f  g eom etrica l progression .
I f  w e  w ant to  ca lcu la te  the d istan ce  r not from  the Sun, but from  

M ercury, i .e .,  sh iftin g  the coord inate orig in  to 0 .4  A U  from  the Sun, w e  
m ay u se  the form ula

r =  0.3-2"-1.

It is  a geom etr ica l progression  law  that can be considered  as 
fundam ental for  the Solar S y stem  structure, but o n ly  w ith  som e  
ex cep tio n s . T he com bination  o f  the w ords “fundam ental” and  
“e x ce p tio n s” has the leg a l right to be. (R e co llec t the o p in ion  o f  Y ak ov  I. 
F renkel that the m o d els  o f  the m o st intricate natural system s are the m ost  
caricatural.) In fact, there are m any excep tio n s . T h ese  are ex cep tio n s in  
the d irection  o f  rotation o f  p lanets, in  the form s o f  orbits, in  the s lo p e  o f  
the a x is and the p lane o f  their orbits, in the d irections o f  their  
revo lu tio n s , and so  on . A n d they  are a lso  the characteristics, though  
q u alita tive, o f  the So lar  S y stem ’s spatial structure.

T hu s, the constitu tion  o f  the Solar S y stem  is  characterized by 
certain regu larities that determ ine a  certain arrangem ent in  the loca tion  
o f  p lan ets and their orientation  in sp ace. B u t there a lw ays are so m e  
ex ce p tio n s  in  th is arrangem ent. Probably, it  is  better not to speak  that the 
regu larity  e x is ts , but as though it  e x is ts , or m ore correct, to  sp eak  
thatregularity ex is ts  and at the sam e tim e d o es  n ot ex ist.

A ll e lem en ts o f  the So lar S y stem  are in perm anent m ovem ent. 
Q uite  naturally, the exp loration  o f  the Solar S y stem  caused  the d isco v ery  
o f  k in em atic  la w s, k n ow n  under the nam e o f  Johannes K epler, w h o, 
based  o n  the astronom ical observations o f  T y ch o  B rahe, created a c lear  
and rigorous m athem atical construction . H ere it  is  necessary  to underline  
o n e  m eth o d o lo g ica l c ircu m stan ce illustrating the lo g ic  o f  sc ien tific  
search . T h e  h e liocen tric  sy stem  created  b y  M ikolaj K o p em ik  w a s a  
sc ien tif ic  theory accord ing  to the criteria o f  that tim e, i.e ., it sa tisfied  the  
cond ition  o f  fa lsifiab ility  (see  Subject 1). T his fact encouraged  T ych o  
B rahe o n  num erous careful astronom ical observations: Brahe refused  to 
accep t K o p e m ik ’s h eliocentric  system , tried to refute it, but in  the end
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gathered the m aterial that n ot o n ly  proved  the h e liocen tric  sy stem  but 
a lso  c o m p o sed  the b a se  fo r  the creation  o f  la w s o f  K epler.

The firs t law . E v ery  p lan et travels a lo n g  an e llip tic  orbit and in  one  
o f  the fo c u se s  o f  th is e ll ip se  the Sun is  located .

The second law . T h e radius v ecto r  b e tw een  the Sun  and a  p lan et (a  
lin e  jo in in g  a p lan et and the S u n ) sw ee p s out the equal areas AS during  
equal periods o f  tim e  At. A c tu a lly , w e  ge t a k in em atic  constan t for the  
Solar  System :

AS/At -  const.

S o m etim es, th is la w  is  c a lle d  the law  o f  equal areas.
The th ird  law .

Я3/ ! 2 =  const,

w h ere  R is the average  radius o f  the orbit o f  a p lan et ca lcu la ted  as the 
arithm etic m ean o f  its m a x im u m  and m in im u m  d istan ces from  the Sun. T 
is  the period  o f  p lan et rev o lu tio n  around the Sun.

T he present-day m easu rem en ts o f  the param eters o f  p lan et orbits 
and period s o f  their rev o lu tio n s g iv e  R3/T 2 =  3 .3 5 -1 0 J8 m 3/s e c 2 (w ith  an 
accuracy to the seco n d  d ec im a l d ig it).

It is  ea sy  to s e e  that acco rd in g  to the a b o v e-m en tio n ed  rule o f  
“b e in g  caricatural” , the first tw o  la w s contradict to  the third law  
s im p lify in g  the p la n ets’ orbits to  the c ircles. N ev er th e less , the la w s o f  
Johann K ep ler  m ake the k in em atic  b a se  for the Solar S y stem . T h ese  la w s  
are pu rely  k in em atic  b eca u se  th ey  descr ib e  the m o v e m e n t o f  p lanets 
w ith ou t any exp lanation  fo r  the ca u ses o f  their m o v em en t. T h ese  law s  
a llo w  us to pred ict the p o s it io n  o f  the p lan et at a g iv en  m om en t, and n o  
m ore. In this sen se , K ep ler ’s k in em atic  m eth ods b ased  on  the  
h eliocen tric  co n cep tio n  o f  K o p e m ik  n ot very  m uch  d iffer  from  the  
sch em e  o f  P to lem y  b ased  o n  the g eo cen tr ic  con cep t, e sp e c ia lly  as both  
sy stem s are accurate en ou gh . From  the v iew p o in t o f  k in em atics, both  
sch em es are true, b eca u se  th ey  d iffer  from  each  other o n ly  in  the  
coord in ate  system . H o w ev er , the coord in ate  sy stem  o f  K o p em ik , u sed  by  
K epler, g iv e s  a  sim p ler  and c learer sch em e  o f  ca lcu la tion s. T h is situation  
illustrates o n c e  m ore  that the fa c t o f  g o o d  co in c id en ce  o f  the theoretic  
p red iction s w ith  the o b servation s cannot b e  the p ro o f o f  the truthfulness 
o f  a  sc ien tific  con cep t. T h is fa c t o n ly  dem onstrates the o b jec tiv ity  o f  the  
created  m o d e l and its a p p licab ility  fo r  the task ch osen . W e  ha v e  seen  that 
ob jectiv ity  d o e sn ’t m ean  the p h y sica l truthfu lness, in  an y  ca se  in  
kin em atics, w h ere the c h o ice  o f  the coord in ate  sy stem  is determ ined  o n ly  
by consid eration s o f  c o n v en ien ce .
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T h e la w s o f  dyn am ics are not invariab le to the ch o ice  o f  the 
reference system ; therefore, the he liocentric  system  o f  K o p em ik  and 
la w s o f  K ep ler  w ere m ore appropriate for  Isaac N e w to n ’s law  o f  
universal gravitation.

T he law o f  inertia says that a b od y  at rest rem ains at rest and a body  
in  m otion  co n tin u es to m o v e  at a constan t v e lo c ity  V un less acted upon  
by an external fo rce  F. F orm ally , this law  is derived  from  the seco n d  law  
o f  N ew to n  (under conditions: F  =  0  and the acceleration a  =  dV/dt =  0). 
N ev erth e less , the la w  o f  inertia  w as form ulated  by N ew ton  as postulate  
o f  the e x is ten ce  o f  the inertial sy stem . Furtherm ore, this law , as a 
particular ca se  o f  the law  o f  the im p u lse  conservation , im p lies the  
uniform ity  o f  the sp ace  (the parity o f  all its  po in ts) in  any inertial 
reference sy stem . T he la w s o f  im p u lse  conservation , im p u lse  
m om en tum , and en ergy  for  c lo sed  sy stem s, be ing  the co n seq u en ce  o f  
N e w to n ’s secon d  law , assum e the isotropy o f  space and uniform ity o f  
tim e.

I sh ould  lik e  to repeat again the w e ll-k n o w n  fact that the la w s o f  
d yn am ics are correct o n ly  for  th ose  reference system s w here the sp a ce  is  
uniform  and iso trop ic  and tim e is  un iform . T h ese  system s are ca lled  
inertial.

B y  sim p le  experim en ts (pendulum  o f  F oucault, dev iation  o f  
m o v em en t o f  free -fa llin g  b od y  from  vertical line, and so  o n ) it  w as  
p roven  that the geocen tr ic  sy stem  (a  sy stem  w ith  coord inate axes r ig id ly  
con n ected  w ith  the Earth and rotating together w ith the Earth) in the  
strict se n se  is n o t an inertial system , a lthough all its d ev iation s from  
inertness are in sig n ifica n t for m o st practical app lications. H o w ever , for  
the ce les tia l m ech a n ics the adoption  o f  the geocentr ic  reference system  
b eco m es crim inal. O n ly  the h e lio cen tric  system  m eets the requirem ents  
o f  inertness.

T h e  centre o f  the he liocentric  sy stem  is  the Sun. Its coord inate axes  
are d irected  to stars that m o v e  together w ith  the ce lestia l sphere. S o  they  
are im m o v a b le  rela tive  to the Sun (coord inate a x es d o n ’t take part in  the  
rotation o f  the Sun).

N e w to n ’s la w  o f  gravitation rests n ot o n ly  on  K o p e m ik ’s 
h eliocen tric  sy stem , but is  a lso  c lo s e ly  co n n ected  w ith  K ep ler’s third 
law . It is  u sefu l to sh o w  the p o ss ib le  variant o f  the process o f  reason ing  
o f  N ew to n .

1. A  p lan et m o v in g  ev en ly  in  a  circular orbit around the Sun  
d ev e lo p s  the centripetal acceleration

a = 4n2R/ T2.
2. C entripetal force  acting on  the p lanet in  accordance w ith  

N e w to n ’s seco n d  law  is
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F -  та = AiCRmlT1, (2.4)

w h ere  m  is  an inertial m ass o f  planet.
3. A c co rd in g  to  third K ep ler’s law

Г2 =  R 3/ K ,
w h ere  К  is  a  constant.

F -  4n2Km/R2 .

4 . T h e  c o e ff ic ie n t  K, according  to  K ep ler , is  constan t fo r  ev ery  
planet w ith  an y  m ass and any radius o f  the orbit. T hus, con stan t К  in  the  
Solar  S y stem  d ep en d s o n ly  on the properties o f  the Sun  as the sou rce  o f  
the fo rce  F. N e w to n  w as the f ir s t  w h o  assu m ed  that this fo rce  is  
gravitational fo rce , i .e .,  that the va lue  o f  the fo rce  F  depend s o n ly  on  the  
va lu e  o f  the S u n ’s m ass. N ew to n  wrote:

4 л  2K = G M s,

w h ere G  is  a  c o e ff ic ie n t  o f  proportionality  b e tw een  the S u n ’s m a ss M s 
and the v a lu e  4 n2K, determ ined  by the K ep ler constant.

5. Further, w e  can  w rite the form ula o f  N e w to n ’s law  o f  gravitation

F  = GMsmlR2 .

From  F orm u la  (2 .4 ) , w e  can obtain  the va lu e  o f  the gravitational 
constan t G. W e  k n o w  that К  =  3 .3 5 -1 0 18 m 3/se c 2; M s =  1 .98-Ю 30 kg. 
T herefore,

G  =  4k2K!Ms~ 0 .6 6 7 - 1(T10 m 3/(se c 2-kg).

N e w to n ’s la w  o f  gravitation  can  b e  obta ined  u sin g  other sc h e m es o f  
reason ing . T h e  sch em e  con sid ered  here illustrates the co n n ec tio n  o f  
N e w to n ’s la w  o f  gravitation  w ith  K ep ler’s la w s. T h is co n n ec tio n  w as  
rev ea led  b y  Isaac  N ew to n .

F or the So lar  S y stem , the la w  o f  gravitation  w orks nearly  
irreproachably, w ith  o n e  ex cep tio n . M ercury is  the o n ly  p lan et w h o se  
ca lcu la ted  orbit n o ticea b ly  d iffers from  the observations. T he general 
theory  o f  relativ ity  by A lbert E in ste in  a llo w s us to e lim in a te  this 
ex cep tio n . T h e  general th eo iy  o f  rela tiv ity  is  created  on  the b a sis o f  
N e w to n ’s m ech a n ics , ju st as N e w to n ’s m ech an ics has in  its foun dation  
the w orks o f  K o p em ik , G a lile i, and K epler.

S o lv in g  its o w n  problem s, the g e o lo g y  m o st often  ob serv es the  
action s o f  the gravitational fo rces, o f  both  earthy and c o sm ic  or ig in . T he  
im portance o f  the c o sm ic  fo rces in  g e o lo g ic a l h istory b eg in s to  b eco m e  
un derstood  o n ly  n ow a d a y s. T h is understanding co m es to us gradually.
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A t present, w e  k n o w  that the g eo lo g ic a l p ro cesses observed , such as 
earthquakes, v o lca n ic  activ ity , the w ork o f  r ivers and seas, and so  on  are 
o n ly  the co n seq u en ces  o f  certain general and fundam ental la w s that rule 
ov er  the ev o lu tio n  o f  the U n iverse . T herefore, the p rocesses observed  by  
g e o lo g is ts , b e in g  o n ly  the resu lt o f  the ch a n g es that take p lace  in the  
U n iv erse , d o  not m ake the g e o lo g ic a l h istory. It m eans that N e w to n ’s 
m ech an ics, as the foundation  o f  g e o lo g y , cannot interpret all its 
p rob lem s. S o  w e  n eed  appeal to the sp a ce -t im e  problem .

N e w to n ’s sp a ce  and tim e are ind ep en dent and absolu te. In the 
gravitation theory o f  A lbert E instein , the properties o f  the sp ace  and tim e  
are n ot sp ec if ie d  o n c e  and forever. T h ese  properties are determ ined by  
the b o d ies b e in g  in sid e  the sp a ce  and tim e. T herefore, to d e v e lo p  their 
sc ien ce , the g e o lo g is ts  m ust n ot o n ly  com prehend the structure o f  the  
Solar  S y stem , G alaxy , M etaga laxy , but scrutin ize  the g ist o f  the law s  
that d eterm ine the e v o lu tio n  o f  the U n iv erse  and c learly  understand w hat 
la w s are ob serv ed  and w hat la w s can be used  in g e o lo g ica l  
in v estiga tion s.

I have  presented  the m o st general inform ation about the p lanets o f  
the Solar S y stem  (se e  T ab le  2 .1 ) and g iv en  a m ore detailed  accou nt o f  
the la w s that d eterm ine the structure, k in em atics, and d yn am ics o f  the 
p lanets. R ecen tly , m ore  com p reh en siv e  data w ere  obtained about planets, 
in c lu d in g  V en u s, M ars, U ranus, and the M oon  due to the R ussian and 
A m erican  sp a cesh ip s and c o sm ic  stations. T his inform ation can be found  
in  the literature reco m m en d ed  for g iv en  them e.

N o w  w e  can  sp eak  a little  about the other b o d ies o f  Solar system : 
asteroids, m eteo r ites, and com ets.

A steroids. T h e nam e stem s from  tw o  G reek words: aster —  star 
and eidos —  k ind  o f. A stero id s are treated as m inor p lanets. T h ey  are 
rela tiv e ly  sm all b o d ies. T he largest, C eres, is  about 1 ,0 0 0  k ilom eters in  
diam eter, but m o st o f  the 5 0 ,0 0 0  that ha v e  b een  observed  are o n ly  about 
o n e  k ilo m eter  across. T h e  sm a llest asteroids are assum ed to be n o  larger  
than a sand grain. T h e  total m ass o f  asteroids is  estim ated  to b e  o n ly  on e- 
thousandth that o f  the Earth, itse lf  b e in g  not a  large planet. T he bu lk  o f  
asteroids is  situated  at the 2 .3 -3 .3  A U  d istan ce from  the Sun and form s 
so -c a lle d  asteroid  be lt b e tw een  the orbits o f  M ars and Jupiter. T he  
c o llis io n s , and con tin u ou s p ro cesses o f  breaking, crushing, or every  
p o ssib le  degradations o f  ce les tia l b o d ies take p la ce  in  the asteroid  belt. 
T he asteroids d iffer  from  each  other to  a considerab le  d egree by m ass, 
shape, and chem istry . M o st o f  asteroids h a v e  an irregular shape, and  
o n ly  C eres, P allas, V esta , and so m e  other large asteroids are c lo se  to a 
spherical form .
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B y  the va lue  o f  a lb ed o , the asteroids are grouped  into C -asteroids  
(a lb ed o  <  0 .0 5 )  and S -astero id s (a lbedo  >  0 .0 9 )  —  com pare w ith  the 
Earth’s a lb ed o , w h ich  is  about 0 .4 . T h e  c o m p o sitio n  o f  C -astero id s is  
c lo se  to carb on ic  m eteo r ites, w h ile  the co m p o sitio n  o f  S -astero ids is  
c lo se  to ferrous a ero lites (se e  b e lo w ). C -astero id s dom inate  in  the  
internal z o n e  o f  a stero id  be lt, and S -astero ids in  the external zon e , so  it is  
p o ssib le  to  sp eak  about so m e  k ind  o f  ch em ica l regularity: T h e  
co m p o sitio n  o f  a stero id s depend s on  the h e liocen tric  d istan ce. A t  
present, the ph otom etr ic  m easurem ents ha v e  sh o w n  c lo se  resem b lan ce  o f  
asteroids and m eteorites as per their chem istry . It a llo w s us to co n sid er  
the astero id s as a  so u rce  o f  m atter fo r  fo rm in g  m eteorites, and ex p lo re  
the structural, m ineral, and ch em ica l properties o f  asteroids u sin g  our  
k n o w led g e  abou t m eteorites that are a v a il-a b le  fo r  ou r  d irect 
in vestig a tio n s.

M e te o r ite s . M eteorites are the extraterrestial so lid  b o d ies, referred  
to  as m eteo ro id s, that su rv ived  fa llin g  to the Earth su rface from  
interplanetary sp ace . M eteorites , m eteoritic  ston es, b o lid s, and fa llin g  
stars are sy n o n y m s.

Prior to  m o o n  rock s brought back  from  lunar exp loration , 
m eteorites w ere  the o n ly  sam p les o f  extraterrestial m aterial that co u ld  be  
directly  exam in ed . A t present, various literature about m eteorites has 
b een  accu m ulated . T h e  a g e  o f  m eteo r ites , e x c e p t  fo r  rare e x c lu s io n s , is  
estim ated  as 4 .6  m illiard  years, i .e ., it  co in c id e s  w ith  the age  o f  the Earth  
and the M o o n .

It en a b le s us to  u se  in  our reconstruction  o f  the orig in  and ev o lu tio n  
o f  the So lar  S y stem  all in form ation  obta ined  from  the in v estig a tio n  o f  
m eteorites.

In ev ery  m eteorite , three m ain  co m p o n en ts are determ ined:

• S ilic e o u s  (sto n y )
• M eta llic  (n ickel-ferrous)
• S u lp h id es (in c lu d in g  troilite F eS . It is  a  m ineral rather n com m on  

in  the Earth)

O ther com ponents are o f  little im portance. In total, there are about 7 0  
m inerals in  m eteorites, a m on g  them  w e  can find  o liv in e , p yro x en es, 
p la g io c la se s , and so m e  other ro ck -form in g  m inerals. B oth  ch em ica l and  
m ineral c o m p o sitio n s  o f  m eteor ites are e ssen tia lly  poorer than the  
co m p o sitio n  o f  the Earth crust. T he com p ou n d s o f  o n ly  four ch em ica l  
e lem en ts O , F e , S i, M g  form  m ore than 90%  o f  the m eteorite  m ass. 
H o w ev er , so m e  m inerals occurring in  the m eteorites are not m et on  the  
Earth. T h e  rela tive  freq uency  o f  the occu rren ce  o f  m eteor ites depend s on
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their com p o sitio n . T hus, the rela tive  frequency for ston e m eteorites  
(a ero lites) is  92 .7% , fo r  ferrous m eteorites it is  5.6% , and for ferrous 
aerolites 1.3% . A m o n g  the aero lites, the chondrites are m ost abundant, 
w h ich  m ake up about 82.4% . T h ey  contain  chondru les (these are sm all, 
w ith  fractions o f  a  m illim eter  to several m illim eters o f  s ize , round 
m a sses  o f  o liv in e  and p y roxen e). T h e  substance, from  w h ich  chondrites 
w ere form ed , is  not m uch d ifferentiated . T hat is  w h y  sp ecia lists assum e  
that chondrites are the product o f  early, ev en  prim ary p rocesses that 
form ed the so lid  b o d ies o f  the Solar System .

Com ets. T h ey  are ce les tia l bod ies travellin g  around the Sun, 
u sually  in h ig h ly  eccen tr ic  orbits, and co n sistin g  o f  a central n u cleu s, the  
so -ca lled  head, surrounded b y  a gaseo u s e n v e lo p e  that m ay  form  on e or 
m ore lum inou s tails turned aw ay  from  the Sun. A lthou gh  a  co m et m ay  
be the brightest ob ject in the n igh t sk y , m o st observed  co m ets are 
ex trem ely  d istant ob jects that m ay  be reco g n ized  o n ly  w ith  the aid o f  
te le sco p es. T heir orig in , com p o sitio n , and structure h ave not been  
studied  till n o w , there are o n ly  h y p o th eses and various concep ts. 
A ccord in g  to  the h y p o th esis  proposed  by Jan H endrik O ort in 1950 , 
there is  a  g ig a n tic  co m et c lo u d , co n sistin g  o f  hundreds o f  m illio n s  
com ets, m o v in g  around the Sun in an orbit w ith a radius o f  on e  ligh t year 
(about 9 .4 6 -1 0 12 km ). T he co m ets, as w e  ob serve  them , are the fragm ents  
o f  this c lo u d  that w ere  d etached  from  it as the result o f  external 
disturbances and then caught by the gravitational fie ld  o f  the Sun. The  
period  o f  their revo lu tion  around the Sun is u sually  less  than 2 0 0  years 
(for ex am p le, fo r  H a ile y ’s co m et this tim e is  7 5 - 7 6  years). S o m e  com ets  
h a v e  periods o f  revo lu tion  equal to several m illion  years. For now , about 
7 0 0  com ets w ith  diam eters o f  0 .5 -7 5 .0  km  h ave been  registered. E very  
year about 5 n ew  co m ets are registered.

It is  a ssu m ed  that the n u cle i o f  c o m ets co n sist o f  ic e  (75% ) and dust, 
together w ith  ston y  m aterial (25% ). T he ice  form s the central part o f  the  
n u cleu s w h ile  the dust and the ston y  m aterial form  its external layer. 
A p proach ing the Sun to a  d istan ce  o f  3 A U  (about 4 5 0  m illion  km ), the 
c o m et b eg in s to be heated , w h ich  in itiates the sublim ation  o f  
undersurface ice . In su ch  a  m anner, the tail o f  co m et is  form ed. Later, 
under the in flu en ce  o f  so lar  radiation the seco n d  tail appears.

N o t all astrophysicists agree w ith  the above-stated conception (m ainly  
based on  the research b y  an A m erican astronom er Francis W hipple). Som e  
o f  them  (Prof. K esarev et al.) are o f  the opin ion that com ets are the inner 
products o f  the Solar system . T he o ld  com ets w ere com posed  from  the 
protoplanet substance. T he n ew  com ets are com posed, and continue their 
form ation, from  the m aterial o f  the disintegrated planets. That is , in  essence  
the com ets are the dw arfish planets that, unlike the large planets, have not 
the internal, but external activ ity  caused by the influence o f  the Sun.
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Figure 2.5. M rkos’s cornet, 1957.
D ust tail accompanies the gaseous tail (R. Kippenhan, 1990)

G reat attention is  paid  to com ets now . Thus, about 9 0 0  astronom ers 
from  47  countries took  part in the international program  on exploration o f  
H ailey ’s co m et (1 9 8 6 ), e igh t sp ecia lly  equipped sp ace  v eh icles w ere  
launched: tw o  by U S S R , tw o  by Japan, three b y  the U S A  and on e  by  
European C osm ic  A g en cy . It w as a really sp lendid  exam p le  o f  international 
cooperation. For the first tim e, the space v eh icles w ere launched  to explore  
a m inor celestia l body. T he photographs o f  the com et n u cleus w ere m ade, 
w hich are im p ossib le  to  obtain from  the Earth.

2.5. The E a rth  and Its  P lanetary C h aracterizatio n

T he Earth su rface  is  to o  irregular to be e a s ily  descr ib ed  by  
m athem atical form u lae. H o w ev er , th is d iff icu lty  le s se n s  w h en  w e  resort 
to the sm a ll-sca le  representation  instead  o f  a la rg e -sca leo n e . In this ca se , 
all the p ecu liar ities o f  the r e lie f  are consid ered  fo r  large territories. For  
ex am p le, the avera g e  h e ig h t a b o v e  the sea  le v e l in  E urope is  3 0 0  m  
(m axim um  height: 4 ,8 0 7  m , M ont B la n c), and the average  h e ig h t in  A s ia  
is  9 5 0  m  (m axim u m  height: 8 ,8 4 8  m , M ou n t E verest, a lso  k n o w n  as
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C h om olu n gm a). T h e  len gths o f  E uropean and A sian  coastal lin es are 38  
and 6 2  thousand k ilom eters, resp ectiv e ly .

T hus, after the representation o f  the e lem en ts o f  the real Earth 
surface on  the m ap, all m inor deta ils  o f  the Earth surface d isappear or 
b eco m e im p ercep tib le  and w e  are ab le  to catch the relation betw een  the 
actual properties (s iz e , relief, and so  o n ) o f  large territories. N orm ally , 
co lou r  is u sed  as sy m b o lic  design ation  o f  the relief. In this case , the  
co lou r  range is  app lied  to the considerab ly  sim p lified  Earth surface, for  
w h o se  shape the necessa ry  geom etr ica l and ph ysica l pre-assum ptions  
w ere m ade. T he character o f  th ese  assum p tion s is  determ ined by the 
p rob lem s that are to be so lv ed .

D ifferen t g eom etr ica l m o d e ls  o f  the Earth w ere proposed: sphere, 
spheroid  and geo id .

Sphere. It is  a  sp ec ific  geom etrica l shape w h o se  surface is 
everyw h ere  at the sam e d istan ce from  its centre. A  sphere is  a sim p le  and 
the m o st perfect shape from  the v iew p o in t o f  sym m etry. For this shape to 
be gravitationally  stab le , w e  n eed  to assum e its isotropy as regards 
d ensity . I f  w e  take in to  accou n t the rotation o f  this sphere, w e  have  to  
p ostu late  it  as an ab so lu tely  so lid  bod y, so  that the cen trifugal forces  
cau sed  by the rotation cannot disturb its shape and internal structure. A ll  
th ese  assum p tion s are acceptab le  for the prob lem s related to constructing  
the geograp h ic  coord in ate  grid and are ju stified  b y  th o se  p o sitiv e  results 
that in  this ca se  are p o ss ib le  (the s im p lic ity  o f  ca lcu lations).

A cco rd in g  to the present-day estim ation s, the radius o f  this sphere  
is 6 ,3 7 1 .1 1 6  km  and the d en sity  is  5 .5 2  g /cm 3.

Spheroid. A  m ore co m p lica ted  m od el o f  the Earth is  a  so lid  
geom etr ica l ob jec t generated  by rotating an e llip se  around o n e  o f  its 
a xes. A  sp heroid  can  be produced  b y  rotation o f  a not so lid  but v isco u s  
and p lastic  b od y  w ith  its d en sity  increasing  to  its centre. T he spheroid, 
a lso  ca lled  the e llip so id  o f  rotation, has tw o  radii: polar radius Rp and  
equatorial radius Re.

In 1946 , the e llip so id  o f  F eo d o siy  K rasovsky  w as accepted  as 
standard in the U S S R . Its param eters are as fo llo w s:

•  Rp= 6 ,3 5 6 .8 6 3  km
•  Re = 6 ,3 7 8 .2 4 5  km
•  P olar co m p ress io n  a  is  (Re -  Rp)/Re =  1 /2 9 8 .3
C alcu lated  o n  the b a sis o f  th ese  param eters, the area o f  the spheroid  

surface and its v o lu m e  are equal to 5 .1 0 0 8 -1 0 8 km 2 and 1 .0 8 3 3 -1 0 12 km 3, 
respectively. T he lengths o f  arcs o f  m eridians and parallels also  have been  
calculated . T h e  m o d el is  con sid ered  as standard for  the estim ation  o f

59



gravitational fo rce  on  the equator and particular geograp h ic  latitudes. 
T h e se  are standards fo r  estim ation  o f  the a n o m a lies  o f  the gravitational 
f ie ld  o f  the Earth (se e  Section 4),

B e s id e s  the e llip so id  o f  K rasovsky , there is  a standard Earth 
e llip so id  o f  the International A stron om ica l U n io n  a ccep ted  in 1976. Its 
polar co m p ress io n  a  is  equal to 1 /2 9 8 .2 5 7 , w h ich  is  c lo ser  to  the va lu e  a  
=  1 /2 9 8 .2 5  ca lcu la ted  on  the b a sis o f  the data ob ta ined  from  the sa tellite  
stations.

K rasovsk y  and h is assistants sp ec if ie d  so m e  other param eters as 
w ell. T h ey  stated  the e llip so id a l form  o f  the equatorial c ro ss-sectio n  w ith  
the co m p ress io n  e  =  1 /3 0 0 0 0  and the lo n g itu d e  o f  the m axim um  
m eridian X =  15° to the E ast from  G reen w ich . T h e  d ifferen ce  betw een  
the polar se m i-a x es  w a s a lso  found:

/^N orth  “  ^ S o u th  ~  100  m .

T herefore, from  the present-day v iew p o in t, the shape o f  the Earth 
cannot b e  co n sid ered  as a  spheroid , or e v e n  a  three-ax is e llip so id . It is  a 
three-ax is card ioidal e llip so id . B u t this m o d e l, a lthough  m ore p recise , is  
too  u n w ie ld y  and in co n v en ien t for  construction  o f  a coord in ate  grid and  
for  m any  g e o p h y s ic a l ca lcu la tion s. U su a lly , sp ec ia lis ts  prefer to w ork  
w ith  a  spheroid  as the m od el o f  the Earth.

G eoid. T h is m o d el is  o ften  u sed  fo r  descr ip tion  o f  the Earth 
surface. H o w ev er , in  rea lity  the g e o id  is  n o t a m aterial surface. It is  an 
im aginary su rface that co in c id e s  w ith  the average  le v e l o f  the o cean  and  
its ex ten sio n  through the continents. T h eg eo id  is  o n e  o f  the equipotentia l 
su rfaces o f  the gravitation  f ie ld  o f  the Earth, i .e .,  th e 'su rfa ce  w here the  
potentia l en erg y  o f  the gravitational f ie ld  is  constant. T h e  co n cep tio n  o f  
the g e o id  w ill b e  con sid ered  later in  Section 4.
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O ther ch aracteristics o f the S o lar System :

•  A v era g e  d istan ce  from  the Earth to the M oon  is 3 8 4 ,4 0 0  km .
•  L ength  o f  the Earth orbit is  9 3 9 ,1 2 0 ,0 0 0  km .
•  A v e r a g e  v e lo c ity  o f  the E arth m o v e m e n t a lo n g  its orb it is  

2 9 .7 6 5  k m /sec .
•  From  the d istan ce  o f  on e  A U , the angular diam eter o f  the Sun  

(average angular diam eter) is  3 Г 5 9 .2 6 ”.
•  A n gu lar  d iam eter o f  the M o o n  seen  from  the Earth w hen at the 

average d istan ce  from  the M oon  is  З Г 0 5 .1 6 ”,
•  G eneral p recessio n  in  lon g itu d e  during Julian century is 

5 0 2 9 .0 9 6 6 ” (standard ep o ch  2 0 0 0 ).
•  C onstant nutation (a s lig h t “n o d d in g” o f  the Earth in space  

caused  by the in teraction  o f  the Sun  and M oon  gravitation) is  9.2109"  
(standard ep o ch  2 0 0 0 ).

Q U IZ

1. W hat is  the M etagalaxy?
2. E xp la in  w h y  the law s o f  gas dyn am ics can b e  applied  to the 

interstellar m edium .
3. From  w hat theoretical assum p tion s and on the basis o f  w hat 

observations w as the H ub ble  constant obtained?
4. G iv e  the principal descrip tion  o f  the orig in , l ife , and death o f

stars.
5. On w h at theoretical apprehensions and experim ental data w as  

the theory o f  “T h e  B ig  B a n g ” constructed?
6. G iv e  the m orphom etric characterization  o f  our ga laxy . W hat is 

generally  accep ted  as its boundaries?
7. W hat is  the g ist  o f  the T itiu s-B o d e  law ? C om m ent it.
8. D e r iv e  the gravitational constan t w ith  the help  o f  K ep ler’s third

law .
9. N a m e  the m ain  geom etr ica l m o d e ls o f  the Earth, g iv e  their 

characteristics and exp la in  their p h y sica l gist.

61



B IB L IO G R A P H Y

R equired R eading

1. A g ek y a n  T .A . Stars, Galaxies, Metagalaxy. —  M o sc o w , Nauka,
1981.

2. B arenbaum  A . A . Galaxy. Sun System. Earth. —  M o sc o w , G E O S, 
2 0 0 2 . 3 9 2  p.

Further R ead ing

1. Atlas o f  oceans. Terms. Notions. Reference Tables. —  M o sc o w , 
M in istry  o f  D e fe n c e  o f  U S S R . N a v y , 1980 . 156  p.

2. Astronomy. Methodology. Weltanschauung. —  M o sco w , Nauka, 
1 9 7 1 .3 9 5  p.

3. D unlop, S . The ABC o f the Star Sky. —  M o scow , M ir, 1 9 9 0 .2 3 5  p.
4. K ippenhan, R. 100 M illiard o f  Stars. Origin, Life and Death. —  

M o sco w , M ir, 1990 . 2 8 9  p.
5. N o v ik o v , I .D . The Explosion o f  the Universe. —  M o sc o w , 

N auka, 1988 . 175 p.
6. F ilip p o v , A .T . M any-Faced Soliton. —  M o sc o w , N auka, 1986 . 

221  p.
7. C h em in , A .D . Stars and Physics. —  M o sc o w , N auka, 1984, 

issu e  38 . 159 p.
8. S h k lo v sk y , I .S . Stars: Their Origin, Life, and Death. -—  M o sco w , 

N auka, 19 8 4 . 3 8 3  p.
9. The Encyclopedia o f  Atmospheric Sciences and Astrogeology. 

E dited  by R h od es W . Fairbridge, R e in h o ld  P u b lish in g  Corporation, 
1967 . 1169  p.

10. M andelbrot, B . The Geometry o f  Nature. W .H . F reem an &  Co,
1982 .

62



G L O S S A R Y

A

a lb e d o , the ratio o f  the ligh t reflec ted  by a planet or sa te llite  to that 
rece iv ed  by it.
a lg o r ith m , a  se t o f  ru les or procedures that m ust be fo llo w ed  in so lv in g  
a certain problem .
a s tr o n o m ic a l  u n it ,  a  un it o f  length , equal to  the m ean d istan ce  o f  the  
Earth from  the Sun: approxim ately , 14 9 .6  m illio n  k ilom etres or 93  
m illio n  m iles . Abbreviation : A U .
a x io m , a  se lf-ev id e n t truth; a u n iversa lly  accepted  princip le  or rule; a 
p ro p osition  that is  accepted  w ithou t p ro o f fo r  the sake o f  stu dying  the  
c o n seq u en ces  that fo l lo w  from  it.

С

c a r d io id , a heart-shaped curve traced b y  a  po in t on the circu m feren ce o f  
a c irc le  ro llin g  on  an equal c ircle . G reek: cardia —  heart; cardioid  —  
heart-shaped, 
cc , cu b ic  cen tim eter
c o m p o u n d , a su bstance form ed w h en  atom s (m o lecu les ) o f  d ifferent 
e lem en ts jo in e d  together.
c o n t in u u m , a con tin u ou s ex ten t or  w h o le . In m athem atics: a se t o f  
e lem en ts su ch  that b etw een  any o f  tw o  o f  them  there is  a third elem ent.

D

d e d u c t io n , a reason in g  from  general princip les to a particular case , 
d o g m a , b e l ie f  or se t o f  b e lie fs  put forw ard and to b e  accepted  as a  m atter  
o f  faith.
D o p p le r  e ffe c t , the apparent ch an ge  o f  the freq uency  o f  a w a v e  (ligh t 
w a v e  or sou nd  w a v e ), resu ltin g  from  the rela tive  m otion  o f  the source  
and the observer.

E

eclip tic , the great circle, in w hich the plane containing the centres o f  the 
Earth and the Sun cuts the celestial sphere: H ence, the apparent path o f  the 
Sun’s annual m otion am ong the fixed  stars; it m ay be considered as the 
intersection o f  the plane o f  the Earth’s orbit w ith the celestial sphere. T he  
plane o f  ecliptic  intersects 12 constellations, know n as Zodiac constellations.

63



equinox, the tim e w h en  the Sun cro sses the p lane o f  the Earth’s equator, 
m aking  n igh t and day o f  equal length  all over  the earth, occurring about 
M arch 21 (vernal eq u in o x ) and S eptem ber 22  (autum nal eq u in ox). Latin: 
aequus —  equal, nox —  night.
equinoctial, pertain ing to the e q u in o x es, the tim e o f  the eq u in o x es, or to  
the reg io n s about the equator.
equinoctial lin e  or  celestial equator, the great c ircle  o f  the ce les tia l 
sphere, ly in g  in  the sa m e p lan e as the Earth’s equator, 
equinoctial point, e ith er o f  the tw o  poin ts in the h eavens w h ere the  
equ in octia l lin e  cu ts the ec lip tic .

F

fractal, g eom etr ica l shape m ade up o f  shapes, each  o f  w h ich  is  a 
red u ced -sca le  rep lica  o f  the w h o le  (or at lea st a  very  c lo se  
approxim ation). In w id e  sen se , any ob ject o f  recurrent structure.

G

g a la x y , a large sy stem  o f  stars h e ld  togeth er by m utual gravitation and
iso la ted  from  sim ilar  sy stem s by v a st r eg io n s o f  space.
glossary, l is t  o f  tech n ica l or sp ec ia l w ords w ith  explanation  o f  their
m ean ing , u su a lly  th o se  occurring in  a particular text.
graphite, a  very  co m m o n  m ineral, so ft  native carbon, occurring in  b la ck
to dark-ray m asses .

I

in ductio n , a m eth od  o f  lo g ica l reason in g  w h ich  d erives or d isco v ers  
general la w s from  particular facts or exa m p les .

J

Ja n u s, an ancien t R om an  d u a l-faced  g o d  o f  d oorw ays, w h o se  tem p le  
w as c lo sed  in tim e o f  p ea ce , u sually  represented as having o n e  head w ith  
tw o  bearded fa ces  b ack  to  back, lo o k in g  in o p p o site  directions.

L

latitude, angular d istan ce  o f  a p la ce  north or south o f  the equator, 
m easured  in  degrees.
lig h t year, d istan ce  traveled  by the ligh t in  o n e  m ean solar year, about 
9 .4 6 1 0 12 km ; used  as a unit for  m easuring  ste llar  d istances.
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longitude, angu lar d is tance  east o r w est o f th e  G reenw ich m eridian, 
m easured  in  degrees.

M

metagalaxy, th e  w ho le  un iverse  considered  as a  system  o f  galaxies, 
inc lud ing  M ilky  W ay; any  system  o f  galaxies.
micrometer, a unit in SI o f  length equal to one m illionth (1СГ6) o f a  meter.

Sym bol: |im  o r  m n. T he  obso le te  nam e is micron (mikron).
Milky Way, the  fa in tly  lum inous band  stretch ing  across the heavens, 
com posed  o f  innum erab le  stars too d istan t to  be seen clearly  w ith the 
naked  eye; the galaxy  con ta in ing  the E arth , Sun and all So lar System .

N

nebula (pi. nebulae), a cloudlike, lum inous o r dark  m ass com posed o f 
gases and sm all am oun ts o f  dust. L atin  fo r m ist, vapour, cloud, 
noosphere, the sphere  o f  the m ind, the co llec tive  m em ory and 
in te lligence  o f  the hum an  race.
nutation, a  flu c tua tion  in  the p recessional m ovem en t o f  the earth ’s po le  
about the po le  o f  th e  eclip tic . L atin  fo r nodding.

О

olivine, m ineral, m agnesium  iron  silicate  (M g, F e)2S i0 4, an im portan t 
constituen t o f  the b asic  igneous rocks.

P

paradigm, a  basic  theory , a  conceptual fram ew ork , w ith in  w hich 
sc ien tific  theories are  constructed .
paradox, sta tem en t tha t seem s to  be  absurd  o r con trad ictory  bu t is or 
m ay be  true.
parallax, an ap p aren t change in  the position  o f  an ob ject caused  by 
change o f  position  in  an  observer, i.e., an  apparen t d isp lacem en t o f  an 
observed  ob jec t due  to  the d ifference  betw een  tw o poin ts o f  view . In 
astronom y, the apparen t d isp lacem en t o f  a celestia l body  due to  its being 
observed  from  the surface  instead  o f  the cen te r o f  the E arth  (diurnal o r 
geocen tric  para llax ) o r  due  to its be ing  observed  from  the E arth  instead 
o f  from  the Sun (annual o r heliocen tric  parallax), 
parsec (pc), a  u n it o f  d istance equal to  that requ ired  to  cause a  

heliocen tric  para llax  o f  one second  o f  an arc, equ ivalen t to  206,265 tim es 
the d istance from  the E arth  to the Sun, o r 3 .26  ligh t years =  3.08 ■ 1016m.
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kiloparsec (kpc), 103 pc.
Megaparsec (Mpc), 106 pc.
piagioclase, any o f  feldspar minerals varying in composition from  acid albite 
N aA lSi30 8 to basic anorthite CaA l2S i208, found in m ost igneous rocks, 
planet, any o f  large ce lestia l bodies revo lv ing  about the Sun and  sh in ing  
by  reflec ted  light. G reek: plan itis  —  w anderer.
precession, the slow  m otion o f  the E a rth ’s axis o f  ro ta tion  along  the 
c ircu la r cone. T he ro tation  period  o f  this m otion  is 26 ,000  years, 
pyroxene, a group  o f  m inerals o f  m any varieties, silicates o f  m agnesium , 
iron , ca lc ium , and o th er elem ents.

Q

quasar, one  o f  a n u m b er o f  ce lestia l ob jects, from  fo u r to  ten  m illiard  
ligh t-years d is tan t, that are pow erfu l sources o f  e lec trom agnetic  
rad iation . A lso  ca lled  quasi-ste llar rad io  source. A bbrev ia tion  o f  quasi- 
star (“ as though  a s ta r”).

S

silica, the d iox ide  fo rm  o f  silicon, S i0 2. 
silicate, any  salt derived  from  the silic ic  acids or from  silica, 
sublimation, a p rocess, in w hich a so lid  substance changes d irec tly  to 
vapour, w ithou t first fo rm ing  a liquid.

T

Titan, a person  o f  enorm ous size, strength , m ight, and  in fluence  (in 
c lassica l m ytho logy , one  o f  th e  sons o f  U ranus and G aea). 
troilite, FeS, m ineral, scarce  on the E arth , is ra re ly  encoun tered  on ly  in 
py rrho tine  ores.

U

Uniformitarianism, the doctrine stating  tha t geo log ical changes w ere 
b rough t about n o t by  g reat convu lsions bu t by such actions as m ay be 
seen go ing  now , therefo re the geo log ica l p rocesses o f  the p as t epochs are 
no t d iffe ren t from  those  observed  now .

V
verification, the sta te  o f  being  verified; a  form al assertion  o f  the 
tru th fu lness o f  som ething.
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VOCABULARY

A
abrupt, резкий, скачкообразный 
absolute, абсолют 
acceleration, ускорение 
accomplish, выполнять, завершать 
adage, изречение 
addend, слагаемое 
adhere, придерживаться 
admixture, примесь 
adroit, ловкий, искусный 
advocate, поддерживать, защищать 
aerolite, каменный метеорит 
affirm, утверждать 
affirmation, утверждение
adjustment, корректировка, приведение в соответствие
alphabet, алфавит
alteration, изменение, перемена
alternation, чередование
ambiguous, неоднозначный
analysis (pi. analyses), анализ
ancestor, предок, пращур
antecedent, посылка, предпосылка, антецедент
apparently, по-видимому, на вид
appearance, появление, наружность, внешний вид
applicability, применимость
apprehend, понимать
apprentice, подмастерье
aptitude (for), наклонность к чему-либо
arc, дуга
area, площадь, зона
arrow-head, острие стрелки (на чертеже) 
aspiration, стремление 
assertion, утверждение 
asssurance, уверенность, убеждённость 
augmentation, увеличение, приращение 
authentically, достоверно, аутентично 
average, усреднение 
axiomatics, аксиоматика 
axis (pi axes), ось
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в
background radiation, фоновое излучение
bang: Big Bang — теория “Большого взрыва”
bed, пласт, слой
bedding, залегание
binomial, двучлен, бином
blob, сгусток
border, граница, край
bound, граница, предел; ограничения
bulk, основная масса

С
calved ice, оторвавшаяся льдина 
capability, способность 
celestial, небесный, космический 
centrifugal, центробежный 
centripetal, центростремительный 
classific, классификационный 
clay, глина
clear-cut, чёткий, резко очерченный, определённый
closedness, замкнутость
coexistence, сосуществование
cognition, познание
coincide, совпадать
coming into being, становление
complex, сложный, составной
compound, соединение, смесь
comprehensive, комплексный, всеобъемлющий; детальный
concave, вогнутый
conceptual, концептуальный
concern, касаться, затрагивать
cone, конус
contemporaneity, современность
consequence, следствие, результат
consistency, логичность; состоятельность
conspicuous, видный, заметный
continuous, непрерывный, сплошной
continuum, сплошная среда
converge, сходиться (к пределу)
convex, выпуклый
cool down, остывать
creep strength, предел ползучести
cross-hatch, штриховать перекрестными штрихами
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cross-section, поперечное сечение 
crust, кора

D
data (singl. datum), данные, факты, информация 
deal with, рассматривать, иметь дело с 
decay, вырождение, разрушение 
decomposition, разложение на составляющие 
deduce, выводить
definitive, окончательный, полный, точный
delusion, заблуждение, иллюзия
denial, отрицание, опровержение
descriptive, описательный
destruction, разрушение, уничтожение
detach, отторгать(ся), отделять(ся)
detect, обнаруживать
dictum, высказывание, изречение
dioxide, диоксид, двуокись •
disclose, показывать, обнаруживать
discontinuity, разрыв непрерывности (функции)
disguise, маскировать
dismemberment, членение, расчленение
disparate, несопоставимый
disposition, расположение
disprove, опровергать, доказывать ложность (ошибочность)
distinguishing feature, отличительный признак
distortion, искажение
diverge, расходиться
diversity, многообразие, разнообразие
dogma (pi. dogmata), догма
dwarfish, карликовый

Е
earthday, земные сутки 
eccentricity, эксцентриситет 
eclipse, затмение
ejection, извержение, выбрасывание 
elemental, природный 
eliminate, устранять, исключать 
elusive, неуловимый 
emergence, появление 
endeavour, усилие, старание 
enlargement, расширение
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enumerate, перечислять, нумеровать 
envelope, оболочка 
environment, окружение, среда

the environment, окружающая среда 
equilibrium, равновесие 
equinox, равноденствие 
ether, эфир
evince, проявлять, выражать 
expediency, целесообразность 
extent, объём, пространство; протяженность 
extinct, вымерший, исчезнувший

F
facilitate, способствовать, содействовать
factual, фактический
factual data, опытные данные
faint, слабый, тусклый
fan-shaped, веерообразный
feedback, обратная связь
fern, папоротник
firmament, небосвод
fissure, трещина
flow rate, расход потока (жидкости)
fossil, ископаемое, окаменелость
foundations, основания, основы (наук), принципы
fractal, фрактал
fraction, доля, фракция, дробь
framework, структура, каркас, общая схема (деятельности) 
functioning, функционирование

G
gamut, гамма
gift, дар, способность
gist, суть, главное, сущность
glaciation, оледенение
gneiss, гнейс
granite, гранит

Н
haute couture {фр.), “высокая мода”, изделия дорогих дизайнеров 
head, напор 
heaven, небо 
heavenly, небесный

72



imperceptible, незаметный, незначительный
implementation, выполнение, осуществление
increment, увеличение, возрастание
indication, признак
inertia, инерция
inertial, инерциальный
inertness, инерциальность, инертность
inference, заключение, вывод
integral, целостный
integrity, целостность
intelligence, ум, интеллект
interference, вмешательство
interior, интерьер
iteration, повторение
irreconcilable, непримиримый
irreproachably, безупречно
irreversible, необратимый

J
jet, струя 

L
laws of motion, законы механики 
lever, рычаг 
limestone, известняк 
luminosity, яркость, светимость 
luminous, светящийся 
luminous emittance, светимость 
lustre, блеск

М
magnetism, магнетизм
marble, мрамор
metewand, критерий, мерило
matter, вещество, материя
medium, среда, вещество, материал; средний
minor, мелкий, незначительный
mode, мода
modicum, очень малое количество 
monograph, монография 
multitude, множество

I
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N
naked eye, невооружённый глаз 
nebula (pi. nebulae), туманность 
norm, норма
notion, понятие представление 
nowise, никак, никоим образом 
nuclear, ядерный, содержащий ядро 
nucleus (pi. nuclei), ядро 
number, нумеровать

О
objectivity, объективность 
obligatorily, обязательно
obsolete, устаревающий, выходящий из употребления
occur, происходить, случаться
offend, обижать
onlooker, зритель, наблюдатель
option, выбор
orthodox, ортодокс; ортодоксальный 
outcrop, обнажение 
outwardly, внешне, снаружи

Р
parable, притча 
paradigm, парадигма
parental, являющийся источником возникновения, “родительский”
path, пробег (частицы), путь
p endulum, маятник
perceive, воспринимать
perception, восприятие
phenomenon (pi. phenomena), явление
plane, плоскость
posit, класть с основу, постулировать 
precipice, обрыв
predominant, господствующий, доминирующий
produce, производить
promulgate, опубликовать, распространять
propagation, распространение
proposition, положение, предложение
provided, при условии
proximity, соседство; сходство
purport, суть, смысл; означать, подразумевать
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puzzle, задача, загадка

Q
quotation, цитата 
quantum (pi. quanta), квант

R
radiation, излучение 
radius {pi. radii), радиус 
rapid, быстрый 
rarefied, разреженный 
reason, разум
reasoning, рассуждение, аргументация
rectilinearly, прямолинейно
recurrence, повторяемость
recurrent, повторный
reference system, система отсчёта
refract, преломлять
regularity, закономерность
reiterative, многократный
remnant, остаток, {мн.) останки
reproduction, воспроизведение, копия
rest on (upon), опираться на, основываться на
retort, отвечать, возражать
reveal, показывать, обнаруживать
rigorous, строгий, точный
rill, струиться, течь струйками
rock, горная порода
incoherent rocks, рыхлая горная порода
magmatic rock, магматическая горная порода
metamorphic rock, метаморфическая горная порода
pressed rocks, полускальная горная порода
sedimentary rock, осадочная горная порода
soft rocks, мягкая горная порода
solid rock, скальная горная порода

S
sandstone, песчаник
scale, масштаб, шкала
scatter, разбегание
schist, кристаллический сланец
scrutinize, тщательно исследовать, изучать
scrutiny, тщательное изучение, рассмотрение
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semi-axis, полуось
sequential, последовательный
set, множество, совокупность, система
shrink, сжиматься, сокращаться
silica, кремнезём
silicon, кремний
simulation, моделирование
slope, наклон
snowflake, снежинка
solution, решение
somehow, как-то
space, пространство; расстояние, промежуток;

космический, пространственный, трёхмерный;
располагать с промежутками (интервалами, на расстоянии друг
от друга)

span, интервал, промежуток; заполнять (пробел, промежуток) 
species, вид, род
specific gravity, удельный вес, плотность 
spectrum (pi spectra), спектр 
standard, эталон, стандарт; эталонный 
statement, утверждение, заявление 
steep, крутой 
stellar, звёздный
stem (from, out of), происходить, возникать 
step-wise, ступенчатый 
subjective, субъективный 
submit, подчиняться
substance, субстанция, вещество, материя
substantiate, обосновывать
substantiation, обоснование, подтверждение
substitution, замена, замещение
subterranean, подземный
subtlety, тонкость
sunrise, восход солнца
sunset, закат солнца
superfluidity, сверхтекучесть
supporter, сторонник
to be susceptible to, быть подверженным чему-либо 
symbolism, символика 
synopsis, конспект

Т
thaw, таять, таяние
thereby, таким образом, в связи с этим
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thickness, толщина, мощность (пласта, слоя)
threshold, порог
tinge, оттенок
toil up, с трудом идти
trait, характерная черта, особенность, свойство
transfinite, бесконечный, безграничный
transfinitude, трансфинита
transverse, поперечный
trap, поглощать, захватывать
traverse, проходить, пересекать
trunk, хобот

U
ultimate strength, предел прочности 
uniform, однородный 
uniformitarianism, униформизм 
uniformity, однородность 
uniformly, равномерно 
unordinary, необычный 
utilization, применение, употребление

V
vague, смутный, неопределённый 
vanquish, побеждать
vapour ( vapor), пар, газ, газообразное состояние 
volatilization, испарение, улетучивание

W
water permeation, водопроницаемость
water table, водная поверхность, уровень грунтовых вод
Weltanschauung (нем.), мировоззрение
wholeness, целостность
withdraw, удаляться
world around, окружающий мир
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