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On some properties of quasivarieties generated by specific finite modular lattices !

Abstract: A finite algebra A with discrete topology generates a topological quasivariety
consisting of all topologically closed subalgebras of non-zero direct powers of A endowed with
the product topology. This topological quasivariety is standard if every Boolean topological
algebra with the algebraic reduct in Q(A) is profinite. In the article it is constructed the specific
finite modular lattice T that does not satisfy one of Tumanov’s conditions but quasivariety
Q(T) generated by this lattice is not finitely based. We investigate the topological quasivariety
generated by the lattice T and prove that it is not standard. And we also would like to note
that there is an infinite number of lattices similar to the lattice T.

Keywords: lattice, finite lattice, modular lattice, Tumanov’s conditions, quasivariety, topo-
logical quasivariety, standard topological quasivariety.

DOTI: https://doi.org/10.32523/2616-7182 /bulmathenu.2022/3.1

2000 Mathematics Subject Classification: 06B15, 08C15.

Introduction. The present work considers quasivarieties generated by specific finite modular
lattices and investigates their property "to be finitely based" and "to be standard".

According to R. McKenzie [1], any finite lattice has a finite basis of identities. The similar
result for quasi-identities is not true, that was established by V.P. Belkin [2]|. In 1979 he proved
that there is a finite lattice that has no finite basis of quasi-identities. In particular, the smallest
lattice that does not have a finite basis of quasi-identities is the ten-element modular lattice
Ms3_3 . In this regard, the following question naturally arises. Which finite lattices have finite
bases of quasi-identities? This problem was suggested by V.A. Gorbunov and D.M. Smirnov [3]
in 1979. V.I. Tumanov [4] in 1984 found sufficient condition consisting of two parts under which
the locally finite quasivariety of lattices has no finite (independent) basis for quasi-identities.
Also he conjectured that a finite (modular) lattice has a finite basis of quasi-identities if and
only if a quasivariety generated by this lattice is a variety. In general, the conjecture is not true.
W. Dziobiak [5] found a finite lattice that generates finitely axiomatizable proper quasivariety.
Tumanov’s problem is still unsolved for modular lattices.

The paper [6] introduces the concept of a finite standard structure, investigates its basic prop-
erties and provides many examples of standard and non-standard structures. The standardness
of algebras was further studied by D.M. Clark, B.A. Davey, R.S. Freese and M.G. Jackson in [7],
who established a general condition guaranteeing the standardness of a set of finite algebras.
Theorem 2.13 from [8] extendes this result. The problem "Which finite lattices generate a stan-
dard topological prevariety?" was suggested by D.M. Clark, B.A. Davey, M.G. Jackson and J.G.
Pitkethly in the same paper [8]. The paper [9] investigated the questions of the standardness of

IThis research is funded by the Science Committee of the Ministry of Education and Science of the Republic
of Kazakhstan (Grant No. AP09058390).
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quasivarieties and found sufficient conditions under which a quasivariety contains a continuum of
non-standard subquasivarieties without an independent basis of quasi-identities and a continuum
of non-standard subquasivarieties with the so-called finitely split basis of quasi-identities.

In this paper we construct a finite modular lattice that does not satisfy one of Tumanov’s con-
ditions [4] but the quasivariety generated by this lattice is not finitely based (has no finite basis
of quasi-identities). We investigate the topological quasivariety generated by the constructed
lattice and prove that it is not standard. And we would like to note that there is an infinite
number of lattices similar to this lattice.

Materials and research methods. We recall some basic definitions and results for qua-
sivarieties that we will refer to. For more information on the basic notions of general algebra
introduced below and used throughout this paper, we refer to [10] and [11].

A quasivariety is a class of algebras of the same type that is closed with respect to subal-
gebras, direct products (including the direct product of an empty family), and ultraproducts.
Equivalently, a quasivariety is the same thing as a class of lattices axiomatized by a set of quasi-
identities. A quasi-identity means a universal Horn sentence with the non-empty positive part,
that is of the form

(VZ)[p1(Z) = q1(Z) A+ Apu(Z) = qu(T) — p(T) = q(7)],

where p,q, p1,q1,...,Pn,qn are lattice’s terms. A wariety is a quasivariety which is closed
under homomorphisms. According to Birkhoff theorem [12], a variety is a class of similar alge-
bras axiomatized by a set of identities, where by an identity we mean a sentence of the form
(Vz)[s(Z) ~ t(z)] for some terms s(Z) and ¢(Z).

The smallest quasivariety containing a class K is denoted by Q(K). If K is a finite family
of finite algebras then Q(K) is called finitely generated. If K = {A} we write Q(A).

Let K be a quasivariety. A congruence « on algebra A is called a K -congruence or relative
congruence provided A/a € K. The set Cong(A) of all K-congruences of A forms an
algebraic lattice with respect to inclusion C which is called a relative congruence lattice.

The least K -congruence 6k(a,b) on algebra A € K containing pair (a,b) € A x A is
called a principal K -congruence or a relative principal congruence. In case when K is a variety,
relative congruence 6k (a,b) is usual principal congruence that we denote by 6(a,b).

An algebra A belonging to a quasivariety K is (finitely) subdirectly irreducible relative to
K, or (finitely) subdirectly K -irreducible, if intersection of any (finite) number of nontrivial K-
congruences is again nontrivial; in other words, the trivial congruence 04 is a (meet-irreducible)
completely meet-irreducible element of Congk(A).

Let (o] ={z € L|z<a} (Ja)={x € L|z>a}) be a principal ideal (coideal) of a lattice
L. A pair (a,b) € L x L is called dividing (semi-dividing) if L = (a] U [b) and (a]N[b) = &
(L=1(a]Ub) and (a]N[b) # @).

For any semi-dividing pair (a,b) of a lattice M we define a lattice
Ma—p = ({(2,0), (y,1) e M x 2|z € (al,y € [D)};V, A) <s M x 2,
where 2 = ({0,1};V,A) is a two element lattice.

Theorem 1 (Tumanov’s theorem [4]). Let M, N (N C M ) be locally finite quasivarieties of
lattices satisfying the following conditions:

a) in any finitely subdirectly M -irreducible lattice M € M\N there is a semi-dividing pair
(a,b) such that M,_, € N ;

b) there exists a finite simple lattice P € N which is not a proper homomorphic image of any
subdirectly N -irreducible lattice.

Then the quasivariety N has nmo coverings in the lattice of subquasivarieties of M . In par-
ticular, N has no finite basis of quasi-identities provided M is finitely axiomatizable.

A finite algebra A with discrete topology 7 generates a topological quasivariety Q,(A)
consisting of all topologically closed subalgebras of non-zero direct powers of A endowed with
the product topology. Profinite algebras are exactly those that are isomorphic to inverse limits
of finite algebras. Such algebras are naturally equipped with Boolean topologies. A topology

Bulletin of L.N. Gumilyov ENU. Mathematics. Computer science. Mechanics series, 2022, Vol. 140, Ne3
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7 is Boolean if it is compact, Hausdorff, and totally disconnected. A topological quasivariety
Q-(A) is standard if every Boolean topological algebra with the algebraic reduct in Q(A) is
profinite. In this case, we say that algebra A generates a standard topological quasivariety. For
more information on the topological quasivarieties we refer to [7] and [8].

Results and discussion. Let T be a modular lattice displayed in Figure 1. And let
N = Q(T) and M = V(T) be the quasivariety and variety generated by T, respectively.
Since every subdirectly N -irreducible lattice is a sublattice of T, we have that a class Ng;
of all subdirectly N -irreducible lattices consists of the lattices 2, M3, Ms_3 and T (see
Figures 1 and 2). It easy to see that M3 is a unique non-distributive simple lattice in Ng; and
is a homomorphic image of T'. Thus, the condition a) of Tumanov’s theorem is not valid for
quasivarieties N C M.

T

Ficurge 1 — Lattice T

M; < ; :< % :
M3 3 Ms_3

Ficure 2 — Lattices M3, M33 and M3_3

Let S be a non-empty subset of lattice L. Denote by (S) the sublattice of L generated by
S.

We define a modular lattice L,, by induction:

n=1. L1 = Ms_3 and L; = ({a1,b1,c1,e,d}) (see Figure 3);

n = 2. Lo is a modular lattice generated by Lj U {ag,be,ca,d} such that b; = co,
({a2,b2,c2,e,b1}) = M3, and ao Vb =eAdy, dVby =di, and by < d (see Figure 3).

n > 2. L, is a modular lattice generated by the set {a;,b;,c; | i <n}U{e,d} such that a;
is not comparable with a; and by for all j #4 and k <n, bi—1 =¢;, ({a;,b;,¢;}) = M3 for
all i <n, byvVd=d; forall i <n,and b, <d (see Figure 4).

JI.LH. 'ymunes arsiagarsl EYY Xabapmeicsl. Martemaruka. Komnbiorepiik reiabiMaap. Mexanuka, 2022, Tom 140, Ne3
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One can see that L, is a subdirect product of the lattices L,_1 and M3 for any n > 2.

Ficure 3 — Lattices L;, Lo

Let L, be a sublattice of L,, generated by the set {a;,b;,c; |i <n}.
First, we prove two lemmas that will be used in proving the main result, Theorems 2 and 3.

Lemma 1. For any n > 1 and a non-trivial congruence § € Con(Ly) there is 1 < m < n
such that Ly /0 = Ly, or Ly,/0 = Ms3 provided (a1,b1) ¢ 6, otherwise L,/0 = L., .

Proof of Lemma 1.

We prove by induction on n > 2. One can check that it is true for n = 3 because of
L3/0 = Ly or L3/0 = Ms33 if (a1,b1) ¢ 6 and L3/0 = L, or L3/0 = Ms for any non-trivial
congruence 6 € Con(Lsz) .

Let n > 3. And let u cover v in L, and O(u,v) C 6. By construction of L, , we have
Ly,/0(u,v) = Ly_q or Ly/0(u,v) =L, .

Assume (ay,b1) ¢ 6. Since for every non-trivial congruence 6 € Con(L,,) there are u,v € L,
such that u covers v and O(u,v) C 6, we get

Ln/0 = (Ln/0(u,v))/(0/60(u, v)).
Since L, /0(u,v) = L,_; we obtain
Ln/0 = (Ln/6(u,))/(0/0(u, v)) = Ln1 /6",

for some 0" € Con(L,—1). And, by induction, L,_1/0" = L, or L,_1/0' = Ms3 for some
m >0. Thus L,/0 = L,, or L,/0 = Ms3.
Now assume (a1,b;) € 0. Then 6(ai,b1) = 0(u,v) and L,/0(u,v) = L, . Hence

Ln/0 = (Ln/0(u,v))/(0/0(u, v)) = L, /0,

for some 6’ € Con(L; ). It is not difficult to check that L. /0" = L. for some m > 0 (see
Lemma 3.1 [13]). Thus L, /0 = L,, or L,/0 = L., .

Corollary 1. For all n > 1, there is no proper homomorphism from L, to Msg_g and T .

Proof of Corollary 1.

We provide the proof for a proper homomorphism from L, into M;3_3. It is not difficult to
check that the same arguments hold for a proper homomorphism from L, into T'.

Assume h : L, — M3_3, n > 1, is a proper homomorphism. Hence ker h is not a trivial
congruence on L, . By Lemma 1, L,/kerh = L,, or L,/0 = Msz3 or L,/kerh = L. for
some m > 1. Thus L,, = h(L,) < Ms3_3. It is impossible because, by definition of L, ,
|Ly| > |Ms_3| for all m > 1, hence L,, is not a sublattice of M3_3. Obviously, Ms3 and
L;, are not sublattices of M3_3. Thus there is no such homomorphism 4.
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Lemma 2. For every n > 2, a lattice L, has the following properties:
Z) Ln <s Ln—l X Ln—l ;
ii) L, € V(M373) = V(T);
iii) Ly & Q(T);
iv) Every proper subalgebra of Ly, belongs to Q(T).

Proof of Lemma 2.

i). Onme can check that L,/6(a;,b;) = L,—1 for all 1 < i < n. Since n > 2 then
0(az,b2),0(as,b3) € Con(L,) and 6(ag,bs) N 6(asz,b3) = A. This means that L, <,
Lnfl X Lnfl .

ii). One can see that T' is a subdirect product of M3z and Mss. Hence T' € V(M33).
On the other hand, by Jonsson lemma [14], every subdirectly irreducible lattice in V(T is a
homomorphic image of some sublattice of T". Hence M3z € V(T'). Thus V(M33) = V(T),
and, by i) and induction on n, we get L, € V(T).

iii). Suppose L, € Q(T') for some n > 1. Then L, is a subdirect product of subdirectly
Q(T) -irreducible algebras. Since every subdirectly Q(7') -irreducible algebra is a subalgebra of
T, we get that L, is a subdirect product of subalgebras of T'. By Lemma 1, there is no proper
homomorphism from L, onto T" or Ms3_3. Hence L, € Q(Ms3) for all n > 1. It is impossible
because Msz_3 < L, and Ms_3 ¢ Q(M3).

iv). We prove by induction on n. It is true for n < 2 by manual checking. Let n > 2 and
let S be a maximal sublattice of L, . Since the lattice L,, is generated by the set of double
irreducible elements {ai,...,an,c1,e,d}, thereis 0 < ¢ < n such that a; € S or ¢; ¢ S or
e¢Sord¢s.

Suppose ¢; ¢ S. One can see that (S) <g 2 x M3 x L, ;. Since L,_1 <; Mg‘_l we get
(S) € Q(M;3) C Q(T).

Suppose e ¢ S. Then (S) <2 x L, <,2x M§ € Q(M3) C Q(T).

Suppose d ¢ S. Put S,, = {{a1,...,am,c1,e}, m <n,and T,, = (Sy,). One can see that
T /0(ai, b;) = Thyq forall 1 <i<m. And T),/6(a1,b1) = L, . Since §(a1,b1)NO(a;, b;) =
A | by distributivity of Con(7,,), we have 0(ai,b1) N (\/{0(a;,b;) | 1 < i < m}) = A. Since
T/ (V{0(ai,b;) | 1 <i<m}) =T we obtain (S,,) <,Tx L, | <,Tx My~ ecQ(T).

Suppose a; ¢ S. Since n > 1 and S is a maximal sublattice, then there are i # k #£ 1 # i
such that 0(by, ck),0(b;, ¢;) € Con(Ly,),

0(bk, ) NO(br, cr) = A.
and
Ln/e(bk,ck) = Ln/H(bl,cl) = L,-1 or {Ln/e(bk,Ck),Ln/G(bl,Cl)} = {Lnfl,L;_l}.

We provide the proof for the first case, Ly, /6(bg,cr) = Ly /0(b, ;) = Ly—1 . These isomorphisms
mean that L, <; Lp,_1 X L1 and S < L,_1 X Lp_1. Let hy : L, — L,_1 and h; :
L, — L,_1 are homomorphisms such that kerhy = 0(by,cx) and kerh; = 0(b;,¢). Since
(ai,bi) & O(bk,cx) UO(b,c;) then hi(S), hi(S) are proper sublattices of L,_;. And, by
induction, hi(S),hi(S) € Q(T). As by, ck, by, c; € S, the restrictions of congruences 6(bg, cx)|s
and 0(b;,c;)|s on the algebra S are not trivial congruences on S. Moreover 0(bg,ci)|s N
O(by,c1)|ls = A. Tt means S <g hi(S) x hy(S). Hence S € Q(T'). Since every maximal proper
subalgebra of L,, belongs to Q(7T) then every proper subalgebra of L, belongs to Q(T).

It is not difficult to check that for {L,/0(by,ck),Ln/0(bi,c;)} = {Ln-1,L, 1} the same
arguments hold.

For quasivariety Q(7') generated by the lattice T', the lattice L, satisfies the conditions of
the following folklore fact: A locally finite quasivariety K is not finitely axiomatizable if for any
positive integer n € N there is a finite algebra L, such that L, ¢ K and every n-generated
subalgebra of L,, belongs to K. Indeed, by Lemma 2(iii) , L,, ¢ Q(T') for all n > 1. Since L,
is generated by at least m + 1 double irreducible elements then every n-generated subalgebra
of L, is a proper subalgebra. By Lemma 2(iv), every n-generated subalgebra of L, belongs
to Q(T). Hence Q(T') has no finite basis of quasi-identities. Thus, we establish the following
fact.
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FicuRrEe 4 — Lattice L, , n > 2

Theorem 2. The quasivariety generated by the lattice T has no finite basis of quasi-identities.

Now to prove that T generates a non-standard topological quasivariety, we will use the
following lemma. It can be obtained from Lemma 3.3 of the paper [8]:

Lemma 3. Let R be a quasivariety, and let A = l&n{An | n€ N} be a surjective inverse limit
of finite algebras. Suppose that A € R and there are a,b € A such that a #b and p(a) = ¢(b)
for any homomorphism ¢ : A — M with M € R and M is finite. Then R is not standard.

The following theorem is true.
Theorem 3. The topological quasivariety generated by the lattice T is not standard.

Proof of Theorem 3.

So, to prove this statement, we need to check the feasibility of the conditions of Lemma 3.

Let ¢pn—1 be a homomorphism from L, to L,_; such that ker ey, ,—1 = 6(an,by), and
©n,n an identity map for all » >1 and m <n. And let @,.m = @mt1,m o0 Ppn-1. It can
be seen that {L,;@nm, N} forms inverse family, where N is the linear ordered set of positive
integers.

We denote L =lim{L,, | n € N} and show that L € Q(T).

Let a be a quasi-identity of the following form

&i<rpi(To, .-y Tn1) R qi(20, .-, Tn—1) = p(To,. .., Tn-1) = q(To, ..., Tn_1).
Assume that « is valid on Q(7") and
L = pi(ag,...,an—1) = ¢i(ag,...,an—1) forall i<r,

for some ag,...,ap_1 € L. From the definition of inverse limit we have that L <j Hz‘e 1 Li.
Therefore

Ls E pi(ao(s),...,an—1(s)) = qi(ap(s),...,an—1(s)) forall i<r.
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Each at most n spawned subalgebra of Ls belongs to Q(T') for all s > n, by Lemma 2(iv).
Hence « is true in Ly for all s > n. And this in turn entails

Lg = p(ao(s),...,an—1(s)) = q(ao(s),...,an—1(s)).

Since a;(m) = psm(ai(s)) forall 0 <i<n and m < s, we get

L, E plag(m),...,an—1(m)) = qlap(m),...,an—1(m)) forall m < s.
So
L Eplag,...,an—1) =qlag,...,an—1).

Hence L = a, for every « that is valid on Q(7"). This proves that L € Q(T).

We obtain ¢y, m(a1) = a1 and ¢pm(b1) = b1, by definition of ¢,,—1. And a =
(a1y...,a1,...), b= (b1,...,b1,...) € L, by definition of inverse limit. Let ¢ : L — M be a
homomorphism, M € Q(T) and M finite. There is n > 2 and homomorphism ¥, : L, — M
such that a = ¢, 01 for some surjective homomorphism ¢, : L — L,, (by universal property
of inverse limit). Since nr(L,) < M < (T)* for some k > 0, by Corollary 1 of Lemma 1, we
obtain that s (Ly) is trivial. That is ¥p(z) =1 for all x € L, . So we get a(a) = a(b).

Thus, we obtain that the topological quasivariety generated by T is not standard.

We note that there is an infinite number of lattices similar to the lattice T .

The proof of Theorem 3 gives us the following more general result.

Theorem 4. Let L be a finite lattice such that Mz3z £ L, T <L and L, £ L forall n>1.
Then the topological quasivariety generated by the lattice L is not standard.

Conclusion. In the present work we construct the finite modular lattice T' that does not
satisfy one of Tumanov’s conditions but the quasivariety generated by this lattice is not finitely
based. It has no finite basis of quasi-identities. We investigate the topological quasivariety
generated by the constructed lattice and prove that it is not standard. And we would like to
note that there is an infinite number of lattices similar to this lattice 7T .

Acknowledgments. The authors thank A.M. Nurakunov for his attention and useful re-
marks and the reviewer for constructive comments that made it possible to improve this manu-
script.
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Annorarus: Vzydaercs:, Ha HAI B3TJIsT, IMEIOMINCS B yaebHUKaxX 10 Teopun BeposTHOCTEH

npobJieMubIil MoMeHT " [Ipouseeau sxcnepumenm, uzeecmer ucxod. Ipousowno au cobvimue?"
U CBsI3aHHBIE C HUM BBIYUCIEHHUS YaCTOT OCYIIECTBJIEHUS JTAHHOTO COOBITHST B KOHTEKCTE
OTIpeJIeIeH st BEPOSITHOCTH. VIMEHHO, TIPOBOISITCST TEOPETHIECKUE U TPAKTHIECKIE Pa3BepHy ThIE
00CYKJIeHNsT 9TUX TeM C OOOCHOBAHUSIMHU.

KiroueBbie cJjoBa: BEPOATHOCTHOE IIPOCTPaHCTBO, CO6bITI/Ie7 peaan3anud CO6bITI/IH, HNCXO/,
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BBegenue. FEme B apesnocru ckazano "Ilodsepzatli ece commenuro" ¢ IMOCTOSHHBIM
KPUTUYECKUM BOCHPHUSITHEM Bcero cymero. Tak, mampumep, ydebnuk A.H. Kommoroposa u
C.B. ®omuna [1| HocuT HazBanue "DjemenTsl Teopun GyHKIuil 1 GHyHKIMOHAIBHOIO aHajm3a",
B TO BpEMsl KaK TEKCT IO COJIEP’KAHUIO BBIMOJHEH B OOPATHOM TOPSJKE, YTO CYIIECTBEHHO
OTPAHUYIUIIO IEPBYIO YacTh " OyHKIMOHAILHLIN aga n3", ocTaBuB 6€3 UIIOCTPALMi BasKHeHIme
00bekThl THNA "T'miasbepToBBI pOocTpaHCTBA", OCHOBHON peaJin3anueil KOTOPOTO SIBJISIETCS
JleGeroso npocrpancrso L?(Q). HesosmoxkuocTs npumenenns JI1e6eroBCKoro MHTErpHpPOBAHIs
MOMEHTAJIBHO OTPAYKAETCsl HA MOJHOTE M3JI0XKEeHUsT 0600IeHHbIX byHKImii (M. [2]).

Ipyroro copra tpobsembl B ycBoeHuu teMbl "Teopust mpesesioB" B 3HAMEHUTOM yUueOHUKE
["M. ®@uxrenrobia [3] Bb3biBaer dbpasa "lis 106010 cKob yrogHo MaJJIoro HOJ0KUTEIEHOTO
e". Ilpm npumeHeHun cpasy »Ke Bo3HHKaeT Bompoc "Bszsium ¢ > 0, ono majmoe? Uim Hamo
B3aTh eme Menbme?". Torma Kak KazKIoe OTHEIbHO B3ATOC YHCJI0 HE 00JIaIaeT CBOICTBOM
66T "6osbIM" WM "MasbpM". DTO CBOWCTBO BO3HUKAET MPU CPABHEHUU C JIPYTHM THCIOM:
qnciao 5 ommHoBpeMenno "masoe" mo cpaBmermio ¢ uucaom 6 m "Gosbimoe" mo cpaBHEHWIO C
quciioM 4, - 06 3TOM Kazaxu JaBHO cKazajau "Bepyimire Gecey Kell, aJiyiibifa ajaray as3'.
[Tpomomkast 3TOT 311M301, OTMETUM, ITO yaeOHUK DuxTeHro b1 OB ObI 60JIee TOHITHBIM, €CJIH
paccyzKiaeHust Beauch Obl ¢ o0bsicHeHustMU "YHucsno € > 0 ogHOBpeMeHHO U (PUKCHPOBAHHOE,
u upoussosbHoe". "®ukcuposanHoe" mo Toil npuwyupe, yro "e > 0" KoHKpeTHOE YMCIIO
- 9TO C OJHOH CTOPOHBI, C APYroil CTOPOHBI "& NPOM3BOJIBHOE IOJIOXKUTEJIBHOE YUCIO0",
IIOCKOJIBKY Ha &, KpOoMe 6bITI) MIOJIO2KUTEJIbHBIM, HUKAKO€ JIpyroe yCJ/IOBHE HE€ HaJlaraeTcCsd. I/I
TaK MO2KHO IIDOIOJI2KUTH B 6OJH:)H_[OM KOJIn49eCTBe, HO OIPDaHUYINMCHA €lie JABYMsdA IIPpUMEpaMU.
ITo omnpenenenuto nudpeperimaia Kak "lyraBHO# JMHEHHONH YacTu HpupalneHust (QYyHKIINAH,
SIBJISTOINEHCST OECKOHETHO MAaJIOif 0oJiee BBICOKOIO TOPSIIKA 110 CPABHEHWIO C IpUPAIeHHEeM
aprymenTa', B KOTOPOM pa3bsiCHEHHE O DECKOHETHON MaJiocTu guddepeHnnaia IepeBoIuT 3Ty
OOBIYHYIO JIMHEHHYO0 (DYHKIINIO HA COBEPIIEHHO JPYroil YPOBEHb HEBEPHOIO IMOHUMAHUsA. TOYHO
Tak)ke, UncsioBoit psiy B KoHTeKkcTe "Beckoneunast cymma'" mprobperaer CMBICT TOJBKO Uepes
IIPEJIEJIbHBIN TIEPEeX0/l, MOCKOJIBKY MOXKHO CJIOXKHUTH JIBA YUCJIA, TPH YUCIA U JIIOOOe KOHEUHOEe

Ipagora somomena B pamkax npoekra AP14872564 MOH PK.
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MHOKECTBO JHCeJI, HO HEJIb3s CJA0KUTH YUC/Ia B OECKOHEIHOM KOJIMIECTBE, UYTO HE PA3bICHSIETCS
OIISITH 2Ke B yIIepd MOHNMAHUIO.

JlamHash cTaTbhs IOCBAINEHA OJHOMY TAaKOMYy K€ MPOOJEeMHOMY SIH30/y, OIHOMY, HO
OKA3bIBAIOIIEMY IPUHIUIINAILHOE B/IHSHUE HA YCBOGHHE BCEH TEOPUU B KJIACCHIECKUX U
HoBelmux yuedHuKax Teopuu BEpOsSTHOCTEH.

HeobxonuMble mnpeaBapuTesibHbIe cBeJileHHd. B camoMm oOrieMm moHnManun Teopus
BEPOSITHOCTE M3ydaeT pa3/IndHble siBJIeHUs (SKCIEPUMEHT, HAO/IOE€HHE, OIBIT U ¢ TAKUME YK€
HO/I0OHBIMY HA3BAHUSIMU) C HEIPEJICKA3YEeMbIM HUCXOJIOM, HO BO3MOYKHOE MHOYKECTBO KOTODBIX B
TOM WJIU WHOM CMBICJIE U3BECTHO.

MareMaTn4ecKoil MOJIEJIBLIO SKCIIEPUMEHTa SIBJISIETCs BeposiTHOCTHast Tpoiika (2, oF, P).
3neck () - MHOXKECTBO BCEBO3MOXKHBIX HCXOJIOB, HA3BIBAEMBIX JIEMEHTAPHBIMU COOBITUSIMU,
oF - o-ajrebpa MOIMHOXKECTB MHOXKecTBa (), Ha3bIBAEMBIX COOBITUSIMA U P BepOSITHOCTH -
qucsIoBast (DYHKIUS HA ITON o -ajrebpe, yI0BIETBOPSIONIAs CyeyonmmM yeaosusiv: P(Q) = 1,
i moboro A us o -anrebpnl cobpiThii oF BEpOSTHOCTL HEOTPULATEILHA, T.€. JJId BCEX
A u3 oF soemosusiercs P(A) > 0 u sBjsiercss o -aJUIATUBHON, T.e. Jyisi JIIOOONH KOHEYHOI
WIA CYETHOH IIOCIeNOBATELHOCTH HEIlePeCeKalomuXcs MHOXKecTB A; u3 oF Bolnosdsercs

pasencro P(3_A;) =3 P(4;).

B Teopun BeposiTHOCTE#l HEOOXOMMMO HYETKO OTIMYaTh 'sKcmepuMment", "peasmsarius
srcrepuMenTa', "ucxon (peanmsanuu) skcrepumenta'', "snementapHoe cobbitue", "cobbrrue"
u "BepoaTHOCTH cOOBITHs".

Temepb chopMmyaupyemM BOTIPOC, TeMY TOCBSIIEHa JaHHAST CTATHS ¥ KOTOPBIH, Ha HAI B3TJIS,
B OTYET/INBO-SICHOM BWJI€ HE OMMCHLIBACTCS HU B OJHOM, 10 KpaiHeil Mepe, M3 JOCTYITHBIX HAM
yuebnukax: "Ilpousseau axcnepumenm, useecmen ucrod. Ilpousowno au cobomue?". To
JKe To-ipyroMy: meem KOHKpeTHOE COOBITHE, TPOU3BEIECH IKCIIEPUMEHT, U3BECTEH €r0 MCXOJ.
Yro ozrauaer "B pesyavmame sKCNEPUMEHMA 3aPUKCUPOSAHHOE COOBIMUE NPOU30WLA0" 1 TTO
osHadaeT "B pesyavmame sxcnepumenma sadurcuposarnoe cobvimue He npousdouwsno”?

OTeer TakKoifl: eciM TOJMYYEHHBI WMCXOM KaK 3JJeMEHTAPHOE COOBITHE €eCTh SJEMEHT
3a(PUKCUPOBAHHOIO COOBITHSI, TO TOBOPAT, YTO MPOU3OILIO 3aPUKCUPOSAHHOE CODbIMUE.
[TousiTHO, wTO Apyrue 3j1eMeHTapHbIe COOLITHS, B UX YHUC/IE U U3 3aPUKCUPOBAHHOIO COOBITHUS,
€CJIM TAKOBbIE UMEIOTCsI, IIPHU [TPOU3BEIEHHOM SKCIIEPUMEHTE MPOU30UTH HE MOTYT.

Ecin »ke mosry9eHHBII UCXOJ] HE €CTh 3JIEMEHT 3a(DUKCHPOBAHHOIO COOBITHSI, TO TOBOPSIT, ITO
sagurcuposarroe cobvimue He TTPOU3OIILIO.

Ocob0 moIIepKHEM, 9TO BCSIKOE KOHKPETHOE COOBITHE COCTOUT M3 3JIeMEHTAPHBIX COOBITHIA,
KaXKJIoe M3 KOTOPBIX SIBJISIETCST IIIAHCOM JIJIST PEAJIM3AIUU BCEro COOBITHS, PeajIu3allisi OJHOTO
13 IIAHCOB - OJHOIO 3JIEMEHTAPHOIO COOBITHSI ODECIIeINBAET BBHIIIOJTHEHNE BCErO COOBITHSI, a
OCTaJIbHBbIE MOXKHO ITOHUMATBH KaK elle He PeaJM30BaHHbIE MIAHCHI.

B crarbe MBI OrpaHUYIHUMCS TOJIBKO SKCIIEPUMEHTOM C KOHEUHBIM UHCJIOM HUCXOJIOB, TOLJIA O -
aarebpa oF mpeppaiaercss B aaredpy F', COCTOAINYIO M3 BCEX IOJIMHOYKECTB MHOXKECTB (),
a caMoO COOBITHE, OTHOCSIIEECS K IEeHTPAJIBHBIM [TOHATUSIM, €CTh ITPOU3BOJILHOE MOJIMHOXKECTBO
MHOXKecTBa ().

IIpumep 3kcnepuMeHTa (KOTOPBIi Ha HPOTSIXKEHUU BCell crarbu OyjeM 06O3HAYATH
roruueckoii Oyksoil ), cocrosimiero M3 mOCJIeJ0BATEJBHOIO IIOA0PACHIBAHUS JIBYX
MOHET, 3aTe€M OJHOUN WTPAIbHOI KOCTH W €r0 MOJIHOE BEPOSTHOCTHOE OIMCAHUE.

Nwmeem, R : Monera Nel u Monera Ne2 co croponamu "T'ep6" u "Pemerka", Urpanbaast KOCTb.
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B rabsmne 1 i JaHHOrO UpHUMepa UpeicTaBieHbl  "skcunepument', "peasimsarus
skcrepuMenTa u "ucxox skcuepumenTa:

Tabsma 1
OxcnepumenT R [TocemoBarenbaoe MOAOpPACHIBAHUE JBYX MOHET, 3aTe€M
OZIHOI UI'PaJIbHOR KOCTU
Peanmzamus skcnepumenta R Cuauasta nogdpaceiBaercst Monera Nel, zarem - Monera
Ne2 u, makomner, - rpagbHast KOCTb
BeeBozmorkHbBIE ucxonst | (I,T, 1), (T, T,2),(T,T,3),(I,T,4),(I',T,5), (I',T', 6),
skcriepumenTta R - snementapusie | (I, P, 1), (T, P,2), (T, P,3), (T, P,4), (T, P,5), (T, P,6),
coBbrtuz (P.T,1),(P,T,2), (P,T,3),(P,T,4), (P,T,5),(P,T,6),
(P3P71)a(P7P72)7(P7P53)a(P)Pa4)?(PaP75)7(P7P76)

B paccmarpuBaeMoMm HamMu mpuMepe COOBLITHEM SBJISETCS JIFOOOE IMOIMHOXKECTBO MHOXKECTBA

Q= {(F> L, 1)) (Fa L, 2)7 (F7 L, 3)7 (Fa L, 4)a (F7 L, 5)7 (Fv L, 6)a (F7 P, 1)7 (Fv P, Q)a (F7 P, 3)7 (Fv P, 4)7

(FaP75)7(F7P76)7 (P,F,l),(P,F,Q), (P7F73)7(P7F>4)a (P7Fa5)7(P7F76)a (P,P, 1)7(PaPa2)7
(PaP73)7(P7P74)7(P7P75)7(P3P76)}‘

Tak Kak KOJIMIECTBO 3JIEMEHTOB B () paBHO 24, TO MHOXKECTBO BCEBO3MOXKHBIX TTOJIMHOYKECTB,
T.e. anrebpa cobbitmit F cocrour mz 224 = 16777216 saemenros. Ha gammom srare
PaCCMOTPEHUI BEPOSITHOCTH — OCTAETCH HEKOHKPETU3UPOBAHHON ITPOU3BOJIBHOIA.

3 Teopermyuecku BceX BO3MOXKHBIX cOObITuUil 16 777 216 maHHOrO 3KCHepUMeEHTa
BbIOEpEM 4YeTbhIpe:

A={(T,P5),(PP3)},

B - na I/IFpaJIbHOﬁ KOCTH BBIIIaJIO Y€THOEC YUCJIO:

,6); (I, P,2); (', P, 4);
:(P,P,2); (P, P,4); (P,P,6)},

B ={(T,T,2);(T,T,4); (T,
( 6) 9
,4); (0, T,6); (T, P, 2); (T, P, 4); (T, P,5); (T, P,6); (P, T, 2);
3)
r

(T, P,6); (P, T,
C=AUB={
; (P, P,

(P,T,4),(P,P,3),(P,P,4),(P,P,5)}.

Yuraresto mpejjaraercst CaMOCTOSTEIBHO MTOJNOTOBUTH MaTePUAIBHYIO 0a3y IKCIEPUMEHTA
n3 nByx MoHer "Crauaja moxbpacbiBaercss Morera Nel, zarem - Monera N2, u, HakoHer, -
Wrpampras kocTs". |

3aT€M IIPOBECTH PEAJIM3AIMI0 IKCIEPUMEHTa U3 JBYX VIIOPSJIOYEHHBIX MOHET U OJIHOI
UTPAJIBHOM KOCTH, W IIPOBOJUTH B HYKHOM KOJIUYIECTBE CAMH IKCIEPUMEHTHI, ¢ (PUKCAIUEl B
KaXKJIOM CJIydae UCXO0JIa IKCIEPUMEHTA - 3JIEMEHTAPHOTO COOBITHSI. 3aTeM IIPOBECTH PEATU3AIIAIO
skcrepumenTa "CuHadasa nopbpacokiBaercss Monera Nel, sarem - Monera N2, u, Hakoner, -
Urpampras kocth". B pesyibrarte sKCIIepUMeEHTa UMEEM 3JIEMEHTAPHOE COOBITHE - POBHO OJINH
3JIeMeHT MHOYKecTBa 2. 3ajiada 3aKJII09aeTCs B TOM, YTODBI OIPEIETUTh KAKOE U3 BbIJIEIEHHBIX
wamu cobbrtuit A, B, C, D mpousomnuio, a Kakoe HeT.

Peanuzanusa Ne 1 Dkcnepumenta R ¢ ucxomom (I', P,5). Ilpoussejen sKcrnepuMeHT
- nogbopaceiBaercst Mouera Nel, dukcupyercs ucxorn "I wmm "P") nasee mopbpaceiBaercs
Mownera Ne2, cdukcupyercs ucxon "I wmmm "P" u 3arem nombpaceiBaercst UrpajibHas KOCTb,
durcupyercst ucxom, - ogHo u3 uceys 1,2,3,4,5,6. B urore hopMupyercs ucxo/ IKCIepUMEHTA
- 9JIeMeHTapHOoe coObITHE U3 Habopa ).

HomycruM 1pu  peasmsaru  dKCIepuMeHTa moJydeH ciaenytommit ucxon (I, P,5), re.
pesyiabrar nopdbpaceiBanus Mouetst Nel ects "T'ep6", masee pesynbrar nogdpaceiBanusi MoneTs
Ne2 ectb "Pemerka" u pesysbrar nopbpaceiBanus Vrpanabhoit koctu ectsb 5. s sToro ucxoma
OTIPEJICTAM BBITTOJTHEHNE WU HEBBITIOJHEHNE KaxK10ro u3 cobuituit A, B, C, D. Tlockoabky,

(I'P,5) e A={(T',P,5); (P,P,3)},

TO cobbiTie A BoInmosHEeHO. Jlasee,

(T, P,5) € B ={(T,T,2); (T,T,4); (T,T,6); (T, P,2): (T, P,4); (T, P,6); (P,T,2): (P,T, 4);
Bulletin of L.N. Gumilyov ENU. Mathematics. Computer science. Mechanics series, 2022, Vol. 140, Ne3
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(P,T,6); (P, P,2); (P, P,4); (P,P,6)},

IIO9TOMY CO6bITI/I€ B HE€ BBIIIOJIHEHO. SaTeM,
(T,P,5) € C = {(T,T,2);(T,T,4); (T, T,6); (T, P,2); (T, P,4); (T, P,5); (T, P,6); (P,T, 2);

(P, T,4); (P,T,6); (P, P,2);(P,P3);(P,P4)},
cTaso 6bITh cobpiTe C' BbinoaHeHo. M nHakoHen coObiTue [ He BBIIOJHEHO, TaK KaK

(T,P,5) € D= {(I,T,1),(T, T, 3), (T, T, 6), (T, P,2), (T, P, 3), (T, P, 4), (P,T, 1),

(P, T,3),(P,T,4),(P,P,3),(P,P4),(P,P5)}.

Takum 00pa3oM, HUCXOJ| SKCIepuMeHTa - 3jaeMeHtapHoe cobbitue (I, P;5) Kak 3jeMeHT
cogepxkurcas B A u C, u He comepxkurca B B u D, uyro mo oupenenenuio "Ilpoussesu
aKcnepumenm, ussecmen ucrod. Ilpousowno au cobvimue?" o3HadaeT, 4TO B JKCIEPUMEHTE
Nel cobbrtust A m C' mpousornin, a cobbrrust B ' D He TPOU3OIILIH.

B monmom mnonumMmanmu cBsasku  "Mcexom skcmepumenTa - cobpirme" gyt cobpitus A
ssiemenTeproe coobitre (I P,5) ecrb peasm3oBaHHBII IaHC, a djeMeHTapHoe cobbitre (P, P, 5)
SIBJISIETCSl HEPeaIu30BaHHbIM IIIAHCOM.

To ke camoe IOBTOpsieTCsSI B OCTAJbHBIX ciydasx. llpuBemem emne omuH mnpumep 0e3
Pa3BEPHYTHIX 00CYXKIEHMUIA.

Peanuzammsa Ne 2 Dkcnepumenta R ¢ mcxomom (P, P,4). Ilposenem eme omHy
peaInsaIuio SKCIePUMEHTa U IIyCcTh IpH mogdpacbiBanun Morersl Ntl Boinasia "Pemerka', npu
noabpaceiBanun Monersr N2 poinasia Taxzke "Pemerka" u npu moadpacblBaHUM UIPAJILHOM
KocTn Bbimasia 4, Torja ucxox sxkcuepumenta (P, P, 4) . ITocmorpum, kakoe u3 cobsrruit A, B, C'
n D mpownsomnuio, a Kakoe HeT. MmeeM,
(P,P,4) € A={(T,P,5),(P,P,3)}

P,P,4) e B={(T,T,2);(T,T,4);(T,T,6);

—~

(T, P,2); (T, P,
T, P,6): (P,T,2); (P,T,4): (P,T, 6): (P, P,2): (P,P,4),(P
(

) 4

P,

P,P,4))GC AUB = {(T',T,2); (T, T, 4); (I, T, 6); (T, P, 2)
)i (
)

);

6)}

; (I, P, 4); (1, P,5); (T, P,6); (P T, 2);
P,T,4);(P,T,6); (P, P,2); (P,P,S)}

P P 4)eD = {<F L, 1 (F7F73)7 <F7F76)7 (F7P7 2)7 <F7P7 3)7 (F7P74)7 (P7Fa 1)7 (Pv L, 3)a
P,T,4),(P,P,3), (P, P,4),(P, P,5)}.

Bo Bropoit peasmsaiun Dkcnepumenta R, cobbite A He npousornuio, mockoiabKy (P, P, 4)
He cojepxkurcst B A, a cobbituss B,C u D npowsonuin, tak kak (P, P,4) kak 3jeMeHT
MIPUHAJIEXKUT STUM MHOXKECTBAM.

[lepeiimeM K NpPaKTUUECKONW peanu3aluu JKcrepuMenTa R: COIJIACHO Teopurn uMeeM
9KCIIEPUMEHT ¥ COOTBETCTBYIOIIEE €My BEPOSITHOCTHOE mpocTpancTBo (), 0F, P), Tak:ke ecTh
cobbite E € oF u ero Bepositnocts P(E) . Yro naer snanue uncaa P(E)?

3ech OyJieM UCIOJb30BATh YACTOTHYI) WHTEPIIPETAIUI0 BEPOSTHOCTH, CMBIC KOTOPOU
3ak/II0vaeTcs B caenyoomeM: Jawo cobbitue E | peajim3yem skcrepuMeHT N -HOE KOJTHIECTBO
pa3 u clieiuM 3a TeM, CKOJbKO pa3 cobbiTHe FE MPOU30III0 - OTHOIIEHUE YHUC/IA IOsiBJICHMUI
COOBITUSI K YHUCJY MPOBEJIEHHBIX SKCIIEPUMEHTOB OJM3K0 K BepositHocTu P(FE), npudyeM sra
OJIM30CTb UMEET TEHJICHINIO YBEJIUUEHUsI C POCTOM UUCJIA YKCIIEPUMEHTOB.

[IpakTudeckoe MOATBEPKICHNE YACTOTHON WHTEPIPETAIIMA BEPOSITHOCTH JAIOT OIBITHI C
HO/I0OPAChIBAHUEM CHMMETDHYHON U OJJHOPOJIHOW MOHETBI (CM. Tabauiy 2). CinoBo
"cumMeTpraHBIH" O3HAYAET, YTO MOHETAa HMEET CHMMETPUYHYIO TeOMETPUYIECKYIo (opMmy
e TMHApa, a "oIHOPOAHOCTE" O3HAYAET, UTO TIOTHOCTH MOHETHI OJJMHAKOBA BO BCEX TOYKAX.

o~ o~ —
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B Tabmuie 2 mpuBemeHbI pe3y/bTaThbl OMBITOB, MPOBedeHHBIX Broddonom, me Mopramom,
JlxxeBorcom, Pomanosckum, [Tupconom n Pejnrepom:

Tabjmira 2
DKcrepuMeHTaToOP Yucao 6pocanmnii Yacrtora BBIIIQIeHU
T'ep6a
Brobdon (1707-1788) - dpanimysckuii | 4040 0.507
HATYypaJucT,  OWOJIOT,  MaTEeMAaTHK,
€CTEeCTBOUCITBITATE/Tb
e Mopran (1806-1871) - moranackuii | 4090 0,505
MaTeMaTHK, JIOTHK
Desep V. (1906-1970) - amepukanckuii | 10000 0.4979
MaTEeMATHK
xeBonc (1835-1882) - amrumiickuii | 20480 0.5068
9KOHOMUCT, PUI0CcOdD
[MTupcon K. (1857-1936) - anrmmiickuii | 24000 0,5005
MaTeMaTHK, CTATUCT
PomanoBckwmii B.M.(1879-1954) - | 80640 0,4933
COBETCTKUII MaTeMaTUK

JItobast peanbHast MOHETa He SIBJSETCA aOCOJIOTHO CHUMMETPUYHON U OJHOPOIHOH, a
M3rOTOBJIEHHE MOHETBI, OJIM3KOI K HjeasibHON, TpedyeT COOTBETCTBEHHO OOJILIINX YCHIHN U
3arpar. 1103TOMY OIBITHI C CUMMETPUYHBIMUA U OJHOPOJHBIMUA MOHETAMHU PACIEHHUBAIOTCA KaK
HaydHBIA pe3yiabrar. Takum oOpasoM, BEPOSITHOCTH BBINAJAEHUsI repba U PEIIeTKH, B CHJIY
OJIM30CTH MOHETHI K HUIeaJbHOH, NPUHUMAIOTCA PABHBIMH, T.€. BEPOSITHOCTH P = % JJIsT
KaXKJI0# M3 CTOPOH, TEM CaMbIM JIaHHbBIE TAOJINIIBI SKCIEPUMEHTAIBLHO IOITBEPKIAI0T YaCTOTHYIO
MHTEPIIPETAIINIO BEPOSITHOCTH.

[lo-BummMoMy, K yAMBUTEJIbHBIM siBJI€HUSIM MuUpo3mganus HaJJIeKUT OTHECTH BCE 3TH
9KCIIEPUMEHTBI, KOIJIa pas3Hble JIIOAW, B pPa3Hble BpEMEHa, IoA0pachiBasi pa3Hble MOHETHI,
00beINHEHHBIE OHUM M TEM K€ CBOHCTBOM CHUMMETPUYHOCTH W OJHOPOIHOCTH M3TNOTOBJIEHMUSI,
ITOJTy9aiOT OJWH W TOT K€ Pe3y/bTaT - IPUMePHOEe PaBeHCTBO BbiajeHusa lepba m Permerkn.
DTOMY YaCTOTHOMY OIIBITY, II0 HallleMy MHEHHIO, B KadeCTBe HAJUIUS CTATHCTUIECKOM
PEry/ISIPHOCTH, OIPEJIE/ISIONee CaMo CyIecTBOBaHne Teopuu BeposiTHOCTeH, IMpeIIecTBOBaJIO
3aMevaTe/IbHOE HADJIIOIEHNe a3apTHOIO WIPOKa Kapasiepa ne Mepe, KOTOPBI Pa3/nmdua 110
3/IpABOMY CMBIC/TY HEPA3THINMBIE TaCTOTDHI 22—156 u % COOBITHI, KOTJIa B UI'PE C OTHOBPEMEHHBIM
rofdpachiBaHneM 3-X WIPAJBHBIX KOCTEHl CYMMAapHOE KOJMUYIECTBO BBINAIAONMNX OYKOB 11
BBIITa IaJI0 Yale, 9eM 12, B To BpeMs Kak I10 ero pacderaM 11 09KOB IOJTy9atoTcs B 6-TU CIydasx

(6-4-1),(6-3-2),56-5-1),(b—-4-2),(5-3-3),(4—4-3),
Kak 1 12 09KOB B TeX Ke 10 KOJIMYECTBY 6-TU C/Iydasix
(6—-5—-1),(6—-4-2),(6—-3-3),(6—-5—-2),(5—4—3),(4—4—14).

Or1omy nmau obbsicHenue [lackanbp u Pepma, 06a B pe3ysibTare WHTEHCUBHBIX OOCYIKIEHUM
Jepe3 IMepenucKy IMOHSIB, 9TO MOMUMO 3HAUEHUH BBINAIAIONINX U(P HAJIO0 eIlle yINTHIBATH U
MOPSIIOK UX TOsABJIeHUsi, © Toraa 11 BeimagaerT B 27 ciydasx, 12 B 25 n3 BceX BO3MOXKHBIX
216, O CyTH COCTABUJIM MEPBYIO MPABUJIBHYIO BEPOSTHOCTHYIO MOJEh ¢ KOHcTararueil "
suotcy, wmo ucmuna ecezda odunaxosa: u 6 Iapuoice, u 6 Tyasyse", TeM caMbIM IOITBEPIK1asi
CYIIIECTBOBAHUE U CAMON TEOPETHUUECKON HAyKH, KOTOpas OObSCHSET U3BECTHOE U OTKPBIBAET
HensBecTHOe (zeranau cM. [6]).

Pestomupyst, mjst omnpejesieHust YHCJIEHHOI'O 3HAYEHUsS] BEPOSITHOCTU KAXKJIOrO COOBITHS
JIAHHOT'O JKCIEPUMEHTA, COIVIACHO YACTOTHON HHTEPIIPETAIMH BEPOSITHOCTH, ITOC/IEI0BATEIHHO
IIPOBOJIUTCST PeAJIM3alisl SKCIEPUMEHTA - [epBasi, BTopas, ... . @ukcupyem cobbirue F | npu
KaXKJION peajn3aliui SKCIEPUMEHTa [MOJIyIaeM CBOM UCXOJT U 110 HEMY € IIOMOIIBIO OIPEeIeICHIs
HACTYIIJICHUSI WJIM HE HACTYIUIEHUS] COOBITHSI, TOYHOMY OIHUCAHUIO KOTOPOT'O IOCBSIEHA, JaHHAS
cTaThsi, oTMe4YaeM pe3ysabrar "cobbitue F npoumsonuio" wiam "cobeitne E  He mpowusonwuio".
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DTy HpoIeaypy, Ha HaYaJbHOM 3Talle YCBOEHUSI UACTOTHON MHTEPIIPEeTAllid BEPOSITHOCTH, IJIsT
HATJISITHOCTH MOXKHO OPOPMUTH B BHUJIE TAOJIUIIBI, B IEPBOH CTPOKE KOTOPOI yKa3bIBAETCSI HOMED
peaM3anuu dKCIepuMenTa, Bo Bropoii - cumsosbl "+" (npu manHOl peasmsarnuu cobbitie F

upousonuio) uin "-" (upu ganHOl peasmsanuu cobbitue F He mpomn30muo):
Tabsmia 3
1 2 3 4 5! 6 7 8 9 10 |... | N—| N
1
N e

B urore, orHomenue yucsa pe3ysibraros "cobbirne F npousonuio” (kogmdectso "+") K quciy
Bcex peanuzanuii N jgaeT npubJmKeHHOe 3HAUCHUE NCKOMON BEPOSTHOCTH JAHHOTO cOObITHs [ .

Baeck 0cob0 moguepKHeM, 9To 06 ucxoje (OTCyTCTBHE JIETePMUHUCTHYECKOI Pery/IsipHOCTH)
KaXKJIONH OT/IeJIbHON peasin3aliiid SKCIIEPUMEHTa, 3apaHee HUYero CKas3aTb HEeJIb3s, HO MOYKHO
YKa3aTh JIOJI0 HACTYIJIEHUS COOBITHS B OOJIBIIOM KOJIMYECTBE Pean3alluil SKCIEePUMEHTa, ITO
O3HAYAET HAJINYINE CTATHCTUIECKON PEryJisipHOCTH.

ITocne Takoif TeopeTWdyeckKOo#l TOJATOTOBKH MepeiijieM K OIMUCAHUIO CXEMbI YCTaHOBJIEHUA
BEPOSTHOCTEH SJIEMEHTAPHBIX COOBITHH MPU MOJOPACHIBAHUY JIBYyX MOHET M UI'DAJIBHON KOCTH.
Ectp koukperubie monernsl, Monera Nel, Monera Ne2, a Takxke Urpaabnast koctb. OmnucamHOM
HIPOIIEIY POl MOCPEJICTBOM TOJAOPACHIBAHUS MOHET YCTAHABJIUBAETCS PUOIMKEHHOE 3HAYEHUE
BepOsITHOCTEN BhIageHnst 1epba n Pemerku.

CoryracHO BBITIEYKA3aHHOMY OIMUCAHUIO YACTOTHON WHTEPIIPETAIINN BEPOSITHOCTH CHAYAJIA
naxoauMm BepoaTHocTn Momnernr Nel, zatem Momnernr Ne 2 u, jajiee, urpajbHOI KOCTH IIyTEM
IpoBe/IeHNdA CEPpUN IKCIIEPUMEHTOB.

Onpedeserue  6epoaMHOCEN INEMEHMAPHOIT COOBIMUT  dKCNEPUMEHMA  N0JOPACHBAHUA
Monemws N 1. Tlo cBouM BO3MOXKHOCTSIM (DUKCUPYEM IIEJ0€ IOJIOXKHUTEIbHOEe 49nciao IV |
JKeJIaTeJIbHO Kak MOXKHO Gostbioe. CHadajia mpooguM [N -KpaTHOe HOAOpachIBAHUE MOHETHI,
KOJIMIECTBO BbIMaJeHusT repba 0603HAUUM Yepes le) . BareM Becs 3Ta IPOIEyPa MOBTOPSIETCSI
¢ KOJUYECTBOM BbIIajeHus: ['epba Q?). IlociienoBaTEILHOCTD TAKUX KUCIBITAHWIT HA3LIBAIOT
cepueil, Ipu KazKJIOM U3 KOTOPBIX MOJIyYaeM KOJUYeCTBO BhINajgeHus [epba Q(lk) , rae k HOMED

(k)
1

N -xparHoro mnoabpaceiBaiust Morersl B Cepun. Torma, st KaxkJioro HoMmepa k YHCIIO

ecTh JacToTa BhInajeHus l'epba. Taxk mosydeHHble 4acTOTHI BbiajeHus: [epba ng) JOJI?KHBI
MMeTh TEHJEHINIO I'PYIIUPOBKU OKOJIO OJHOrO ducjia. Hamomobume wmcia % [IpH UIeaTHHOM
9KCIIEPUMEHTE C CUMMETPUIHON M OIHOPOIHONW MOHETOMH, TOJBKO 37eCh OyJIeT CBOe UHUCJIO s
B3SITOM peaibHOM MOHeTBHI. Hampumep, Mmoa MCKOMON BEpPOSATHOCTHIO BBINAAeHUs lepba s
nanaoit Monersr Nel MOXKHO OOBABUTH CpeHee apupMETHIECKOe BCEX IOJIYIEHHBIX YaCTOT

()

1 _1 Qy .

P = Zl “5— B Cepun m3 [ N -KpaTHBIX IIO0PACBIBAHEI MOHETHI.
]:
TakumMm 0OpazoM, BepOSTHOCTEL BhINaAeHNsT l'epba m PemreTkn mjst mepBoil MOHETHI pPABHBI
1 1 1

COOTBETCTBEHHO Pl( ) u P2( T Pl( )

To ke Tpo/Ie/IBIBAETCS CO BTOPOI MOHETOM M OIPEIesISIOTCS BEPOSITHOCTHU Bbinajienus |epba

. 2 2

u Pemerku 719 BTOPOil MOHETHI COOTBETCTBEHHO Pl( ) u PQ( )

1, nakoner, Ta ke IpONeAypa OUYEBUIHBIM 00PA30M IIPUCIIOCODJIEHHAST K UTPAJIbHON KOCTU
IPUBOAUT K BEPOATHOCTHOI KapTHUHE UI'PAJILHON KOCTU, COCTOAIIEH U3 BEPOATHOCTEN BBIIIAJCHUA

3) pB) pB) pB) pB) p@A)

1,2,3,4,5,6, paBubix coorsercTBenno P, Py™ Py Py™ P.™ Pg™.

Bepuemcst k mzydaemomy skcrmepumenty R. B cumiy Toro, urto mojabpachbiBaHUsl MOHET
U UrPajJbHON KOCTH OCYIIECTBJIIETCS HE3aBUCUMO JIPYr OT JIpyra, Jjis BepOsTHOCTeH
3JIEMEHTAPHBIX CODBITHI MTOJIyIaeM:

P({(r,T,1)}) = P" ’P@)P ,P({(,T,2)}) = PV PP P,
P{(r,T,3)}) = PVPPRP, .. P{(P,P,3)}) = PV PP P,
P{(P,P4)}) = PV PP P P({(P, P, 5)}) = P"PP PP P{(P.P6)}) = PV PP P,
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Temeps ompenesnM BepossTHOCTH coOblTHil A mw B. B culy KoHEYHOH-a IuTHUBHOCTH
BEPOSATHOCTHON Mepbl P 1ojy4yaeM

P(A) :P({(F,P,E));(P,P,?))}) :P({(P7P75)})+P({(P7P73>}) =
= PP PP+ PV PP PP

P(B) =P ({(I,T,2); (I, T,4); (I, I',6); (I', P, 2); (T', P, 4); (T, P,6); (P, T, 2); (P, I, 4);
(P,T,6); (P, P,2); (P, P,4); (P, P,6)}) = P({(T',I",2)}) + P({(I',T,4)}) + P({(T',T,6) })+

+P{(T, P,2)}) + PH{(T, P, 4)}) + P({(T', P,6)}) + P({(P,T',2)}) + P({(P, T, 4)})+

+P{(P, T, P,6)}) + P{(P, P,2)}) + P({(P, P,4)}) + P({(P, P,4)}).

DTUM Ke IIyTeM MOXKHO BBIYUCJUTH BeposiTHOCTH coObiTuit C' u D.

Kak panee ormedasiochb, M3rOTOBJIEHME MOHETBI, OJIM3KONW K UJEAJIBHON, TpeOyeT OOJIBbIIIX
yCWIMit W 3aTpart. Kaxxnmas Momera m wurpajbHas KOCTb HUMEIOT CBOU BEPOATHOCTH.
[Ipeamosoykum, 9TO TIepBasi MOHETa, WCIOJb3yeMasi B IKCIepuMeHTe It MMeeT BepOsSITHOCTD
Beiajieaust lepba 0,47, Bropasi moHera - 0,52 u urpajbHasi KOCTh HUMEET CMEICHHBIH

IIEHTP THAXKECTU C BEPOSITHOCTSAIMU BBINTaJIeHusi cTOpoH 1,2,3,4,5 u 6 paBHBIX COOTBETCTBEHHO
0,16;0,17;0,15;0,18;0, 18;0, 16. Torma BeposTHOCTL coOLITHS A paBHa

P(A) = P({(T', P,5); (P, P,3)}) = P({(T', ,5)}) + P{(P, P,3)}) =
= 0,47-0,48 0,18 +0,53- 0,52 - 0, 15 = 0, 081948
LII/ITa.Te.HIO npegaracTcd OIdATh K€ IIPOBECTH CEPHIO IKCIIEPUMMEHTOB IIO IIOATBEPXKIACHUIO

JaCTOTHOI MHTEPIIPETAIMH OIIPeIe/IeHIs BeposiTHOCTel 11t coobituit A, B, C' u D, pasymeercs,
JJTST IMEIONTUXCS Y HUX JABYX MOHET W UTPAJIbHOI KOCTH.
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bIkTuManabIKTap TEOPUsIChl OKYJIBIKTAPbIHAAFbI 6ip NpoGJieMalibIK MaceJie TypPaJibl
Annortanus:  Bisgin ofibivMbima, bIkrumanapikrap Teopusichl OOHBIHINA OKyIBIKTapAa Kesmecerin " Tootcipube
oKy peidindi, momuoicect beazini. Oxuza opvirdaado, ma?" mnpobiieMacbl MeH OHBIMEH OalJIaHBICTBI BIKTUMAJIIBIK,
AHBIKTAMACHI MOHMOTIHIHIEr OKUFA OPBIHAAJY KULIMIH e€CcenTey KapacThpbLIaabl. Aran aifiTKanzga, OyJl TakKbIPbIITAD

TEOPUSIJIBIK, )KOHE TTPAKTUKAJIBIK TYPFBIJAH eryKei-Ter>Keiljii KapacTbIPbLIa/Ibl.
TyiliH ce3aep: BIKTUMAJIbIK KEHICTIK, OKUFa, OKUFAHBIH OPBIHIAJIYbI, BIKTUMAJIIBIK, aKbIPJIbl HOTHKEJ ToxKipube.
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A.Zh. Zhubanysheva, G.E. Taugynbayeva, N.Zh. Nauryzbayev, N. Temirgaliyev

Institute of Theoretical Mathematics and Scientific Computations of L.N. Gumilyov Eurasian National University,
Satpayev str., 2, Astana, 010008, Kazakhstan

About one Problematic Moment in Textbooks on Probability Theory

Abstract: In the article is studied, according to our opinion, the problematic moment " An experiment was performed,
the outcome is known. Did the event occur?" and the associated calculations of the frequencies of the occurrence of this
event in the context of determining the probability. Namely, theoretical and practical detailed discussions of these topics
are justificated.

Keywords: probability space, event, event realization, probability, experiment with a finite number of outcomes.
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ApXI/ITeKTypa AJisI HEITPEPbIBHOI'O M3BJI€EYE€HUA 3HAHUU U3 COoIIMaJIbHBIX cereii

Awnnaoramusi: Corua/ibHbIe CETH yKe JABHO UIPAIOT HEOThEMJIEMYIO POJIb B IIOBCEJIHEBHOMN
JKU3HU  JIIOJEN. Bea wamra »Ku3Hb B peasibHOM Mupe GUKCAPYETCS U B IUGOPOBOM
npocrpancrse.  ColuajbHble MeIua U B3aUMOJIEHCTBYIOIIME C HUMH CETH CTAJId MECTOM
OIPOMHBIX BO3MOXKHOCTEH /I aHaJM3a JAHHBIX. VX BJIHsHME Ha IIOBCEIHEBHYIO JKU3HD
OXBaThIBaeT TaKue pasHble 00J1acTH, KakK 1M poBoil MapKeTHUHT, aHAJIN3 OOIECTBEHHOIO MHEHUSI,
MOHUTOPHUHT TMOJUTUIECKON CUTYAIIMU U YBEJIOMJIEHUSI O CTUXUIHBIX OeJacTBUsIX. JIrobas 3ama4da
00pPabOTKN TAKOro OOJIBIIIOTO MOTOKA JIAHHBIX HYKJIAETCS B IEJIOCTHON apXUTEKType, KOTopas
OyleT COOTBETCTBOBATH AHAJIM3UPYEMOMY pecypcy. B IpencrapBieHHON paboTe MbI HOCTaBHJIA
mepes, coboil 3alady CO3IaTh BBICOKOHAIPYXKEHHYIO, OTKA30yCTONYMBYIO, MACIITAOHPYEMYIO
CHUCTEMY JIJIsI M3BJI€YEHUs U OOpabOTKM JTaHHBIX M3 PA3JUIHBIX COIMUAJLHBIX CeTeil W aHaIu3a
JAHHBIX B PeaJbHOM BpeMeHHU. PellieHneM BBICTYIIaeT apXUTeKTypa B BUJIE KOMILIEKCa MOJIYJIEH.
Moayau uMeroT ¢BOM 0COOEHHOCTH B 3aBUCUMOCTH OT BBIIIOJIHSIEMOI paboThI, OT cO0pa TEKCTOBBIX
JAHHBIX JI0 HEIIOCPEICTBEHHON 00pabOTKM 1 U3BJICUEHUs 3HAHMIA.

KiroueBnbie cJioBa: Bricokonarpy:keHHuble  CHCTEMBI, OTKA30yCTONINBOCTD,
MacirrabupyeMasi apxuTeKTypa, KpayJuHT TaHHbIX, Telegram.
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BBenenmne. ComnnasbHble CeTH B OCHOBHOM OECILTATHBI W, CJIETOBATEIBHO, TPEICTABIAIOT
cobO#t MOIHYI0 W IHPOKO PACITPOCTPAHEHHYIO HUHMPACTPYKTYDPY MJist OOImeHuss ¢ OOJBINOi
aynuropueit. Hanpumep, koMmanus MoKeT ObICTPO MOy IUTH OOPATHYIO CBA3b 00 OIPE/IeIEHHOM
GpeH/ie U IPOBECTU aHAJIN3 BJIMsIHUSI CBOUX IyOJnKanuii B ceru [1]. Pasimunble conpasnbhble cetn
B Nnreprere (OSN - Online Social Network) ycranapimpator u yKpeIuisiior cBou co6CTBEHHbIE
OTHOIIIEHUsT MEXKJLy HOTPEOUTESIMUA U [IPOU3BOUTEIAME [2].

Henr warmmero wucciaeoBaHUs - CO37ATh BBICOKOHATDYKEHHYIO, OTKA30yCTONIUBYIO,
MaCIITabUPYEMYIO APXUTEKTYPY JJIsI MACCOBOTO M3BJICUEHNUsST 1 0OPAOOTKU, B PEXKUME PEATLHOTO
BPEMeHH, JIaHHBIX U3 COIUAJIBHBIX ceTeil. B KadecTBe MEPBOro MpUMepa Mbl PENIAIA B3SITh
HAOUPAIONINY TOMYISIPHOCTE BO BceM Mupe Meccenyzkep Telegram. Ha komerr 2022 roma B
JaHoi cetu 66110 okoJo 350 000 akTuBHBIX HoJb30BaTeseii u3 Kasaxcrana [3]. B 2022 roxy
eXKeMeCsiIHbIe aKTUBHBIE T0Jib3oBaTen Telegram Bo Bcem mwupe pocturiau 700 MULIMOHOB
nojb3oBareieit.  Hecmorpst Ha ObicTphiit poct, Telegram siBiisieTcss OTHOCHUTEBHO MOJIOJOM
OSN wu eme He craja MpPeIMETOM WHTEHCHUBHBIX ucciaemoBanuii.  Asropsr Telegram OSN
[IPEJIOCTABIISAIOT PA3pabOTIMKAM MHOXKECTBO OOIIEIOCTYITHBIX HUHCTPYMEHTOB [JIsi CO3/IAHUS

COOCTBEHHBIX KJIMEHTCKUX NPHJIOXKeHuit [4].
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CormnuasbHbIe CeTH TEHEPUPYIOT OTPOMHOE KOJNIECTBO TIOCTOSTHHO YBEJIMINBAIOINXCST TAHHBIX,
IIO3TOMY TPEILSBJIAIOT CTpOrue TpeboBaHWsA K JI000NW apXUTEKType U3BJICUCHUs] JTAHHBIX HA
OCHOBE TIONCKOBBIX Po00TOB. OCHOBHBIE TPEOOBAHUS BKJIFOYAIOT B CeDsI:

1. Cobupars WHPOPMAIMIO 110 Pa3HbIM coNMaIbHBIM ceTssM B MuTeprere. Ilockomabky
CKaHEep COIMAJIbHBIX cerTeil jgosnkeH paborars ¢ pasabiMu OSN, pHemame API OymayT
apyrumu. OHAKO BHYTPEHHssT 00pabOTKa JaHHBIX Oy/IeT JJIst BCEX OJMHAKOBA.

2. Houpkmouenne nosoit OSN. DToT HIpoIEce HO0JKEH ObITH IIPOCTHIM.

3. MacmrabupyeMocTh B OTHOIIIEHUHN IPEIBAPUTEILHON 00pabOTKH U aHAIN3a JAHHBIX.

Yrobbl Hallla apXUTEKTypa VIAOBIETBOPsIA YKA3AHHBIM BbIINIE TPEOOBAHUSM, OHA JOJIZKHA
MMeThb CJIeJIyIOolue CBOCTBA.

DJAaCTUIHOCTD. JTO CTEEHb, B KOTOPOIl cucTeMa CIIOCODHA aJallTHPOBATHCS K M3MEHEHUsIM B
paboteit HATPY3Ke, IIPEIOCTAB/IsAS U YIAJsIs PECYPChl B ABTOHOMHOM PEXKUME, TaK UTO B JII000it
MOMEHT BPEMEHHU JIOCTYIIHbIE PECYPChl MaKCUMAJIbHO NPUOJIMKEHbI K TeKyIeMy crpocy [5].

Macmrabupyemoctb.  Ero MoxKHO pa3iesmTb Ha <«CTPYKTYPHYIO MacCIITaOUpPYeMOCTb U
MacCIITabUPyeMOCTh HArpy3ku». CTpyKTypHas MacIITabUpPYEMOCTb - 9TO CIIOCOOHOCTH CUCTEMBI
pacIpsThCAd B BLIOPAHHOM W3MepeHuu 0e3 3HAYUTENLHBIX M3MEHEHUU B ee apXUTEKType.
MacmTabupyeMocTb HAarpy3kd - 3TO CIOCOOHOCTH CHCTEMBbI WPABUJIBHO PadOTaTh IIpH
yBeJIMYeHnn npejiaraeMoro rpaduka [6).

CamocrosiTesibHOE paspepThiBanume. [loHUMaeTcsi Kak YacThb TOIMOJIOIHMH PA3BEPTHIBAHUS

IPUIOXKEHUsT JIJIsl PeaM3alii KOHKDPETHO# rTexHuueckoii exumuuipr 7). Hame Bcero 1mos
eIMHUTIEHl pa3BepPThIBAHUS TIOHUMAETCS <«CTAHJIAPTHBIN KoHTeiHep».  llenb crangIapTHOIO
KOHTelHepa - WHKAIICYJIMPOBATh IPOT'PAMMHBIM KOMIIOHEHT U BCE €ro 3aBUCUMOCTH B

CaMOOITUCHIBAIOIIEM U HEPEHOCUMOM (GopMaTe, YTOOBI JI0basi COBMECTUMAsI CPEJia BBIIOJIHEHUS
MOIJIa, 3aIlyCKaThb ero 0e3 JOMOJHUTE/bHBIX 3aBUCUMOCTeH, HE3aBHUCHUMO OT 0A30BON MAaITHHBI
U COJEpKUMOro KoHTeiinepa. 1o onpegernenne u3 Open Container Initiative (OCI), koropoe
00bsICHSIETCST B 5 TPUHIUIAX CTAHIAPTHBIX KOHTEHHEpOB |[§].

B zaBucumocTu oT 1esin aHAIN3a JAHHBIX, MOI'YT MEHATHCS U TPEeOOBaHUS 110 COOPY JIAHHBIX.
B kadectBe npumepa B maHHON paboTe MBI PACCMOTPHUM 3a/1ady OOHAPYKEHUs COOBITHil, event
detection. Jlannas 3amada npumensiercs s pasyinansix OSN. Kpome Toro, «cobbitue» umeer
pa3HbIe OIpEJIEJICHUS B 3aBUCUMOCTH OT KOHTEKCTa U rnpuMenenns. CobObITHE MOXKHO B34Th KaK
«CJIy4ail, BbI3BABIINN U3MEHEHHE 00beMa TEKCTOBBIX JIAHHBIX, OOCYXKJIAIONIUX OIPEIEJIEHHYIO
TeMy B OIpEJEeJeHHOE BpeMs. IJTO COOBITHE XapaKTEPU3YeTCs TEeMOIl W BpeMEHeM M 4YacTo
CBSI3aHO C TAKUMM OOBEKTaMU, Kak Joju 1 Mecronojoxkenues [9]. Hasee na npumepe 3ajaun
obHApyKeHUs COOBITHI MBI IIOKaykKeM pPabOTy HAIlell CHUCTEMBbI, ITOCTPOEHHOI KaK KOMILJIEKC
MOy Ieil.

1. O630p JguTeparypbl. ApPXUTEKTYDBI JJIs KpayJuHra JaHHBIX ¢ MHTepHeT pecypcor
moMUMO cOOpa JIAHHBIX TAKXKE€ BKJIIOYAIOT B cels OIpeeieHHy0 00paboTKy MaHHbIX. Huke
IIpeICTaBIECHBI PAOOTHI TIOC/IETHUX JIET ¢ AKIIEHTOM Ha apXuTeKTypy g urepHeT KpaysuHra.
B mnocnmennue romabl Bce enne aKTyaJbHBI MCC/IEIOBAHUS HA APXUTEKTYPbI st cOopa JaHHBIX
c BebG-caiitop [10-12|. Kpaynuar conmajbHBIX ceTeil Ha JAHHBIH MOMEHT BO3MOXKEH JIJIsi
pasM4HbIX cereii Guarogapst npegocrasiaentbiv APL B pabore [13] npemiioxkena apxurekTypa,
KOTOpas cOOUPAET U aHAJIU3UPYET JAHHBIE TI0 3aIIPOCY M0JIH30BATE/IsI OTHOCUTEIHLHO BPEMEHHOTO
IPOMEXKYTKA, JIOKAITMH W KJIFOUEBBIX CJIOB B HeCKOJIbKEIX ceTssx Google Trends, Twitter u Face-
book [13]. Oxnako cucrema He cobupaer JIAHHBIE [IOCTOSIHHO B PEXKHME PEeabHOI'O BPEMEHH.

MoxKHO BBIIEINTH J(Ba HalpaBieHust kpayiauHra — obmuii [11] u chokycuposanusiii [10].
OO6mmumit KpayauHr ToJpasyMeBaeT cOOp Bceeil MHGMOpPMAIMU U3 HWHTEPECYIOINX PECYPCOB.
CdokycupoBaHHBINT KpayJIMHI HaIpapjeH Ha cOOp HMHMOPMAIUK 10 OIPEJIEJIEHHON TeMaTHKe.
NHuorma 310 MOXKET pemaTbcs Ha yPOBHE PECYPCOB € KOTOPBIX HJET cOOp JAHHBIX, Kpaysaepy
peJIaraloTcst Jjisl MapCUHTra CAlThl ¢ MHTepecylomeil Temarukoii [14]. Opaako ecsm caiit
pacrojiaraeT CTaThbsIMU Ha pPa3Hble TEMATHKU, TO YTOOBI He cOOMpaTh BCIO HHQOPMAIIAIO
npeJiaraloTcst apXuTeKTypbl st cokycupoBanHoro Kpayiuura [10]. B mpemioxennoit
apXUTEKType MMeeTcsi cepBUC (DUIbTpa 10 TeMaTuke. llepes TeM Kak ITPOWHIEKCHPOBATH U
Baectu URL cebuiky B odepeib [jist Oy IyIIero KpayJinHra, pecypc (pubTpyercs 1o TeMaTHKe IIpu
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nomomu Deep Neural Network kmaccudukaropa. B pabore paccmarpuBaroTcst BeO-CTPAHUITHI,
KOTOpBIE B CpeaHeM OOJIbIlle WYeM COOOINEHMSI B COIMUAJBHBIX CeTsX. lIpuMeHeHne mTaHHOM
APXUTEKTYPDbI J1J1g COIMUAJIbHBIX ceTeil He IpeacTBaJIACTCA BO3MOXKHOIA.

KpayﬂI/IHF MOZKeT KOHIIEHTPUPOBATLCA HE TOJIBKO Ha TeMaTUKE TeKCTa, HO U Ha II0JIb30BaTeJIAX
[15].  IlapasutesbHO €O €OOPOM JIAHHBIX B IIPEJCTABJIEHHONW AapXUTEKTYpe IPHUCYTCTBYET
MOJY/Ib MAIIUHHOTO OOYyYeHMs [iji HENPEPBIBHOIO O0yUueHUsT MOJEIN 10 KJIACCU(DPUKAIIAN
HOHBSOBaTeﬂeﬁ, KaK Te€X YbHM IIOCTHBI CTOAT BHUMaHUA W HE CTOAT. B pa60Te npejcTaBjJIeHa
apXUTEKTypa, IJe Bce Moy cBs3aHbl yepe3 Catenae, bubimorekoit Python st paspaborku
MacImTabupyemMbix rpadop 1mo obpaboTke moTokoB JaHHbX. Catenae mcmnosb3yer mjs oOMeHa
coobmennsivu nucrpyment Kafka. JlaHHbIi MHCTpYMEHT Tak»Ke HCIoJb3yercst B pabore [16],
JUIE pacipejiesieHnst cooOIeHnii ¢ KomaHmamu i Kpayiaumara. Xorst Kafka mpepocxomur
RabbitMQ 1o pasmepy obpabaTbiBaeMbIX JTAHHBIX, HO B MHUKPOCEPBUCHOW apXUTEKType CO
CJIOXKHOI MaprpyTusaiueit 6osbine mogaxoautr RabbitM@Q. Mapmpyrusamnus sakaodaercs: B
IIPOXOYKIEHUU COODIIEHUIT MEXK/Iy KpayJepaMu U Pa3HbIMU 00pabOTINKAMU JIAHHBIX. B TaHHOI
paboTe pecTaB/ieHa MUKPOCEPBUCHAS aPXUTEKTYPa JIJisi KPAyJIMHTa 1 00paboTKu HHMOPMAIIH
U3 COIUAJIBHBIX CeTeil B peXuMe peajibHOro BpemeHu. [logpobHO ormcaHbl TPUMEHEHHBIE
TEXHOJIOTUH.

2. Metogomaorusi. B 3roMm pazjiesie Mbl OIUCBIBAEM TEXHOJIOTHIO, KOTOpast COOTBETCTBYET
TpebOBaHUsAM HAIlell apXUTEKTYPhl. B HacTosiIee BpeMsl CYIIECTBYET HapaJurmMa pa3paboTKu
[IPOrPAMMHOI0  00eCIeYeHrsI, KOTOpas 3aKJII04YaeTcsi B OM3HEC-TIPOIEccax U apXUTEKType
pellieHnst BbIIEYKA3aHHBIX MpobJjieM. OTa mapajurMa HasbiBaeTcs «Pazpaborka o00adHBIX
npusoxkennit» (Cloud-Native Application Development) [17]. Drta KoHIeNIus OTHOCHTCA K
Habopy TEXHOJIOTUi U MAOJOHOB MPOEKTUPOBAHNS, KOTOPhIE CTAJIU CTAHJIAPTOM JJIsi CO3/IAHUS
KPYITHOMACIITAOHBIX OOJJIAYHBIX TPUJIOKEHUI. Pazpaborka mporpaMMHOro obecredeHust
B 9TOH MmapaaurMe oOOeCIIeYNBAET CBOWMCTBA YCIEHIHBIX OOJIAYHBIX PUJIOXKEHUN, BKJIIOYAS
JMHAMUAYECKYIO MAacCHITabUpPyeMOCTh, MAKCUMAJbHYIO OTKA30yCTOMYMBOCTH, OOHOBJIEHHUS 03
pephIBaHusT paboThl U 6e30macHOCTh. UTOOBI caemaTh BO3MOXKHBIM CO3JAaHUE TPUIOYKEHUIL,
OTBEYAIONINX STUM TPEOOBAHUAM, MbI OIIUCHIBAEM aPXUTEKTYPY MUKPOCEPBUCOB, KOTOPAs UI'PAET
IEHTPAJIBHYIO POJIb B 0DJIAYHOM ITPOEKTHUPOBAHUMU.

B orpommoM 0630pe OBLIO MIpoaHAJIM3WPOBAHO, cobpaHo u 060bmenHo OGomee 50 pabor,
CBsI3aHHBIX C pa3paboTKoil obsiadHbIx npuioxkenuii [18]. B pesysibrare aBropsl onpejesnnsim
TEPMUH «COOCTBEHHOE OO0JIaTHOe IPUJIOXKEHUE» CJSAYIONUM O00pa3oM, jiajiee IepPeBOI:
«O6maunoe npusoxkenne (CNA) - sTo pacupejiesienHasi, rubKasi 1 Macmrabupyemasi CHCTeMa
(MHKPO) CepBHCOB, KOTOpasl U30JIMPYET COCTOSIHAE B MUHUMAJIBHOM KOJIMUYECTBE KOMIIOHEHTOB C
OTCJIEZKUBAHUEM COCTOAHUA. HpI/I.HO)KeHI/Ie n Ka)K,ELbII';I OT,ZLeJIbeII';I MOYJIb pa3BEePThbIBAHUA 3TOT'O
MIPUIOKEHUS Pa3pabOTaHbl B COOTBETCTBUU C MabJIOHAMU IPOCKTUPOBAHNSI, OPUEHTUPOBAHHBIMUI
Ha 00J1aK0, 1 paboTaloT Ha TUOKOH maaTdopMe caMoOOC/TyKUBAHUS. >

Bruio npejyioxkeno HasbiBaTh Takue npuioxkenuss IDEAL, urober npusoxkenne 6buio [Iso-
lated state| nzosmposanubiM, |Distributed| nmeso pactpezenennyio apxurekrypy, 6110 [Elastic]
rUOKUM B CMBICJIE TOPH30HTAIBHOIO MaCIITAONPOBAHUS, YIIPABJISLIOCH C IIOMOIIBI0 [Automated|
ABTOMATU3MPOBAHHBIX CUCTEM U €r0 KOMIIOHEHTBI JI0JIZKHBI ObITh ¢j1abo cBsizanbl [19]. Cozmanue
00JIAYHBIX NIPUJIOKEHUI B 9TOl IapajurMe IPUBOIUT K CJIeyIonmM pesyabraram [20]:

0oJsiee OBICTPOE TIPETOCTABIEHIE TTPOIPAMMHBIX PENIeHU 3aKa3IUKY
OTKa30yCTONYUBOCTb

aBTOMATU3AIAA BOCCTAHOBJICHUS

JIETKOE U OBICTPOE MOPU30HTAJIBLHOE MACIITAOMPOBAHNE ITPUIOKEHUN
BO3MOXKHOCTH 06pabaTbiBaTh OIPOMHOE KOJIUYIECTBO JTaHHbBIX

B ocHoBe Hamero mojxoma K Jau3aiiny Jiexkas Hain repsbiii keiic OSN - Telegram. B
HACTOsIITee BpeMsi pa3pabOTUYMKK CONUAIBHBIX CETeil OOBIYHO MPEIOCTABIISIIOT OOIIEIOCTYITHBIE
MHCTPYMEHTHI Wik OUOJTMOTEKN JIJTsi B3AUMOJEHCTBUS CO CBOEH CHUCTEMOI U ee JJAHHBIME. Bbire
ObLIO cKa3aHo, uTo Telegram cranoBuTcs Bee OoJiee MOMyIApHBIM. MBI permmin cHavaaa co3/1aTh
KpayJiep Jyis conuasibubix cereit Ha ocHoBe Telegram OSN. Cortacuo odurinaibHoit OubImoTEKE
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6a3 manabix Telegram (TDLib), upenocrasiennoii Telegram, mbr cozmamu name Client API
IPUIOZKEHHE.
Komruteke Moysteit ToJI2KeH BKJIIOYATh B cebsl CJIELYIONHE KOMIIOHEHTHI:

e cOOp JTaHHBIX
® XpaHCHHE JaHHBIX
e 00paboTKa JTaHHBIX
— TOKCEHU3allud
— JIEMMAaTHU3AIIMSsT
— olpeJiejieHne TeMATHKHI TEKCTa
— olpeJiejieHrne HACTPOEHUsT TEKCTA
— IIOACYET 9aCTOTHOCTH TOKEHOB U JIEMM
— obHapy»KeHHe COOBITHS

Moytysin 06pabOTKH JJAHHBIX BCETJIA OJIMTHAKOBO CBSI3aHBI C XPAHUIAIIAMY JIAHHBIX U MOJTY/ISIMU
coopa manabix. OJIHAKO WX BHYTPEHHSISI JIOTUKA MOXKET MEHSIThCS B 3aBUCUMOCTH OT KOHEUHOM
IIeJId aHaJII3a COIUAJIbHBIX CeTell.

3. Pesynbratel u O6cyxgenue. B 3ToM pasjese Mbl ONUCBIBAEM HAINY APXUTEKTYPY
JIIsT U3BJIeUeHusi 1 00pabOTKU JIAHHBIX U3 COIUAJIBHBIX ceTeil. CTpyKTypa 6a3bl JAHHBIX TAKIKE
IpeJicTaBjIeHa B pazjene 3.3.

3.1 O6uaaunass apxutekTypa. Mbl paspaboTaiun OOJAYHYIO apXUTEKTYyPyY Ha OCHOBE
MUKPOCEPBUCOB. MuKpocepBUCHl - 3TO JIEKOMIIO3UIUS MOHOJUTHBIX OW3HEC-CHUCTEM Ha
HE3ABUCUMO Pa3BEPTHIBAEMbIE CEPBUCHI, KOTOPBIE BBIMOJHAIOT OnHY 3ajady.  OCHOBHOI
croco0 B3aMMOJEHCTBUAS MEXKJIy CEPBUCAMU B apXUTEKType OOJIAYHBIX IIPUJIOXKEHUII - depe3
omybsimkoBanuele u Bepcuonuble API  (coBmectnast pabora ma ocmoe API). B wnameit
ApPXUTEKTYPE MUKPOCEPBUCHI ODIAIOTCS Yepe3 Ouepeib COOOIeHMIA.

OtiesibHBIE Pa3BEPTHIBAEMBbIE OJIOKM apXUTEKTYPhl CIIPOEKTUPOBAHBI U B3aMMOCBS3aHBI B
COOTBETCTBUM € HaOOPOM OOJIAYHBIX ITAOJIOHOB, TaKUX KaK I[IPUJIOXKEHWE C JIBEHAIATHIO
dbakropamu |21], Circuit Breaker [22]. Merogosnorust qsenaamarindakTOPHBIX MPHIOKEHUI - 3TO
METOJIOJIOTHST CO3/IaHUs IPUJIOZKEHUN «IIpOorpaMMHOe obeciieueHne Kak yciayras. lIpepbiBaresib
IIENU HCIOJb3YeTCsd B apXUTEKType MUKDPOCEPBHUCOB /JJIs IIPEJIOTBPAIIEHUS KACKAJHBIX COOEB
BO BpeMs B3aUMOJIENCTBUS CEPBUCOB. IDTHU IEPEJIOBbIE METOJIbI IIPEIHA3HAYEHDBI JJI CO3/IAHMIS
[IPUJIOZKEHUH, 0DECIEeYNBAIONINX TEPEHOCUMOCTh U OTKA30yCTONYNBOCTD IIPU PAa3BEPTHIBAHUU B
Unrepnere.

Masr1 ucnonb3yem ruoKyo miardgopmy OpenStack, KoTopast HCIIOIB3yeTCsT ISl Pa3BEPTHIBAHUST
U IKCIUIyaTallMl STUX MHUKPOCEPBUCOB Yepe3 aBTOHOMHbBbIE eIUHUIBI  PA3BePTHIBAHUS
(koHTefiHepsr). Dra mardopma MpeoCTaBIsieT JIOMOJHITEIbHbIE OePAIMOHHbIE BO3MOKHOCTH
moBepx WHMppacTpyKTyphl laaS, Takme Kak aBTOMaTUIECKOE MAaCIITaOMPOBaHUE SK3EMILISIPOB
IPUJIOXKEHU 1 MacIITabupoBaHUe 10 3aIIpOCy, YIIpaBjieHne paboTOCIIOCOOHOCTHIO IPUIOXKEHNUIA,
JIMHAMUYECKasi MapIIpyTu3aius, OaJaHCUPOBKa HAI'PY3KU, & TaKXKe arpernpoBaHUe YKYPHAJIOB
" IIOKa3aTeJe.

Ha puc. 1 Mbl n306pa3usu mnporecc cbopa JaHHBIX Yepe3 Hally O0JadHyI0 apXUTEKTypy U
obmuit Buyt, apxurekTypbl. Kaxkigoe HoBoe coobinenne, coznanroe B OSN, obHapyKuBaeTcs: u
aHAJU3UPYyeTCs KpaysiaepoM. Bo-mepBbix, Kpayjep coxpaHser coobieHne B 6a3e JaHHBIX. Bo-
BTOPBIX, OH ITOMEIAET TEKCTOBOE COJEPKUMOe coolIeHust B ouepesb. CepBuC oUepejieil nMeer
obsacTn obMeHa U oIpeJieseHHble ouepean. Kaxkapiii MOIy/ib 00pabOTKU JAHHBIX UMeEeT CBOM
KOHCBIOMEDP U IOJIyYaeT CBOHU JAHHBIE UepPe3 OUepeilb. DT MUKPOCEPBUCHBIE MOJLY/IU OIHUCAHBI
nmke. llociie Beex aramoB 06pabOTKU JTAHHBIX BCsl U3BJICUeHHAsT WHMOpMaIis nornajgaer B 6a3y
JIAHHBIX.

3.2 Texuosnorum. B pazmene 2 mbr paccmorpenu napagurmy IDEAL. Ilpunoxenus
COBJIAHHBIE TI0 JIAHHON HapajurmMe siBHO COOTBETCBYIOT OCHOBHBIM TPEDOBAHUSIM JIjIsi CUCTEMBI
cbopa u 006pabOTKM JAHHBIX. B Halrell apXuTeKType Mbl HCIIOJB30BAJIN CJIEIYIOIIIE TEXHOJIOTUN:

e Docker Swarm mo3BojisseT €O37aTh OTKA30yCTONYUBYIO, MAaCIHITAOUPYEMYIO, JIETKO
1 OBICTPO BOCCTAHABJIUBAIOIILYIOCS CHCTEMY. ABTOMATH3AIMS BOCCTAHOBJIEHUSI
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Puc. 1. Apxurekrypa

KOHTEWHepoB  mocje  c0os, 6naromapst  health  checking, obecrieanBaeT
OTKa30yCTOWIMBOCTh.  KOHTeliHephl maloT Bo3MOKHOCTH peayusoBarh CI/CD, uro
YCKOPsIeT JOCTaBKY KOIa B TECTOBYIO W IIPOU3BOJICTBEHHYIO cpeay. Takum obpasom
IpOTPaMMHBIE PEIeHnsT OBICTPO IPEOCTABJISIIOTCS 3aKA3UMKy. 3a CYET (PYHKIUN
perInKanmmn KOHTeﬁHepOB JOCTUTaCTCA T'OPU3OHTAJIBHOE MaCLHTa6I/IpOBaHI/Ie HpI/IJ’[O}KeHI/Iﬁ
B coorBercTBuU ¢ Harpyskoit. Ha pmc. 1 Crawler m Data processing mpeacTaBsiroT
€000if MUKPOCEPBUCHI, KOTOpPbIE KOHTpoJmpyoTcst yepes Docker Swarm.

e RabbitMQ wucnonbsyercss st cosmanusi odepegeit mexxiy Crawler m Data process-
ing murpocepsBucamu. Odepennu Jal0T HaM BO3MOXKHOCTH 00pabaThIBATH OrPOMHOE
KOJIMIECTBO JIAHHBIX ACHHXPOHHO, KOHCUCTEHTHO U OTKA30yCTONINBO.

e Apache Elasticsearch wucnonbsyercst jjst 6plcTporo jgocryna K JgaHHbIM.  IIporecc
obHapyKeHust CcOObITUIT B OOJIBIIOM WH(MOOPMAIMOHHOM IIPOCTPAHCTBE OyIeT Jjerde
[IPEJICTABUTH KAK MHTEPAKTUBHBIN MPOIECC. DTO 3HAYUT, UTO MBI XOTHM B HaJbHEHIIEM
[IPEJIOCTABUTH IOJIb30BATEI0 BO3MOXKHOCTb MEHSITh IapaMeTphbl Jjis moucka. Hlastic-
search siBjisieTcst OTJIMYHBIM PEIIeHueM JIjisi OBICTPOrO ITOUCKA JIAHHBIX.

o Traefik maér BoszmoxkHOCTH ympasienusi http Tpadukom BHyTpu docker swarm ingress
ceru. bnaronapst Traefik peanuzoBan Boieonucanubiit martepH Circuit Breaker.
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Message N — UserToken N
- Country - N ChatToken A

Puc. 2. Konnenryanabaast MOJIeJIb JAHHBIX

e Open Stack yupasjsieT pecypcaMu u BUPTYAJTbHBIMU MAITUHAME, YTO CUJIBHO 00JIervdaeT
paboTy ¢ cepBepHBIM 000PYIOBAHUEM.

3.3 IlpoektupoBanme wmogesieii jganubix. OtkpoiTeiit APl or Telegram mo3zBosisier
cobupaTh MHOIO MHQPOPMAIMK O IOJIH30BATENsIX, YaTaX W coobmennax. Ha puc. 2 mokasaHa
KOHIIENITYAJIbHAS MOJIEJIb JIAHHBIX HAIEH PeJIsInOHHON 6a3bl JAHHBIX.

[TepBbiM MOyJIeM HpeIBAPUTEILHOM 00pabOTKN OblLiIa TOKEHU3AIMs TEKCTa coobrenust [23].
Toxken B HaleMm cjydae - 9TO IOHUTpaMMa. llepes TokeHu3amumeil TeKCT OYNIIAeTCsl OT PYyCCKUX
CTOTI-CJIOB, B3sAThIX 13 RussianAnalyzer B 6ubsimoreke Apache Lucene [24]. st Kaxkgoro TokeHa
CUNUTAETCST JACTOTa, C KOTOPOW OH IOSIBJISIETCSI B COODIIEHUSAX OTIEILHO B3SITHIX MOJIb30BaTEJICH
u varoB. Hamnpumep, B Kazaxcrane Bo Bpems mamgemun COVID-19 u YII rocymapcrso
BoiTaanBajo 42 500 TeHre KOMIIEHCAIINN JIIOISIM, IOTEPSABIINM PabOTy WU JOXOH. DTOT TOKEH
42500’ numeer obmree koamdecTBo O6ostee 11000 B 34 warax. OmHAKO B OOJBIIEH CTEIIEHH 3TOT
TOKEH aKTHBHO MCIIOJIb30BAJICS TOJIBKO B OJHOM HOBOCTHOM KaHAJIe.

BropbiM wHCTpyMEHTOM NpeaBapuTeabHON 00paboTKH ObLia JeMMAaTH3AIUA COOOIEHU
Ha PYCCKOM MU AHTJIMMCKOM s3bIKaX. JJIT pPYyCCKOS3BIYHBIX COOOIMEHWI MBI HCIOJIB30BAJII
6ubsmoreky Ha 6aze Lucene [25].

Tperuit momyns mpeacTas/sier coOOfl MUKPOCEPBUC JIjIsi W3BJICUEHUs] TOMUKOB. /JlaHHbIi
MOJTyJIb MOYKET ITOC/Iy?KATH OCHOBOH JIJTsT PeIIeHus ITOCTABICHHON B IpuMep 3a1a9u 00apyKeHus
cobbrtuii. Ha maHHBII MOMEHT I M3BJI€UE€HUS TOIMKOB MCIIOJIB3YeTCA CaMbIl IIPOCTON METO/I,
peraucienne tf-idf. Mer paccmarpuBaeM Kaxkiioe cOODIIEHNE KaK «JIOKYMEHT», OObeuHIEM BCe
COODINEHNSI U3 YaTOB 3a OJUH JeHb 1 Beraucigem ti-idf g kazkjoro rokena. Ton-K Tokenos
¢ cambiM BbicokuM tf-idf Gepyrcst B kadecre K rtonmkos jusi (Mbl ucmnosbsyem K = 5). B
OTJINYME OT JAPYyTUX MOMYJIeil, KOTOpble OBbLIN HaIMCAHbI HA S3bIKE IIPOrpaMMUpPOBaHUS Java,
JAHHBIN MOJTYJIb HAITMCAH Ha A3bIKe ITporpamMmMmupoBanus Python. Tem cambiMm KomILieke Moryaeit
JEMOHCTPUPYET HE3aBUCUMOCTD Pas3spabOTKH MOJY/ei B paboTe HaJI OJHON OOJIBIION 3a1adeil.

Bce mojysin B maHHOM apXUTEKTyPe JIErKO MaCIITadUPYyIOTCs 10 Mepe Hajobnoctu. Hampumep,
IepBbIE JIBA MOIYJIs SIBHO TPEOYIOT OOJIBINIOrO KOJUYECTBA PEIINK, YTO0 He 3aJIep:KUBaTh
coobmmernuss u3 OSN B ouepenm. KosmmgecTBo perummk Tperhbero Mojyss 3aBHCUT OT
JaCTOTHI 3aIPOCOB CO CTOPOHBI MOJIB30BaTeel cucTeMbl. He3aBUCHMOCTDH MOJyseil ITO3BOJISIET
HACTPAWBATH UX U UX OKPYKEHUE CAMBIM OINTUMAJIbHBIM 00pa30oM.

Mpsr cobupaem coobrienust ¢ 19.02.2020 ot nmybsmanbix rpynn u kanajos u3 Kasaxcrama. B
nagasie anpesid 2021 MBI BKIIOYWIN HECKOJIbKO 4YaToB m3 Poccuu, Besopyccum, Ykpamubl u
V3bekucrana. Ha 05.11.2022 6a3a ganabix HacuurbiBaeT 12 000 garos, 808 000 mosb3oBareseit
u 4 220 000 coobmennii. PocT maHHBIX IpeicTaBjaeH Ha puc. 3.

JI.LH. 'ymuneB arsingarsl EYY Xabapmeicsl. MaTtemaruka. Komnbiorepiik reiabiMaap. Mexanuka, 2022, Tom 140, Ne3

Becrnuk EHY um. JI.H. I'ymunesa. Maremaruka. Komnbiorepubsle Hayku. Mexanuka, 2022, Tom 140, Ne3

28



A.B. Mycuna, C.C. Ayb6akupos, II. Tpuro

4500000
4000000
3500000
3000000
2500000

2000000
1500000 B Kon-80 coobLyeHui
1000000

0

. .
PO R G R P
A i\v" COQV-' A év" &)Qvﬂ ot év" COQV-'
&@@S\ N &@@9 N &@@9 N

Puc. 3. Pocr nonostHsieMbIX JTaHHBIX

[onyuennast apxXuTeKTypa II0Ka3ajga CBOIO PabOTOCIOCOOHOCTD. Kommeke wmomymeit
oTBedaeT BceM TpeboBaHmMsAM Ipu cOope u 0O6pabOTKe JAHHBIX B PEXKUME PEaJbHOIO BPEMEHM.
[IpencrBasennoe ob6JIavHOE DPEIIEHHE MOXKET UPHUMEHATHCS JJIs U3YUeHusl ropasyio OoJiee
CJIOXKHBIX 3aJ1a4 110 00pabOTKe U aHA U3y JAHHBIX M3 COIMUAJBHBIX cereil. O3HaKoMuTCs 6ojee
o/IpOGHO ¢ paspaboTKON MOKHO Ha Hameii crpanune B GitHub [26].

3akJjodeHune. Mbr  paspaboTajii  BBICOKOHATDYKEHHYIO,  OTKA30yCTOWYUBYIO,
MaCIITabUPYEMYIO apXUTEKTYPY, COCTOSINYI0 W3 KOMILIEKCA MOJIyJIed, IIjIs U3BJIEUYEHUS] U
XpaHeHUs JAHHBIX U3 COIUAJBHBIX MeJIHa, WCIOIb3ysl MMapajiirMy pPa3pabOTKU O0JIATHBIX
npwioxkenuit.  Kpaysep cobupaer coobmenust u3z 2765 uaroB Telegram.  Mukpocepsuc
06pabOTKN JIAHHLIX BLITIOJHEH B BUJE MACIITAOUPYEMbIX MOJIYJIel, KOTOPbIE MOYXKHO JIETKO
PACIIIIPUTE C TIOMOIIBIO JOMOJHUTEILHBIX UHCTPYMEHTOB. Pe3yabTarsl maHHON paboThl MBI
IJIAHUPYEM WCIOJIB30BATh B OymyIeit pabore. Mbl cobupaeMcst MPOBECTH JTOTOJTHUTETHHBIH
0030p JUTEpaATyPHI MO0 TeMaTHKe OOHAPYKEHUsST COOBITHH B COMMATHHBIX CETSAX W OMPEJIETUTD
TOYHBIA 1 9PPEKTUBHBIN aJITOPUTM OOHAPYKEHU COOLITUI M MX B3aWMMOCBsI3ei.
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OJleyMeTTiK >keJlijiepaeH y3Aaikcis 6imimai misirapyra apHaJaraH apxXUTeKTypa

AHHOTaUUA: OJIEYyMETTIK >KeJijiep y3akK, yaKbIT OOHbI aJaMIap/IblH, KYHJIEJTIKTI eMipiHie axKbIpaMac pPes aTKapalbl.
Haxkrer asremze 6i3ain 6yKia eMipimMiz 1udpiblK KeHICTIKTe YKa3blLIFaH. OJIEYMETTIK MeJUa »KOHE OHBIMEH SPEKEeTTEeCETiH
JKeJIiep lepeKkTepi Tajjay YIIH TaMalla MYMKIHIIKTep OpHbIHa aiiHaunbl. OuapablH KYHAETKTI emipre ocepi caHIbIK,
MapKEeTUHI, KOFaMJIbIK WiKipJai Tajjay, casChi MOHUTOPHUHI »KOHE alarTap TypaJjbl XabapjaHAbIpy CHUSIKTBI 9pTYpJIi
castanapabl KamMTuabl. OChIHAAN YIKEH JePEeKTep arblHbIH OHJIEY/IIH Ke3 KeJIreH TAlCHIPMAChl TAJJIAHFAH PECYyPCKa CoiKec
KeJIETIH KOTePEHTTI apXUTEKTYPaHbl KAXKET eTe/li. ¥ ChIHBLIFAH >KYMBICTa 0i3 opTYPJIi 9JIeyMETTIK »KeJiIep/ieH 1epeKTep/Ii
ajly MEH OHJEY KoHe HAKTbl yaKbIT DEeXUMiHJe JdepeKTep/i Tajiay VIIiH >KOFapbl »KYKTEJeH, akKayjlapra Te3iMJi,
MacIITabTaJ IaThIH KylieHl Kypy MiHgeTiH Kouasik. [llemiM Momysabaep KelreHi TypiHIeri apXuTeKTypa OGOJIbII TaObLIa b,
Mopynbaepain MOTIHIIK JepeKkTep/i KUHayJaH OacTall Tikejgeil eHJeyre »kKoHe OLIIM/I mblFapyra JIeHiHri OpbIHAAIATHIH
JKYMBICKA OailJIaHBICTBI ©31HIK cHUllaTTaMa apbl 6ap.
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Architecture for enduring knowledge-extraction from online social networks

Abstract: Nowadays social networks and media play significant role in daily life. All our life in the real world is
recorded in the digital space as well. Scientists have enormous potential in researching issues such as social influence on
top news and top news influence on society. Its impact on daily life spans such diverse areas as digital marketing, public
opinion analysis, political monitoring and disaster notification. Any task of processing such a large data stream needs a
coherent architecture that will fit the analyzed resource. In the presented work, we set ourselves the task of creating a
highly loaded, fault-tolerant, scalable system for extracting and processing data from various social networks and analyzing
data in real time. The solution is architecture in the form of a set of modules. Modules have their own characteristics
depending on the work performed, from collecting textual data to direct processing and extraction of knowledge.

Keywords: Highly loaded, fault-tolerant, scalable architecture, data crawling, Telegram.
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