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Why We Need Probability Distributions With Periodic
Failure Rates In Reliability And Risk

Boyan Dimitrov

o
Kettering University, Flint, Michigan
bdimitro@kettering.edu

Abstract

We discuss situations in real life where probability distributions with periodic failure rates should
be considered. This discussion leads us to a new class, called Almost-Lack-of-Memory (ALM)
probability distributions. We explain the structure of these distributions, and list some of their
important properties. One of the main properties is its periodic failure rate. Throughout this article
we notice some areas of possible applications of these distributions, and relate applications to the
properties of these distributions. However, periodic variability also is observed. This may be another
interesting continuation of this study.

Keywords: ALM class of probability distributions; Periodic failure rate functions; Non-
homogeneous Poisson Process; periodic random environment

I. Introduction

A positive r.v. X (life time) is uniquely determined by its failure rate function (FRF) A(t). The function
A(t)At is presenting the conditional probability that the object will fail within the nearest time
interval [t, t+At) given that it did not fail before t. For X continuous with c.d.f. F(x) and p.d.f. f(x), it
holds

A(t)=f(t)/ 1 - F(t), for all t >0, where 1 - F(t) # 0. 1)
The function
A(t)=-In[1-F(@#)],t=0 (2)
is known as hazard function (HF) of the object.
The relationship
t
A(t) = L;t(x)dx 3)

allows to understand that either of the four functions f(x), F(x), /A(t), or A(t) uniquely determines the
other three. In demography and survival analysis the FRF A(t) is known as mortality rate. In [7] for
the needs of age comparison, we proposed to call A(t) risk function (risk to fail, risk to die, risk of
something to happen at age t since the aging process, has started).

We proposed to call A(t) with numerous of appropriate names, e.g. risk function (risk to fail,
risk to die, risk of something to happen at age t since the aging process has started). Another suitable
terminology for A(t) is stress function. /A(x) is the accumulated stress (or accumulated risk) during the life
up to age x. The FRF A(t) varies over the time. It reflects the impact of the environment and its
interaction with the working object. In Risk analysis the FRF usually is related to weariness, fatigue,
maintenance to stabilization and improvement, or other internal properties of the working objects.
Traditionally, the FRF are considered increasing, decreasing, bathtub, or arc shaped. It is reasonable
to consider also periodic FRFs in reliability and in other applications too!

Periodic intensity rate FRF A(t) with period c equal to the periodicity in the environmental
10
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changes. The function FRF A(t) should satisfy the equations A(t + nc)= A(t) for any t > 0, and for any
n=1,2,... An appropriate choice of the function A(f) on the interval [0, c) solves the problem of
determination of the distributions from this class, and any related characteristics.

In this work we give several examples where periodic FRF takes place. These examples also
pinpoint areas of application for our models. Then we discuss the class of ALM probability
distributions (first Introduced in [11]) which best suits (by physical and analytical properties) to
model the phenomena described. We also focus some attention on random processes related to the
ALM probability distributions and on their unique relationships. Each discussion briefly notices
areas of possible applications.

II. Examples where periodic failure rates appear naturally

Here we describe some examples of life time distributions where distributions with periodic
FRF can be expected. By the way, periodicity is in front of our eyes: We have daily periodicity
in our habits every 24 hours; we have the weekly periodicity in our weekly schedules; we have
some kind of monthly periodicity, at least while we pay our bills; we have the quarterly
periodicity in some payments or other dues; we have half a year periodicity by season changes,
or vacation opportunity; we have yearly periodicity in many means (season changes, insurance
or subscription renewals, etc.). Some of these are described in more detail in the following
examples.

Example 1: Periodic Reliability Maintenance with Replacements. The system requires use of
items with strictly limited workload. S.
e The airplane motor must work 300 hours, and then replaced by a new one;
e In military operations this is very strict that an ammunition can be replaced after
reaching certain age;
e Medical prescription require medication intake after expiration of certain fixed time;
e In the food industry the expiration date is strictly enforced. Food supply works as a
periodic inventory system.

Assume that a failed item before the expiration date is replaced instantaneously with a
working item at the same age as the just failed.

At the times of compulsory maintenance, made periodically any ¢ time units, the operating
item is replaced by a completely new one and the process continues under the same rules. The
life time of such system has a FRF of period c.

Analogous behavior can be noticed in the inventory systems with periodic refill of the
storage rooms, as considered in [16] and [17].

Aerospace engineering uses satellites for various purposes for some fixed periods of time
3-8 years. This example may fit some of their reliability problems too.

In social life and politics the periodic elections form processes of constant periodic nature.
Numerous interesting variables with periodic FRFs can be associated with such processes
elsewhere.

Example 2: Service on non-reliable server (It is borrowed from [9], [11, [16], [18]).
Consider a job, processed on an unreliable server, according to ”preemptive — repeat - different”
service discipline.
e The server may fail during service of a job. After each failure it gets an instantaneous repair,
and becomes as good as new. The server’ life times Tx are i.i.d. r.v.’s.;
e The job service time has duration Y if not interrupted;
e The interrupted job is continued upon the server’s recovery, as new with other
independent realization of the r.v. Y;

11
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e ¢ The service will be complete when the new service time Yx is less than the server’s life
time T
o o Therv.’s Yuand Tn are mutually independent.

Let X be the total service time of the job, and

N=inf{n;, Yo <Tuy, n=1}. (4)
Then
N-1
X=) T, + Yy (5)
n=1

is the structure of the total service time X. If assume that the server life times Tx are all equal to
one and the same constant ¢, i.e. if P(T»=c)=1 for n=1,2, . . ., and the required service time Y is a
continuous r.v., then X has periodic FRF of period c. The authors of [9] and [16] derived the
mathematical expression for the distribution of the total service time.

Example 3: The time to first event in a Non-Homogeneous Poisson Process (NHPP) The NHPP
{N::t>0}is a counting process the random number of events (arrivals) N¢in [0, t), f 20 (discussed
in [2], [3]). The arrival rate A(f) is a non-negative function with finite integral on any finite
interval of integration. The integrated rate function A(t) of the NHPP, given by (3), represents
the expected number of events E(Nt), within [0, t), t 20 . For any t > 0 the r.v. Nt has Poisson
distribution of parameter /(f) The arrivals on any non-overlapping intervals are independent
r.v.’s. One can always associate a non-negative r.v. X with every NHPP. X is defined by the
integrated rate function /A(t) declaring Fx(x) =0 for x <0, and Fx(x) =1 - e ~4® x > 0, according
to relationships (1) - (3). This r.v. represents the waiting time up to the first event since the
process starts: F(x) =1 - P{X >x} =1 - P{N[0,x) = 0}, x 2 0 . Reversely, any non-negative r.v. X
generates a NHPP {N: : t > 0} whose intensity function coincides with the FRF of X, treated as
life time. The times of the events in N: can be interpreted as the flow of minimal repairs for an
operating item whose life time is X (used in [3], [4] and [8]). If the intensity rate A(f) of the NHPP
is periodic of period ¢, so is the FRF of ther.v. X .

Example 4: Periodicity in Earth’ life generates periodic NHPPs. Periodicity in surrounding
environmental conditions may have a considerable impact on the chances of random events to
occur, on the random variables and the processes these events generate. As a natural descriptor
of the effects of the periodic random environment on the rates of related random events, we
suggest to use NHPP with periodic intensity rate A(t) with period c equal to the periodicity in
the environmental changes. The function A(t) should satisfy the equations

A(t + nc)= A(t) for any t 20, and forany n=1, 2, .. .. (6)

An appropriate choice of the function A(t) on the interval [0, c) solves the problem of
determination of the NHPP and any related characteristics.

Car accidents: The winter intensity rates due to wet, snowy or foggy weather are higher
compare to what is in dry summer months; A bathtub-shape for the claims rate can be repeatedly
expected every year in the northern countries. Natural periodicity of 1 year is reasonable, but
periodic behavior of several years also seems admissible.

Hurricane activities: More than hundred years of records show that ”“the hurricane season
starts by the end of May, has a season of high activity from second half of August to the first
half of October and vanishes by the second half of December”. The hurricane activity at coastal
U.S. is modeled with a bell-shaped intensity function with a mode about the second half of the
year. Natural periodicity seems to be 1 year; More realistic however, is the 6 year periodic
alternation “El Ni'no - La Ni'na” seasons. In the South Hemisphere the shape of hurricane’s
intensity function should be bathtub (in a yearly interval starting in January) Sinusoidal
up/down shifts with depression in the yearly behavior on a 3 year segment are reported and
clearly visible on the site

12
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http://www.cpc.ncep.noaa.gov/products/CDB/Tropics/figt3.gif
Go there, and you’ll see the picture

Anomaly (C)

Anomaly (m/s)

B e P e R At e R S e P T P S
5 %7 983 59 00 [ CoE O3 £4 OB O6 407 o8 09 10 11 12 13 14 15 15
Data updated through December 2015

We do believe that you clearly see periodicity and agree to our suggestions. But, this
variability is observed in the standard deviation too. This is a deep challenge to see what class of life time
distributions it may call.

Forest fires: Their intensity is low during wet seasons and high during dry seasons of the
year. Usually, wet are Fall, Winter and Spring, and dry is the Summer. Respectively, a symmetric
bell-shaped intensity function for the counts of the forest fires could be an appropriate model.

Flooding related events: Their intensity obviously goes high with snow melting when Winter
ends and Spring comes. Somewhere the flooding may be related to hurricanes, or Summer
thunderstorms. The respective behavior of A(t) may depend on the local specifics. Generally,
A(t) is expected to have a bell shape with maximum shifted to the first third of the period. For
some areas A(f) may be a multi-modal shaped flooding intensity.

House and car sales: Here everything can be expected. Most likely, there are two picks of the
sale’ intensity function, in the Spring and in the Fall. In such cases a mixture of two one pick
functions, or a polynomial function of third degree may fit an appropriate model for the sale’
intensity function A(t).

The examples may assume that the intensity at the yearend smoothly matches the value of
this intensity at the beginning of the next year. There are possible situations with picks either at
the beginning of the year (e.g. intensity of new loan contracts, purchase intensity of certain
consumer’s goods), or picks located near the end of the year (e.g. donations, spending funds
related to taxes, and similar reasons in financial models). Respective A(t).can be decreasing in ¢,
increasing, any, and no need to match the starting values with the values at the end of a cycle,
and is a periodic function. The waiting time up to the occurrence of the first event in either of
these processes is having periodic FRF.

13
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Example 5: Extended in time Bernoulli Trials (BTs) generate periodic NHPP Numerous
processes with established periodicity may be related to certain events (”successes”) in an
artificially created sequence of extended in time BTs.

The traditional sequence of Bernoulli trials is based on the following conditions: — The
consecutive trials are independent;

— Each trial has only two possible outcomes conditionally called “success” (S) and “failure” (F)

— The probability P(S)=1-a does not depend on the current trial (so does the probability for
failure P(F) = a), and is the same for each trial.

Let us add three more components (requirements to the sequence of BTs as in [9]) due to
the facts that: Each trial essentially takes some considerable time to be conducted. As soon as
success is observed it can be immediately recognized and recorded.

Hence:

— There is a need of considerable time c > 0 to complete each one of these BT;

—If success occurs within a trial, the time from the start of this trial until the success occurs,
is ar.v. Y. Its distribution has support on the interval [0, c).

— The fact that a particular trial fails can be confirmed only when it is completed.

We list some of the potential contenders to the BTs constructions.

— Periodic alternations between cold and warm eras on Earth (of yet to be established
periodicity);

— The 24 hours rotation of the Earth around its axis;

— The 11 years periodic cycles in solar activity;

— Other periodic configurations between planets or other spatial objects;

— The 24 hours and 50 minutes in length cycle in the tidal events (tides are cyclic rises and
falls of seawater);

— The mentioned yearly changing climatic and meteorological conditions. Numerous
pollution characteristics (chemical concentrations, emissions) can be related to this periodic
process;

Equidistant check-points (measured in time, in miles, or in other workload units) in the
maintenance procedures, associated with the normal work of a production system, a technical
item, or a social system, are good sources for consideration of embedded extended ”in time”
BTs;

Risk-associated events, such as house fires, diseases, fertility, mutation, bankruptcy,
consumption rates, currency exchange rates, investment’ revenue, etc. may be involved in
extended in time BTs of appropriate periodicity (time to perform a trial);

Human bio-rhythmic cycles like breathing cycles, heartbeats, eating cycles, use of prescription
drugs, and others;

The waiting time until the occurrence of the first success in extended in time BTs has a periodic
FRF (Khalil and Dimitrov [9]).

III. The role of origin in the time count

In the definition of periodic NHPP the origin is fixed as the beginning of a period, e.g. 15t of
January each year. Imagine, the time origin to is moving within the year, and can be located at
any other day on the calendar. For instance

— April 15th as the last day to submit tax documents in the United States

. —July 1+t as start of the new Academic year for most American

— A 12-month fiscal year, begins on October 1 and ends on September 30 next year,

In the sequel it will be important to have the same fixed start of any next period of time of
duration ¢, as shown in [8] and [12]. The flows of events related to such determination of the
time origin may change the analytical expression that fits best. Such variability creates some
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challenging statistical problems, namely to find the best position of the time origin that might
produce the best goodness of fit to given observations.

The nature of the waiting time up to the occurrence of the first event of the process is not
changed no matter what is the time origin. The properties of the r.v.’s related with periodic
NHPPs, remain stable despite of some variability in the explicit mathematical forms in their
description.

IV. Presentations of the distributions with periodic failure ratesons with
periodic failure rates: equivalent analytical presentations

In this section we give a summary of results found by various authors during last 20 years on
establishing properties and analytical forms of the distributions with periodic failure rates (see [6],

(7], [8], [10], [15]).
Theorem 1: (A) The cdf of the waiting time X up to the first event in a periodic NHPP has the

form

Fx(t)=1- ahJ [1— l-a)F (t- [%}C)J t>0, 7)

where a € [0, 1], and Fx(y) is a cdf with support on the interval [0, c). These are determined by the
equations

e—joczx (u)du
—_ o= ;

—The r.v. Y is defined either by its cdf
1 "2, (uyd
P —— 1o O e
1_e—sz (u)du

Its pdf is
Ay (Y) e—foyﬁx (u)du
1 e—joix (u)du

It is said that a r.v. X with a cdf of the form (7) belongs to the class of ALM(a, ¢, Fr (y))
distributions. &, ¢, and Fy (y) are parameters of this class of probability distributions;
(B) In the continuous case the pdf fx(t) exists and has the form

A(t) =aM L-a)f, (t —Hc), £20; 8)

(O) If a r.v. X has the distribution given by (7), then it satisfies the conditional probability
property

fry)= , withy € [0, ¢).

P{X-nc2t| X>nc}=P{X>t} 9)
for all t 20, and for arbitrary integer n =0, 1, 2, ....
Namely, this property is called ” Almost-Lack-of-Memory (ALM) property”, first in [13].
(D) Let a non-negative r.v. X have the lack of memory at a point ¢, ¢ >0, i.e. let
PX-c>t| X2c}=P{X>t} (10)
holds for all values of t > 0 and for the given value of the constant c. Then it holds:
(Di) X possesses the LM(nc) property with the value of ¢, for arbitrary integer n=1, 2, ...;
(Dii) The cdf Fx(t) is given by equation (7), where Fy (y) is a cdf with support on the interval
[0, c) if and only if (10) holds;
(E) A r.v. X has the LM property at some moment c > 0 if and only if X belongs to the class
of ALM(q, ¢, Fr(y)) distributions;
(F) A r.v. X belongs to the class of ALM(«a, ¢, Fy (y)) distributions if and only if it can be
represented as a sum X =Y + cZ of two independent r.v.’s Y and Z, where
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— Y is located on the interval [0, c) with probability 1, and
— Z has the geometric distribution P{X =k} =a*(1-a), k=0, 1, 2, ... with some a € (0, 1);
(G) The Laplace-Stieltjes transform of the life time X is given by the formula
l1-a
Ppx(s) =@y () ————
l1-ce

-sc ’

(H) The Hazard Distribution Function (HDF), defined as a two argument function by the
relation

R+ 9-F®
1RO

Ax(x, ) =P{X-x<t| X>x} (11)
is periodic with respect to first argument x, i.e. it satisfies
Ax(x+¢, t)=Ax(x, t), x20, forany t 20;
(1)) If a life time r.v. X has periodic HDF of period ¢ > 0 then its cdf Fx(t) has the form
(7), where a € [0, 1], and Fy (y) is a cdf with support on the interval [0, c).
Moreover, it is fulfilled:
(Ia) The FRF of X has the form

1-a)f, (t{ Jc)

t
c

Ax(f) = t20;

1-(l-a)F, (t - mc)

(Ib) The FRF Ax(t) is periodic function of period c;

(D Ifarv. X ~ ALM(q, ¢, Fr(y)) distribution, then

P{IX-(mc+y)<t|l Xznc+y}=P{X-y<t| X2y} (12)

holds for all t >0, for arbitrary y € [0, c), and for arbitrary integer n =1, 2, ... This property

explains that the ALM property is irrelevant in respect of the location of the origin within

the interval [0, ¢);

(K) If X ~ ALM(q, ¢, Fr(y)) with a >0, and ¢ > 0, then the r.v. X is unbounded, i.e. for
arbitrary M > 0 it is fulfilled

P(X>M}>0.

Precise expressions for cases of discrete distributions and discrete times are also feasible.

Some of these are shown in [11] and [12].

V. Distributions with periodic failure rates: equivalent analytical
presentations

In this section we give a summary of results found by various authors during last 20 years on
establishing properties and analytical forms of the distributions with periodic failure rates (see [6],

(7], [8], [10], [15]).
Theorem 1: (A) The cdf of the waiting time X up to the first event in a periodic NHPP has the

form

Fx(H)=1- aM[l—(l—a) F, (t _HC)J' £>0, @)

where a € [0, 1], and Fx(y) is a cdf with support on the interval [0, c). These are determined by the
equations

efj:zx (u)du
— o= ;

—The r.v. Y is defined either by its cdf
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Fr(y)= ﬁ\‘l—e-& Ax (U)duJ for ye [0,
1-e *”

Its pdf is
Ay (Y) e—foy/lx (u)du
1_ e—joix (u)du

It is said that a r.v. X with a cdf of the form (7) belongs to the class of ALM(a, ¢, Fr (y))
distributions. «, ¢, and Fy (y) are parameters of this class of probability distributions;
(B) In the continuous case the pdf fx(t) exists and has the form

fry)= , withy € [0, c).

X
fx(t)=aM(1—a) f, (t—[%}c), t>0; (8)
(O) If a r.v. X has the distribution given by (7), then it satisfies the conditional probability
property
P{X-nczt| Xznc}=P{X=t} )
for all t 20, and for arbitrary integer n =0, 1, 2, ....
Namely, this property is called ” Almost-Lack-of-Memory (ALM) property”, first in [13].
(D) Let a non-negative r.v. X have the lack of memory at a point ¢, ¢ >0, i.e. let
PiX-c2tl X2c}=P{X2t] (10)
holds for all values of t > 0 and for the given value of the constant c. Then it holds:
(Di) X possesses the LM(nc) property with the value of ¢, for arbitrary integer n=1, 2, ...;
(Dii) The cdf Fx(t) is given by equation (7), where Fy (y) is a cdf with support on the
interval [0, ¢) if and only if (10) holds;
(E) A r.v. X has the LM property at some moment ¢ > 0 if and only if X belongs to the class
of ALM(q, ¢, Fy (y)) distributions;
(F) A r.v. X belongs to the class of ALM(q, ¢, Fy(y)) distributions if and only if it can be
represented as a sum X =Y + cZ of two independent r.v.’s Y and Z, where
- Yis located on the interval [0, ¢) with probability 1, and
— Z has the geometric distribution P{X =k} =a*(1-a), k=0, 1, 2, ... with some a € (0, 1);
(G) The Laplace-Stieltjes transform of the life time X is given by the formula

1—
@x(s) = @y (s) 1—Oi

sc ’/

(H) The Hazard Distribution Function (HDF), defined as a two argument function by the
relation
_K&x+9)-FK (¥
1-F(®)

Ax(x, )=P{X-x<t| X=x} (11)
is periodic with respect to first argument x, i.e. it satisfies
Ax(x+¢, t)=Ax(x, t), x 20, forany £ 20;
(ID) If a life time r.v. X has periodic HDF of period ¢ > 0 then its cdf Fx(f) has the form
(7), where a € [0, 1], and Fy (y) is a cdf with support on the interval [0, c).
Moreover, it is fulfilled:
(Ia) The FRF of X has the form

L-a)f, (t— ch)

Ax(t) = t>0;

t 7
1-(l-a)F, (t- Hc)
c
(Ib) The FRF Ax(t) is periodic function of period c;
(D Ifarv. X ~ALM(q, ¢, Fy(y)) distribution, then

17



B. Dimitrov RT&A, No 2 (45)
WHY WE NEED PROBABILITY DISTRIBUTIONS WITH PER Volume 12, June 2017

PIX-(mc+y)<tl Xznc+y}=P{X-y<t| X2y} (12)
holds for all t > 0, for arbitrary y € [0, c), and for arbitrary integer n =1, 2, .... This property
explains that the ALM property is irrelevant in respect of the location of the origin within
the interval [0, ¢);

(K) If X ~ ALM(q, ¢, Fr(y)) with a >0, and ¢ > 0, then the r.v. X is unbounded, i.e. for
arbitrary M > 0 it is fulfilled
P{X>=M}>0.
Precise expressions for cases of discrete distributions and discrete times are also feasible.
Some of these are shown in [11] and [12].

VL. Properties of periodic NHPP

The only process which can be uniquely associated to the r.v.” s with periodic failure rates are
the NHPPs with periodic intensity functions and with same interval of periodicity [2], [3], [5],
[8]. They possess some interesting and important properties which can be used in applications.
These can also be treated as an indivisible part of the properties of the life times. It holds
Theorem 2: An integer valued random process {N:} with periodic intensity rate A(t) of period ¢
>0 is a NHPP if and only if the following two properties hold:
(A) (i) For some constant ¢ and for arbitrary f > 0 it is true that
P{N[c,ct+t) = m} = P{N[O,t) = m} for any integer m=0, 1, 2, ...;
(ii) The r.v.’s N[c,ct+t) and N[0,c) are independent for any f > 0;
(B) A counting process {N:, t > 0} is generated by random environment with periodic
behavior of period ¢ >0
Ni=d M1+ M2+ ...+ M[we + Nt -(t/c]c, (13)

c
where {Mx}_, arei.i.d. Poisson r.v.’s of parameter /A(c) = Li(X)dX, independent of

the component N: - (e, and A(x) = 0 is some periodic function of period ¢ > 0,
presenting the intensity of occurrence of events.
The notation “=4" means equality in distribution;

(C) A NHPP {N;, t 2 0} of intensity rate A(f) is periodic of period c¢ > 0 if and only if the
associated random variable X belongs to the class of ALM(a, ¢, Fy (y)) distributions with
parameters defined as in Theorem 1 (A);

(D) If each of the K mutually independent point processes N:®), ..., Ni& is a periodic NHPP
with integrated intensity functions Au(t), . . ., Ax(t), and all of the K processes have a common
period c*, then their superposition is a periodic NHPP with integrated intensity function /A(t) =
Ai(t) + ...+ Ak(t), and its period is c".

The random sum

Nt
Zi= Y &, with&=0
n=0

is called Process of accumulation;
(E) If the sequence of sum components {&s, 121} consists of ii.d. random variables, the
aggregate claim process {Z: ; t 2 0} driven by a periodic NHPP can be decomposed into the form
Zi=4Z W+ Z @+, + Z WD+ Ziqeyege . (14)
The variables {Z (), n>0} are i.i.d. r.v.’s distributed as the compound Poisson sum

M;
z0- Y6,
n=0

and M is a Poisson r.v. as defined in part (A). The last term Z-y/cc in (14) is also a compound
Poisson term, independent of the other components Z ), and with parameter A(t), for ¢ < c. Some
applications of these results in modeling of processes in reliability and environmental studies
can be seen in [2],[3] and [14].
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VII. Conclusions

It is natural to consider life times with periodic FRF in reliability, risk, insurance, environmental
modeling, financial mathematics, political theory, climate changes and various other
applications. The reason is that the periodicity in surrounding environmental conditions has a
considerable impact on generated random events, variables and processes.

An easy to understand description of these effects is suggested in the present article, and
simple analytical relationships between its mathematical models are presented.

NHPP’s with periodic failure rates provide good models for counting processes in any
periodic random environment.

The periodic nature of the intensity A(f) in modeling risk processes could become a powerful
tool in the study of cost models and financial problems related to various maintenance policies.
Statistical challenges for best estimation of this function fir varying origin and fixed length of
periodicity are raised.
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Abstract

Given is computational method of statistical distribution function of possible realizations of
coefficients of linear correlation of Pearson and grade correlation of Spirmen for dependent random
quantities. Dependence provided with ranging of random quantities of selections. Random
quantities are modeled and have uniform distribution in the range of [0,1]. These distributions allow
to evaluate the error of II type and to compare it with the error of I type. The error of II type
established on statistical distribution function of coefficient correlation of independent selections.
These distributions are in a basis of criteria for estimate of the importance of coefficients of
correlation of technical and economic parameters of objects of electrical power systems.

Keywords: Correlation coefficient, selection, ranging, distribution, technical and economic indicator

I. Introduction

The indispensable condition of objectivity of ranging of objects of electric energy systems (EES) by
comparison of integral parameters (IP) of efficiency (reliability, profitability and non-failure
operation) their works is reliability of IP. In turn, reliability of the estimate of IP depends on the level
of statistical communications of the consisting IP of technical and economic indicators (TEI).
Reliability of IP is possible at independence TEI the objects of the same name. If the number of
dependent TEI more, then the reliability of IP will be is lower and the risk of the wrong decision will
is higher. Need of ranging of objects arises systematically at the organization of their maintenance
and repair, load distribution, carrying out tests. And, first of all, - for objects, perioditon recovery of
wear is not reglamented and is defined by their technical condition. Main characteristic of technical
condition of objects of EES serves the set of formalized TEI [1].

At classification of statistical data passport data and data on service conditions are not less
important. A set of indicators characterizing of objects selected expressly consciously, since the
personnel of the power supply system should solve operational problems, being guided by technical
condition of specific objects. If besides to add that many of these indicators differ with units, the
scale and the scale of measurement, then difficulties of ensuring reliability of ranging of objects with
calculation methods become obvious. For this reason in practice of the decision, following from
ranging of objects, are accepted intuitively, in many respects heuristically. The risk of the wrong
decision at decrease in qualification of personnel increases. The multidimensionality noted above
and natural difficulty of accounting of all information is not less important reason of risk of the
wrong decision.

In these conditions the possibility of the automated methodical and information support of
personnel is very tempting. Thus:
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- application of modern methods of the analysis and synthesis of statistical data, bulkiness of
calculations, knowledge volumity, cause the high probability of "mechanical" mistakes by
production of calculations of IP manually;

- methodical support of personnel consists in the recommendations based on objective
comparison and ranging of objects;

- information support consists in justification of some decisions in the form of specialized
calculation tables [2].

It should be noted that it is inexpedient and to absolutize the importance of methodical
support of personnel as IP not always consider all factors on which objectivity of the decision
depends.

To such factors:

- availability of the defective nodes of object demanding replacement;

- materials, relevant repair crews, possibility of shutdown of object, etc.

Estimate of the importance of statistical communication TEI in practice it is carried out by
comparison of design values of the correlation factors (CF), with the CF critical value for the set error
of I Type a. The CF critical values are tabulated for the number of values a and the sample size of
nv. They can be also determined by formulas of calculation of boundary values of the reliability
interval provided that distribution function of CF corresponds to the normal law. Among the set of
possible CF we will use the most often used by coefficient of linear correlation of Pearson (y) and
the index of rank of Spirmen (r). Let's remind that Pearson's CF (y) characterizes only statistical
interrelation of selections which implementations are set in the quantitative scale, and Spearmen (p)
CF characterizes statistical interrelation of selections of ranks (ordinal values) of implementations.
Critical values y and p are considered equal, i.e. yo=pa [3].

Calculation formulas y and p are received for the assumption of compliance of implementations
of selections to the normal distribution law. The premises above noted when calculating ya and po
for TEI objects of EES, as a rule, are not carried out. And if to be more exact, distribution of
implementations TEI it is unknown, changes and depends on the large number of factors. To such,
volumes of selection are small.

The preference of strategy of minimization of the error of I Type of o, when effects of these errors
are accepted much more dangerously than effects of the error of II Type (3 is not justified. Explicit
preference of one of two assumptions by comparison TEI is absent. However computational
methods of risk of the wrong decision for the assumption "statistical communication between TEI it
is significant" and the known CF are not developed.

The present article is devoted to development of the computational method and accounting of
the error of II Type.

II. Results of the analysis of fiducially distributions of correlation factors of
independent random quantities

Fiducial distribution is understood as distribution of possible implementations of complex
indicators. As complex it is considered to be indicators which implementations can be received as a
result of calculations. Complex indicators the arithmetic average (harmonious, geometrical),
dispersion indicators (dispersion, the average quadratic deviation, scope), maintenance coefficient,
the availability quotient are among random quantities. CF also belongs to their number. Method and
algorithm of modeling of possible implementations of CF, creation of statistical function of fiducial
distributions (s.f.f.d.) and the assessment of the CF critical values for the set a are brought in [4].

The carried-out calculations allowed establishing:

2.1. The requirement of compliance of selections of random quantities & to the normal law (for the
reliable assessment of coefficient of linear correlation of Pearson (y) at small selections (nv<15) and
uniform distribution of random quantities & in the range of [0,1] was not confirmed. At number
modeled yx equal N=10000 discrepancy of critical values ywq, an and tabular values given in
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reference books v« for a.equal 0,1; 0,005; 0,02; 0,01; 0,005; and 0,001 did not exceed 1,5%. In conditions
when for practical calculations value o is accepted, as a rule, equal 0,05 and occasionally 0,01, such
discrepancy of the quantile of distribution can be considered admissible.
2.2. Irrespective of nv and a equality of critical values y« and pa is confirmed. At the same time, for
the same modeled (M) couples of selections {&1}nv and {&2}nv CF v and pw can significantly differ. We
met this phenomenon also by comparison of criteria of check of the hypothesis of nature of
discrepancy of statistical distribution functions (s.f.d.) random quantities [5]. Such discrepancy
explained by distinction of estimates of statistical parameters of selections there. By comparison of
the CF experimental values y. and pe for the same selections, by analogy, influences observed
discrepancy distinction of physical essence y and p. But, and this is important, the recommendation
[5] remains invariable: the importance of statistical connection has to be established on the basis of
the principle of the addition considering independence of properties y and p [6]. In other words, the
decision is made by results of comparison of experimental and critical value for both CF. Statistical
communication is accepted significant if at least one of CF is significant;
2.3. If implementations TEI change in the quantitative scale, then it is recommended to calculate CF
Ye1, Ye2 both pe2 on one and oh to the formula for Pearson's CF:
e CF ve - on selections {ti}nv and {t2}ny;
e CF vye—on selections of points {bi}nv and {b2}ny;
e CF pe2 - on selections of ranks (ordinal values) {ri}nv and {rz2}nv

For y2 and p2 as mean value is accepted the median. If implementations TEI are measured in the
serial scale, then it is recommended to calculate CF ye2 and pe2
2.4. S£.£.d. F*(p) have discrete character. Maximum step of discretization at nv=5. In the absence of
identical implementations of selections the step is equal 0,1 and not linearly decreases with growth
of nv. Discrete character of F'(p) excludes possibilities of the reliable assessment of critical pa values.
Use of the tabular p« values recommended in reference books is connected with essential risk of the
wrong decision which increases at reduction of nv. The new criterion of identification of statistical
communications offered. The difference with the existing criterion is that not compared pe and pa,
but are compared R*(pe)=1-F'(pe) and a.
2.5. The new way of decrease in influence of discrete nature of distribution F*(p1) is offered.
This way is based on transformation of continuous random quantities to discrete (points) and taking
note of identical implementations of points on their ranks. And the invariance of critical pa=ya values
was the most surprising at these calculations.
2.6. Statistical analysis of CF yu testifies to full symmetry of distribution of positive and negative
values. This feature allows passing to s.f.f.d. absolute values of CF.

III. Method and algorithm of calculation of fiducial distributions of
correlation factors of dependent random quantities

Transition from boundary values of the confidential interval to boundary values of the fiducial
interval completely changes physical essence of the KK critical values, makes understanding of
intervals more available and physically clear. The matter is that all implementations of the
variational series of the range yx and pw are real, and, in fact, as critical value we have to choose the
greatest importance of implementations. Each value of this row both when modeling and according
to operation perhaps, but differs in probability of emergence on the set of implementations. And
only comparison of these probabilities of risk of the wrong decision allows preferring one or the
other assumptions (H). Namely: compared TEI are independent (H1) or statistical communication
between TEI it is significant (H2). And before passing to such type of criterion it is necessary to be
able to build fiducial distributions of CF of statistically dependent selections of random quantities.
Let's notice that the set of possible fiducial communications is infinite and significant statistical
communication - only one. It or is (for example, Ye>Ya), or it is absent (Ye<Ya).

Modeling method essence s.f.f.d. CF of statistically dependent selections of random quantities
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is reduced to the way of forming of statistically dependent selections. All other calculations are
similar to algorithm of modeling s.f.f.d. CF of independent random quantities [5].

To receive two statistically dependent selections of statistically independent selections of
random quantities with positive CF it is offered to range these independent selections in ascending
order of random quantities. At this CF will change in the range of [0,1]. We will receive two
dependent selections with negative CF if we execute ranking of the first selection in ascending order,
and the second - in decreasing order. Or on the contrary. The enlarged algorithm of calculation s.f.f.d.
CF of dependent selections is given in fig. 1.

l

Modeling of two selections of random
quantities volume nv:
{él}nv and {éZ}nv
Ranging of selections as it should be increase Print of results
{€1p}nv and {E2pfny modeling

Calculation of correlation factors y1,m y2u 1 Assessment of nature of distribution,

p2m critical values and dependence on the

sample size

l

The number of iterations exceeds the > Ranking of correlation factors in
preset value ascending order

Fig.1. Enlarged flowchart of algorithm of modeling s.f.f.d. CF

Let's notice that CF p1y, to m for the ranged implementations of selections {&i}nv and {&2}nv will
be equal to unit and therefore it is excluded from consideration. Results of modeling y1x y2x and
p2v, for dependent selections {&1}nv and {&2}nv allowed to establish:

3.1. By analogy with independent selections for any couple of dependent selections of
implementation y1 y2u and pz2u are also different. Some implementations of these CF for nv=10 are
given in the illustrative purposes in table 1.

3.2. Unlike the CF critical values of independent selections the CF critical values for dependent
selections and small nv significantly differ. With increase in nv it is a divergence decreases. For
confirmation the CF critical values, respectively, y1ug, Y2up and p2.up are given in tables 2, 3 and 4

3.3. Comparison of critical values of coefficients of linear correlation of Pearson yiu for errors of I
Type and II Type is given in table 5. This table confirms a possibility of consent with both
assumptions (Hi and Hz). In other words a number of realization y1,4, belongs to set of values {y1na}x
and to a set of values {ying}n
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Table 1. Realization of coefficients of correlation of dependent selections

N coefficients of correlation Note
Yiu Y2m P2y
1 0,988 0,946 0,939 nv=10
2 0,756 0,747 0,890 i[AEA,j N
3 0,923 0,879 0,928 Yo = _
4 0,956 0,970 0,990 \/Z g2 - \/Z g2,
5 0,931 0,937 0,980 ":f‘ =
6 0,879 0,830 0,895 S [Ab,, - Ab,,]
7 0,354 0,894 0,916 Yo =

HZV:Abfj . nZV:Abg'j
j=1 j=1

ny
> [Ar,; - A, ]
=1

p2,M = n, n,
2 A - DA,
= ' = ’
AéjZE_,j—&; Abj=bj—b)

Arj = —r I -median

Table 2. Critical values of coefficients of linear correlation of Pearson vy1,ug for selections of
dependent random variables.

Selection Error II Type

volume 0,5 0,1 0,05 0,01 0,005 0,001
5 0,919 0,787 0,743 0,646 0,602 0,538
8 0,935 0,848 0,815 0,738 0,694 0,625
10 0,945 0,874 0,845 0,776 0,746 0,679
15 0,967 0,913 0,892 0,851 0,832 0,787
30 0,979 0,954 0,943 0,919 0,908 0,883

Table 3. Critical values of coefficients of linear correlation of Pearson y2upfor discrete
selections of random variables.

Selection Error Il Type 3

volume 0,5 0,1 0,05 0,01 0,005 0,001
5 0,877 0,690 0,612 0,408 0,375 0
8 0,897 0,778 0,733 0,643 0,612 0,520
10 0,906 0,809 0,768 0,673 0,638 0,575
15 0,923 0,858 0,833 0,777 0,750 0,663
30 0,941 0,902 0,890 0,856 0,823 0,783

Table 4. Critical values of coefficients of rank correlation of Spirmen @2 for selections of
dependent random variables.

Selection Error Il Type 3

volume 0,5 0,1 0,05 0,01 0,005 0,001
5 0,894 0,740 0,646 0,408 0,335 0
8 0,918 0,833 0,803 0,713 0,679 0,589
10 0,926 0,864 0,835 0,759 0,729 0,648
15 0,938 0,899 0,883 0,849 0,817 0,764
30 0,950 0,929 0,921 0,898 0,895 0,868
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Table 5. Comparison y1uq« and yiug at a=3 and nv=5

Errors Wrong decision risk

Types 0,5 0,1 0,05 0,01 0,005 0,001
a 0,403 0,812 0,885 0,962 0,976 0,989
B 0,913 0,787 0,749 0,646 0,602 0,538

3.4. Some characteristic combinations of realization yix y2ux 1 p2x and confirmation of statistical
communication of selections for 3=0,05 are given in table 6. As appears from these data:

- selections {&1} and {&:}for which statistical communication is confirmed all three CF, two of three
CF (y2m and p2v) and only one CF are observed (y1,4).

- CF yim Yau ¥ p2v, supplement each other

Table 6. Illustration of results of verification of the assumption of statistical
communication of dependent selections

i Yimi Ho Y2umi Ho P2,m,i Ho Note
1 0.7790 + 0.4082 - 0.4082 - Y1:005=0,6456
2 0.8068 + 0.5929 + 0.6250 + Y2:,0,050,4082
3 0.5799 - 0.4841 + 0.6250 + p2.,0,05=0,4082
4 0.7676 + 0.4082 - 0.4082 -

5 0.6065 - 0.3750 - 0.3953 -

6 0.9618 + 0.5625 + 0.5441 +

7 0.7427 + 0.5601 + 0.6455 +

8 0.7439 + 0.6022 + 0.6250 +

9 0.9437 + 0.6667 + 0.6455 +

3.5 Criteria of decision-making for selections with a quantitative scale of measurement have an
appearance:
if yim < y1ug, then H=Hi — exit

if y2m < y2mp, then H=H1 — exit 1)
if p2u < p2wp, then H=Hi — exit
otherwise H=H-

At a serial scale of measurement the criterion of decision-making (H) has an appearance:
if v2u < y2mp, then H=Hi — exit
if p2w < p2wg, then H=Hi1 — exit 2)
otherwise H=H:
3.6. In fig. 2. Histograms of fiducial distribution of CF y1,« and p2x of dependent selections {&1}nv and
{&2}nv with nv=5 are provided

0,3
0,35

0,3 0,25

0,25 02

0,2

0,15

0,15
0,1

0,1

0,05
0,05

N N B N N B 0,---l_|l

05 055 06 065 07 075 08 08 09 095 1 05 055 06 o065 07 075 08 08 09 095 1
a) b)
Fig. 2. The histogram of distribution of possible realization of coefficients of correlation of Pearson
Y1u (@) and Spearmen p2., (b) of dependent selections with nv=5.
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And in fig. 3. Statistical functions of fiducial distribution of CF y1,x 11 p2u for selections of random
variables & with nv=5 are given. These drawings demonstrate difference of distribution from normal,
a real possibility of an operational assessment of critical values and distinction of distributions of
these CF. The dispersion of realization of p2u of fiducial distribution of F(p2x/Hz) is caused by
discrete nature of change of p2u at small and the discretization step changing on value.

1.00 - 1.00
0.95 A .95 ¥
0.%0 - 0.%0 T
0.85 | o.es ]
0.80 S 0.80
L o B O T R P T T PE P TET CUPEEE SUTEE FECCECEP P U CUET PP CRO CUPPRS CECEPT CEPRCEEEUPUPEPECEEETRPITECECRITEY  TEERS 0.75 L+
0.70 - 0.70
0.65 i 0.65 -f-
0.60 . 0.60 £
0.55 A 0.55 Bi
0.50 AR 0.50 f
0.as5 f 0.45 4
0.10 0.40 &
0.35 0.35
F 0.30
0.30 i~
0.25 0.25
0.20 0.z20
0.15 0.15
0.10 v 3'.1,2
o o _ ; .00 -
s - - ' 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00
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a) b)

Fig. 3. Statistical functions of fiducial distribution y1,« (a) and p2x (b) of dependent
selections with nv=5

Conclusion

1. The method of an assessment of critical values of coefficients of correlation is developed
provided that selections are statistically connected;

2. The method based on fiducial approach. The assessment of statistical function of distribution
is carried out on possible realization of coefficients of correlation;

3. Realization of coefficients of correlation is calculated on the modeled selections of random
variables;

4. The interrelation of these selections is reached by ranging of random variables as their
increase with uniform distribution in the range of [0,1];

5. Unlike coefficients of correlation of the independent selections changing within [-1,1]
coefficients of correlation of dependent selections change in the range of [0,1] at the ranging type
noted above. If ranging of realization of selections is opposite, then coefficients of correlation change
in the range of [-1,0]
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Abstract

The modified Daniels' epsilon sequence (DeS) is used for an analysis of a residual static strength, a
fatigue life, a fatigue strength of an unidirectional fiber composite (UFC) considered as some parallel
system subjected to cycling loading with a random value of a cycle parameter. Some example of the
processing of data set of a carbon-fiber reinforced composite is given.

Keywords: Daniels” sequence, strength, fatigue life, composite

1. Introduction

Here we give a very short review and some corrections of the basic ideas of the application of the
definition of the Daniels’ sequence (DS) and its modification to study a fatigue life of an
unidirectional fibrous composite (UFC) considered as some parallel system subjected to cycling
loading. Lately, the composite is widely used, in particular, in aviation. Therefore, a study of a
strength and a fatigue life of these materials is very urgent. The first scientific publication appears
to be the Peirce’s work [1]. Peirce gives an approximate formula for the average strength of a bundle
of longitudional items (LIs) (fibers or bundles) forming a foundation of the unidirectional fibrous
composite (UFC). A correctness of the normal approximation of the strength distribution law of a LI
parallel system was proved by Daniels [2,3]. His result was refined by Smith [4] already with a
reference to the series-parallel system, which was earlier proposed in [5]. A lot of the papers are
devoted to a reliability of the composite. A detail review, for example, is given in [6]. But here we
refer only to the papers connected with the DS and its modification.

The concept of the basic DS with an application to a description of the process of a fatigue failure
was first introduced in [7]. The UFC is a composition of the LIs immersed into a composite matrix
(CM). Here we suppose that only Lls carry the longitudinal load. In the DS approach a composite
specimen for the static strength or the fatigue life tests is considered as a series-parallel system: series

system of N “links” of the same length but the every link is a parallel system, or more specifically,

a bundle of N. LlIs. There is some probability that inside of some link there is some weak micro

volume (WMV) the failure of which is a failure of a link and the failure of the tested specimen also.
In fact we consider a composite as a random series of the WMVs. This paper is devoted to the fatigue
life and tensile strength of one WMV. The relation of the cumulative distribution function (cdf) of
the strength of WMV and of the specimen on the whole, the case when the failure of the matrix is
considered as failure of the specimen also are studied in [8].
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A successful application of the DS approach to the explanation of the relation between the static
strength of LI and the fatigue life of UFC and the desciption of mean fatigue curve, SN (stress-
number of cycles), is discussed in [8,9]. A more general definition of the DS is considered in [10]. It
can be used to study the UFC falure process under any type of the loading process which can be
described by a sequence of the load both in the fatigue and the static strength tests. In the paper [11]
the definition of the Daniels’ residual strength was introduced. Generally, the residual strength is
described after the definition of the SN curve. But here the SN curve is defined after the calculation
of the residual strength. Finally, in [11, 12] the definitions of the Daniels’s epsilon sequence (DeS)
was given (it is necessary to note that as consequence of some mistake the definitions of the DeS in
[11] is given only in russian version of this paper).

The DS approach describes the structure of the damage accumulation process, gives the
explanation of a fatigue strength existance (maximum value of a fatigue cycle parameter (cycle
maximum, for example) with the infinite fatigue life; it is called also a fatigue limit). But the numerical
results are very poor. Calculated the DS step number up to failure is very small or just tends to the
infinity. More appropriate numerical results can be get using additionaly the theory of semi-Markov
process [11, 12]. But the use of this theory requires some additional assumptions. This paper is
devoted to some investigation of the results which can be get without the use of this theory. The use
of the DeS approuch gives more easier solution.

Usually, only the mean value of fatigue life and the mean SN curve are taken into account. It is
supposed also that during the fatigue test the parameter of the cycle load is some constant. But it
appears that a great scatter of the fatigue life (particularly, at high level of the fatigue load) can be
explaned only by the assumption the randomness of this parameter. This is the reason to develop a
specific modification of the DeS when the sequence of loads is a sequence of random variables. This
modification is the object of the investigation in this paper. A numerical example is given.

2. The modified Daniel’s epsilon sequence

Here we consider a modified definition of DeS. It can be used in section 3 for processing the result
of the fatigue test under cycling loading with the random parameter of every cycle.

As it was mentioned already the connection of the static strength of a LI and a strength of a bundel
of them was studied by Daniels [2, 3]. Let the strengths of n; Lls of some WMV, Xi, X,,..., X,_, are the
independet random variables with the same cumulative distribution function (cdf), Fy (x), and

Xy X@)r+ Xy are the corresponding ordered statstics. Daniels showed that the random variable

Rp = max(X g (ne —(k—1)/ng: 1<k <ng) 1)
has an asymptotically normal distribution with the average and the standard deviation
#p = maxx(1=Fx () =X A= Fx (X)), op = (ap X Fx () /e ). @)

By "unwrapping" this model in time for specific sample X.,. =(X...,X,.) which is a realization of

the random vector X, =(X;,..X, ) and assuming that the process of loading is described by

Inc
sequence Sg,, ={S¢,S{,S2,...}, where ' is a realization of some random variable, we obtain a

sequence of the local stresses Sy, =(Sg,51,Sz,...) (in the WMV where the damage develops) described

by the equation
=5 S =S +e(sby—s)=(1-&)s +e5%y, 1=0,12,... , (3a)
where
o _ KeSia / @=v(s))Iny) if Kesig/(@—v(s)/n) > s,
Hl_{si it kosy /(L=v(s)/n,) <5, ab)

¥(5) is a number of the LIs the strength of which is lower than S
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Let us note that the definition of the DeS which was given in [11, 12] is true ONLY for the loading
S0 = (80,81 ,S, ,...) under condition that s, >s', i =1,2,3,... In application to the loading of UFC
we must take into accout that the number of the LI failures can not decrease. The equation (3b)
ensures this condition and in the case when the event s, <s;", 1=12,3,... can take place. This

event can take place not only in specific program of load but and in the case when the random

variables S

, and Sr, i=12,3,..., have the same cdf. This is the reason to include the equation 3(b)
in the general definition DeS .
The new definition of the DeS can be used in any loading Sg.,, But its application to the

fatigue and the static strength tests is the most important.
1) The fatigue test. Later on we make processing of the test data set in order to get SN curve.

In this cases =s", 1=0,12,3,..., where s" is the some parameter of the cycling loading. It is some
constant. For example, it is the maximum stress of the cycle load.

2) The static strength test. In this case S; <§ <S;,... and the items of sequence Sy, increase
up to infinity.

The sequence of the local stresses is called the Daniels’ sequence for a constant load (DeS_CL) if s
is some constant. It is called the Daniels’ sequence for an enlarging external load (DeS_EL) in the loading
process of the second type. The realizations of these random processes are defined by the pair
(Sgim s Xing ) -

For the specific pair (s;,,,%.,.) of the DeS_CL let us consider the following definitions.

1. The K -Daniels’ function
ok (K) = X L—v (X)) / ne) 4)
where X, is the K th ordered statistic of the sample X, =(X,.... X,.), V(.) is the function defined in (3b).
2. The S-Daniels’ function
ps (8) =sd-v(s))/nc) - )
3. The Daniels’ residual function.
M (X) = maX fog (s)

(6)

Under condition that the failure of LI does not take place at the preliminary fatigue loading,

st =(s,5,8;,...5"), and the DeS reaches the value > then this function defines the

Daniels’conditional loading rate-independent residual strength, i (S1)

Usually, during static strength test we have s = (i—1)d;, where J; , 55 >0, is the rate of loading.
In order to take into account the specific process of a static test loading we must consider the loading
defined by two sequences: preliminary fatigue loading, Sy;, and loading at the static strength test,
s =(s',s",S, ...) where s/ tends to infinity.
The corresponding Daniels ultimate residual strength

oy =Sy

" @)

where N =l+max(in, (s)>s'", i=12.)

If the prelimiunary loading does not exist, then the equation (7) defines the DeS-ultimate static
strength.

4. The transition from s, to s,,; we call a step of the DeS. At least three definitions of the number of

i+1
steps , i; , corresponding to the failure of all LIs can be considered. They correspond to three

fx (Sif )=0

conditions which appears first time: 1) v(s;, ) =v(s;, )/nc =1;2) 5, =; 3) . If one (or

another) of these conditions is met we say that failure of the DeS takes place. Actually, for real
calculation we must use some critical values v, , S. and r close to 1, to the very large or very small
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value instead of 1, co and 0 correspondingly.
As a matter of fact, these three conditions give very close DeS fatigue life values. Here we use the last
condition and the following definition of the the DeS fatigue lives

Npr =1+max(i:n, (s)>1., 1=012,..). (8)

5. For the case of the DeS_CL  let Swos is a set of S for which there is a solution of the equation

x=s"1(1-v(x)/n;) ©)

Mvx (Si*+1) = Tux (Si*)

If S €S\« thereissuch i" that Siwi = Sy - Then . The change of the items of the

process {s;, i1=0,12...} and the process {r, (s;), i=0,12,..,} will be stopped. Some LIs never will
be destroyed. And we say that the DeS fatigue life will be equal to infinity.
If this set is not empty the DeS fatigue strength (the fatigue limit) is defined by the equation

Sp =max(s” :s" €Syp,) (10)

Let us remark that the value ” (s1) can be considered as a measure of failures accumulated up to

moment when the DeS reaches the value > . We say that it is a value of the failure functio. of two

t v (S) = Fygr (Xene Soi . F ().
sequences , Xene and Soi (81) = Fys+ (ene 0"). The valueof function X5+() is the measure of the

accumulated damages of any loading process. It chages in interval 03] The value unit (or very close to
unit) corresponds to the DeS failure.

For the DeS_EL the intact function
K if nyy (X)> X,
0 if ry, (X)<x

kg (X) = {

(11)
is very important also. It defines the number of of ILs which are still intact under steady increasing
load x.If we try to increase the load more than 1, (X) then the failure of all the LIs takes place.
The examples of the introduced functions and definitions are given in the next section.

The introduced definitions are connected primarily with fatigue test at the constant cycle
parameters. But the equations and definitions (3a, 3b,4,...,8) can be used for calculation the residual
strength and the fatigue life for any specific realization of any random process of loading. In
numerical example we consider specific random sequence of loads ( S;,S;",S, ,...) where all random
variables have the same cdf. In this case equations (9,10) can not be used. The fatigue strength (the
fatigue limit) does not exist because after some event s, =S, the process of increasing of items of

DeS can continue and condition of the failure can be reached. But using the Monte Carlo method we

can calculate the cdf of the random fatigue life N, for any cdf of random variable S, 1=0,12,... :
Nmc
FNDR (x) = '21 e(x— (nDR)j) (12)
iz

wheree(x)=0if x<0 ande(x)=1if x=0; N, is the number of Monte Carlo tials;

(X].'ncrsa—:i)j 1=12,...,Nyc

(Npr); is the nyy  for ith specific realization , of the random pair

(Xing 1S0i) -
3. Application to experimental data

3.1. Some additional assumptions

If s =Const already the DS approuch allows to explain the structure of a fatigue phenomenon: the
DeS fatigue life function of s* is similar to SN curve; the DS approuch allows to explain the
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existence of the fatigue strength (fatigue limit); the S-type changes of DS realization are similar to
changes of some physical parameter during fatigue loading,... But the numerical results are very
pure: the values of DS fatigue limit is too large, the number of the DS steps to the failure is very small
even if s”is very close to the fatigue strength, The DeS approach allows to get more appropriate
value of fatigue life but still we need to make some additional , patches” assumptions in order to
make the DeS mathematics useful for the numerical description of the fatigue phenomenon.

1) The accumulation of the damages takes a place only in local WMV in which there is some stress
concentration. It can be different in the fatigue and in the tension tests. For the fatigue test we assume
that the local external stress is k. time more than external load.

2) The cdf of the local static strength does not coincide with the cdf of the static strength of the
single LI: the “size” of the WMYV and the adjacent LIs have a specific influence on the local static
strength cdf which we denote by F, (X).

3) Equations (3a, 3b) defines new value of the local stress, s;,;, under assumption that v(s;) Lls

are failed already. But really for the destruction of these LIs some accumulation of an energy and
some time are needed. For this reason for DeS approach in equations (3) the value ¢ is introduced.
We assume that it is some function of s*, £,(s").

Usually, in order to get the description of the SN curve we suppose that during the fatigue test

the parameter of the cycle, s*

, is some constant. But processing of the several fatigue test results
shows that in this case it is difficult to explain a very large variance of the fatigue life, particularly at
high level of the load (see Fig. 6 ). Here we suppose that really there is a randomness of the load.
We assume that the load in every ith DeS step , 5, is a realization of some random variable, S;,

i=0,12,... . All the variables have the same cdf F(X) .
For the Monte Carlo calculation of the realization of the DeS for the specific loading, (s;,S;,S,,...)

which is the realization of some random sequence (S;,S,,S,,...), now we should use the equation

0 {kcsitll(l—v(si)/nc) if kesia/(L-v(s)/ne) > s,

i+1 = A
s if kesih/(—v(s)/n)<s,

(3¢)
where s, =s", k. is a stress concentration factor (let us note that in [12] it was not defined that

Sy =5").
3.2. Numerical example

We consider the experimental fatigue data taken from Tables 1- 3 in Ref. [14] concerned T300/934
graphite/epoxy laminates with [ [0/45/90—-45,/90/45/0], lay-up. In Table 1 of this paper the static
strength of 25 specimens, in Table 2 in terms of cycles to failure at three different stress levels
(namely: for o,,, =400, 380 and 290 MPa), R=0,,;, / 0, =0; and in Table 3 two sets of residual

strength data are reported for 15 and 18 specimens subjected to cyclic loading up to 3,640,000 and
31,400 cycles at a maximum stress, o, =290 and 345 MPa, respectively. Actually, the previous

equations for calculation of the Daniels’ fatigue life can not be used for this type of composite
structure. It is not structure of the UFC. But we suppose that the failure of this composite takes the
place after the failure of some its WMV which is the bundle of the n. parallel LIs. We make (enough
rough) assumption that there is some strength-equivalent WMV which has the same distribution of
static and fatigue strength for every process of the loading.

Now we need to know the distribution of the static strength of the single LI of this equivalent
WMV. There is not this data in [14]. But we get the estimates of the parameters of a Weibull
distribution of the static strenth of the LIs of an equivalent bundle which has the same parameters
of the static strength (the mean and the standard deviation) as a real specimen. It can be made using
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the Daniels theorem (see equation (1) ). If the strength of the LI has the Weibull distribution with
cdf
F(x) =1-exp(-exp((log(x) -6,)/ &) , (10)

TEST FOR GOODMNESS OF FIT. Ho:Mormal Distribution
54[] T T T T T T T

20+

thetal =476.7872 thetal =23.783 n 25
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500

480 |
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460 | =5000 M

erstatisti mcara ~ 1000 -

440 - -
+ Sample

Prediction

42[] 1 1 1 1 1 I I
-2 -1.5 -1 0.5 0 0.5 1 1.5 2

Expect. values of stand. norm. order statistics

Fig.1. The OSPPT plot. The parameters of the sample of the static strength ( Table 1 of [14]); The
test for goodness of fit for normal distribution .

then approximately, in accordance with this theorem, the strength of the bundle has normal
distribution with mean Hp =exp(6, +6,(log(6,) 1)) and standard deviation
op = 1p (exp(6,-1) /I n:)Y*. And vice versa, if 4, an o, are known, and 6, is known also, we can
get the equations for the 6, and the equivalent size of the WMV, n. :

by =109(115) - 6,(109(6) 1), e =exp(2l0g(u1,) + 6, ~ 2l0g(p) 1) (11)

In Fig. 1 the fitting of the static strengths of the 25 specimens (from Table 1 of [14]), the parameter
of this sample (the mean, theta0= y, =476.8, and the standard deviation, thetal= o, =23.78), and
data for testing of normal distribution hypothesis are given. The statistic of the OSPPTest [8] is equal
to 0.159. The boundary of critical region of the test for goodness of fit is equal to 0.291. So, the normal
hypothesis is not rejected. The parameter €, in equation (11) remains unknown but it can be chosen
for a best fitting of experimental fatigue data.

Approximate estimate of parameter 6, can be found in other publications. In [10 ] there is a result
of fitting of the sample of strength of 64 specimens of some carbon-fiber bundles. Using these data
taken from [13] for the Weibull cdf in the form (10) it was found the estimates §, =6.5 ¢, =0.13.
For processing the data set from [14] as the first approximation it was set 6, =0.15 Then using (11)
we have §,=6.6, n. =172.

In Fig. 2 we see the Daniels’ residual strength (-), the S-Daniels’ function (-.-) (a), the
Daniels‘residual strength (-), the K-Daniels’ function (-.-) (b) and the intact number of LIs for
continuesly increasing load (--) as a s-function (a) and as a k-function (b). In Fig 2a the corresponding
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values are the functions of the maximum of strength of the already failed LIs. In Fig 2b they are the
function of k, 1<k<n.. Let us remind that we can increase the value of the function
Ios (S) =s(l—v(s))/nc) only to the value corresponding to the its maximum . Then we need to
decreas it because if it remains to be equal to this maximum or more then all the LIs will be
destroyed as it is shown by intact function. It worth to note that we see the failure of the WMV after
failure of only very small part of the Lls.

500 T T T T T T T T T

Resid
—-—-8D
— — Intact

I I 1 I I 1 1
300 400 500 600 700 8O0 900 1000 0 20 40 60 80 100 120 140 160 180
Sort strength Ord number

a b
Fig.2. The S-Daniels’ (a) and The K-Daniels’ (b) functions (-.-), the Daniels’residual strength (-)
and intact functions (--) .

1
0 100 200

We make two stages of processing the experimental data. ~ First, we make the processing of the
considered fatigue test data assuming that the fatigue test machinery and equipment allow to keep
the precise level of the load and the value of the s* is a constant. In the Fig. 3 we see the result of

the modeling
750 T T T T y T 7a0 T T T T T T T T T
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a b

Fig.3. The modeling of the DeS (-.-), the Daniels’residual strength (-) for 6, =6.6, 6, =0.15 and
ne =172; the level of the load (-x-) and the residual strength experimental data sets (+)
corresponding to the cyclic loading up to 3,640,000 and 31,400 cycles at a maximum stress, o,
=290 (a) and 345 MPa (b), respectively.

of the DeS (-.-), the Daniels’residual strength (-), the test residual strength (+) and level of load (-x-)
for s* =335 MPa and s* =290 MPa. We see that the Daniels’ local residual strength does not
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change a long time but then decreases very drastically. And we see also that the test of the residual
strength was made a significant time before the failure time in order to prevent the failure at the
preliminary loading.

In Fig. 4 we see the test fatigue life (+), the mean (-), smallest (») and largest ( ) calculated values
using 100 MoneCarlo trials. So the smallest and largest calculated values correspond approximately
the probability of the failure equal to 0.01 and 0.99 correspondingly. For the calculation it was used
already mentioned parameters: 6, =6.6, 6, =0.15 and n. =172. Additionally it was used k. =1.9;

the fuction &(S") =&, +(Ex0 —Ea90)(S" —290)/ (400—290) where &, =0.07, &,5=0.002 . The

residual strength data are shown also for 15 and 18 specimens subjected to cyclic loading up to
3,640,000 and 31,400 cycles at a maximum stress, o, =290 and 345 MPa, respectively.
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Eo I A— H— IS e -
: : : : LR
250 i i i i i i
0 1 2 3 4 5 6 7
log10(N)

Fig. 4. The test (+) and calculated mean (-), smalest (») and largest () fatigue lives for
6,=6.6, 6, =0.15 and n. =172. The residual strength experimental data sets correspond to

cyclic loading up to 3,640,000 and 31,400 cycles at a maximum stress, o,,, =290 ( A) and 345
MPa (m), respectively.

In Fig 4 we see the reasonable fitting of the mean fatigue lives and the residual strength. But the
scatter of the test fatigue life is much more than calculated one. In order to explain this we make the
additional assumption. We assume that the real load in every DeS step, S;, i=0,12,... is some

random variable which has the normal distribution with the cdf FS+ (X)=D(x—-6,5)/6s),
6,s =s"; s" =400, 380, 345, 290 MPa for four level of test; 6,=0.2; ®() is cdf of the standard
normal distribution. It appears also to be necessary to change values ¢, and n. and the equation for
£(s’). The decreasing of the n . increses the scatter of fatigue life. But this time even very
significant decreasing of the n_ is not enough to explain the real value of this scatter. The change
of the n_is the reason to change another parameters. Now ¢ =6.375 n. =5,
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£(S") = 550 + (Eagp — E200) (S —290) / (400—290))"° are used.  The final result is shown in the Fig. 5-
6 where the same previous notations are used. We see the much better fitting of the residual
strength, Fig.5, and of the fatigue life, Fig. 6. It should be noted additionaly that the limitation of the

smallest fatigue life by the value 1000 at the s" =400 and 380 MPa in Fig. 6 is a ‘technical’
limitation, because for the initial fatigue life data time unit the 1000 cycles was chosen.

600

T T T 650 T T T T
P -DanS i —-— DanS
Resid  [{ H 1 Resid ]

—*=--Load
+  ResTest ||

om0 i i i i ; i i i 160 i i
o 0

Murnbier of cycles 5 107 Mumber of cycles x10°
a b
Fig.5. The modeling of the DeS (-.-), the Daniels’residual strength (-) for 6, =6.375, §, =0.15
and n. =5; the level of the load (-x-) and the residual strength experimental data sets (+)
corresponding to the cyclic loading up to 3,640,000 and 31,400 cycles at a maximum stress, o,
=290 (a) and 345 MPa (b), respectively.
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Fig. 6 . The test (+) and calculated mean (-), smalest () and largest () fatigue lives for
6,=6.375, 6, =0.15 and n. =5. The residual strength data corresponding to cyclic loading

up to 3,640,000 and 31,400 cycles at a maximum stress, o,,, =290 ( A) and 345 MPa (m),
respectively.
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For the case when s*is some constant from the set 400, 380, 345 and 290 MPa the calculated
fatigue life is final with probability one. But now the probability to have final fatigue life for the load
level 290 MPa is equal only 0.97. The corresponding part of the cdf of fatigue strength is shown in
Fig.7

7 | | | | |
280 300 320 340 360 380 400
Fatigue strength

Fig. 7. The cdf of fatigue strength .

Conclusions and areas for further research

It was shown that the DeS approach to the description and modelling of the fatigue life and the
fatigue strength of UFC allows:

1) to explain some specific features of the fatigue tests :

a) the condition of the existence of the fatigue strength and the possibility to have the infinite fatigue
life for the determined cycling loading, s* =Const

b) the specific features of the residual strength behaviour: the strength degrades smoothly in the
first time part of the loading with a sudden drop accuring just before the failure. Even the
assumption that the residual strength does not change up to failure (“the rectangle hypothesis of the
residual strength” ) is not too far from the truth. It is not the real problem to estimate the “rectangle”
residual strength but the estimation of the time to failure is the real problem.

2) to make the interpretation of the parameters of the studied models as the parameters of the local
static strength (this is the main difference of models of the DeS approach from the others models).
The difference of the parameters of the cdf of the local strength of the Lls in the framework of the
UFC and ones of the isolated single LIs do not allows to make prediction of the fatigue parameters
of the UFC using the static strength parameters of the LI. These parameters can be used as first
approximations of the corresponding parameters of nonliner regression analysis of the data set.

o .
3) to calculate the measure of accumulated fatigue damage V(81) = Py (Xene: Soi) for any cycling

+
loading %0i It worth to note that just as the Palmgren_Mainer measure, > ;n;/N;, the value v(s;)

changes in interval [0,1] , the condition V(s) =1 is the condition of the DeS failure.

The considered here the modified version of the DeS model with random loading gives the
explanation of the great scatter of the fatigue life. Usually we suppose that the specimen with the
higher initial static strength has also longer fatigue life (Strength-Life Equal Rank Assumption). In
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the studied here model it is not necessary true because different specimens have the different
random loading history.

For different levels of an adequacy of an analysis result the different modifications of the DeS
models can be used. In the simplest case it can be set n. =« and the F, () can be used instead of

v(s) in equations (3a, 3b).  For any realization of load sequence the value v (s) is easily calculated

but the search of the parameters of the corresponding nonlinear regression for the above described
models is a difficult task. Against all the odds, we think that, in due course, the structure of the
models suggested will be of the interest not only for the graduation theses of the students but also
for the engineering applications, in particular, for the prediction of the variations in the parameters
of the strength and the fatigue life of the UFC after the changes in the parameters of their
components.

The considered approach seems quite promising yet it requires serious stydy of the cdf of local
static strength distribution (the Weibull distribution is not appropriate enough) and the connection
of the number of DeS steps and the number of the cycles of the fatigue loading.
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Abstract

The present paper represents a review of the Controllable Queueing Systems theory development
from the very beginning up to nowadays. The main stages of this theory development are
considered. Some new problems are mentioned. The review is devoted to those, who are interested
in the creation and the development of the Controllable Queueing Systems theory from its
generation up to nowadays, and who want to understand the tendency of its development and the
new directions and problems of its study.

Keywords: Controllable queueing systems, Markov decision processes, Optimality principle, monotonicity
of optimal policies

1 Introduction

The theory of Controllable Queueing Systems (CQS) is a special direction of investigations of a
general theory of controllable stochastic processes from one side, and of a Queueing Theory (QT)
from another side. The theory of controllable stochastic processes is a special topic, which we will
not touch here, and will fix on CQS. Some papers devoted to the problems of Queueing Systems
(QS) control have been arisen almost simultaneously with the first works about QS, but the special
approach to CQS has been done by Rykov [48] in 1975. Several monographs devoted to this problem
arisen thereafter [25, 26, 31, 64, 67].

The preliminary results of this theory development one can find in [48]. In this paper, we
concentrate our attention on the new results and approaches in this theory, nevertheless some initial
principal results, on which the theory is based also should be reminded a little bit.

The paper is organized as follows.

In the next section the definition of CQS will be done and some examples of CQS will be
proposed. The elements of the theory of Discrete Time Controllable Semi-regenerative Processes
(DTCSRP), which serves as a base for the CQS study, will be considered then. The optimality
principle for CQS as a result of this theory development and the problems of the real optimal rules
for CQS calculation including numerical methods of the optimal policies calculation will be
discussed in the next two sections. The qualitative properties of the optimal policies in this section
also considered. Sections 5 — 8 are devoted to special CQS. At least in the Conclusion some new
problems, approaches and new problems settings will be discussed.

1 The publication was financially supported by the Ministry of Education and Science of the Russian
Federation (the Agreement number 02.A03.21.0008) and by the Russian Foundation for Basic
Research according to the research projects No. 17-07-00142 and No. 17-01-00633.
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2 CQS. Definition and main properties

2.1 Definitions

In this review, we will use a little bit modified Kendall’s system of notations for QS [29] and
will consider QS as a mathematical object, consist of four components & | f| 7|0, where
* o —input flow,
e [} —service mechanism,

® ¥ —system structure,
* 0 —service discipline.
The symbols & and f take usual values M, Gl etc., for Markov, recurrent and others for
input flow, and distributions of recurrent service mechanism, the system structure y consists of two
numbers » = (N, M), where the first symbol means the number of servers, and the second means

size of the buffer, and it is omitted for buffer size equal to infinity. The last symbol O is used for
service discipline and it is omitted for FIFO (first in first out) discipline.

Each of these components is also a complex mathematical object, which is usually studied
in details in QT and is determined by some parameters. QS investigation usually could be divided
into three directions:

¢ analysis that means the calculation of some output system Quality of service (QoS)
characteristics for completely determined system;

* synthesis that means finding of some of the input characteristics in order to provide
needed QoS indexes, and

* control that means operating of the system during its work with a goal of its behavior
optimization with respect to given criteria.

In the review we focus on the last problems that is most important for applications. Based
on the above, the following definition of a CQS is reasonable.

Definition 1 CQS is a QS, for which some parameters of its components admit dynamic variation

during its operation. Naturally, this variation is admitted in some domain and serves to some goals,
determined with some QoS functionals.

2.2 Classification of CQS

Accordingly to this definition CQS’s can be classified as systems with:
e controllable input flow,

controllable service mechanism,

controllable system structure,
controllable service discipline and
complex CQS, for which some parameters of several components admit control.

For the control problem setting one needs in the goal of control and control rules.

2.3 Control times, goals and rules

Note firstly that in most practical situation the change of control (decision making) is
possible only in special times, for example in times of customers arrival or their service completion.
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We will call these times as control or decision times (DT). From another side the control problem
solution is usually accompanied with the goal of control and besides of control parameters also
depends on the admissible domain of their variation, rules of their use as well as of process
observation possibility.

Concerning the goals of control they should be given by some control quality functionals
optimization. It might be some QoS characteristics optimization in a steady state regime of the
system operation or optimization (minimization or maximization) of a time of some state or set of
states attainment. In some other cases the goal of control could be formulated as an optimization of
some economic indexes, connected with the system operation. In the last case some structure of losses
and rewards (Loss-Reward Structure—LRS) connected with the system operation should be done.
Following to the tradition we will consider as an optimality criterion the minimization of some Loss
Functional (LF). Losses or rewards could be connected both with the system stay in different states
and with transition from one state to another. The LRS usually includes:

e random reward R, of the system manager for the service of N -th customer with finite
mean value M ( service cost),

e penalty C,,(I) for sojourn time of | customers in the system ( waiting or holding cost),

e cost C,(a,) for using K -th service mode ( using cost),

» penalty C,(K,k") for switching from K -th service mode to the K’ -th one ( switching

cost).

Using these data the LF should be constructed. The general form of the LF will be
considered in the next section, and its special form jointly with concrete examples will be
represented.

The control rules are usually determined with the help of control strategies, which define the
manner to take the decisions by a Decision Maker (DM) and depends, generally speaking, on system
behavior observability and can be realized in several ways:

¢ taking into account whole history of the process,
e taking into account only the system last state, or
* without any information;
* also the decision can be made randomly or not.
Specification of these strategies will be introduced in the section 3.2.2.

2.4 Examples
Consider some examples of CQS that will be studied in details later.
2.4.1 Arrival control

Consider a M/GI/1/6-QS with controllable input. The customers arrive accordingly to
Poisson flow with intensity A and are served during random times that are i.i.d. with general

Cumulative Distribution Function (CDF) B(t) with mean value My = z* and variance &7 . The
LRS includes:

e the random reward R, of the system manager from the service of N -th customer with
finite mean value My (service cost),

* the linear penalty C,(I) =C,| for sojourn time of | customers in the system (waiting

cost),

The control times are the arrival times, and the decisions consist in the admission or rejection
of an arriving customer into the system. The problem consists in the admission of customers in the
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system organization aimed reward maximization (or loss minimization).
2.4.2 Control of service mechanism

Consider a M/M/1/6 -QS with controllable service rate. Customers arrive accordingly to
Poisson input with intensity A, and are served with exponentially distributed service time having
one of finite number K values of parameter £, (K =1,2,...K). The LRS includes:

e the random cost R, for the service of N -th customer with finite mean value My

(service cost),

* the linear penalty C,(I) =C,| for sojourn time of | customers in the system (waiting
cost),

e cost C, (#4,) of using server in K -th regime with service rate £, (using cost), and

e penalty C_(£4, 44) for switching from K -th regime to the | -th one (switching cost).

Control times are both: arrival and service completion times, and the decision consist in the
choice of the service regime (service rate) aiming at long run expected reward per unit of time
maximization.

2.4.3 Control of system structure

Consider a M/GI/1/6-QS with controllable system structure. Customers arrive
accordingly to Poison input with intensity A, and are served accordingly to recurrent service
mechanism with generally distributed with CDF B(t) service time. The LRS includes:

* penalties C; for switching on a server, and C, for its switching off,
e cost C of server using per unit of time (using cost),
e the linear penalty C,, (1) =C,| for sojourn time of | customers in the system

(waiting, cost).

Control times are both: arrival and service completion times, and the decision consists in
possibility to switch on a server in customer arrival time and switch off it in service completion time
aiming long ran expected loss per unit of time minimization.

2.4.4 Service discipline control

Consider s M /Gl /1/ 5 -QS with several ( N ) types of customers and controllable service

discipline among the priority disciplines. Inside the classes the customers are served accordingly to
the FIFO discipline.

The customers arrive from Poison input with intensity A (I =1,N) for i-th type of
customer, and are served accordingly to the recurrent mechanism with general CDF B, (t) (i =1, N)
. The LRS includes:

o the linear penalty C,(l) =C;| for sojourn time of | customers of i -th type in system

(waiting cost).

The control consists in the choice of a customer for service in any service completion
(decision) time, aiming the minimization of a long ran expected loss per unit of time.
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Consider firstly the common model for investigation those and many others CQS.

3 Discrete time controllable semi-regenerative processes

As it has been mentioned above in the section 2.3 in the most practical situation the change
of control (decision making) is possible only at special times, for example in times of customers
arrival or their service completion. We will call these times as decision times (DT) and denote by

S ,n=0,1,...,S, =0} the sequence of decision times. Of course they are some measurable
n 0 q Yy

functionals of the process, describing the system behavior. For modelling CQS it is possible to use
so called Discrete Time Controllable Semi-regenerative Process (DCSRP). Detailed information about
these processes and its applications one can find in [31]. Remind here some needed definition and
properties of these processes.

3.1 Semi-regenerative processes

3.1.1 Definitions and main properties

Semi-regenerative processes are some mixture of regenerative and semi-Markov processes.
Several authors (G .Klimov, E .Nummelin, V. Rykov, M. Yastrebenetsky) introduced them under
different names. Remind here its contemporary definition. Let
e X ={X(t),t € R} be a stochastic process with measurable state space (E,E),
o F* =X (V),V <t} be generated flow of o -algebras, and
e {S,,n=0,1,2,.. } be a sequence of its Markov times with S; =0.
7
Definition 2 (Rykov, Yastrebenetsky (1971)) A pair {X (1), S} is called a (homogeneous)
Semi-Regenerative Process (SRPr), if for any subset I < E and for all N =1,2,... takes place
P{X(S, +t) el K }=P{X(S, +t)e'|X(S,)}=
n

= P{X (S, +t) e'|X(S)}. (1)

Here

e r.v.’s S are called Regeneration Times (RT’s),

e intervals T, =(S,,, S,,;] and their lengths T, =S ., =S, are called Regeneration
Periods (RP’s),

¢ functional random elements Wn , where

W ={(X(S,+1),T)t<T ,n=12..}

are called Regeneration Cycles (RC), and

e random elements X, = X (S, ) are called Regeneration States (RS).

Remark 1 Intuitively clear that the SRP behavior is fully determined with its regeneration cycles
W, that form a Markov Chain in functional space, and under an additional condition of reqularity any SRP

is reconstructed (up to equivalence) by it. However the real determination of a generator of Markov chain in
functional space is not a simple procedure.

Therefore, we focus on the most important consideration of the one-dimensional
characteristics of SRP. For this consider also some complementary processes

Y, =(X,,T,), N@=max{n:S, <t}, and Y (t)=X(Syy)-
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Theorem 3 (Jolkof, Rykov (1981) and Rykov (1997)) Let {(X(t), S,),t=0,n=1,2,.. } is
an SRP. Then the sequences {X,,n=1,2,..} and {Y,,n =1,2,.. } are homogeneous Embedded Markov
(EMCh) and Semi-Markov chains (SMCh), and {N (t),t > 0} is a Markov Renewal Process (MRP) while
Y (t) is a semi-Markov process (SMP).

Proof of the theorem can be found in the remind papers (see also [20, 45] for generalization).
Denote
* the Transition Matrix (TM) of MCh {X,,n =1,2,.. } and Semi-Markov Matrix (SMM)

of SMCh {Ynln:]-,z,...} as
P(X’ y) = P{Xml = yl Xn = X}1
Q(X’t’ y) = P{Xn+1 = y’Tn+l StI Xn = X}1

* one-dimensional SRP distribution of separate regeneration periods ( SRP transition
function) by
d(x,t,T) = P{X(S, +1) e BLU<T, |X(S,) = x}, n=1;

* one-dimensional SRP distribution given an initial state X by

(X1, B) = P{X(t) € B| X(0) = x}= P{X(t) € B};

® Markov Renewal Matrix (MRM) [Korolyuk, Turbin (1972), Jolkof, Rykov (1981)] and
[Rykov (1997)] by
Kt Y) =M, D Lo g (S X0)-

n=0

The behavior of a SRP {(X(t),S,),t>0,n=1,2..} does not fully determined by its

transition function. But many useful properties and characteristics of SRP can be represented in
terms of appropriate characteristics at its separate cycle and its MRM. Especially, for a most
interesting in practice one-dimensional distributions of a SRP, the following theorem can be proved
with the help of complete probability formulae:

Theorem 4 One dimensional distributions of SRP satisfy to the following relations

z(x,t,B) = ¢(x,t,B) + ZJEQ(X, du, y)z(y,t—u, B0, ()
7(%,t,B) = ¢(x,t,B) + z_t[K(x,du, y)¢(y,t—u,B) = 3)
= ¢(X,t, B) + Kxg(t, B)T 0 4)

where * denotes the matrix-functional convolution..

Remark 2 One can see that the equality (4) is the solution of the Markov renewal equation (2).

3.1.2 Renewal, Limit and Ergodic Theorems

A well- known Key Renewal, Limit and Ergodic Theorems are generalized for SRP’s as follows.
Theorem 5 Key renewal theorem, [Rykov, Yastrebenetsky (1971), Jolkoff, Rykov (1981)] Under
usual for the renewal theorem conditions, the following limiting formula holds
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m [ 2K (x,du, y)g(y,t—u)dt =

[
—>0 0 yEE

!im Kxg(t, X) E!

=m[> A(Vg(y.hdt,

oyeE
where 7 ={7(X), X € E} is the invariant distribution of the EMCh and

m= TZ;%(X)Q(X, [s,00), E)ds

o xeE
is a stationary mean of RP length.

The last statement provides the calculation of SRP stationary probability distribution in
terms of its distributions at separate RP’s and invariant measure of EMCh.

Theorem 6 Limit theorem Under some addition assumption of uniform regularity, SRP with
ergodic (positively recurrent) EMCh steady state probabilities does exist and is equal to

0

#(T) = lim 7(x,t,T) = m ™[> a(x)g¢(xt,)dt 5)

oxeE

Theorem 7 Ergodic theorem For uniformly reqular SRP with ergodic (positively recurrent)
EMCh,

: M. [g(X ())du
!Lrgnjg(X(u))du S o -
=m™ > 2(y)g()q(x), ©)

xeE

where q(X) = J-(l— Q(X,u, E)du is the mean time of the semi-Markov process Y (t) staying in the
0

state X.

The proof of these theorems one can find in [20, 22, 45, 61].

3.2 Discrete time controllable SRP

3.2.1 Definition

In controllable stochastic processes usually two factors should be considered: actions of
Nature and will of the Decision Maker (DM). As a system behavior modeling process, we consider
the SRP and suppose that the decision times coincide with the regeneration times that leads to the
definition of a discrete time controllable process (DTCSRP).

Definition 8 DTCSRP is a triple {(X (1),S,,U,),n=1,2,.. .}, where
{(X(t),S,),n=1,2,..} isa SRP for which Regeneration Times (RT’s) {S,} are also Decision Times
(DT’s), and U | denotes the decision in time S, . As before for DTSRP the intervals T, = (S, S, ;] and
their lengths T, =S, ., —S,, are called Regeneration Periods (RP’s).
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Many concrete CQS could be modeled with DTCSRP, including those that has been
proposed in the section 2.4. We will return to them in the sections 5 — 8. See also [31].
As for usual SRP the main role for DTSRP play the controllable embedded Markov (CMCh)

{(X,,U,),n=12,..} and semi-Markov {(Y,,U,),n=1,2,...} (CSMCH) chains. Its family (with
respect to the decision @ € A) of transition matrices (described the Nature actions) is denoted as
P(x,y;a) = P{X(S,) = Y X(S,4) =xU(S,) = a},
Q(x.t,y;a) = P{X(S,) =y, T, <t| X(S,,) =xU(S,) = a}.

Remark 3 Besides these two processes one could consider also controllable functional random

elements {(W, U, ),n=1,2,.. } where W, ={(X (S, +1),T,)t <T ,n=12,..} is a Regeneration
Cycle (RC), and U, is the appropriate decision in time S, .

The behavior of the controllable process determines not only its transition probabilities but
also by the controller or Decision Maker (DM). The control rules are determined by the strategies.

3.2.2 Strategies
Definition 9 The manner of decision making is called strategy.

As it was mentioned in the section 2.3, the strategy depends on system behavior,
observability and can be realized by several ways. In order to formalize mentioned there possibilities
we need to consider the history of the DTCSRP. Denoting the decision at the time S, by U and
putting T, =S, =S, ; the random history of the process up to time S_,; can be represented as a
sequence

H, ={X,,U,, T, X,,..U,,,T., X, }

and their realization with appropriate small letters.
A trajectory of DTCSRP is presented in the diagram

(-25,10) X,
The mostly general decision rule in the case of fully observable controllable process
trajectory is determined by the random measurable strategy

5 :{di (ul | hi)’i = O!l’-- -}a
where d; (U, | ) is a distribution of the DTCSRP decisions admissible at the trajectory. This class of

strategies is denoted by A . Beside this class, there exists another classes, and a mostly popular one
is a class of simple Markov strategies, for which decisions depends only on the last state of the process
and appropriate distribution is degenerated one at some decision

d; (u; [h) = &((x))
where X, is the last state of the trajectory h, and f(X,)=U determines an optimal non-

randomized decision in the state X;. The appropriate strategy can be represented as

o={f,f,...f,..}= 7, and appropriate class of simple Markov strategies as A,.
Suppose, for simplicity that the initial time S; =0 is a decision and regeneration time.

Then, with an initial distribution @ of the process and given strategy O on the set of process

trajectories, there exists some probability measure Pj . Appropriate to this measure expectation will

be denoted by E°. For degenerated at the state X initial distribution & =&(X) appropriate
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probability and expectation will be denoted as PX‘S and Ef , respectively.

3.2.3 Quality functional and optimization problem

The loss functional associated with the system RLS will be denoted as Z(t) and it is

supposed that it can be represented in the form

Z (t) = Zl{snst}zn (t - Sn) (7)

n>0
where Z (t) represents the appropriate loss functional resulting only from the decision time S,

and which does not depend on another decisions. It is calculated based on the LRS for the concrete
models.

There are several approaches for control of the process. The most popular are two of them.
* Expected discounted loss minimization,

w(x,8) = E? j e %7 (t)dt = infinum; ®)

0

* Expected long run loss minimization,

g(x,8) = limUESZ (t) = infinum. )

t—>

For both cases the optimal strategy & is that, for which

w(x,8") = inf{w(x,0),8 € A} = w(x), (10)
9(x,8") =inf{g(x,5),6 € A}= g(x). (11)

3.2.4 Optimality equations

One of the main results of the Markov Decision Processes theory, which also holds for
DTCSRP is (see [31]) that the functions (10) satisfy to so called optimality, or Bellman equations that
have the forms:

¢ For the discounted loss minimization

00 = inf {0020+ T )} ®

yeE
where C(X,a) is one step discounted expected lost function with the initial state X and decision a

c(x,a)= Ej‘_[e’“zn (t);
0

and ((X,a,Y) is a probability generating function of a RP (inter decision times) under decision a

for initial state X at given DT S,

d(x.ay)=[eQ,, (dta).

e For long run criterion optimization, the optimality equation besides the model price
g(X) includes also so called wvalue function V={V(X),X € E},
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yeE

v(x) = QQIX {c(x, a)—g(x)m(x,a)+ > P(x,a, y)v(y)}, (13)

where C(X, ) is a one step expected lost function with an initial state X and decision a,
c(x,8) = E{Z, (),
and P(X,a,Y) is a transition probability during a RP (inter decision times) under decision a for

initial state X at given DT S,
P(x,a,y) =Q,, («;a).

For given functions W(X) or g(X) and V(X), the right side hand of the equations (12, 13)
are known as a Bellman function D(X,8) . Another name of these equations is the Bellman equations,

which in general case could be represented as

V(X) = inf b(x,a). (14)

aeAX

4 Optimal strategy construction

4.1 Optimality Principle

The main result of the DTCSRP theory, as well as the theory of DMP, consists in the validity of
optimality principle in the framework of some assumptions that takes place for mostly applicable
situations. In [31] it was shown that under enough reasonable from application point of view
conditions for DTCSRP, the optimality principle holds. i.e. there exists a simple Markov optimal
strategy, and appropriate policies can be found from optimality equations. The optimality principle
means that:

* an optimal strategy exists and belongs to the class of simple Markov strategies,

therefore it is determined by the policy f ={f(X:Xxe€E), and
¢ it could be found as the solution of optimality equation
f(x) =argmin{b(x,a) :ae A(x)}.
As a result of these investigations the problem of QS control is reduced to the problems of
e solution of Bellman equation (14) and
e the Bellman function b(X,a) minimization with respect to a € A(X).

4.2 Numerical methods

There are two main methods for the solution of Bellman equation
¢ iteration algorithm due to Howard [28]
¢ linear programming algorithm due to Wolf and Danzig .

4.2.1 Iteration algorithm

The iteration algorithm has been proposed firstly by R.A.Howard for MDP [28]. For both
discounted and long run cost minimization, it consists of two procedures.
The algorithm
¢ Beginning: Choose some (for example, one-step optimal policy f;)

e Policy evaluation: For a given policy f, , solve the Bellman equations (12) or (13) in
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order to find value functions W, ={w, (X),X € E} or g, ={9, (X),x € E} and
v, ={v, (x),xeE

¢ Policy improvement: For the given value functions W, or g, and V, , find for each
state X the decision f,,;(X) that minimizes the value of Bellman function

f...(X) =argmin{b(x,a;v, ) :a e A(X)}.

Construct the new policy f,,, ={f,.,(X);X € E}, leaving in each state X the previous decision
f, (X) if it coincides with the new one: f, ,(X) = f, (X).

 End: Compare two successive policies f,,; and f, .If they coincide STOP and the

last policy is optimal, if no go to the step Policy evaluation.

It has been proved in [28] that at each step K of the algorithm the value functions W, or g,
and V,

do not increase and therefore for the case of the decision process with finite number of states,
the algorithm stops for the finite number of steps, and for the case of system with denumerable states
space the algorithm converges.

There are different improvements and specification of the algorithm (see, for example,
Puterman [46], Rykov [49], and others.

4.2.2 Linear programming algorithm

Consider firstly LPA for the discounted losses model. For an event
B,(x,u)={..,X(5,)=xU(S,)=u,..}
denote by 7, (X,U) the quantity
s

"1

~ _ 5..—S
7, (X,u) = E.e {8, (xu)}

for simple Markov strategy 0 = f” and for initial process distribution £ . Than the functional (8)

with the process initial distribution £ due to (7) can be represented as follows

w(u, S5) = E? j ez (t)dt =
0

= Ejje_Stzz Z 1{Bn(x,u),5nst}zn(t_Sn)dt =
0

n>0xeEueA(x)
—sS r _
= Ejzz Z & "l xup E, je YZ,(V)dv =
n>0xeEueA(x) 0
=20 > A (% Uu)E(x.u), (15)
n>0xeEueA(x)

where C(X,u) = E, _[e*SVZn (v)dv.
0

Using the backward Kolmogorov equation for DTCSRP, one can show that the function
7, (X,U) satisfies the equation

u(y) forn=0
PAGWEY S E (vu)dxu,y) forn>0, (16)

ueAX XEEUEAX
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If we introduce the variables &(X,U) = Zn>077'n (X,u), then the problem of the discounted cost

minimization can be represented as

D7D E(x,u)é(x, u) = infinum 17)

xeEueA(x)
under the restrictions that arise from the equations (16)

DD (S — AU, Y)EMXU) = u(y), yeE, (18)

xeEueA(x)
and

DD EXU) =147 (S)(A+ T, () (L+.. )., E(x,u)=0. (19)

XeEUEAx

The connection of the Linear Program solution and optimal control policy to an appropriate
DTCSRP is contained in the following theorem:

Theorem 10 (Wolf Danzig) For DTSRP with any simple Markov strategy 6 = T the
variables £(X,U) of the Linear Program (17—rest-Ip-discopt-2) have the following property: &(X,u) >0

only for one, say U (X) value U € A(X) for any X € E , being E(X,u) =0 for all another U € A(X)
and vice versa. To to any solution y of Linear Program with this property corresponds a simple Markov

strategy T ={f(x)=u"(x),x € E}.

Let us turn now to the problem of long run loss minimization. The Linear Programming
Algorithm (LPA) for the criteria of long run expected loss minimization looks like a little bit

complicated. For any simple Markov strategy 0 = f*, denote by TT(5) and H(0) the limiting

and the fundamental matrices of the embedded Markov chain (MC) X ={X_},
11(5) =1n " P“(6) =[x(x,y; f)1,H(S) = (I -P(8) +11(5)) ™ =[h(x,y; f)].
The LPA for long run ei?::z;d loss minimization looks like the following
>0 > e(x,u)é(x,u) = infinum (20)
with respect to variables e
&(y,u)= %E‘/I(X)ﬂ(x, y;0)d(uly), and n(y,u)= %E‘,u(x)h(x, y;0)d(u|y).

under the restrictions

D36, - pxu, Y)E(X,U) =0,

xeEueA(x)
2 2 s+ > (8, — p(xu, y)n(x,u) = u(y)Vy €E. (21)
xeEueA(x) xeEueA(x)

Connections of the LPA solution to optimal policy is established with the help of Wolf and Danzig
theorem.

Remark 4 Additional attractive feature of the LPA consists in the possibility to use the dual linear
programming algorithms for constructing of the optimality domains of some given simple control rules, as it
will be shown in the section 8.2.

4.3 Qualitative properties of optimal policies

The knowledge of some qualitative properties of optimal policies allows significantly
simplify their calculation. For example, for monotone policies it is enough to find only the levels for
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switching the policy from one regime to another. The optimality principle validation allows to
investigate some qualitative properties of optimal policies, for example its monotonicity. Because
the optimal policy is the optimizer of the Bellman function b(X,U),

f (x) =argmin{b(x,u) :u € A(x)},
one can investigate the conditions for it, which allow to provide the monotonicity of the optimal
policy f ={f(x):xeE}.

Because for CQS the states and decision sets E and A are usually multi-dimensional, the
problem of the optimal policy monotonicity investigation consists in finding the conditions for
monotonicity of the multidimensional optimization problem solution. These conditions usually have
a form of sub- or super-modularity for the optimizing function [69]. For the special case of QS
optimal control an appropriate condition has been proposed by Rykov in [53]. In order to explain
the optimal policy monotonicity conditions, consider firstly the problem of a smooth function
b(X,a) minimization in an enough good domain G — Ex A.

min{b(x,a):ae A} (22)

The necessary condition of a local minimum is

ba(X, a.) = 0, baa(X, a) > 0, (23)
where the notations are used:
2 2
b,(x,a) = M, b,.(x,a) = M, b, (x,a) = 0 b(X,a).
da (6a) daox

Therefore the problem solution is a function & = f (X) from the first equation of (23). Its derivative
can be found from the equation

b, (x,a)+b,,(x,a) f'(x) =0,
or
b,, (X a
f V(X) = _ a)(( ) .

baa (X’ a)

Thus, the monotonicity condition of the smooth optimization problem can be formulated as a
theorem

Theorem 11, If the minimizer f(X) of a smooth function D(X, @) minimization is monotone,
then D,,(.,.) preserve the sign along this solution. At that it is non-positive for non-decreasing solution
f (X) and it is non-negative for non non-increasing solution. The inverse conversation also holds: if the
second mixed derivative of smooth function D(.,.) in enough good domain G preserves the sign, then the
solution of the minimization problem (22) can be chosen monotone.

It is necessary to note that because the solution of problem (22) may be non-unique, the
monotone choice should be used.

For the discrete problem of minimization, appropriate conditions are almost similar,
however instead of the second mixed derivative now the second difference of the Bellman function
with respect to variables of state and control spaces is used. If it will be denoted the same as before
by ,b(X,a) the conditions of the discrete monotonicity problem look like in the previous theorem.

For detailed formulation and proof see [53].

It succeeds not too often to prove the monotonicity property of an optimal policy.
Nevertheless, because for queueing systems monotonicity leads to the threshold type of strategy,
and the attraction of this kind simple strategies and the simplicity of their realization leads to many
investigations of CQS under strategies with monotone (threshold) policies. In a series of papers of
Dudin and his colleagues [11] — [16], the systems with multi-threshold control policies for QS with
Markov Arrival (MAP) and Batch Markov Arrival Processes (BMAP) have been investigated. The
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numerical investigation of optimal control of a multi-server system with heterogeneous servers has
been done in the paper [17]. In Rykov & Efrosinin [57], the optimal control policy of systems on
their lifetime has been found in the class of threshold policies.

In the next sections we demonstrate the above considered methods for some of CQS
examples.

5 Arrival control

Control of arrivals to QS is a traditional problem in QT and has a long story. An excellent
review of the earliest works about the problem one can find in Stidhan Jr. [65], to which we will
follow in some parts of this section. Consider a model of arrival control M/GI/1, proposed in the
example of the section 2.4.1. In this model the customers arrive accordingly to Poisson flow with
intensity A and are served during random times that are i.i.d. with CDF B(t), mean value

mg = 4 and variance Gé . The LRS usually includes: (a) reward R, for each served customer with

mean value My and (b) penalty C(l) for | customers staying in the system per unit of time

(holding or waiting cost). The control times are the arrival times, and the decisions consist in the
admission or rejection of an arriving customer into the system.

The problem consists in admission of the arriving to the system customers (jobs) for service.
There are different possibilities for control of arrivals to QS: (a) static, or (b) dynamic for (c) single-
server, (d) multi-server, or (e) network queueing models.

5.1 Static flow control

5.1.1 Single-server static arrival control

In [65] a single-server static flow control model M/GI/1 has been reviewed. For this model
the DM admits each job with probability P and rejects it with additional probability 1—p.

Therefore the real admitted flow of jobs has an intensity AP . Under this control rule for any control
parameter P the system is a usual M/GI/1 QS with Poisson input intensity Ap and generally
distributed service time B, B(t) = P{B <t} with mean service time b and variance .

The problem consists in admission of jobs to the system in order to maximize the value of
long run mean reward that due to proposed LRS has the form

Apmg —ApC, w(p) under thecondition 0<Ap<Db, (24)
where W(P) is a stationary customer sojourn time in the system. Therefore, for the considered

system one has

A p*(b*+0o?)
Apw(p) =1(p) = Apb + —————272,
pu(p) =1(p) = Apo -+ T2 L9
In terms of Ab = p and V, = 5,b™" the problem (24) can be represented in the form
2 2
Apmg —ApC wW(p) = Am;p— CW{ op+ MJ = max (25)
2(1- pp)

under the condition 0< p< p .
This is a simple optimization problem that could be simply solved numerically. Moreover,
the last equation allows to obtain some interesting theoretical results proposed in [65].
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5.1.2 Multi-server static arrival control

In this case the r-server system M/G/r is considered. A Poisson input flow of customers
with the intensity A arrives into the system . The customers are served by servers during random

times with general distribution B;(-) with mean value b, and variance &’ for i-th server (i =1,r)
. In order to provide the stationary regime’s existence, it is supposed that A4 2‘ <iSIrbi <1 and the

servers are ordered such that
b <b,<...<b.
The (static) control rule is determined by the probability vector [;, P,,..., P,, where [; is the
probability to admit the arrived job to the i-th server.
In this case in [65] the problem of the static optimization is considered with respect to
minimization of summary number of customers in the queue
minimize > I,(p;) subjectto > p, =1,0<p, <p,
I<i<r I<i<r

where |;(p;) is the stationary number of customers in the buffer of i -th server, and p, = Ap;.

5.2 Dynamic arrival control

The dynamic arrival control of this model also in [65] has been considered. Some different
generalization of the dynamic flow control model in Kitaev & Rykov (1995) [31] has been done.

The Bellman equation for the problem has been proposed and it was shown that the Bellman
function satisfies to the theorem 11, from which it follows that the optimal policy belongs to the class
of monotone polices and therefore the optimal strategy has a threshold property. Thus, there exists

the threshold level, say I” such that all arriving customers, which find in te

queue more than I” another customers should be rejected. The optimal threshold level 1"
can be found by investigation of the loss functional for the system M/GI/(1,]) with finite buffer.

6 Service mechanism control

Control of the system service mechanism is the most frequently considered area of control.
There are many diverse settings of the problem. The distinguish consists in input and service
mechanism as well as in LRS.

One of the earliest work devoted to the service mechanism control has been proposed by
Sabeti [62]. He considers the M/M/(1, n) system with controllable service rate without waiting cost

C,, and proves the monotonicity property of the optimal policy. For the M/GI/(1,n) system, this

result has been generalized in [63]. For closed queueing systems with controllable service rate the
analogous results have been done in [7, 8]. More detailed review of the earliest works on the topic
one can find in [9, 66, 48]. In the framework of DTCSRP, the system has been considered in [31]. The
numerical investigation of the optimal service rate policies has been proposed in [73].

The hysteresis phenomena of optimal policy arise when the switching costs are taken into
account. The M/M/(1, n) system, with N <o, with controllable both input and service rate and a
switching cost in [42] has been considered. As a control parameter the pair & = (A, 1) is considered
and the total order of the control parameters is supposed to be: a<a’ iffboth A <A, u< /. The
control epochs for the model are both arrival and service completion times. The switching cost
C,(a,a’) has been included into the model. The conditions that provide optimality of monotone
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hysteresis policy are studied. One step optimization problem of the Bellman function for the same
model was studied in [27]. The optimality of monotone hysteresis policy under a little bit more
general conditions is proved in [50]. The same mode under more general conditions in the
framework of DTCSRP has been considered in [31]. The optimality of monotone hysteresis policy
has been established there.

Remark 5 This system also can be considered as a complex system, in which two parameters input
and service rates are controllable.

The oore general case of a M/GI/(1,n) system with controllable service rate, however
without switching cost] has been studied in [73]. Customers arrive with Poisson flow of intensity A
and are served with one of finite numbers of rates (service modes) a € A ={ak 'k=0,1,2,. ..I‘},
such that the service time has a CDF

B,(t) = B(tia,) = B(at).k =0.r,
where B(t) is a given CDF with finite mean Mg . As the control times (epochs) the service beginning
times are supposed. At that the service delay it is convenient to consider as service mode with rate
8, = 0. The control consists in choice in the control epochs, one of the service modes in order to

maximize the discounted or long run expected reward or minimize appropriated loses. The
monotonicity of the optimal policy has been studied numerically.

For multi-server systems the control rules consist usually in choice of servers for service.
This setting is closed to the problems of the system structure control and will be considered in the
next section.

7 System structure control

7.1 Servers switching on and off problem

The problems of system structure control are very closed to the service mechanism control
and consist in switching on and off servers depending on the system state with the goal to optimize
some given functional. Such type of systems have been considered by Heyman [24] and Deb [10].

Consider the system M/GI/1 with controllable system structure, which consists in the
possibility to switch on and off the server. Customers arrive accordingly to Poison flow of the
intensity 4 and are served during random service time with general CDF B(t). Reward structure
includes:

* penalties C; and C, for switching on and off the server;

® penalty C, per unit of server operating time (using cost); and

* penalty C, (i) for waiting i customers per unit of time.

Control epochs are both the arrival and service completion times and the control consist in
switching on and off the server with the goal long run average losses minimization.
The monotonicity of the optimal policy has been proved that leads to its threshold property.

7.2 Slow server problem

So called slow server problem also can be considered as a system structure control problem.
The problem is the following. For the M/M/r QS with Poisson input intensity A and r

heterogeneous servers with service intensities £4 (1 =1,r), ordered such that
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>y > > (26)
the conservative discipline, for which any idle server should be used, will be not expedient for
example, with respect to minimization of the mean sojourn (holding) time (or mean number) of
customers in the system. Therefore, the problem of optimal servers using arise.

The problem firstly has been considered for two servers in the static regime by B.
Krishnamoorthy in [39], then also for two servers in the dynamic regime it is studied by Hajek,
Lin&Kumar and Koole in [23, 41, 37]. It was shown that the optimal rule for using of the slow server

has a threshold character and the optimal level of queue length q* for using the slow server is that
for which
=[]
q =ty [+
For the system with several heterogeneous servers the analogous rule has been proved by Rykov in
[54], see also [53]. For the problem investigation consider a Markov decision process with set of space

states E ={X=(q,d,,...d,)}, where q is the queue length and d, (kK = ]7) is an indicator of the
K -th server state: d, =0 if the K th server free, and d, =1 if itis busy. A system of sets
A(x) ={set of indexes of free servesin thestate x}

will be used as action sets.
It was proved that the optimal servers using rule also have the threshold structure. For any

system state X = (X;,...,X,), there exists a threshold level q*(x) such that the new server should
be used iff only the queue length ( is greater than q*(x), q> q*(x) . At that the server of the most
intensity among the free servers should be switched on. However the levels of the servers switching
on and off should be calculated numerically, and one example of this calculation one can be found
in [17].

For the generalized setting of the problem, which include also the waiting cost C; for any
customer waiting in queue per unit of time and the using servers cots C, (K = ]j ) for K -th server

using per unit of time, the analogous optimal service rule has been found in [56, 55]. In this case the
monotonicity of the optimal policy preserves if for servers ordering accordingly to (26) also the
following condition holds:

C L > Gty > > C 27)
It should be noted that the optimal rule does not depend on the input intensity 4 and waiting cost
C, . Also the threshold levels q (X) should be found numerically.

8 Service discipline control

One of the first investigations on CQS does not touch the delicate problems regarding the
MDP and deals only with the optimization problems in the framework of simple priority systems.

8.1 Priority optimization

The problem of priority system optimization can be considered as the problem of service
discipline optimization in small class of decision rules that does not depend on the process trajectory
observation and on the system state.

One of the first papers, devoted to QS optimal control, was the problem of optimal priority

assignment [2]. The problem is the following. Consider a single server M /Gl /1 queuing system
with r independent Poison inputs of intensity A, ,(K = ]j ) . Random service time B, of K -th type

customers has CDF B, (t),(k :]j) with mean value b, = 4! and its waiting unit of time
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penalties with C, units. The problem consists in choice of the service priorities in order to minimize

the expected long run loses

t
|im1tEj D el (s)ds= D ey,

o0 0l<ksr 1<k<r
where L, (t) is the K -th type of customers queueing length in time t, |, its stationary mean value,

W, is the stationary waiting time of the K-th type customers. The priority systems has been

investigated in detail by Klimov [32, 35], Gnedenko and others [19], Jaiswal [21] and others, where
the steady state system characteristics have been calculated. Based on the stationary characteristics
of the priority systems, the solution has been proposed by Bronstein and Rykov in [2] (see also [6])
with the help of a simple method that many years after got the name perturbation method [3], and the
rule now known as the Cu -rule. It is the following. The priority should be organized in a such
manner that
bc, <bc, <...<bc,

or in the order

Citly ZCopty 2.2 Cfdy
which gives the name Cgs -rule to this discipline.

Further, it was shown [59] that this discipline is also optimal inside essentially awide class
of so called dynamic priorities, where the idea is the following: the whole set of states E is divided
into classes E;,(1=0,1,...r), in which the decision a =1 in the decision epoch should be taken.
This class of decisions in fact represents a class of Markov decision strategies, and therefore the
results show that the priority is the optimal discipline in the class of Markov decisions. These results
have been developed further for system with dynamic preemptive resume priorities in [70, 71, 72]
and others.

8.2 System with feedback

For more general settings the problem of service discipline control has been proposed by
Klimov [33] and Kitaev&Rykov [30]. Remind more general system M /Gl 1/6 with feedback,
proposed in [30]: I' types of customers arrive into the single-server system from Poisson flows with
intensities A, for I-th type of customers (i -customer); the customers are served with i.i.d. service
times distributed accordingly to the CDF B, (t) with mean value b, . Each served i -customer leaves
the system with probability ¢;(0), or generates the set of the same type of customers (N,...,N,)
with probability ¢;(Nn;,...,N,) that should be served also in the system. The LRS includes only a
linear waiting (holding) cost C,,(I,1) =1, for the i-th type of customer unit of time spent in the

system.

The problem consists in service discipline construction that minimize the long run expected
loss for the system exploitation. In [31] the existence of a simple Markov optimal strategy has been
proved that gave the possibility to consider the problem in the framework of dynamic priority
setting. As the result, the problem has been reduced to the linear program

> bc;x; = min (28)
I<i, j<r
with respect to Xij , under restrictions
Z(aijxik+(aikxij):7/jk (J,k=1,r). (29)

I<i<r

Here X; = E;L; is the stationary mean value of ] -th type of customers in the i -th type decision
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epochs, &; = J; —b4; —(;, and Q; is mean number of ] -th type of customers generated by the I
-th one. The model constant y; =y > 0 does not depend on the control rule.

The linear problem (28, 29) solution is attained as usual in the extreme points of manifold,
determined by the restrictions (29). This statement allows to show that the optimal policy determines
the priority discipline. The dual linear program has been used in order to find the optimal priority
rule. It is not enough simple and it is determined with an algorithm, which one can find in [30, 31].

Remark 6 It is well known the connection between iteration algorithm of optimal policy
construction and some linear program. In this problem, using a dual linear program allows to construct the
optimal control policy. The possibilities of the dual linear program does not fully used up today. Really using
the dual linear program allows to search parameters of the model, in which some given simple rule (or service
discipline) will be optimal (see also remarks in the Conclusion). This approach has not yet exhausted itself
and should be developed in future.

The further investigation of the priority queues has been done by Miscoy and others [43],
where especially numerical methods for generalized Kendall equation has been proposed. It also
can be used as a method for optimal priority construction for the priority queues with switching
times.

8.3 Closed queuing systems

The optimality of the priority rule for closed queueing system has been proved by Koole in
[38]. A closed system < M /M/1/6 > with r sources, one server and controllable service discipline

is considered. Sources have exponentially distributed life and repair times with parameters
A gt (1=1,r) .. The system includes a waiting (holding) cost C, (K =1,r) for every unit of time

that the K -th source is not functioning. The preemptive service discipline that minimizes the total
average waiting cost is the goal of investigation.

The problem is formulated in the framework of the decision Markov model. In [38] it is
proved that if the sources are ordered in such a manner that the conditions hold

AL SA and cyuy=>...>2Cop, (30)
then the priority rule: serve the source with minimal index is optimal.

In the case when all C, =1 this result shows that this rule is also optimal for minimizing

the average queue length. For the case when A, = A forall kK = 1,1 , the results show that the cu

-rule also holds for the closed system with homogeneous sources. It is possible to see that the results
also coincide with the analogous results for the open queueing system with heterogeneous servers
considered in subsection 7.2.

9 Conclusion

To model CQS in the paper the DTCSRP is used. Of course, the assumption about the
possibility to change the control in special control epochs is a some restriction. However, this
restriction is natural for many practical situations. Moreover, for MDP due to the memoryless
property of exponential distribution the epochs of any states changing are the natural decision times.
However, there are some examples (and works), where the choose of control epochs is a subject of
investigation. So in [4, 72, 58] the problem of optimal service interrupting has been investigated.

Another approach that could be mentioned as a subject for further investigation consists of
construction of the domains into system parameters set such that some natural control rule would
be optimal if the system parameters lie in the domain ( domains of optimality). Besides the practical
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importance of such approach, it allows in some cases to find an optimal policy for all possible values
of the system parameters (example of such approach has been proposed in [30, 31].

Further development of the above approach for optimal control of QS is the following.
Because for CQS the states and decision sets E and A are usually multi-dimensional, the problem
of the optimal rules qualitative properties investigation should be stated as follows: Is it possible to
introduce into sets E and A such a partial order, in which the optimal policy would be monotone?
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Abstract

We propose a method for building confidence intervals for percentiles with application to quality
control of the random properties of composite polymer materials strength. The basises (i.e. lower
confidence limits for percentiles) are analyzed. The new developed method employs the statistical
bootstrap modeling method. For the explanation of bootstrap procedure, the problem of building
confidence interval for the mean value for the random values of composite material strength is
presented. The result is compared with classical one. Due to bootstrap, it is possible to overcome
some problems of classical statistical constraints. There is no need in postulating some type of
distribution (normal or Weibull). Some real problems are presented with the comparison of the
results by standard procedures and by the new method. It is shown that the agreement is
satisfactory.

Keywords: percentile, bootstrap-modeling, composite material, strength

I. Introduction

During the certification of high-tech products, which include composites made by autoclave
molding of prepreg HexPly brand, it is necessary to conduct the experiment to determine some
strength properties. The values being investigated are: 1) the ultimate strength (o8, MPa); 2) the
modulus of elasticity in tension (E, GPa); 3) strength interlaminar shear at normal temperature (120,
MPa); 4) strength interlaminar shear at elevated temperature (1120, MPa). Since the experimental
values are random, it is necessary to conduct the statistical analysis. For this purpose 1) the
percentiles Y% are estimated. (These values are almost the same as quintiles q, Y%=q/100); 2) for 1%
and 10% percentiles the a=95% confidence intervals are estimated. The lower boundaries of those
confidence intervals are called basises: namely A- basis for 1% percentile and B- basis for 10%
percentile. Although the percentiles are themselves at some extend the interval characteristics, the
necessity to build the confidence intervals for them makes the researchers face new challenges.

Let us dwell on the characteristics of percentiles. The percentile v % is the characteristics of
the sample, which express the ranges of the elements in the array as the numbers from 1 to 100, and
indicate what percentage of the values are below a certain level. More generally, define the quantile
=7V %/100 is been used. Mathematically, the quantile is determined as follows. Suppose there are
independent and identically distributed random variables, for which there exists a distribution
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function F with density distribution f=F’. Define g-th quantile of the population, such that F7*(q) =
inf{x € R:F(x) = q}. Quantile q=0.1 (or, equivalently, the y%=10th percentile) indicates that 10% of
all values are below this level. Quantile (percentile) is a random value, which is determined by the
sample, so it requires the assessment of their variability.

To calculate confidence intervals for the values of the percentiles obtained for the random
sample the basises are used. Two types of basises: A-basis and B-basis [1] are investigated. They are
the lover limits with confidence 95% for the percentiles 1% and 10% respectively. Before now it was
obligatory to choose the appropriate type of distribution for solving this problem. For each type of
distribution the complex dependencies are developed. For example, for the calculation basises with
the assumption of normal distribution of a random variable in [1] the formulae are proposed:

B =X —Kkgs, (D
A =X —Kas,
where x is the average; s — is the mean square deviation and kg 1 kpare the coefficients of tolerance
appropriate to the sample size. The values of these coefficients are given in tables or can be calculated
with an error of not more than 0.2% by the following formulas:

3,19
kg = 1,282 + exp (0,958 —0,5201In(n) + T) )

3,87
ks = 2,326 + exp (1,340 —0,5221In(n) + T)

where n is a sample size.

I1. Methods

In the present work as an alternative for methods [1] a method of constructing basises with
the use of statistical bootstrap is proposed.

We will briefly review the description of the method of the statistical bootstrap. It was
introduced in 1977, by the mathematician Bradley Efron [2]. The statistical bootstrap is a way of
obtaining robust estimates of standard errors and confidence intervals, but not only this. It is being
used to evaluate the variability of different characteristics. The method is based on the repeated
simulation of the so-called bootstrap samples which constructed on the basis of the original sample
with the replacement and is based on intensive use of computers. The number of bootstrap samples
(denoted by R) should be large: in the present study were used R=100 and R=1000. At the nowadays
computers speed those number is not a problem. It will be only the fractions of a second calculations.
The size of each bootstrap sample corresponds to the size of source sample, namely n, and the
elements of the bootstrap samples are formed from the elements of the original sample, this is a
random choice with replacement. For statistics, for which the exact mathematical expressions of
variability exist, a number of studies have shown satisfactory agreement of the estimates based on
bootstrap with the classical estimates (see also Appendix). To date, already has significant
experience of applying statistical bootstrap to engineering problems, see for example [3]. On the
other hand, mathematicians warn of excessive enthusiasm to this method: where the statistic theory
is well developed and where the methods of data analysis in some sense close to optimal were found,
the bootstrap has nothing to do.

In our case, for such statistics as, for example, Y% percentile, the mathematical expressions for
the variance are complex and their optimality is not strictly proven. In this regard, it is interesting to
compare the interval estimates of the bootstrap Y% percentile with ones, constructed by the used
nowadays methods and to consider the possibility of new method introduction in the practice of
engineering design. The evaluation of confidence intervals for quantiles using the bootstrap
simulation was considered also in [4,5]. In [4] smoothing method confidence intervals for quantiles
was proposed, in particular, nuclear assessment. In [5] the accuracy of bootstrap estimates of
confidence intervals of quantiles, depending on the distribution of random variables was
investigated.
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Let's take for example h-th delivery of the s-th random value. In the investigated pool
h=7,8...11 (total 5 deliveries) and s=1,2,3,4 (total 4 characteristics). We accept R=1000 bootstrap
samples which seems to be sufficient. Separately for each h and s we perform R=1000 random choices
with replacement. There is a good function for it in [6] — “sample” function. It be metioned that it is
necessary to include parameter “replace=true” among the others, or else the choice will be without
replacement, which contradict the main bootstrap rule. [6] provide several algorithms for estimation
of quantiles. We employed the algorithm i=3, which is taken by default. Sample quantiles of the
algorithm type i are defined by:

QLil(p) = (1 - v) x{jl + v x[j+1] 3,
where 1 <i <9, (j-m)/n < p < (j-m+1)/n, x[j] is the jth order statistic, n is the sample size, the value
of v is a function of j = floor(np + m) and g =np + m - j, and m is a constant determined by the sample
quantile type. For i=3 v =01if g =0 and jis even, and 1 otherwise. Type 3 is discontinuous sample
quantile, as well as the types i=1,2.

After the algorithm of calculating quantiles has been chosen, the bootstrap modeling is
performed. For the building confidence limits the random values of bootstrap samples are arranged
into the variational series. The members of variational series with indexes LOW and UP form the
a% confidence interval for the statistic of interest. Here are the expressions:

1-0.100

LOW-=integer part [ . R] 4)

UP=integer palrt[lmzﬂ R] ®)
For building basises only the low limits are necessary. If number of bootstrap samples is R=1000 and
confidence level as it is defined for basises a=95%, the lower index is: LOW=25.

IT1. Results

For the delivery #8 of carbon fiber specimens for the random value of ultimate strength o8 Mpa in
Fig.1 the histogram of g=0.1 quantile (or that is the same y=10% percentile) is shown.

Histogram of 10% percentile
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Figure 1: Histogram of percentiles
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It can be seen, that the distribution is far from being normal, so we have all the reasons to
employ the bootstrap, which is free from requirements of the normal distribution. In the Figure 2
the cumulative distribution function of the bootstrap estimations of percentile Y=10% is shown
(“ecdf” function in [6]). The random value of ultimate strength oB is shown in MPa.
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Figure 2: Percentiles cumulative distribution
Following the rules for building the bootstrap confidence interval (4,5) we estimate the
indexes of variational series: LOW=25; UP=975. For the basises we need, actually, only the lower

index. For deliveries the data of basises are presented in Table 3.

Table 3: Ultimate strength os, MIla for some deliveries of HexPlay

Delivery Mean Standard 10% percentile B-basis

index deviation bootstrap | [2]

7 3013.3 142.6 2817.0 2789 2693
8 2962.5 84.9 2850.5 2818 2780
9 2719.3 154.6 2512.2 2580 2361
10 2848.9 172.3 2630.2 2580 2463
11 2729.7 134.7 2579.3 2501 2403

IV. Discussion

Because of standard requirements in industry it is important to estimate basises of some statistical
characteristics. The proposed method was applied to the quality control of the strength
characteristics of carbon fiber composite specimens. The comparison has been made with the results,
obtained by nowadays applied methods. The agreement is shown to be satisfactory. On the other
hand the new developed method possesses some advantages, for example, it is free from
distribution. It all refers to B-basises (the lower 95% limit of 10% percentile). As for A-basises (the
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lower 95% limit of 1% percentile) there are some problems. They are due to very small samples size
(up to n=30). For building A-basises for small samples it might be necessary to develop new methods,
based on numerical imitation.

Appendix
Example of applying bootstrap for average value confidence intervals building,.

To explain the method of construction confidence intervals using bootstrap-modeling and
to make reader more familiar with bootstrap procedure, we employ the problem of building
confidence intervals for the average value of the normal set. This problem was chosen because in
has a good classical decision. As the object of investigation the shear strength under room
temperature tau20, MPa of the composite samples has been taken. The delivery number was 7,
because for this set a good agreement with the normal distribution was obtained [7]. Here the
number of bootstrap trials was chosen as R=100.

The initial set is presented in Table A1.

Table Al: Shear strength under room temperature 120 , MPa, delivery number 7, initial sample

Order index 1 2 3 4 5 6 7 8 9 10
120, MIla 86.1 | 89.7 | 97.1 | 959 | 93.7 | 944 | 90.6 | 93.6 | 96.4 | 88.8
Order index 11 12 13 14 15 16 17 18 19 20
120, MIla 101 89.3 | 8.9 | 928 | 943 | 915 | 906 | 91.5 | 92.8 | 90.1
Order index 21 22 23 24 25 26 27 28 29 30
120, MI1a 972 | 949 | 915 | 93.8 | 96 959 | 89.3 | 998 | 959 | 107.8

Initial sample parameters (Table Al)
Mean value(120 ) = 93.61 MPa (6)
Standard deviation (120 ) = 4.502 MPa
According to the bootstrap rules R bootstrap samples are simulated. In Table A2 an example
of simulated k-th bootstrap sample is shown, constructed based on the source sample shown in Table
Al:

Table A2: k — th bootstrap sample (example) modeled on the base of initial sample (Table A1)

1 2 3 4 5 6 7 8 9 10
120, MPa 107.8 | 93.6 | 90.1 | 99.8 92.8 | 971 | 89.3 | 90.5 | 91.5 89.3
Order index 11 12 13 14 15 16 17 18 19 20
120, MPa 107.8 | 964 | 93.6 | 944 | 93.8 | 90.1 | 91.5 | 89.3 | 101.0 | 92.8
Order index 21 22 23 24 25 26 27 28 29 30
120, MPa 89.3 88.8 | 89.7 | 101.0 | 972 | 93.7 | 93.8 | 89.3 | 89.7 | 93.8

It can be seen that some random values are repeated in k-th bootstrap sample (in Table A2,
for example, the elements 1 and 11 are the same: t120=107.8 MPa). Some elements of the Table A1l
was not included even once in the k —th sample (for example, item number 1: ©20=86.1 MPa), but it
might be included in the bootstrap sample number k+1.

k-th sample parameters (Table A2):

Mean value (120 ) = 93.99 MPa 7)

Standard deviation (120 ) =5.137 MPa

It is seen that the characteristics at the initial sample (6) and k-th sample (7) differ, albeit only
slightly. For each k=1,2...R bootstrap sample it is necessary determine the characteristics of interest,
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namely average. The set of estimations characterize the variability of the point estimate.

The histogram shape looks like the shape of the normal distribution. The average value for

the bootstrap samples is the bootstrap mean(t20)=93.603 MPa. This value is close to the average for
the original sample (6). For building the confidence intervals with probability a=90% for the average
the formulae (4,5) are applied. For the given parameters a=90% and R=100 the values in indexes are:
LOW=3 and UP=97. The standard statistical estimation [8] for the same purpose provides very close
values. The confidence limits built by two methods are shown in Table A3.

Table A3: a=95% confidence limits for the mean value of shear strength value [MPa]

LOW 90%, Student’s LOW 90%, bootstrap UP 90%, UP 90%, bootstrap
Student’s
92.22 92.38 95.0 95.10
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Abstract

In this paper we present a queueing network model for computing average end-to-end delay, and
maximum throughput that can be attained in random access multi-hop wireless ad hoc networks
with stationary nodes under two popular contention resolution schemes namely, Binary Exponential
Back-off (BEB) and Double Increment Double Decrement (DIDD) rules. This model takes into
consider some realistic features of the system like (i) the generation of different classes of packets at
nodes, and (ii) the dependence of the transmission time and transmission probability on the distance
between the transmitter and receiver. Probability distributions and the associated measures of
characteristics of the time spent by a packet at arbitrary node are analytically derived by using phase
type random variate theory, which in turn are used for the computation of average end-to-end delay
and maximum achievable throughput. Theoretical results are numerically illustrated.

Keywords: queue, network, phase type distribution, Markov chain

1 Introduction

A multi-hop wireless ad hoc network is a collection of nodes that communicate with each other
without any established infrastructure or centralized control. Due to the limited transmission range
of wireless network interfaces, multiple network hops may be needed for one node to exchange data
with another across the network. Thus, in this network, the packets may have to be forwarded by
several intermediate nodes before they reach their destinations and therefore each node operates not
only as a host but also as a router. Hence, each node may act as a source, destination or relay. For a
detailed description of some of the situations where ad hoc networks can be used, refer [7].

The wireless medium is shared and scarce. Multiple stations may want to transmit data frames
at the same time over the same channel. So, multiple access protocols are needed to coordinate the
transmissions. Since ad hoc networks lack infrastructure and centralized control, these protocols
should be distributed. IEEE 802.11 protocol has been set up for fixing international standards for
Wireless Local Area Networks (WLAN's). In the 802.11 protocol, the fundamental mechanism to
access the medium is known as the distributed co-ordination function (DCF). DCF is a random access
scheme based on the carrier sense multiple access with collision avoidance (CSMA/CA) protocol.

According to DCF basic access mechanism, each station with a packet, ready for transmission,
monitors the channel activity and if the channel is found to be idle for a pre-determined period called
distributed inter-frame space (DIFS), transmits the packet. Otherwise, if the channel is sensed busy,
the station initializes its back-off timer and defers transmission for a randomly selected back-off
period to minimize the collisions. At each time point at which the channel is monitored, the back-off
counter is decremented when the medium is idle, and is frozen when the medium is sensed busy.
The timer resumes only after the medium has been idle for a period longer than DIFS. The station
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whose back-off timer expires first begins transmission and the other stations freeze their timers and
defer transmission. Once the current transmission gets completed, the back-off process repeats again
and the remaining stations reactivate their back-off timers. Upon the successful reception of a packet,
the destination sends back an immediate acknowledgement (ACK) after a time interval equal to
short inter-frame space (SIES). In addition to the basic access mechanism, another optional method
called ready-to-send/clear-to-send (RTS/CTS) mechanism is also adopted under DCF. According to
this, a node operating in RTS/CTS mode, before transmission, reserves the channel by sending a
special ready-to-send short frame and the destination node acknowledges the receipt of the same by
sending back a clear-to send frame. After this, the normal packet transmission and ACK response
occur. Since collision may occur only on the RTS frame, and it is detected by the lack of CTS response,
the RTS/CTS mechanism allows to increase the system performance by reducing the duration of a
collision when lengthy messages are transmitted. More importantly, to some extent, the RTS/CTS
mechanism adopted in the 802.11 protocol is useful to address the so called hidden terminal
problem, which was first mentioned by [14]. For more details on hidden node problem, also refer
[6].

DCF employs a contention resolution method namely, binary exponential back-off (BEB) rule,
to minimize the probability of collisions due to multiple simultaneous transmissions. Under this
rule, if a packet is ready for transmission from a node for the first time, contention window size is
chosen as W and according to the collision avoidance protocol procedures, a random value for its
back-off counter is uniformly selected from 0, 1,2, W — 1. If the packet meets with a collision in that
attempt, the contention window size will be set as W; = 2W and a value for back-off counter is
selected uniformly from 0, 1,2, W; — 1 and if it is further included in a collision on its next attempt,
the contention window size will be doubled again and this will continue up to a maximum of m
collisions. After m unsuccessful attempts, if it is again met with a collision, the contention window
size will be fixed as W, = 2™W. If an attempt results in successful transmission, the contention
window size for that node will be reset as W. Hence the minimum contention window size CW,,,;,, =
W, and the maximum contention window size CW,,,, = 2™W.

Apart from the BEB scheme, many researchers have proposed different schemes to fix the
contention window size in order to enhance the performance of wireless LANs. Of which the DIDD
(Double Increment Double Decrement) scheme proposed by [8] deserves special mention. Under
this scheme, if a packet meets with collision while it is being transmitted, the contention window
size for the next transmission will be doubled as in the case of BEB rule, whereas after a successful
transmission it will be halved unlike under BEB scheme where the contention window size is reset
to W under the same scenario. For more about other schemes and their detailed performance
analysis, refer [8] and the references therein.

Several researchers have attempted to analyse the throughput and packet delay occurring in
communication networks. [2] proposed analytical models to learn the IEEE 802.11 protocol under
unsaturated traffic conditions for multihop networks. [4] made an attempt to characterize the
average end-to-end delay and maximum achievable per-node throughput in random access multi-
hop wireless ad hoc network with stationary nodes. They modelled random access multi-hop
wireless networks as open G/G/1 queueing networks and used the diffusion approximation (see
[10]) to derive closed form expressions for the average end-to-end delay. However, none of these
aforementioned references has addressed the important problem of finding the probability
distribution of the end-to-end delay experienced by the packets in the network.

This article is in the same line with [4]; however, a more detailed and comprehensive delay
analysis has been carried out for a multi-hop wireless ad hoc network with stationary nodes under
more general and realistic assumptions. More importantly, probability distributions of the time
spent by a packet at an arbitrary node from the epoch at which it is ready for transmission till it is
successfully transmitted have been derived under both BEB and DIDD rules, as discrete Phase-
Type(PH) distributions. Analytical representation of these distributions enable us to compute some
important statistical measures like variance and coefficient of variation of the packet waiting time at
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anode, which in turn could be used in computing the mean total time spent by a packet in the system
before it reaches its destination. For more details on PH distributions and their characteristics, see
[12] and [11]. Following are some of the highlights of this paper. (i) The analysis aims to capture
several salient aspects of wireless networks like the relationship between the probability of
successful transmission between two nodes and the distance between them, interferences caused by
hidden nodes, generation of different classes of packets at nodes based on the number of hops to be
visited etc. (ii) PH- representation of single hop delay under both BEB and DIDD back-off schemes
are derived explicitly and the important statistical measures like mean, variance, and coefficient of
variation of the single hop delay are computed analytically and are presented in compact form. (iii)
By using the diffusion approximation, the important measures like average queue size and mean
waiting time of a packet at an arbitrary node are computed.

Though the present paper does not consider the routing algorithms, mobility models, and path
length of source-destination pair that are currently applied in ad hoc scenarios, it renders a concrete
analytic approach which may be helpful to get approximate solutions to some important measures
that decide the performance of ad hoc models. Even though it does not take into account all the
features of a practical ad hoc model, it may be treated as an analytical model which help us to get
some insight into the performance behavior of a system governed by probabilistic laws. A detailed
description of our model is as follows.

2 Methods

We consider a wireless ad hoc network with N nodes that are assumed to be uniformly distributed
inside a compact set W c R? of unit volume. Each node has an equal transmission range R. That is,
if a node transmits a packet, it can reach at another node which is at a distance of maximum R units
from the source node. Let 7;; be the distance between nodes i and j. Nodes i and j are called as
neighbours if they can directly communicate with each other, that is if 7;; < R. The set of neighbours
of node i is denoted by N(i) and it is assumed that all neighbours of a node lie inside a sphere of
volume v = gnR3 (< 1) centered at that node. Since the nodes are distributed uniformly, the number

of neighbours is binomially distributed with mean (N — 1)v. Being an ad hoc network, each node in
the network can be a source, destination, or relay of packets. Depending on the number of hops to
be traversed by a packet, we classify the packets into M categories. A packet is said to be of class [,
1 <1 < M, ifithas to visit l nodes before reaching its destination. A packet generated at an arbitrary
node is assumed to be class [, 1 < | < M with probability ¢;,, where ¥.}1, ¢; = 1. Packets are generated
at nodes in the network as a renewal process with rate 1, and coefficient of variation Cg . It is to be

noted that, as per our assumption, the process by which an arbitrary node generates class | packets
Aecl

is a renewal process with rate =-=.

Computation of forwarding probability

Let g;; be the probability that a packet at node i (either generated at i or received from some
other node) is forwarded to node j. When node i transmits a packet, any of its neighbours can receive
it; however, we assume that the probability that it reaches at a neighbouring node depends on how
far the receiving node is from node i. More precisely, the probability that the packet reaches at the
node which is the kth neighbour of i is assumed to be inversely proportional to the average distance
between node i and its kth neighbour.

By equation (13) in [13], the average distance between a node and its kth neighbour,

o T(k+1/3)0(L+1)
E(R) =R T(k)T(L+4/3) ’ @
where
_®
M(m+1/3) = 1(1/3) 72—,
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L is the largest integer less than or equal to (N — 1)v, n!® is the [th multifactorial of n, and I'(1/3) ~
2.6789385347.
We have
qi; = P{i>j}=P{i > jlj € N(D} * P{j EN(D}.

By conditioning on the number of neighbours of i, we get

qij = Xp=1 P{i=jli EN@,IN@DI =p}* P{IND| =plj EN@D}*PHEND} (2
Now

P{i = jj €N, INDI = p} =X}, P{i - jIIN(D)| =

p,j is the k th neighbour of i}=*

P{j is the kth neighbour of i||N(i)| = p}. 3)
We have
P{i = j|IN())| =p,j is the kth neighbour of i}=
P{the packet is not absorbed at i} *

B
E(Rg|IN(@)|=p)’
where E(Ry||N(i)| = p) is obtained from eqn(1) by replacing L by p, and
By = Gl o)
p =1 ERIINDI=p)
is the normalization constant.
Thus
P{i = j|IN())| =p,j is the kth neighbour of i}=][1-
P{the final destination of the packet is i}]*U,(k),
where
_ Ep
U ) = smam @iy
So
P{i - j|IN())| =p,j is the kth neighbour of i}

= [1— XM, P{the packet is absorbed at i|the packet is of class [} *
P{the packet is of class [}]U,(k)

= [1— XL, P{the packet has traversed exactly | hops}*c]U,(k).
Now g;j, the forwarding probability from node i to node j is independent of the particular choice
for i and j so that we can remove the suffix to write q instead of g;;.
Hence we get

P{i > j|IN())| =p,j is the kth neighbour of i}=(1-XN", qlcl)Up(k). (4)

Substituting eqn (4) in (3) we get
P{i—=jli e N@,INDI=p}= (1~

YL qte) Yoy P{j is the kth neighbour of i||N(i)| = p}U,(k). 5)
Now from [9], the average distance between two random points uniformly distributed inside a
sphere of radius r is %

Therefore
P{j is the kth neighbour of i||N(i)| = p}

=P{ among p—1 neighbours (other than j) of i exactly k—

L . 72R?
1 lie inside a sphere of radius ?}

72R

=p-1 _ 1(U’)k_1(1 — vk, where v/ = (22,

k
Hence eqn (5) becomes

P{i—jlj EN@,INMDI =p}=(1—-X q'c) Ty, p— 1 _ 1(17')"’1(1 = V)P U, (k).

(6)
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Also
P{IN@)|=plj EN@} =N — 2p _ 117"’_1(1 - v)NP, (7)
and
P{jEN()}=v. ®)

By substituting eqns (6), (7), and (8) in eqn (2) we get
q=(1-X q'c) Xp=i Xy—y N — 2, P~ 1, - DA COLCE S LM (9}

©)
A recursive algorithm to compute q

From eqn (9) we get

_ 60-3{,dbep
q9= 1+c1G ’ (10)
where
C=Sy S N=2, _p=1, _vP (=) P A= U, ).
As a particular case, if ¢; is assumed as uniform (thatis, if c; = 1/M,1 = 1,2 ..., M), then we can write
_ MG+q?M+qM*iG
T M+G+MG '
which in turn gives the recursive algorithm
MG+(qlKy2m+(glkhM+1g
g+t = ===t : (11)
Lemma: The effective arrival rate at an arbitrary node, denoted by 4, is
A=—te 12)

N(A-(N-1)vq)
Proof: Since the effective arrival rate at a node is the sum of the external arrival rate at that node and
the average inflow rate to that node from its neighbouring nodes, we have

1=224 (N - Divg.

Hence the lemma.

Finding the interfering nodes

\A\'\ ‘.
‘\-‘y\.

\ sa
| pode ared

Figure 1:Illustration of hidden-terminal area

While a packet is being transmitted from a node to another, all the nodes that are lying in the
neighbourhood of the source node can hear the details regarding the transmission by sensing the
medium , whereas the ones which are not the neighbours can not. So the nodes which are located
within the sensing region of the intended destination and off-range of the source node may make
transmission to destination node simultaneously with source node, which may result in collision at
the destination node. This is the well known hidden terminal problem and the corresponding nodes
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are termed as hidden nodes. These hidden nodes together with the neighbouring nodes of the source
node constitute the set of interfering nodes of the source node. In order to conduct the waiting time
analysis for a packet in the whole network, we need to get a measure of the average number of
interfering neighbours an arbitrary node has. For this, we proceed as follows.

Distribution function of the distance X between source and destination nodes is given by

F(x)=()®0<x<R
The volume of the solid inside which the hidden nodes lie is a random variable. For a given value of
X, this volume ( two-dimensional analogue of this case is shown as shaded portion in Figure 1, the
details of which are given in [1]) can be computed as
V(x)=v-— %n(é}R + x)(2R — x)*.

So the average volume of the solid inside which the hidden nodes lie,

vy = fOR V(x)dF(x) = £HR3.
Hence the average volume of the solid inside which the interfering nodes lie,

vy=v,+v= gnR3.

Now it is easy to see that the probability distribution of the interfering neighbours of a node is
binomial with mean (N — 1)v,. Hence the average number of interfering neighbours of an arbitrary

node,
NI = (N - 1)171. (13)

Waiting time analysis

In this section, we derive the probability distribution and some important measures of
characteristics of waiting time for a packet at an arbitrary node under both BEB and DIDD schemes.
Here, by waiting time at a node we actually mean the time spent by a packet at that node from the
instant at which it is ready for transmission till it s successfully transmitted. This does not include
the time spent by the packet at the buffer before its transmission turn occurs. The objective of this
paper is not to compare the efficiency among BEB or DIDD or any other scheme proposed by
researchers, rather our focus here is to derive the waiting time distribution of a packet at an arbitrary
node analytically, for which BEB and DIDD rules are being used just for theoretical illustration.

Under the DIDD scheme

[3] analysed the performance of IEEE 802.11 distributed coordination function, where BEB
rule is used as contention resolution method, by means of a two dimensional Markov chain and
computed the conditional collision probability (that is, the probability of collision seen by a packet
while it is being transmitted). By the same approach, in this case, we can compute the conditional
collision probability say, pp by means of the formula

pp=1-(1-1p)" (14)
where 7p, the transmission probability of a node in a random time slot under DIDD rule, is derived

as (proof is shown below)

_ 2(1-2a)(1—a™*1)

T A-a)M)(1-a)W+(1-2a)(1-a™+1)
and N, represents the largest integer less than or equal to N;.

T (15)
Pp

-pp’
Eqns (14) and (15) represent a nonlinear system in unknowns 7 and pp, which can be solved

numerically (by using fixed point iteration scheme) to get pp.

with a =
1

Now, we derive the probability distribution of the number of time slots spent by an arbitrary
packet at a node from the time instant at which it is ready for transmission till it is successfully
transmitted, by using the embedded Markov chain technique. For this, consider the system at the
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end of a time slot at which either the channel is sensed idle by the node or transmission of a packet
(which may or may not be successful) from that node is over. More precisely, let t; be the beginning
of a time slot such that the previous slot [t;_4, t;) ends either with transmission of a packet from the
node, or the channel is sensed idle by the node. Then the embedded stochastic process
{(s(t),b(t;); i € N}, where s(t;) and b(t;) respectively denote the backoff stage and backoff time
counter of the node at t;, is a Markov chain. Note that whenever s(t;) = j, then b(t;) can take one of
the values uniformly from {0,1,2, ..., W; — 1}, where W; = 2/W,j=012,..,m.
The transition probabilities of the Markov chain are denoted by
P{(i, k)| (o, o)} = P{(s(ti+1), b(tis1)) = (ix, k)| (s(t), b(t:)) = (fo, Ko)}-
Under the DIDD scheme, it can be seen that
P{(i, )|, k+1D}=1, for k=01,..,W;—2; i=01,..,m

P{Gi—1,k)|(0}=—2 for k=01.,W_,—-1 i=1..,m

Wi—1

P{(i+1,Kk)|(i,0)} =22, for k=01,.., Wy —1 i=01,..m—-1

Wiy

P{(m, k)|(m, 0)} = ;’/—i for k=01,..,W,—1

and
PLO,I)I(0,00} = =22, for k=01,.,W—1.
Define state vector
T=((,0),01),@02),..,(,W;—1)), for i=01,..m
Then the transition probability matrix of the Markov chain is given by

Do+Co By 0 o e o w0
Co D, B, - :

0 C, D, B,

0 O Cp_y Dy + Byl
where B;,i = 1,2, ..., m of dimension W;_, XW; , given by

Pp P P
(W W~

C,i=01,..,m—1, W; s XW; matrix, given by

1-p 1-p 1-p
I[WiD WiD WiD'I
0 0 . 0
Ci=|s : P |;
Ilo e 0 Jl

D;,i = 0,1, ..,m, of dimension W;xW; , given by

0 0
D; = |lw;—1 0]

with Iy, ; as the identity matrix of order W; —1 and 0 is row(column) vector of appropriate

dimension.
Co, has the same structure as C, with the only distinction that it is a square matrix of order
W. Similarly B,,,, a square matrix of order W,,, differs from B,, only in dimension.
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If we define Il = (Tly,My,..,[;), where II; = (m, 74, ., Tiw;—1),E = 0,1,...,m, as the
stationary distribution of the above Markov chain, it can be seen that
Ty = (f—’;D)i(W‘j/—‘i")noo, for i=01,..m k=01,.,W—1
and
Moo = 2[W G221 = GZ2)™ ) + (2 (1~ (Z)™ ]
Hence 1, the probability that a node transmits in a random slot time is given by

_ 2(1-2a)(1—a™*1)
T (1-Ca)™H)(1-a)W+(1-2a)(1—a™m+1Y

Tp = Xizo Tio
which is eqn (15).
Now, leta;,i = 0,1,2, ..., m — 1 be the probability that a packet at the head of the waiting line
at a node starts with backoff stage i. Then
a; =
P{ the previous packet which was successfully transmitted from the node left the system

at stage i +1}

so that
a; =Yt a(1—pp)p5 Y, for i=1,..m-—2
with
Am—1 = Z?iﬁl alpgl_l'
and

ao = ay(1 = pp) + ao(1 — p3).
From this, by recursion we get
_ pg+1 . _
a; = (1_pD)ia0, for i=12,.,m-1

so that
_ (-2pp)@-pp)™?
07 (a-ppym*i-pptt (16)

by using the normalizing condition ¥/%;' @; = 1. Thus we have

_ i+1
(1-2pp)vp for i=1,.,m-1 17)

% @)™ B (—pp)
with a,, given by eqn (16).
Now the definition of a discrete PH random variable (see [12] and [11]) for details on PH
distribution and PH renewal theory) leads to the following theorem.

Theorem 1: The number of transitions undergone (time slots spent) by a packet say, Sp from

the instant at which it is ready for transmission till it is successfully transmitted, is a discrete PH
. . : _ o @ @ @ Tm—
random variable having representation (@p,Tp) with @, = (WO’Wi'Wz’ ""w::_i'

a; i=0,12..,m— 1isthe vector having W; components with each component «;, Ow,, is the vector

Ow,,, 0), where

of zeroes having W,, components, and T}, is the matrix given by

D, B; 0 0
0 D; B, - :
: ’ D, Bj
T, = “oon
: : Dp-1 Bn
0 v e e e D,, + By,

Also, its pmf, P(Sp = k) = @, TA ' (~=Tpe), k > 0, where e is a column vector, having components 1,
of appropriate dimension.

Corollary 1: Average number of transitions undergone(time slots spent) by a packet at an
arbitrary node from the instant at which it is ready for transmission till it is successfully transmitted,
is given by
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_ _ a ww-1) 1 a; wi;(Wi-1)
ESp) = @p(l —Tp) e = 52 (Wxo + “ =) + T3 2 Wi, + D), (1)
where
_ 3 _ m—i-1 m—i
2-pp Wipp(1-(2prp) )_l_ Pp Wm—1, for i=012, .., m—1. (19)

X o) 1-2pp 1-pp
Under the standard BEB scheme

Following the same lines as in the case of DIDD scheme, we have

Theorem 2: Under the standard BEB scheme, Sg, the number of time slots spent by a packet
at a node from the instant at which it is ready for transmission till it is successfully transmitted, is a
discrete PH variate having representation (&g, Tg) with ap = (%,0,0, ...,0), and Ty is the matrix
having the same structure as T, with the only exception that p, in T}, is replaced by pp in T, where
the conditional collision probability pp under BEB scheme is computed by solving the nonlinear
system of equations (see [3])
pe=1-(1-15)", (20)
and

2(1-2ppB)
= . 21
T8 = A2pm WD) +pW (1-2pp)™ 1)

Also, pmf of Sy is given by

P(Sg = k) = agTE 1(~Tgze), k > 0.
Corollary 2: Under the standard BEB scheme, average number of time slots spent by a packet at an
arbitrary node from the instant at which it is ready for transmission till it is successfully transmitted,
is given by
wWw-1)

E(Sp) = @5(I — Tp) le = - (Wy, + 22, (22)
where y, has the same expression as x, (given by eqn (19)), in which pj, is replaced by p3.

Probability distribution of slot length

We start with this section by summarizing the important steps (with minor changes
pertaining to our model) in the derivation of probability distribution of length of an arbitrary slot,
as detailed in [3]. A slot is called active if at least one transmission takes place in that slot. Let P, be
the probability that the slot is active. Since, on the average N, + 1 nodes are contending on the
channel (we have seen that on the average, a node will have N, interfering nodes), and each transmits
with probability =

P,=1-(1-1)V2*, (23)
where =1}, or 73 depending on whether DIDD or BEB scheme is used. Transmission of a packet
may result either in success or in collision.

Let
P, = P( transmission in a slot is successfull|slot is active).
Then
_ (Nz#+D)T(1-T)N2  (Np+1)r(1-1)N2
b= Py T 1-(1-r)N2tt C (24)

At this juncture it may be remembered that a time slot may be (i) a back off time slot ¢ if no
transmission takes place in that slot (ii) Ts, the average time the channel is sensed busy because of a
successful transmission, or (iii) T, the average time the channel is sensed busy because of a collision.
Thus the probability distribution of the slot length SL is given by
o with prob 1-P,
SL=<Ty; with prob PP (25)
T, with prob P,(1-F)
If we assume that the system is completely managed by the basic access mechanism, then
T, = SIFS + T(E(P)) + DIFS + T(ACK)
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and
T, = DIFS + T(E(P")),

where E(P) denotes the expected packet size and T (E(P)) represents the average time required for
a node to transmit a packet of size E(P) to its neighbouring node. Similarly, E(P*) stands for the
expected value of the largest packet size included in a collision and T (E (P*)) for the corresponding
mean transmission time . Also, T(ACK) represents the mean time required to transmit an
acknowledgement message from destination to source node. Just in the lines of eqn (15) in [3] it can
be seen that
Sela i Np+1, THQ-g)NIFIk [TMmAX (1 (F(x))k)dx

E(PT) = = 1—,Z1—r)(NI"'l)—(N[:l)T(l—‘r)NI ’ (26)
where F(.) is the packet size distribution function and P, is the maximum value of the packet
size. It is to be noted that

Pmax
E(P) = [, (1 = F(x))dx.
Now, for the computation of T(E(P)), T(E(P*)), and T (ACK), we assume that the transmission time
for a packet from a node to another depends on how far the latter is from the former. Earlier we have

seen that if a packet is transmitted from node i,

P{it reaches at node j|j is the kth neighbour of i} = E(ERL y
k
where
E = (YL 1 -1
L (Zl—l E(Rl)) ’

and E(Ry) is given by eqn (1). So, if Z represents the transmission time (in y) for a bit to reach the

receiving node, which lies at a unit distance from the source node, then the transmission time for a

packet to reach the receiver, which is the kth neighbour of the source node is ZE (P)E(R},) so that
T(E(P)) =Yk, ZE(P)E(Ry) LA LZW,E (P). (27)

L
E(Re)
Similar results hold for T (E (P*)), and T (ACK).
Now the expected slot length,
E(SL) = (1 — P)o + P,P,T, + P,(1 — P)T,. (28)
If TS denotes the time spent by a packet at a node from the instant at which it is ready for
transmission till its successful transmission, then
E(TS) = E(S)E(SL), (29)
where § = Sp, or Sp depending on whether the system is under DIDD or BEB scheme, and E(S) is
given by eqn (18) or (22) as the case may be. Note that since TS is the actual time taken for a node to

complete a packet transmission since the epoch at which it is ready for transmission, as per the
queueing terminology, TS is equivalent to the effective service time rendered for a packet at a node in
the network. Now, let us compute the variance of TS.
E(TS?) = E(E(TS?|S = k)).
Now
E(TS?|S = k) = E((Z=1 SL)(Zh=1 SLn)),
where SL; denotes the length of jth time slot. Since SL; are iid variates with mean E(SL), we have
E(TS?|S = k) = ¥y Ziey (E(SL))? + Xjy E(SL?).
Thus
Var(TS) = [(1 — B)o + P,PTs + P,(1 — P)T.*[2a(I — T) 2Te

+a(l-T)'e— (@ —-T)'e)*’]+al —-T) *e[(1 - B)a?+ P,PTZ + P,(1 — P,)T?],(30)
where @ = ap or @, and T=T, or Tz depending on whether the system is under DIDD or BEB

scheme. Moreover Crg, the coefficient of variation of TS, given by
2 _ Var(Ts)
TS (Es)?
These results can be used to get approximate solution to queue size distribution at each node as done
in [4]. [10] introduced a vector-valued normal process and its diffusion equation in order to obtain
an approximate solution to the joint distribution of queue lengths in a general network of queues.

By this approximation, the queue size distribution at node i say, p; is obtained as

77

can be computed by using the eqns (29) and (30).



Deepak, T.G. RT&A, No 2 (45)
A QUEUEING NETWORK MODEL Volume 12, June 2017

1-ps n=20
pi(m) ={p;(1 - p)A"", n>0 (31)

where p; = L,E(S;); 4; is the effective arrival rate at node i , and E(S;) is the mean service time
required for a packet at node i. Also,

pi = exp (— 2P0, (32)

€3 pi+Cé
where C, jl. and Cszl. are the squares of coefficients of Variatic;n of linter—arrival times and service times
respectively, of packets at node i. As shown in [5], Cf, is approximated by using the relation
C;=1+30, (G - Dahee™, (33)
where C¢ = CZ, and e; is the average number of visits that a packet makes to node j during its stay
in the network. Since all the nodes are considered identical in our model, the eqn, analogues to the
one given by(33), associated with our model assumes the form

2 (c-1) _ 2 2
Ci=1+ + (N — D (Crs — g~ (34)

N2

where q is given by eqn (11).
Also, mean number of packets at an arbitrary node

K=" (35)
1-p
By Little’s law, average waiting time of a packet at an arbitrary node
R p
W = I = l(l—ﬁ)' (36)
where 4, the effective arrival rate at a node is given by eqn (12).
Since a packet generated at an arbitrary node is of class [,I = 1,2, ..., M with probability ¢,

and a class [ packet visits exactly | hopes before absorption, average number of hops traversed by a

packet before absorption
M+1

H=YM",lc = —— if «a is uniform.
Hence, the average end to end delay experienced by a packet in the whole network
= gw = MDe ; ;
D =HW = 2715)" if ¢ is uniform. (37)

Since A, given by eqn (12), is the effective arrival rate at an arbitrary node, and E(TS), given by
eqn(29), is the actual mean time required for a packet to be successfully transmitted from a node, for
the stability of the system

AE(TS) < 1.

Hence the maximum achievable throughput can be attained when 4, is enhanced to the values near

its upper bound, governed by the rule
Ae <N — (N —1)vq)E(TS) (38)
for a selected set of parameters.

3 Results

In order to illustrate the performance of the system, we present some numerical results. The values
of the system parameters used in this analysis are summarized in Table 1 and Table 2. Most of these
parameters are set to comply with the 802.11 MAC specifications. The wireless nodes are assumed
to be distributed uniformly inside a compact subset in R? of volume 10°® m?, which is taken as 1
cubic unit. All nodes are considered as identical. Packets are generated independently at nodes as
per a renewal process with rate 1, and coefficient of variation Cz = 0.95. types of packets generated
at each node are assumed as uniform with mean 1/M, where M = 15. Packet size are assumed to be
uniformly distributed over an interval [64,1518], measured in bytes, so that the average packet size
is 791 bytes. In all numerical illustrations, we have included both BEB and DIDD schemes in order
to get a complete picture of the system performance.
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Table 1: Physical Parameters

Parameter Value
CWmin 32

CWhnax 1024

No. of classes of packets(M) 15
Propagation speed 3x10%m/s
Channel bit rate 1 Mbps
Slot time (o) 50 us

SIFS 28 us
DIFS 128 us

Table 2: Packet Parameters

Parameter Value
Average Packet size 6328 bits
COV of the packet arrival process Cg 0.95
PHY header 128 bits
ACK 112 bits + PHY header
45 T T T T T T
DIDD
------- BEB
4+ i
35- ‘ .
3 = —
% 25- .
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£ 2- .
]
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1 . - i
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Figure 2: Average Delay versus Transmission Range (N = 300, A, = 2 packets/sec )
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Figure 3: Average Delay versus Number of Nodes (R = 25m, A, = 2packets/sec)

4 Discussion

Figure 2 shows how the average end to end delay D experienced by a packet in the whole network
varies with different values of the transmission range R. When R increases, average number of
interfering neighbours of nodes increases so that the conditional collision probability also increases,
which results in more delay for packets at each node. Also, since the conditional collision probability

is more for the system under standard BEB scheme than under the DIDD scheme, the average end

to end delay for the former is much higher than the latter, as obvious from Figure 2.

In Figure 3, the variation in average end to end delay corresponding to change in values of

the the number of nodes N, by keeping R = 25m, and A, = 2packets/sec, is exhibited. As in the
previous case, here also it is seen that D moves in the same direction with N, under both schemes.
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Abstract

Nuclear energy safety is a critical issue as the world increasingly turns to nuclear energy to meet our
growing needs for power and decreasing dependence on fossil fuels. Major nuclear disasters like
Chernobyl (1986) and Fukushima Daiichi (2001) demonstrate the need for improved controls of these
systems. The nuclear power supply chain is a critical component of the highly interconnected nuclear
energy system. This paper introduces industry best practices and how these relate to the nuclear
energy industry safety and reliability.

Keywords: Nuclear energy, safety, supply chain, reliability, operations costs

I. Introduction

Reliability is considered to be a branch of theory of probability and statistics. However, there is an
important role that social sciences (economics, geography) can play in the development of the field
of reliability. For example, a simple cost-benefit analysis of a new (contemplated) nuclear plant
location will likely indicate that such a plant should be built closer to major population centers,
especially those that lack local fossil fuel resources. Another economic cost-reducing feature would
be to build such a plant next to the water (river, lake) in order to have a readily available source of
cooling. Introducing the notion of reliability in this economic analysis would, however, indicate that
such a location can be very costly in case of emergency: a nuclear disaster in a densely-populated
area may result in a loss of many lives, whereas the location near the water body my result in ever-
lasting pollution and loss of valuable source of drinking and irrigation water.

Although very unlikely, such disasters do occur from time to time. To list a few: Fukushima
Daiichi (Japan, 2011), Chernobyl (Ukraine, 1986), Three Mile Island (USA, 1979). Located in
ecologically vulnerable areas, nuclear industry receives a harsh attitude from the public. For
example, the Fessenheim nuclear power plant (France) is located in a potentially seismic region,
causing public safety concerns in the center of Europe. As another example, the majority of nuclear
power plants in Russia are located in the densely-populated European part of the country, often in
the upper reaches of Volga and other rivers. The location next to major rivers may potentially cause
much more damage because the significant portion of released radiation can be spread by the strong
currents over larger areas (as it was the case during the Chernobyl disaster when the radioactive
pollution in the Dnieper river has affected the water basins of the adjacent rivers).

In light of development of climate-friendly technologies, economists claim that the
resurgence of nuclear power would be beneficial in terms of carbon-free electricity generation and
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job creation. The 2009 estimate by the US National Commission on Energy Policy was about 14,360
man-years per GW installed (Har, 2009). Another immediate benefit of nuclear power is that it is
very cheap comparatively to the other means of base-load electricity generation2. However, the
potential danger of the nuclear power generation may well exceed its economic benefits, both in

monetary terms and the cost of lost human lives. Still, caused by concern about future energy
supplies, the IAEA projects the growth of the world’s nuclear power generating capacity by up to
88% (IAEA, 2012; Chudakov, 2015).

The important lessons are being learned, however. For example, after Fukushima accident,
Ken Buesseler together with the researchers at Woods Hole Oceanographic Institution (USA) have
formed the Center for Marine and Environmental Radioactivity to help share up-to-date information
about radiation from human and natural sources (Pacchioli, 2013). To have a rigorous account of the
vulnerability and reliability issues, a new branch in economics has been developed several decades
ago: environmental and natural resource economic analysis. However, a strong link between these
two science fields is still missing. The need for bridging reliability, economics and management was
brought up during the recent event organized by the Gnedenko Forum and its associates.

In April 2016 Dr. Michael Yastrebenetsky, the Honored Scientist of Ukraine State Scientific
and Technical Center for Nuclear and Radiation Safety, gave a talk organized by the Gnedenko
Forum at a joint Boston Chapter American Statistical Association (BCASA), IEEE Reliability Society,
INFORMS Boston Chapter, and Northeastern University INFORMS Student Chapter event at
Northeastern University. Dr. Yastrebenetsky began the talk by commemorating 30 years since
Chernobyl nuclear power plant disaster (26 April 1986). He introduced several important nuclear
energy safety and reliability concepts about instrumentation and control (I&C) systems for Nuclear
Power Plants (NPP). Also, Dr. Yastrebenetsky emphasized the series of mistakes that have led to the
disaster which may have been avoided if sufficient 1&C systems were in place and operated
correctly.

This talk highlighted the importance of 1&C in the nuclear energy industry and motivated
the investigation of important issues related to the reliability of the nuclear energy supply chain. The
nuclear supply chain is critical to the safe operation of the world's nuclear energy providers.
Sometimes, However, nuclear suppliers can be unreliable and even unsafe such as the recent
investigators findings of Areva SA and Le Creusot Forge, two major French nuclear suppliers. These
companies have been cited by a team of international inspectors and the French Nuclear Safety
Authority for extensive management weaknesses, safety failings, and a decades long cover-up of
major manufacturing problems, underscoring the extent of problems in the supply chain of the
world’s crucial nuclear power components. This highlights the need for improved management and
reliability of the worldwide nuclear supply chain and the nuclear industry. (Dalton, 2017).

Supply chains require close coordination of various components to reliably deliver value. A
supply chain, as defined by the American Production and Inventory Control Society (APICS), is a
system of organizations, people, technologies, activities, information and resources involved in
moving materials, products and services all the way through the manufacturing process, from the
original supplier of materials supplier to the end customer. (http://www.apics.org/) Integrated
supply chains increase the confidence and trust between organizations, provide closer linkage and
better communications, and boost the overall reliability of the supply chain. (Heizer, Render, &
Munson, 2017). The supply chain in the nuclear industry is characterized by several very specific
features. The extreme level of health risk is, of course, one of them. The other feature of the nuclear
industry supply chain is its tendency to power plant consolidation under one ownership (in the
market economies). The inherent reason for that is the need for some infrequent maintenance
services such as refueling outages that need to be done once in 1.5 years and require a company to
hire a contractor team for short periods of time.

2 “The 104 nuclear reactors operating in the United States provide the lowest-cost baseload
electricity, averaging 1.83 cents per kWh,” (Har, 2009)
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When instead a company manages several power plants, it may hire a single permanent
team of highly skilled employees to service its various power plants throughout the year to make
maintenance and refueling operations less costly and more reliable (Davis and Wolfram, 2012). In
economics, this phenomenon is referred to as the economies of scale. Even with the recent creation
of nuclear reactors of a smaller scale, this feature of nuclear supply chain will remain an important
part of increasing worldwide competitiveness of nuclear power generation firms and therefore will
persist in the long run.

Besides these recent positive economic trends to consolidate and deregulate nuclear
industry, driven by market forces, there have been infrequent but highly significant failures that
have led to disasters causing entire nations rethinking the prospects of the future of nuclear energy.
These failures are perplexing as the nuclear energy industry is compelled to put reliability and safety
first. This includes the requirement for an ultra reliable global sourcing of materials while meeting
strict international (e.g., World Nuclear Association) and national (e.g., U.S. Nuclear Regulatory
Commission, French Nuclear Safety Authority, Australian Radiation Protection and Nuclear Safety
Agency, etc.) guidelines and regulations leading to an extremely complex supply chain. Nuclear
supply chain reliability is often a major obstacle for developing new nuclear energy capabilities;
however, by applying Integrated Supply Chain best practices and by measuring and monitoring
supply chain operations using tools such as the Supply Chain Operations Reference (SCOR) model,
these obstacles can be greatly reduced increasing the visibility and reliability of the nuclear supply
chain.

II. Overview - Nuclear Energy Industry Supply Chains

Building new nuclear energy power plants requires a robust supply chain due to the large number
of components and sub-components and depend on nuclear manufacturers to deliver the high-
quality supplies needed to include concrete, pumps, electronics, wiring, instrumentation, piping,
and specific equipment. A “cradle to grave” approach demands that each new build nuclear energy
plant have multiple supply chain elements include pre-build, construction, operation, and
decommissioning components. Moreover, reliability and safety considerations drive emerging
measures for the global standardization for the raw material supply chain.

The use of uranium, required for creating plutonium needed for use as fuel in nuclear
reactors, introduces intricacies into the supply chain for the operation of nuclear energy plants.
Additionally, spent uranium and plutonium fuel needs to be recovered and recycled for reuse in the
creation of fresh reactor fuel or, in the case that nuclear materials that are not recycled, they must be
responsibly disposed. Safety and reliability of the supply chain is an important issue at every point
in the nuclear energy life cycle.

Moreover, shipping and delivery of nuclear materials is under strict international standards
and controls. International shipping standards are in place for the transport of these materials,
including rules for packaging and marking the materials, and shipping practices must be closely
monitored and enforced. Shipping containers are monitored throughout the shipping process (e.g.,
inspected and weighed) and these measures must comply with the International Atomic Energy
Agency (IAEA) requirements as well as the European Atomic Energy Community.

III. Reliability of the Nuclear Energy Supply Chain

While many today take the reliability of energy supply for granted in the major nuclear nations, this
has not always been the case in many parts of the world. In this highly interdependent and
interconnected world, we are becoming increasingly more dependent on the availability of electrical
power. Power to heat and cool our homes, store and prepare the food we eat, purify and deliver the
water we drink, transport ourselves and the goods we come to depend on being delivered, power
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up the devices we use to work, communicate, and entertain ourselves. Nuclear power generates
about 11 percent of the worldwide electrical power, with France generating 72.3 percent of its
electrical power (Nuclear Energy Institute, https://www.nei.org/Knowledge-Center/Nuclear-
Statistics/World-Statistics).

Nuclear power also operates at an extremely high capacity (92.2 percent in the US nuclear
power generation in 2015) in comparison to other fuel types. Operating at this level of capacity
requires an extremely reliable system with minimal scheduled downtime for maintenance and repair

without unexpected interruptions and this system must be continuously maintained if we are to
expect the energy supply to be there to meet our needs.

U.S. Capacity Factors by Fuel Type
2015
Fuel Type Average Capacity Factors (%)
Nuclear 92.2
Geothermal 71.7
Gas (Combined Cycle) 56.3
Coal 54.6
Hydro 35.9
Wind 32:5
Solar PV 28.6
Qil (Steam Turbine) 14.7
Gas (Steam Turbine) 11.7

Source: Energy Information Administration
2 Updated: 4/16
Ll

NUCLEAR ENERGY INSTITUTE

Figure 1 - Average Energy Capacity Factors by Fuel (U.S. only)

The nuclear energy supply chains, like other similar supply chains including medical use
nuclear materials, “have unique features and characteristics due to the products’ time sensitivity
along with their hazardous nature” necessitating improved modeling to include “multicriteria
decision-making and optimization to capture the operational and waste management costs as well
as risk management.” (Nagurney, Yu, Masoumi, & Nagurney, 2013). Optimized supply chains are
needed but difficult to achieve with the unique features and complexities of the nuclear energy chain
of supplies (for various reasons).

Therefore, nuclear energy best practices include the “establishment and reinforcement of the
supply chain” to ensure viability, reliability, and safety throughout the nuclear power plant (NPP)
life cycle from construction to decommissioning. (van der Hoeven & Magwood, 2015) The NPP
supply chain has a large impact on the economics of nuclear power because it has a very high
contribution to NPP capital costs. For example, equipment supply has been estimated to “constitute
around 48% of overnight costs (i.e. the cost of construction excluding financing costs).” (NEA and
OECD, 2015) NPP viability is threatened when supply chain costs are high and the danger to the
industry is clear as recently evidenced in the bankruptcy of Westinghouse Electric Co., the U.S.
nuclear unit of Japan's Toshiba Corporation. There continue to be key questions raised about the
future of four nuclear reactors under construction in Georgia and South Carolina, and specifically
about at Plant Vogtle in Georgia. (Foody, 2017) Industry trends indicate a localizing NPP supply
chains to control costs; however, this brings into focus safety and reliability issues that can never be
compromised. (Beutier, 2013)
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Therefore, one of the key recommendations in the Technology Roadmap for Nuclear Energy
is that “safety culture needs to be enhanced and monitored across the nuclear sector” including the
NPP supply chain. “Safety culture” can be defined as a “set of characteristics and attitudes in
organizations and individuals that ensures that nuclear safety issues receive appropriate attention
as an overriding priority over other considerations.” In this roadmap, the need for promoting a
safety culture across organizations is emphasized through a case study of the Fukushima Daiichi
NPP accident. (van der Hoeven & Magwood, 2015)

Controlling nuclear energy supply chain costs, safety, and reliability requires the application
of industries best practices, as well as new approaches, to model, analyze, implement, and then
measure supply chain performance. New analytical methods are needed to model and understand
the intricacies of nuclear energy supply chain networks. Safety considerations must be a primary
consideration in all decisions made about the supply chain. Finally, metrics for the measurement of
nuclear supply chain performance must be in place to monitor and react to changes in the supply
chain, marketplace, and regulatory environment. The next section will discuss industry best
practices for measuring nuclear energy supply chain performance.

IV. Measuring Nuclear Energy Supply Chain Reliability

Industry best practices should be adopted for measuring supply chain performance first by
customizing the methods for nuclear energy supply chain performance measurement and
monitoring. The Supply Chain Operations Reference (SCOR) model is an excellent reference model
that is widely used by firms to capture and compare metrics on how they compare to other firms
and other industries, and SCOR provides a useful reference point to understand the nuclear energy
supply chain performance. There are five primary components to the SCOR model as depicted in
Figure 2: namely (1) Plan; (2) Source; (3) Make; (4) Deliver; and (5) Return with another component,
Buy, indicated. These are addressed with a focus on the nuclear energy supply chain in the next
paragraphs.

n Plan I

Supphers Manufacturers Warehouses & Customers

Distnbuton Centers-

Figure 2 -A depiction of the Supply Chain Operations Reference (SCOR) Model

Plan - Planning activities

Planning for the supply and demand requirements of the nuclear power system is critical
for reliability of the system, existing facilities should be able to reliably meet the demand
and future construction of nuclear facilities to meet growing demand for power. The
planning elements include the need to balance resources with requirements and enabling
communication throughout the supply chain. Business rules should be established to
measure the efficiency of the supply chain to make improvements in inventory, logistics,
asset management, and compliance with federal regulations.
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Source - Sourcing and purchasing activities
Nuclear power sourcing a procurement of necessary materials for the construction and
continuous operation of nuclear power plants includes the sourcing of infrastructure and
material acquisition, and describes how to manage inventory, supplier network,
agreements, and performance including supplier payments and timing, verify, and transfer
of receipts.

Make - Production activities
Production of nuclear power involves all power generation and plant operations activities
that depend heavily on nuclear power supply chain reliability. Production activities
includes managing the production network, equipment and facilities, and transportation.

Deliver. Distribution activities
Delivery includes order management, warehousing, and transportation of nuclear power
supplies, plant, and equipment to include customers’ power demands and invoicing for
delivery of power. This step includes energy distribution to customer.

Return. Closed-loop supply chain activities.
Nuclear power plant supply chain reliably handles spent fuel and materials related to the
safe disposal of spent fuel, containers, packaging, and other items. Handling of these
involves the management of business rules, inventory handling, assets, transportation, and
regulatory requirements.

The SCOR model enables understanding of the nuclear energy supply chain from “cradle to
grave”, that is from pre-construction planning through decommissioning of plants and everything
in between such as ongoing disposal and recycling of nuclear materials that includes nuclear waste.
NPPs have an operating life of approximately 25 years and the decommissioning may take more
than twenty years. NPP decommissioning is an extremely complex process that includes the removal
and disposal of radioactive materials and elimination of radioactive hazards. All materials must be
removed and properly disposed. Frequently, the nuclear waste disposal involves crossing national
borders and operating in different legal environments. The SCOR model can give NPPs a framework
for managing all aspects of the nuclear energy supply chain and SCOR metrics, such as those shown
provided by the Supply Chain Council shown in Figure 3, provide the measurements needed to
understand nuclear energy supply chain performance. SCOR metrics should be tailored for the
nuclear energy industry to provide solid supply chain measures in various dimensions including
speed, flexibility, cost, and reliability.

Performance Attribute  Performance Attribute Definition Level 1 Metric
Supply Chain The performance of the supply chain in Perfect Order Fulfillment
Reliability delivering: the correct product, to the correct
place, at the correct time, in the correct
condition and packaging, in the correct
quantity, with the correct documentation, to the
correct customer.
Supply Chain The speed at which a supply chain provides Order Fulfillment Cycle Time
Responsiveness products to the customer.
Supply Chain The agility of a supply chain in responding to Upside Supply Chain Flexibility
Flexibility marketplace changes to gain or maintain Upside Supply Chain Adaptability
competitive advantage. Downside Supply Chain Adaptability
Supply Chain Costs The costs associated with operating the supply | Supply Chain Management Cost
chain. Cost of Goods Sold
Supply Chain Asset The effectiveness of an organization in Cash-to-Cash Cycle Time
Management managing assets to support demand —
satisfaction: This includes the management of AR:;L;Z SR SH0 A o
all assets: fixed and working capital. Retum on Working Capial

Figure 3 - SCOR Metrics (provided by the Supply Chain Council)
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V. Discussion

This paper has introduced some of the challenges of managing the nuclear energy supply chain to

account for the complexities introduced by regulatory and other factors as well as critical cost,

reliability, and safety considerations. In summary, we recommend three challenges that can be
addressed by the reliability community; namely:

1. Develop new supply chain models and methods to improve nuclear energy supply chain
modeling by introducing multi-criteria decision modeling to include cost, reliability, and safety
considerations

2. Create and maintain a “safety culture” in global and local nuclear energy supply chains.

3. Introduce new cost, reliability, and safety metrics into industry supply chain best practices such
as the SCOR model providing new ways to measure, understand, and improve nuclear energy
supply chain performance.

Dr. Yastrebenetsky brought up many ideas to consider about what could have been done differently
that may have spared the nuclear power industry and world the Chernobyl and Fukushima
disasters, including nuclear energy safety and reliability concepts that should have been well
understood and under control. However, it appears that building safety and reliability into the
nuclear energy processes is difficult at best. The nuclear energy supply chain is a substantial part of
the world’s nuclear energy processes, and a critical spot to rethink nuclear energy safety. By
continuously building reliability and safety into the nuclear energy supply chain, perhaps we can
help to avoid future disasters while ensuring the enduring viability of nuclear power as an
alternative energy solution that will provide the citizens of the world with safe and dependable
power they need to live their lives.
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Abstract

The bibliography, which we present below, includes everything that could be found from the written
and published B.V. Gnedenko, starting with books and ending with newspaper articles. This
includes also published interviews. The bibliography is broken down by years, and for each year
everything that was published during this year, including reprints, is presented. The work for each
year is arranged in one definite order: books, scientific articles, articles on various aspects of
teaching, reviews, articles from general journals, newspaper publications, interviews. If the same
article was published during the year in different places, then it is indicated under the same number,
listing the output of all publications. Sometimes during the year there are articles with the same
name, but different content. They are listed under different numbers, if possible, nearby.

Keywords: Gnedenko, bibliography, memory, history

Boris Vladimirovich Gnedenko was born on January 1 (according to a new style) in 1912 in
Simbirsk (now Ulyanovsk).

His grandfather, Vasily Ksenofontovich Gnedenko (born 1850) and grandmother Anastasia
Izotovna (born 1854) (both on his father's side) are peasants from the Poltava province who moved
to Kazan Province in the seventies of the 19th century, where they received land in the village
Bazarny Matak Spassky district. They had four children: Mikhail (born 1879), Vladimir (1886-1939),
Sergei (born 1889) and Anna (born 1893).

Boris Vladimirovich's father - Vladimir Vasilyevich Gnedenko - graduated from the land
management school and worked as a land surveyor. Mother - Maria Stepanovna (1886-1961) - was
born in Kostroma, she graduated from the gymnasium (seven-year college), in which she received a
musical specialization (piano playing), which gave her the right to teach music. Brother - Gleb
Vladimirovich - was born on November 1, 1909, was killed on October 27, 1943 when crossing the
Dnieper in the Dnipropetrovsk region.

In 1915 the family moved to Kazan, where simultaneously with the work of the land surveyor
Vladimir Vasilievich from the autumn of 1916 he became a student of the physics and mathematics
faculty of the university. In the spring of 1918, on the false denunciation of one of his colleagues,
Vladimir Vasilievich was arrested and spent more than six months in a concentration camp near
Kazan. His health was severely undermined, and upon his return home he was forced to leave the
student bench.

In the same autumn of 1918, Boris Vladimirovich (BV) entered the school. As he himself writes
in his memoirs: "Everything would be fine if there were no arithmetic. I really did not like arithmetic,
although I added, subtracted, multiplied and divided quite well. I was fond of poetry. "

April 4, 1922, Vladimir Vasilyevich again arrested, and he spent more than three months in
prison GPU. It is released on July 12. Staying in Kazan was dangerous, and the family moved to
Galich in September, where Vladimir Vasilievich began to work as a senior land surveyor. By the
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arrival of the family in Galich, the recruitment to the schools was completed, and this year Mom
deals with Boris and his brother Gleb. "Mom learned the program and began to engage with us so
that we did not fall behind. Got a textbook of grammar, Kiselev's arithmetic, Ivanov's textbook of
geography. I read with special pleasure the textbook of geography and taught the rules of grammar
of the Russian language. <...> In the summer we were enrolled with my brother to school in the same
sixth grade. "

In April 1925 the family moved to Saratov. This was due to the fact that parents began to worry
about the further education of their children, who two years later had to finish school (at that time
secondary education was nine years old).

In Saratov, the brothers were enrolled in school No. 3, a former real school. It turned out that
they were seriously behind in chemistry and mathematics. In the autumn, they were assigned re-
examinations in these subjects. This proved to be very useful. "We were able to think through all the
material on mathematics and chemistry, solve a lot of dozens of problems, and in the autumn, thanks
to this, the re-examination was successful. Moreover, chemistry and mathematics began to be
perceived completely freely, the tasks did not cause any difficulties, and I began to solve problems
immediately in my mind as soon as I recognized the condition. In mathematics and chemistry, I
moved to the top of the class. Classmates started to contact me for help. Mathematics began to please
me. <...> I liked to study, to read books in addition, to solve non-standard problems. <..> I got a
collection of competitive tasks offered at the entrance exams to the Petrograd Institute of Railway
Engineers. No problem from this collection caused me difficulties ... <..> I realized that I want to
study further and I will seek this right. I carefully studied the rules for admission to universities in
the country and everywhere I came across one requirement that I did not satisfy - the incoming
student must be 17 years old, I was only 15. <...> My brother wanted to become either an engineer
or a physicist, and I dreamed of shipbuilding . I even sent a letter to the Leningrad Shipbuilding
Institute asking me to admit me to entrance examinations in my fifteen years. "

From the city on the Neva on this letter BV received a refusal. Then he sends a letter to the
People's Commissar for Education A.V. Lunacharsky with a request to allow him to enter Saratov
University. By the beginning of the entrance examinations permission was obtained.

Since the autumn of 1927, BV - student of the Physics and Mathematics Faculty of the Saratov
University. "In May 1930 we were told that we would be engaged all summer long, so that in
September we would go to work places. It was decided to organize an accelerated release. <..> The
exams were handed over, and in mid-August we received documents about the graduation from
Saratov University. I felt neither joy nor satisfaction from this. I understood that a flawed education
had been received and many efforts must be made to rectify the situation. "

One of the university teachers BV - Professor Georgy Petrovich Boev - at this time was invited
to manage the chair of mathematics in the Textile Institute, organized in Ivanovo-Voznesensk and,
in turn, invited BV to the post of assistant of this department.

In Ivanovo-Voznesensk BV taught and dealt with the application of mathematical methods in
the textile business. Here he wrote his first work on the theory of mass service, here BV was carried
away by the theory of probability. This period of activity played a huge role in its formation as a
scientist and teacher.

Realizing the need to deepen their mathematical knowledge, BV in 1934 entered the graduate
school of the Mechanics and Mathematics Faculty of Moscow State University. Its scientific
supervisors are A.Ya. Khinchin and A.N. Kolmogorov.

In postgraduate study BV was carried away by limit theorems for sums of independent random
variables. June 23, 1937 he defended his thesis on the topic "On some results on the theory of
infinitely divisible distributions," and from September 1 of the same year he is a junior research
fellow at the Institute of Mathematics of the Moscow State University.

In the works of A.Ya. Khinchin and G.M. Bavli established that the class of possible limit
distributions for sums of independent random variables coincides with the class of infinitely
divisible distributions. It remained to clarify the conditions for the existence of limit distributions
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and the conditions for convergence to each possible limiting distribution. The merit of setting and
solving these problems belongs to B.V. Gnedenko. To solve the problems that have arisen, BV
proposed an original method, called the method of accompanying infinitely divisible laws (the idea
of the method appeared in October 1937 and published in the "Reports of the Academy of Sciences
of the USSR" in 1938). He allowed a single method to obtain all the results previously found in this
field, as well as a number of new ones.

On the night of the 5th to the 6th of December 1937, Boris Vladimirovich was arrested. He was
shown a far-fetched charge of counter-revolutionary activity and participation in a
counterrevolutionary group headed by Professor A.N. Kolmogorov. He was taken to interrogation,
during one of which he was not allowed to sleep for eight days. They demanded to sign papers
confirming the accusations. Boris Vladimirovich did not sign anything that could be blamed on him,
A.N. Kolmogorov or anyone else. In late May 1938, he was released a number of new ones.

Since the autumn of 1938, BV - Associate Professor of the Department of Probability, Faculty of
Mechanics and Mathematics, Moscow State University, Academic Secretary of the Institute of
Mathematics of Moscow State University. By this period are the works of B.V. Gnedenko, in which
two important problems are solved. The first one concerned the construction of asymptotic
distributions of the maximal term of the variational series, elucidation of the nature of the limiting
distributions and the conditions for convergence to them. The second problem concerned the
construction of a theory of corrections to the indications of Geiger-Muller counters used in many
fields of physics and technology.

May 28, 1941 BV defended his doctoral dissertation, consisting of two parts: the theory of
summation and the theory of the maximal term of the variational series.

During the Great Patriotic War, BV took an active part in solving numerous tasks related to the
defense of the country.

In February 1945, Boris Vladimirovich was elected a Corresponding Member of the Academy
of Sciences of the Ukrainian SSR and sent by the Presidium of the Academy of Sciences of the
Ukrainian SSR to Lviv to restore the work of the Lviv University.

In Lviv, BV reads a variety of lecture courses: mathematical analysis, calculus of variations,
theory of analytic functions, probability theory, mathematical statistics, etc., in the final formulation
proves the local limit theorem for independent, identically distributed lattice summands (1948),
begins research on nonparametric methods of statistics . In Lviv, they were brought up talented
students - E.L. Rvacheva (Yushchenko), Yu.P. Studnev, I.D. Quit et al.

The course of lectures on probability theory served as a basis for Boris Vladimirovich to write
the textbook "Course of the theory of probability" (1949). This book has been published many times
in different countries and is one of the main textbooks on probability theory in our days. In the same
years he, together with A.N. Kolmogorov wrote the monograph "Limit distributions for sums of
independent random variables" (1949), for which the authors were awarded the Prize of the USSR
Academy of Sciences. P.L. Chebysheva (1951). Together with A.Ya. Khinchin BV writes "Elementary
introduction to the theory of probability" (1946), which, in turn, withstood many publications in the
USSR and abroad (the 12th Russian-language edition was published in 2012 by the publishing house
"Editorial URSS"). In addition, Boris Vladimirovich wrote a remarkable book "Essays on the History
of Mathematics in Russia” (1946) (the 4th edition of this book was published in 2009 by the
Publishing House "Librocom").

In 1948, BV elected academician of the Academy of Sciences of the Ukrainian SSR, and in 1950
the Presidium of the Academy of Sciences of the Ukrainian SSR transferred him to Kiev. Here he
heads the department of probability theory, which was just created at the Institute of Mathematics
of the Academy of Sciences of the Ukrainian SSR, and at the same time starts to head the chair of
probability theory and algebra at the Kiev University. Very soon a group of young people, interested
in probability theory and mathematical statistics, formed around him. The first Kiev students BV
were V.S. Korolyuk, V.S. Mikhalevich and A.V. Skorokhod.

At this time BV was carried away by himself and carried away many of his students and
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colleagues with tasks connected with checking the homogeneity of the two samples. V.S. Korolyuk,
V.S. Mikhalevich, E.L. Rvacheva (Yushchenko), Yu.P. Studnev et al received serious results in this
field.

At the end of 1953 BV was sent to the GDR for lecturing at the University. Humboldt (Berlin).
He spent the whole of 1954 there. During this time, BV managed to interest a large group of young
German mathematicians (D. Koenig, I. Kirstan, K. Mattes, V. Richter, G.- I. Rossberg, etc.) with
problems of probability theory and mathematical statistics. The Government of the GDR awarded
Boris Vladimirovich with the Order of Merit for the Fatherland in silver (1968), and the University
of Humboldt elected him an honorary doctor.

Returning at the end of 1954 in Kiev, BV on behalf of the Presidium of the Academy of Sciences
of the Ukrainian SSR, led the work on the organization of the Computing Center. A collective was
created, which included employees of the laboratory of Academician S.A. Lebedev, the author of the
first computer in continental Europe, known as MESM (small electronic computer). The laboratory
by this time was headed by its oldest employees — E.A. Shkabara and L.N. Dashevsky. S.A. Lebedev
has already moved to Moscow, where he was entrusted with the organization of the Institute of
Precision Mechanics and Computing. This team also included mathematicians, among whom, in the
first place, should be called V.S. Korolyuk, E.L. Yushchenko and I.B. Pogrebyskogo. Work began on
designing a universal machine "Kiev" and a specialized machine for solving systems of linear
algebraic equations.

Simultaneously BV began to read a computer programming course at the university and
headed the work on writing a textbook on programming. This course (the first in the USSR book on
programming in the open press) was published in Moscow in 1961 (authors — B.V. Gnedenko, V.S.
Korolyuk, E.L. Yushchenko). At the same time (1955) the Presidium of the Academy of Sciences of
the Ukrainian SSR assigned to B.V. Gnedenko duties of the director of the Institute of Mathematics
of the Academy of Sciences of the Ukrainian SSR and the chairman of the bureau of the physico-
mathematical branch of the Academy of Sciences of the Ukrainian SSR.

During this period, Boris Vladimirovich began to develop two new areas of applied scientific
research - the theory of mass service (TEM) and the application of mathematical methods in
medicine.

To the first he attracted I. N. Kovalenko, T.P. Maryanovich, N. V. Yarovitsky, S. M. Brody, and
others. Applied methods of TEM to the calculation of electrical networks of industrial enterprises.
In 1959, Lectures on the theory of mass service (issue 1) were published, read by BV in the Quilting
in 1956 about 57 years. Then came the issues 2 (1960), issues 3 (1963, together with I.N. Kovalenko).
These books served as the basis for the monograph "Introduction to the theory of mass service"
(1966), written by B.V. Gnedenko and I.N. Kovalenko.

The second direction is connected with the development of an electronic diagnostician of heart
diseases. B.V. Gnedenko, N.M. Amosov, E.A. Shkabara and M.A. Kulikov worked on this problem.
In early 1960, the assembly of the world's first diagnostician was completed.

Having moved to Moscow in July 1960, Boris Vladimirovich resumed his work at the Mechanics
and Mathematics Faculty of Moscow State University. Work again completely captured him: reading
a variety of lecture courses, new students, new duties.

In the year of Boris Vladimirovich's fiftieth birthday (1962), Andrei Kolmogorov wrote in the
journal "Theory of Probability and its Applications": "Academician of the Academy of Sciences of
the Ukrainian SSR Boris Gnedenko is one of the most outstanding mathematicians currently working
in the field of probability theory. He combines an exceptionally subtle possession of the methods of
classical analysis with an understanding of the broad contemporary problems of probability theory
and with a constant interest in its applications. "

In 1961, BV together with Ya.M. Sorin, Yu.K. Belyaev, A.D. Soloviev, Ya.B.Shore, L.Ya.
Shuhgalter organizes a seminar on reliability at the Polytechnic Museum, which has worked
effectively for many years. Soon there is a need to organize a separate seminar specifically on the
mathematical methods of reliability theory. This seminar begins to work at the Faculty of Mechanics
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and Mathematics of Moscow State University under the direction of B.V. Gnedenko, A.D. Solovyev,
Yu.K. Belyaev and I.Kovalenko, who at that time worked in Moscow. The seminar on mathematical
methods in reliability theory worked regularly until the end of the eighties. He helped in the
scientific sense to stand up to many of its participants, now widely known to experts in the field of
reliability, such as E.Yu. Barzilovich, V.A. Kashtanov, I.A. Ushakov, etc. This seminar influenced, in
turn, on its leaders, and encouraged B.V. Gnedenko, Yu.K. Belyaev and A.D. Solovyov to write the
monograph "Mathematical methods in theory widely known in our country and abroad" Reliability
"(1965). For a series of works in the field of reliability BV together with the closest assistants was
awarded in 1979 the USSR State Prize.

In connection with the reliability problems of BV again returned to the study of limit theorems
for sums of independent random variables, but already in a random number. To this line of research
BV attracts many of his students. For these works in 1982 he was awarded the Prize. M.V.
Lomonosov first degree, and in 1986 - the prize of the Ministry of Higher Education of the USSR.

BV did not cease to be interested in the history of mathematics, having connected his students
to this line of work. In various domestic and foreign journals, his articles on this line of research were
published, and his "Essay on the History of Probability" gives the most complete picture of his views
on the history of this science.

Together with Al. Markushevich BV supervised the seminar on pre-education in secondary
school. He closely cooperated with the editions of the journals "Bulletin of Higher School" and
"Mathematics in School". In these and many foreign journals, in the collections of the Scientific and
Methodological Council of the USSR Ministry of Higher Education, he published a large number of
articles on various aspects of teaching. On the same issues, BV in those years he also wrote several
books.

In January 1966, A. Kolmogorov gave B.V. Gnedenko leadership of the Department of
Probability Theory of the Faculty of Mechanics and Mathematics of Moscow State University.
Headed until the last days of his life.

While still working in Lviv, BV a lot of time and effort gave work to the society "Knowledge".
Since 1949 he has been consistently elected chairman of the regional board of the society, he headed
the republican physico-mathematical section of society, he was a member of the Presidium of the
Board of the All-Union Society "Znanie", chairman of the "Knowledge" of the Moscow State
University.

BV was a member of the editorial boards of a number of domestic and foreign journals, was a
member of the Royal Statistical Society (Great Britain), was elected Honorary Doctor of Berlin
University, Honorary Doctor of the University of Athens, University of Economics and Business.

In the last years of life, knowing the severe sentence of doctors, BV continues to lead the
department, proposes and implements the idea of creating in the Faculty of Mechanics and
Mathematics an economic specialization and training in its framework for specialists in the field of
actuarial and financial mathematics. In addition, he outlines a list of books that you need to write in
the remaining time. And he writes. Finally blinded, dictates, but fulfills the intended.

December 27, 1995 Boris Vladimirovich was gone. He is buried in the Kuntsevo cemetery in
Moscow.

David Kendall and Yu.M. Suhov in the obituary "Boris Vladimirovitch Gnedenko" ("Bernoulli",
1997, 3 (1), 121-122) wrote:

"His death marks the end of a magnificent and fruitful era that forever transformed the theory
of probability and significantly expanded its horizons and the number of its applications.”

B.V. Gnedenko left a lot of students. Among them are academicians and corresponding
members of various academies, professors and associate professors. In their memory, unforgettable
days of familiarizing themselves with science and independent creativity under the guidance of a
great scientist and teacher, the hours of direct communication with a Man of great erudition and
high culture remain.
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104. BugaTtanit yuennii i meaaror (cosM. c E./l. Peauesoii. «KuiBchbka mpasaa», 23 ceHTsA0ps1, No 189).

105. Brigarommiics pycckuit ydeHslit (raseTta «3amutHuk Otedectsa», 26 mast, No 121).

106. Brigarommiics pycckuit yuenniit («Kpacnas 3sezaa», 23.09., No 224).

1952 rog

107. DaemenTapHOe BBegeHUe B TeOpUIO BeposiTHOCTel (coBM. ¢ A Sl Xununusim. IMITT/, 3-e usa,,
1--144).

108. Elementy rachunku pravdopodobienstwa (cosm. ¢ Al Xunumusim. Warsawa, Panstwowe
wydawnictwo naukowe, 1 - 155).

109. M.B.Octporpaacknit (Ouepkm >XM3HM, Hay4HO U Iegarormdeckoit gesteapHoctu, ITTA,
1-331).

110. 3 icTopii matemaTuku B Poccii (PagsaHcpka 1mkoaa, 1 -- 40).

111. Aexiabka 3aysaxkeHb 40 crtaTert O.A.laasmreHka i .1 Tixmau («domosiai AH YPCP», Noe1,

112.

113.

10 - 12).

O6 ogHoOI1 3asaue CpaBHEHMUs ABYX SMIOUPUUECKUX pacrpegeseHuii (cosM. ¢ E./l.PBauesoii.
«Jokaaaer AH CCCP», 1. 82, No 4, 513-516).

Hexoroprle pesyapTaThl O MaKCMMaAbHOM PacXOXXAEHUM MeXKAY ABYMs SMIIMPUIECKIMU
pacnpegeaenuamu («Jokaaasr AH CCCP», 1. 82, No 5, 661 - 663).
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114.

115.

116.

117.

118.

119.

120.

121.

O pacnpesesenun umcaa BBIXOAOB OAHOM SMIIMPUYECKON (PYHKIIMM pacrpejeleHus Had,
apyrorii (cosm. ¢ B.C. MuxaaesnueM. «Jokaager AH CCCP», T. 82, Ne 6, 841 - 843).

JBe TeopeMBl O IIOBeJEHMN BSMIMpUYeCKMX QYHKIMI pacrapedeleHns] (COBM. C
B.C. Muxaaesnuem. «Jokaaast AH CCCP», 1. 85, Ne 1, 25 - 27).

INopiBHAHHS 9(eKTUBHOCTI AeSKUX MeTOAiB MepeBipKM OAHOPIAHOCTI CTATUCTUYHOTO
Marepiaay (cosMm. ¢ IO.I1.Ctyanessim. «Jonosiai AH YPCP», Ne 5, 359 - 363).

3aBUCUMOCTh HEPOBHOTHI IPSIKI OT AAMHEI 00pasiia (« TeKkcTruAbHas IPOMBIIIIAEHHOCTD», Ne 3,
27 -31).

O T[OAHBIX OpPTOrOHAaABHBIX CHCTEMAax TpPUTOHOMeTpudeckux QyHKIun («Bompocs
9AeMeHTapHON ¥ BBICIIeN MaTeMaTuKW», BHIL1, 134. XapbKOBCKOTO TIOC. YHUBEPCHUTETa,
24 - 34).

Brigaromuiica pycckmii yaensiii M.B.Ocrporpaacknii (Msa-so obmectsa "3nanue”, Mocksa,
1-24).

ITpo piaocodpepki mpobaeMn MmaTeMaTUKM B 3B 3Ky 3 11 BUKAajaHHAM (MeToaudaamii 30ipHMIK
"Maremaruka B mikoai", purt.7, 7-23).

Brigaromuiica pycckmii yaensiit (I'asera "3ammrank Ortevectsa”, Ne 121, 26.5).

1953 rog

122.

123.

124.

125.

126.

127.

128.
129.

130.

131.
132.

133.

Introducere elementara in calculul probabilitatilor (si A.Hinchin. Bucuresti, Editure Tehnica,
1-116).

O poan MakcCHMaABHOTO CAaraeMoro Ipy CyMMUPOBaHMI HE3aBUCUMBIX CAyJallHBIX BEANIIH
(«YxpaMHCKMIT MaTeMaTHIeCcKuii )KypHaa», T. 5, Ne 3, 291 - 298).

O HeKOTOpBIX CBONCTBaX CpeidUMHHOro ykKaAoHeHMs («Tpyasl VIHcTMTyTa MaTeMaTuku U
mexanuku AH Y3CCP», ot 10, u. 1, 26-35).

O06 oaHoi1 pabote I1./1. UeObI1eBa, He BollleAlIelt B II0AHOe coOpaHMe counHeHnit («Vcropuko-
MaTeMaTuJecKye 1CCAeA0BaHusI», BBII. 6, 215-222).

Ase aexnum 1o ¢uaocopckuMm Bompocam MaTeMmaTuku (Kmesckmit roc. yHmMBepCHUTeT.
«Hayunsle sanmckn», T. XII, Bpm. VI, Matemaraecknit cOopuuk, Ne 7, 5 - 36).

250 pokis "Apudmernxu”" Maraumpkoro (cosMm. ¢ V.B.ITorpedreicckum. «Bicauk AH YPCP»,
No 7, 53 - 63).

I'lpo 6opoTe0y MaTepiaaizamy 3 izeasismoM B MmaTematutli («Bicauk AH YPCP», No 11, 27 - 37).
Pafnutij Lvovic Cebysev (Prelozeno z knihy «Prehled dejin matematiky v Rusku», str 112-125,
a dodatek 3, str. 232-239) (Casop. pestov. mat., 78, Ne 1, §9-103).

Aleksandr Michajlovic Ljapunov (Prelozeno z knihy «Prehled dejin matematiky v Rusku», str.
133-143) (Casop. pestov. mat., 78, No 1, 105-112).

Koamoropos Angpeit Hukoaaesnu (boasmas CoseTckas DHIuKAoneAus, T. 22, ctp. 13).
Coserckas mkoaa Teopyn uncea (Deutscher Verlag der Wissenschaften, Berlin. «Mathematik»,
1, Russische fachtexte fur den Hochschulunterricht, heft 6, 3 - 20).

Coserckast mkoaa teopum seposTHocrell (Deutscher Verlag der Wissenschaften, Berlin.
«Mathematik», 1, Russische fachtexte fur den Hochschulunterricht, heft 6, 21 - 62).

1954 roga

134.
135.

136.

Kypc teopun sepositaocreit (IITTA, 2-oe usa., 1 - 411).

Limit Distributions for the Sums of Independent Random Variables (with A.N. Kolmogorov.
Addison-Wesley, USA, 1 - 264).

Limit Distributions for the Sums of Independent Random Variables (Translated and annotated
by K.L. Chung. With an Appendix by J.L. Doob. Addison-Wesley Publishing Company, Inc.,
Cambridge, Mass. IX + 264 pp.).
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137.

138.

139.

140.

141.
142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

Bevezetes a valoszinugszamitasba (cosm. ¢ Al XunumueiM. Budapest, Mivelt nép
Konivkiado, 1 - 141).

Elementarny wstep do rachunku prawdopodobienstwa (cosm. ¢ A.fl. Xununneiv. Warszawa,
Panstwowe Wydawnictwo Naukowe, 1 - 158).

Elementarni uvod do theorie pravdepodobnosti (cosm. ¢ A.Jl. XuaumusiM. Praga, Statni
nakladatelstvi technike literatury, 1 - 115).

IlpeaeapHble TEOpPEMBI 4151 CyMM HE3aBUCHMEBIX CAaraeMbIX U Ilerreit MapkoBa («YKpanHCKIIT
MaTeMaTH4ecKMit XypHaa», T. 6, Ne 1, 5 - 20).

/lokaabHas npejeabHasi TeopeMa a4s 1aotHocrelt («Jokaaasr AH CCCP», 1.95, Ne 1, 5 - 7).
IIpoBepka HEM3MEHHOCTM pacIpejeleHNs] BepOsSTHOCTEN B ABYX He3aBMCHMBIX BRIOOpKax (c
aob6asaennemM «Kriterien fur die Unveranderlichkeit der Wahrscheinlichkeitsverteilung von
zwei unabhungigen Stichprobenreihen» («Mathematische Nachrichten», Band 12, Heft 1/2,
29 - 66).

O 10KaaBHOV IIpejeAbHON TeopeMe AAsl OAMHAKOBO paclpejeleHHBIX He3aBMCUMBIX
caaraembix « Wissenschaftliche Zeitschrift der Humboldt Universitat zu Berlin», No 4, 287 - 293).
PospuTok Teopii imoBipHOCTel Ha YKpaiHi (cosM. ¢ VL.V I'mxmanom. «IIpani Kuiscbkoro yH-Ta,
IMpupoannyi Hayku», No 11, 59 - 94).

Wahrscheinlichkeitsrechnung und Mathematische Statistik (und L.Kalujnin. «Das
Hochschulwesen», No 8-9, 50 - 54).

Uber die Formen der Kollektiven Wissenschaftlichen Arbeit in sowietischen Hochschulwesen
(«Das Hochschulwesen», No 3, 1 - 6).

Uber den Kampf zwischen Materialismus und den Idealismus in der Mathematik (zusam.
L.A Kalujnin. «Wissenschaftliche Zeitschrift der Technischen Hochschule Drezden», B. 3, heft
5, 631 - 638).

Despre lupta dintre materialism si idealism in matematica («Analele Romino-Sovietice,
matematica-fizica», No 3, 68 - 80).

O marematnyeckoir xusuu B I'P (cosm. ¢ /A.A Kaay>XHUHBIM. «YcIIexu MaTeMaTU4eCcKMX
Hayk», T. 9, BpinL., 4, 133 - 154).

INToaroroska mareMaTuUkoB B Jpe3aeHCKOI BBICIIEN TeXHU4YecKoi miKode («BecTHUK Briciiet
mKoAsl», No 11, 59 - 61).

Pentensns Ha noanoe coopanne counnenmii I1./1.YebOrniesa («¥Ycmexyu MaTeMaTH4eCKIX HAyK»,
1.9, BHIIIL. 4, 263 - 266).

Die Wahrscheinlichkeitsrechnung und die Erkenntnis der realen Welt (Naturwissenschaftliche
Reiche, 22 oktober 1954, Neo 38, Wissenschaftliche Beilage des Forum).
Wahrscheinlichkeitsrechnung und ihre praktische Anwendung («Neues Deutschland», 24.X,
No 250).

Wahrscheinlichkeitsrechnung und Produktion («Tagliche Rundschau», 16.X, Ne 240 (2871)).

1955 roga

155.
156.

157.

158.
159.

160.
161.

Kypc teopun sepositHocreit (Ilexus, 1 - 426).

IlpeseapHnle  pacrpegedeHus  AAd  CyMM  He3aBUCHMBIX — cJaraeMbIX — (COBM. ¢
A.H.Koamoropossim. Ilexkns, Kiocios Yybanse, 1 - 280).

Elementare Einfurung in die Wahrscheinlichkeitsrechnung (und A.Chintschin. Berlin,
Deutscher Verlag der Wissenschaften, 1 - 136).

O momnyAsTpHBIX A€KIMAX 110 MaTeMaTuKe 1 ee ucropun (Kues, obmiectso "3Hanne", 1 - 44).
Azexkcasap fIkoBaeBud XMHUMH (K 60-2eTUIO CO AHA POXAeHM:) («Ycrexu MaTeMaTUdecKMX
Hayk», T.X, BpII.3, 197 - 212).

Octporpaacknit Muxana Bacuanesnu (boabias Coserckas DHumkaoneaus, 1. 31, 346 - 347).
Uber die Ausbildung der Mathematik und Physiklehrer in der Sowietunion («Mathematik und
Physik in der Schule», Ne 11, 489 - 497).
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162.

163.

Walka migdzy materialismem a idealismem w matematyce (coBm.c /1.A.Kaay>XHUHBIM.
Warszawa. «Matematika. Czasopismo dla nauczicieli», No 5-6, 1 - 8).
byxsu samicts nudp (Kues, «3ipka», 8 apeas, Ne 15).

1956 roa

164.
165.

166.

167.

168.
169.

170.

171.

172.

173.

174.

175.

176.

177.
178.
179.

Kypc Teopun BeposTHOCTeI (I1ep. Ha KMTaCcKuii co 2-oro usaanus, Ileknn, 1 - 449).

Uber die Nachpriifung statistischer Hipotesen mit Hilfe der Variationsreihe (Berlin. Deutscher
Verlag der Wissenschaften. «Bericht iiber die Tagung Wahrscheinlichkeitsrechnung und die
Mathematische Statistik in Berlin vom. 19 bis 22 october 1954», 97 - 107).

Henapametpuuaeckne 3agaun cratuctuku. (CosmectHo ¢ VL.VL.I'mxmanom n H.B.CmupHOBBIM.
Mocksa, n3a-so AH CCCP. Tpyan! Tpethero BececorozHoro matemarnyeckoro chedga (Mocksa,
UIOHB-MI0AB 1956), T. II. KpaTKoe cogeprkaHre 0O30pHBIX M CEKIIMOHHBIX 40KAa40B, 47-48).
The main stages in the history of the theory of probability («Actes du VIII-e Congres
International d'histoire des sciences» (Florence 3-9 September 1956), p. 128 - 131).

A.ILHincin («Analele Romino-Sovietice, matematica-fizica», anul X -- seria III-a, No 3, 115 - 124).
Masinile electronice de calculat («Analele Romino-Sovietice, matematica-fizica», anul X — seria
IlI-a, No 4, 5 - 15).

O passutum wMartemaTuku Ha YkpamHe (coBM. ¢ JLB.Ilorpebsicckmm. «VIctopuko-
MaTeMaTudecKue uccaeloBanns», 1-a cepus, Boin.9, 403 - 426, 1. 10, 766).

Passutiie Teopum BeposiTHOcTeln Ha YKpauHe (coBM. c JILM.I'mxman. «VIcropuko-
MaTeMaTH4ecKle 1cciejoBaHmsA», 1-s1 cepus, Boin.9, 477 - 536).

O paborax I'aycca mo reopun sepositHocteit ("Kapa @puapux I'aycc”, coopauk crateit k 100-
zetuio co gust cMeptu. VMsaateasctso AH CCCP, 217 - 240).

O HexoTOpHBIX 3adavgax ucropum matemaTuku (Mocksa, nsa-so AH CCCP. Tpyasl Tpernero
BcecorosHoro mateMarudeckoro cbesaa (Mocksa, nioHb-1104b 1956), T.1I, KpaTkoe cogep:KaHue
0030PHBIX I CEKIJMOHHBIX A40KAaA08B, 100 - 101,).

Esrennit fIkobaesuu Pemes (coM. c VI.B. IlorpeOpicckuM. «YKpaamHCKMIT MaTeMaTUdecKui
KypHaa», T. 8, Ne 2, 218-222).

Begrussungsansprache (Berlin. Deutscher Verlag der Wissenschaften. «Bericht iiber die Tagung
Wahrscheinlichkeitsrechnung und die Mathematische Statistik in Berlin vom. 19 bis 22 october
1954», 3-5).

CyuacHi m1BuAKOAi104i 00uncaioBaabHi MamuHy (raseta "Pagancpka Ykpaina', 19 gekadbps, No
295).

20 000 obuncaens Ha ceKyHAY (KypHaa "Ykpaina“, Ne 12, cTp. 28).

I'eniaapHmit MmaTematuk («Hayka m skutTs», No 2, 29 - 30).

Activitate gtiintifica legatd de practica (Pymprnms, «Scinteia», 11.05., No 3592).

1957 roga,

180.
181.
182.
183.

184.

185.

Kypc teopun sepositHOCcTelt (Smmonmst. 3-505).

Lehrbuch der Wahrscheinlichkeitsrechnung (Akademie-Verlag, Berlin, 1 - 387).

Rozklady graniczne sum zmiennych losowych niezaleznych (i A.Kolmogorov. PWN,
Warszawa, 1 - 262).

DaeMeHTapHOe BBeJeHIe B TeOPUIO BeposATHOCTell (coBM. ¢ AL XununHbeM. ITITTA, 4-e usa.,
1--144).

O HekoTophIX 3adayax uctopun matematuku (Tpyarl TpeTbero BececorozHoro MmareMaTaeckoro
cpesa (MIOHB-1I04b 1956 1., Mocksa), T. 111, 0630pHEIe 40KAa4bl, CEKLIVI ICTOPWUY MaTeMaTUKI,
579 - 583, Mocksa, uza-so AH CCCP).

O mnexoroprnix 3agavax mcropmum MmarteMmaTuku (cosm.c VI.B.IlorpeGnicckuM. «YKpamMHCKuMIA
MaTeMaTudeckuii xxypHaa», T.IX, No 4, 359 - 368).
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186.

187.

188.

189.
190.
191.
192.

193.

194.

195.
196.

197.

198.

199.
200.
201.
202.
203.

204.
205.
206.
207.

208.

O HeKOTOPBIX COBeTCKMX paboTtax 1o Teopun nHpopmanun (Prague. Publishing house of the
Czechoslovak Academy of Sciences. «Transactions of the First Prague Conference on
Information Theory, Statistical Decision Functions, Random Processes held at Liblice near
Prague from November 28 to 30, 1956», 21-28).

O HeKOTOPEHIX 3aga4ax TEOPUN BEPOATHOCTEN («YKPaMHCKIUI MaTeMaTUIecKuil XypHaa», T.9,
N4, 359 - 368).

K HOBBIM ycmexaMm cOBeTCKOM HIKOABI Teopumu seposTHocreil (M3a-so «Hayka», «Teopus
BEpOSITHOCTEN U ee IPUMeHeHMsI», T. 2, BIIL 3, 289-291).

Eaextponni nudposi mamman (coM. ¢ B.M.I'aymkossm. «Bicauk AH YPCP», Ne 9, 3 - 10).
Pagsancpka MaTeMaTuKa 3a copok pokis («Bicank AH YPCP», No 11, 29 - 41).

Yeobnimies [TadprayTnii /Assosnd (boasmras CoseTckas DHIuKAOIeAus, T. 47, 81 - 82).

Uber die Arbeiten von C.F.Gauss zur Wahrscheinlichkeitsrechnung (C.F.Gauss Gedenkband,
Teubner, Leipzig, 194 - 204).

Mathematical Education in the USSR («The American Mathematical Monthly», v. 64, No 6,
389 - 408).

Despre formarea notiunilor matematice («Analele Romino-Sovietice, matematica—fizica», No 1,
89 - 100).

Ilepma Hapasa mateMaTukis Ykpainu (Bicuux AH YPCP, Ne 10, 69 - 72).

IlepBoe coBemanue MaTeMaTHKOB YKpauHbI («Ycnexy MareMaTudeckux Hayk», T. XII, Bp.6,
215 - 220).

JBa cosertanms 1o Teopuy MHPOpMaUNy («YKpaHCKUIT MaTeMaTHdecKnii XypHaa», T. IX,
No 3, 345 - 347).

Mecsn y maTemarnkoB Pymsrackoit Hapoanoit Pecriybanxu («YKpanHCKmii MaTeMaTHIeCKIUIA
XypHaa», T.9, No 1, 111 - 112).

Bkaag, ykpaincoknx MaTematukis (KypHaa «Hayka i >xnurrs», Ne 8, 3-5).

Mai10yTHe oOuncaoBaabHMX MaluH («PobiTHrya raserta», 23 Mmapta, Ne 70).

Iyt yayuimenusa HaygHo paboTel (raseTa «IIpasaa Ykpaunsl», 24 anpeas, No 98).

Ilpo matemaTnuHy ocBity (raseta «PaasHcbka OcbiTa», 14 cenTaAOps1, No 37).

3a gaapIINii pO3BUTOK MaTeMaTU4YHOI HayKu Ha YKpaiHi (coBmectHO ¢ VI.D.Tecaenko. rasera
«Paastacpka OcBitar, 20 noas, No 29).

Bbyaymiee Haykn Heobozpumo («IIpaBaa Ykpannsi», 18 asrycra, No 193).

Mor1s 1 3peaocTs Halleit Hayku u TexHuku («IIpasaa Ykpaunser», 17 oxtsa0ps1, No 244).
Yemixm ykpaiHcbKuX MaTeMaTHKiB («/liteparypHa raseta», 30 aumns:, No 59).

Busuarite inozemni MoBu (cobM. ¢ /.A. Kaay>xxuuHpiM, razeta Knuepckoro yHusepcurera «3a
Pa4sHCBKI Kagpmu», 26 stHBaps, Ne 7).

Mup noTpibHMit ycim Hapogam («PagsanHcbka Ykpaina», 1 mas1, Ne 103).

1958 roa

209.

210.

211.

212.

213.

214.

215.

DaeMeHTapHOe BBeAeHle B TeopUIO BeposiTHOcTel (coBM. ¢ A L. XunanneiM. ITeknn, 1 -- 132).
On limit theorems of the theory of probability (Kues. AH YCCP. Mucrurtyr matemaTtuku. 1 - 35).
Ilpo oany 3agady macosoro oocayrosysanHs («Jomosigi AH YPCP», Ne 5, 477 - 479).
Henapamerpudeckne 3agaun cratuctuku (cosm. ¢ VIV I'mxmanom u H.B.CmMupHoBBIM. V34-
Bo AH CCCP. «Tpyan Tpernero Bececorosnoro Martemartnueckoro chedga. Mocksa, MIOHb-MIOADB
1956», 1. 111, 320 - 334).

O xpurepnn BuakokcoHna cpaBHeHM: AByX BEIOOPOK («bioaaerens [Toanckoit Akagemun Hayk,
cepysl MaTeMaTN4YeCKIX, aCTPOHOMIMYeCKNX 1 Ppu3md. Hayk», T.6, No 10, 611 - 614).

Education Cientifico-Matematica, en la Union de Republicas Socialistas Sovieticas (Peru, Lima.
«Nueva Educacion», , 23-30).

O nekterych ukolech historie matematiky (a LB.Pogrebysskiy. Praha. Ceskoslovenska
Akademie VED. «Pokroku Matematiky, Fisiky a Astronomie», t. III, N5, 526- 535).

102



Gnedenko, D. RT&A, No 2 (45)
B.V. GNEDENKO. BIBLIOGRAPHY Volume 12, June 2017

216.

217.

218.

219.

220.

221.

222.

223.

224.

225.

226.

227.

228.
229.
230.
231.
232.

233.
234.

O HekOTOpHIX 3adadax uctopuu MateMatnku («VIcropuko-mareMarndeckue nuccaeA0BaHms», 1-
s1 cepus, BoIIL 11, 47 - 62).

O6 wucropum MaTeMaTMKM ¥ ee 3HaYeHUU AAsl MaTeMaTUKUM U APYTUX HayK (COBM. C
N.b.ITorpebricckuM, «VIcropuxko-MaTeMaTudeckmne mccaeaoBaHmsi», 1-a cepms, o 11, 441-
460).

O paborax /.Diizepa TIO TeopuM BEPOATHOCTEN, Teopum 0OpabOTKM HaOAIOAEHMI],
demorpadum u crpaxosanuio (Msa-so AH CCCP. C6opuuk "/A.D11aep, 250-aetue co anHs
poxaenus:", 184 - 209).

Ouepk >XM3HU, HAYYHOTO TBOpYeCTBa U HeJarormyeckon gesareabHoctr M.B.Ocrporpasackoro
(copm. ¢ MW.A.Maponom. MWMszg-so AH CCCP. B «xnure «/I30paHHble TpyABI
M.B. Octporpagackoro», 380 - 457).

Aecats aet "Vlctopuko-maTemMaTudeckux muccaegosanuit” (coemectHo ¢ V.b.ITorpeGnicckum.
«Ycnexu MateMaTUdecKmux Hayk», T. X, Ne 2, 229 - 230).

Aecatp aet "VcTtopuko-maTeMaTudeckux uccaejosanuit” (coemectHo ¢ V.b.ITorpeGnicckum.
«Ycnexu MateMaTUYeCcKMX Hayk», T. 13, Ne 5, 229 - 233).

Ilpo mixxnapoani 38'asku Inctutyty MmaTtematnku AH YCCP (cosm. ¢ B.T. I'abpuaiok. «BicHuk
AH YPCP», No 3, 66 - 67).

Pecriy6amkanckast koH(pepeHIsI 110 BOIIPOcaM CTaTUCTUIECKIX METOAOB aHaAM3a Y KOHTPOAS
NpOM3BOACTBA («YKpPaMHCKMIT MaTeMaTU4ecKuii XXypHaa», T.X, No 1).

Penensnsa na xuury /lIIMerrepep «BBegenme B mareMaTrmyeckylo cratuctuxy» (Vsa-so
«Hayxa», "Teopns seposaTaocteit u ee mpumenenus'”, T.III, swim. 1, 118 - 120; «Hossle xaurn 3a
pyGesxxom», cepusa A, N2 9, 13 - 15).

Pentenans nHa xuHury O.OHmuecky, I'Mmnxok, Y.Monecky Tyapua "Teopust BeposTHOCTeN U ee
npuaoxenusa' (Msa-so «Hayka», "Teopusa seposarHocreit u ee nmpumenenwus’, T.III, s 1,
117 - 118; «Hossle kunru 3a pydesxom», cepmst A, Ne 8, 20 — 23).

Penenanst Ha xHury A.Pennn "Vcumcaenme sepositHocteir" (Msa-so «Hayka», "Teopms
BeposiTHOCTelt 1 ee mpuMeHenus”, T.III, Beim. 1, 115 - 116).

Pentenans Ha xaury Y.I'penangep n M.Pozenbaat "CraTmcTuyeckmii aHaAMU3 CTAI[MOHAPHBIX
BpeMeHHBIX pAA0B" (coBM. co H.IT. Cao6oaenokom) (M34-so «Hayka», "Teopns BeposTHOCTEI
u ee npumMenenus', T.111, o114, 475 - 477, «Hosble kaurm 3a pydesxom», cepmst A, Ne 8, 24 — 27).
Penjensus na xHuUry Saunders L., Fleming R. «MaremaTtuka 1 craTuCTUKaA AAS q)apMaueBTOB,
6roaoros u xuMukos («Hosble kHUTH 3a pyOesxoM», cepust A, Ne 10, 9 — 10).

Pertensns na xmmry Myslivec V. «Cratmcrudeckue MeTOABI B CeABCKOXO3ANCTBEHHBIX U
eCOBOAYEeCKNX MccaeAoBaHIsIX» («HoBble kunrm 3a pybesxom», cepust A, Ne 10, 11).

Hayxa, sixa TBOpUTS 9ydeca (Hukoaaes, «IliBaenna npasaa», 14 mions, Ne 117).
MaTtemaTrudeckast CTaTUCTMKa ¥ TPOU3BOACTBO («V3BecTus», 18 mionsa, No 145).

K ntoram BcecoiozHoro coseranus 1o TeOpUM BepOATHOCTEl ¥ MaTeMaTUIeCKOl CTaTUCTUKe
(Epesan, rasera «Kommynmcr», 30 centsa0ps1, Ne 230).

Maremarnueckoe obpasosanue («V3Bectmsi», 21 aexabpst, Ne 303).

ITocaanen apy>x0n («IIpasaa Ykpauns», 17 nons, Ne 114).

1959 roga

235.
236.
237.

238.
239.

exuym o Teopun Maccosoro obcay>xmsanus (M3a-so KBUPTY, o 1, 1 - 104).

Lehrbuch der Wahrscheinlichkeitstheorie (Berlin. Academy Verlag. Zweite auflage).
Grenzverteilungen von Summen unabhangiger Zufallsgrossen (und A.Kolmogorov. Berlin.
Academie Verlag. 1 - 279).

ITpo oane yzaraapHenus popmya Epaanra («Jonosiai AH YPCP», Ne 4, 347 - 360).
Matemarnueckast cratuctuka (copm. ¢ V. VL.Tuxmanom. IMMOM/], «Matemartuka 3a 40 aet», T. |,
797 - 808).
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240.

241.

242.

243.
244.

245.

246.

247.

248.

249.

250.

251.

252.

253.

254.

255.

256.

257.

258.

259.

260.

261.

262.

O MeToauke ompejeaeHMs] pacdeTHLIX Harpy3oK ITPOMBIILAEHHBIX MIPeANIpUATHII (COBM. C
B.C. Memteaem. «Daexrpudectso», Ne 2, 13 — 15).

Ob6 onenke 5QPeKTUBHOCTY YTOUHEHNsI PacdeTOB DAeKTPUIECKIX HarPy30K ITPOMBIIILEHHBIX
ceteit (coBM. ¢ 5.C. Memeaem. «Daekrpuuectso», No 11, 70 - 72).

Heckoapko 3ameuannii k 4syMm paboram J.bappepa («Buletinul Institutului Politehnic», din
iasi, seria noua, tomul 5(IX), fasc. 1-2, 111 - 118).

Maremaruka (MC3, T. 5, 1018 - 1024).

O nekterych ulohach teorie pravdepodobnosti (Praha. Ceskoslovenska Akademie VED.
«Pokroky Matematiky, Fisiky a Astronomie», t. IV, Ne 1,1 - 12,).

VccaeaoBanns 1o Teopyy BEpOATHOCTEN ¥ MaTeMaTIUIecKoii cratuctuke B cucreme AH YCCP
(«YKpauHCcKnit MaTeMaTn4ecKuii >xypHaa», 1. II, No 2, 123 - 136).

O paborax A.M.JdanyHoBa mno Teopum BeposiTHOcTell («Vcropuko-maTemaTmyeckue
nccaea0BaHms», 8. 12, 135 - 160).

PossuTok Teopii itMosipHOcTelt y podotax O.M./lsnynosa (AH YPCP, InctutyT MmatemMaTnku,
«Icropiko-mMaTemaTmuaaNMII 30ipHUK», Ne 1, 133 - 139).

Ilpo aocaigxenns /l.Eiizepa 3 Teopii iiMoBipHOCTel, Teopii OOpOOKM CIIOCTepe>KeHb,
Ademorpadii ta crpaxysanua (AH YPCP, Iactutyr maremaTtuky, «Icropiko-maTeMaTHUHMI
30ipHMK», No 1, 71 - 76).

O historii matematyki i jej znaczeniu dla matematyki i innych nauk (i [.Pogrebyski. «Roczniki
Polskiego Towarzystwa mattmatycznego», seria II, Wiadomosti matematyczne, t. III, Ne1,
49 - 64).

O poan maTeMaTnyeckux MeToAoB B 6moaormueckux mnccaegosanmsix (AH CCCP, «Bompocsr
$uaocopum», Ne 1, 85 - 97).

Poas marematmkm B 6moaormueckmnx nccaedosanHusx (Msa-so AH CCCP. "®uaocodpckue
mpobaeMbl  COBpeMeHHOTo ecTectBo3HaHm:A', Tpyasl BcecorosHoro cosemjanHms II0
Cl)I/IAOCOCl)CKI/IM BOITpOCaM MaTeMaTuKy, , 494 - 498).

O wMaremarnyeckoM 00pasoBaHMM B BBICIINX BOEHHO-YUeOHBIX 3aBedeHIAX («BecTHuk
MPOTUBOBO3AYIIHOI 0OOPOHBI», No 12, 14 - 19).

Sur l'enseignement superieur des mathematiques (Lisboo. «Gaseta de Matematica», v. XX, Ne
76-77,15-25).

The formation of mathematical concept (Actes IX Congr. internat. Histoire Scinces, Barcelona-
Madrid, 1-7 Sept. 1959, p. 472).

"Marepuaanam n sMaouprokputniusm” B.J./lennnaa n $pmnaocodpckme BOIpoCs MaTeMaTUKI
(M3a-so AH YPCP. 36ipaux «l'eniaasanit ¢pizocoderkuii TBip. B.I./lennna», 300 - 318).

Ilpo oG’exTuBHUII XapakTep MaTeMaTUYHUX IOHATH (/Jep>kaBHe BMAABHUIITBO MOAiTHMYHOL
aiteparypu YPCP. 36ipHux «TeopetndyHa 30post KOMyHiaMy», 249- 271).

Despre lupta dintre materialism si idealism in matematica (cosm. ¢ A.A. Kaay>XHUHBIM.
byxapect. «Gaseta matematica si fisica», seria A, vol. XI, Ne 7, 385-397).

Penensns Ha kumury T.B.Angepcona «BsegeHme B MHOTOMEpHBIN CTaTMCTUYECKUII aHAAWU3»
(Mza-so «Hayka», "Teopust BeposiTHOCTelt 1 ee mpuMeHeHus", T. IV, Bepim. 2, 247 - 248; «Hosbie
KHITU 3a pyOeskoM», cepust A, No 4, 14 - 16).

Pentensnst Ha xHury M.@um "Teopus BeposATHOCTel 1 MaTeMaTndeckas cratuctuka” (Vsa-so
«Hayxa», "Teopus seposTHOCTel! 11 ee mpuMeHenst ', T. IV, Boi. 3, 365 - 367; «Hosbre kUM 3a
pybexxom», cepust A, No 2, 16 — 20).

Pentensnst Ha kuury McCarthy P.J. «BseseHne B cratuctiraeckue paccyxaenus» («Hosbie KHUIT
3a pyoeskom», cepust A, No 4, 17 - 19).

Pertensns Ha xaury Quenoille M.A. «OcHoBa cTaTucTIIecKuX paccy>KaeHnin» («Hobble xaurn
3a pyOesxxoM», cepuia A, Ne 5,17 — 18).

Penensnss na xHury Vincze Istvan «CraTucTuyeckmii KOHTPOAb KadecTBa» (COBM. C
M.T. ®apunnuem, «Hossle kHUTH 3a pyOeskom», cepust A, Ne 6, 35 -37 ).
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263.

264.

265.

266.

267.

Penjensma na kaury Ionescu H.M. «DaemeHTh MaTemMaTdeckoi craTucTukm» («HoBble kHurn
3a pyoesxom», cepust A, N2 7,8 -9 ).

Pentensms Ha kHury Sahleanu V. «MartemaTmueckue MeTOABI B MeAUKO—OMOAOTMIECKUX
nccaeaosanvsix («Hosble kuurm 3a pyoesxom», cepust A, Ne 7, 9 - 11).

Penensnst Ha xuury Gumbel E.J. «Cratmcrmka xpaitanx» («HoBble kHUrM 3a pyOesxom»,
cepust A, N2 9, 14 - 15).

Penjensma na xuury Dugué D. «Tpakrar 1o TeopeTrmyeckoil M HNPUKAAAHONM CTaTUCTUKe»
(«Hosrre xamry 3a pybesxxom», cepust A, Ne 9, 19 —21).

Pentensns Ha kHury Mises R.V. «BeposiTHOCTD, cTatuctuka U uctuHa» (2-oe n3a.) («Hobbie
KHITU 3a pyOeskoM», ceprst A, Ne 10, 3 — 4).

268. Pentensus Ha kHury Pollaczek F. «Ctoxactmyeckue mpo04eMbl, BOZHMKAOMIVE TP U3YIeHUN
¢popMupoBaHMs ouepeAn Y Kacchl M aHAJAOTMYHBIX sIBAeHUI» («HoBble KHMIT 3a pyOesKoM»,
cepus A, Ne 11, 8 - 10).

269. MaTemaTuKa y npupoao3HascTBi (KypHaa "Hayka i sxurta”, Ne 4, 17 - 19).

270. Mpis craaa aivicuicTio (kypHaa "Hayxka i sxurra”, Ne 10, 5).

271. Kibepnetnka (cosMm. c E.A. Illkabapa. "Hayka i >xmrra”, Ne 12, 9 - 11).

272. Ctpubok y kocmoc («PagsHcpka YKpaiHa», 4 ssHBapsi, No 3).

273. Droro Tpebyer cepane (copm. ¢ H.M.AmocoseiM m M.BenpuniessiM. «KoMcomoabckas
Ipasga», 5 arrpeas).

274. ObbegHaTu 3yccuas («Beuipnint Kuis», 3 mions, No 129).

275. BcecoiosHoe coBelllaHMe IO Teopuu bBeposTHOcTell («CoBeTckoe 3akapraTbe», 8 OKTAOp:,
No 237).

276. BixonnomHa nogis («BeuipHiit Kuis», 14 centsa0ps1, No 217).

277. Ha 6aaro Hapoaos («IIpaBga Yxpanasl», 21 okTa0ps1, No 245).

1960 rog

278. Introduction a la theorie des probabilites (coem. ¢ A 1. Xunanueiv. Dunod, Paris, 1 - 157).

279. Elementare Einfuhrung in die Wahrscheinlichkeitsrechnung (und A.Chintschin. Berlin,
Deutscher Verlag der Wissenschaften. Zweite, verbessert Auflage).

280. Grenzverteilungen von Summen unabhéngiger Zufallsgrofien (met Kolmogorov. Zweite
Auflage. Akademie Verlag, Berlin).

281. Aexuym o Teopun maccosoro oocay>xusanusa (KBVPTY spm.1- 2, 1 -207).

282. O mpegeasrHpIX TeopeMax Teopunu seposTHocTeil (Cambridge University Press, New Jork.
«Proceedings of International Congress of Mathematicians, 14 - 21 August 1958»; 518 — 528).

283. Uber einige Aspekte der Entwiklung der Warteschlangen (Zeitschrift fur modern
Rechentechnik und Automation «Mathematik, Technik, Wirtschaft», heft 4, 162 - 166).

284. O0 oaHoM 3agade Teopum Maccoporo obcayxmsanms (Pragua. Publishing house of the
Czechoslovak Academy of Sciences. «Transactions of the Second Prague Conference on
Information Theory, Statistical Decision Functions, Random Procecces held at Liblice near
Prague from June 1 to 6, 1959», 177 - 183).

285. O HeKOTOpHIX 3ajadax Teopum MaccoBoro oocayxmsanus (Epesan. 13a-s0 AH ApMsHckoit
CCP. «Tpyapt BcecorosHOro copemaHmus IIO TEOPUM BePOATHOCTEM M MaTeMaTU4eCcKO
cratuctuke», 15 - 24).

286. K mpoexTy "pyKoBOAAIINMX YKa3aHMII" IO pacyeTy DAeKTPUUeCKUX HaIPy30K IIPOMBIITAEHHbBIX
npeanpuatnii (cosM. ¢ b.C.Merreaem. «ITpombiniieHHas sHepreTnka», No 3, 41 - 44).

287. O MareMaTuU4ecKMX MeTOAaX B DKOHOMUYECKUX MccAelOoBaHMIX («OKoHOMUKa COBETCKOI
Ykpaunbl», Ne 4, 74 - 81).

288. O HEKOTOpHIX pasjesax TeOPUM BePOSITHOCTEN, MMEIOIIMX HelloCpeJCTBEHHOe OTHOIIIEeHMe K

npobaemam 6moaorun u meannuusl (Mza-so AI'Y. «IIpuMeHeHns MaTeMaTnueckx MeTOAO0B
B Omoaorum», 6 - 16).
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289.

290.

291.

292.

293.

294.

295.

296.

297.

298.

299.

300.

301.

302.

303.

304.

305.

306.

307.

308.

309.

310.

Matemarudeckast craTUCcTMKa U 3adaum mpaktuky («Bectmmxk AH CCCP», No 2, 38 -43;
«Analele Romino-Sovietice», No 3, 43 - 49).

The teaching of probability theory and mathematical statistics («Report of the second
conference on mathematical education in South Asia, Tata Institute of Fundamental Research,
Bombay», 1 - 32).

O paborax H.B.CmupHoBa 11o mareMaTrudeckoit craructuke (cosM. ¢ A.H.Koamoropossim n
Ap., «Teopust BeposITHOCTeI I ee IIpUMeHeHNs», T. V, BhIIL 4, 437 - 440).

KommenTtapun k crateam E.E. Caynxoro «K Bompocy o Aormyeckux OCHOBaX MCYMCAEHUA
BeposiTHOCTel» 1 «O cToXxacTMdecKMXx acMMTOTax U npeaeaax» (Mocksa. Msa-so AH CCCP.
E.E. Caymxumit «/136paHHBIe TpyAbI», 283-286).

Esrennii Esrenvesua Cayrkmit (6morpaduaeckuii ouepk) (Mocksa. Msa-so AH CCCP, E.E.
Cayunxnit «/130paHHble Tpyasl», 5 - 11).

Azexkcanap Sxopaesmy XuHumH (Hekpoaor) (cosMm. ¢ A.H. KoamoroposbiMm. «¥Ycrexmu
MaTeMaTH4ecKMX HayK», T.XV, BhIIL 4, 97 - 110).

Azexkcanap ‘xopaesny XmHumH (Hekpoaor) (Msa-so «Hayxka», «Teopus seposTHOCTel U ee
IpUMeHeHNs», T.V, BbiIL.1, 3 - 6).

leopruit Iletposuu boes (Hexkpoaor) (com. ¢ H.I. UYyaakosniM, «J3sectusa BY3os,
MaremaTtuxa», Ne 1(14), 245 - 246).

Ilpeancaosme x xuure A.51.Ctporika "Koportka icropis maremaruxn” (Kuis. V3a-so «PagsHcpka
mKoAaa», 5 - 7).

Pentensns na kuury "Martemaruka B CCCP 3a copok aet” (coBm. ¢ VI.B. Ilorpe6sicckum. «Y criexn
MaTeMaTH4eCcKMX HayK», T.XV, BbIIL.5, 235 - 236).

Penjensusa Ha xHuTy Zemanek Heinz «DaeMeHTapHas Teopus MH(l)opMaLU/H/I» («HoBwre xHuTU
3a pyOesxom», cepusa A, Ne 2, 17).

Pentensns nHa kuury Borel E. «Kypc Teopun BeposaTtHocreit», T. I, o 1 («Hosbre kumru 3a
pybesxom», cepust A, Ne 3, 11 —12).

Pentensns na xuury Mittenecker E. «IlaanmpoBaHme SKCIIEpMMEHTOB U CTaTUCTUYECKUE
BBIBOABI U3 HUX», (134. 2) («HoBble kHUTH 3a pyOesxoM», cepust A, Ne 3, 12).

Pentensns na xumry Lindgren B.W., McElrath G.W. «Bsegenue B Teopuio BepOsTHOCTeN I
cTaTUCTHKY>» («HoBbIe kunru 3a pydesxom», cepust A, Ne 5, 15 — 16).

Pentensns Ha kuury Lukacs E. «Xapaxrepucruueckue pyHkimm» («Hobsle KHUTY 32 pyOesKoM»,
cepus A, Noe 11, 8 - 10).

Pentensns na xaury Derman C., Klein M. «Teopust BeposTHOCTel 1 CTaTUCTUYECKUE BBIBOABI
A5 MH>XXeHepoB» («Hosble xaUINM 38 pybesxom», cepust A, Ne 12, 9).

Matemaruka i cydacHicts (rasera «Pagsancpka Ocsita», 18 gyepsns, No 49).

Mpii craiots gificnicTio («Pagsnceka Ykpaina», 17 tpasns, Ne 113).

ITpo xndepueTuky (cosM. c E.A.Illkabapa. xxypH. "AHinpo"”, No 4, 138 - 142).

Kwurrsa i matemaTuka («/litepaTypHa razera», 8 mioas, No 54).

O6 oHomecknx MarteMatnueckux Ikoaax (cosm. ¢ K..IIIBerrosriM. raszera «PaasiHcbka
OcsiTa», 20 pespaas).

Uyaoso («Beuipnirn Kuis», 23 suBaps1, Ne 19).

1961 roga

311.

312.
313.

314.

Daementsl mporpammuposannst (copmectHo ¢ B.C.Kopoatokom u E./.IOmenko. Mocksa,
Ousmarrus. 3-348).

Kypc reopun sepositnocreit (Pusmarrus, Vza. 3-e, 1-406).

DaeMeHTapHOe BBeJeHle B TeOpUIO BeposaTHOCTel (coBM. ¢ A S XynHunnsim. IVIOM/, usa. 5-oe,
1-144).

An Elementary introduction to the theorie of probability (and A.Khintchin. S.Francisco and
London, Freeman and Co., 1 - 139).
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315.

316.

317.

318.

319.
320.

321.

322.

323.

324.

325.

326.
327.

328.

329.

330.

331.

332.

333.

334.
335.

336.
337.

338.

339.

340.

341.

DXTUMoOAAap He3apysICuAaH OOMIIaHI Y MabAyMOTAAp (COBM. ¢ XUMHUMHBIM. TamrkenT, 1 - 126).
TeopeTnKo-BepOsSTHOCTHEIE OCHOBBI CTATUCTMYECKOIO MeToJa pacdeTa DAEKTPUIECKUX
Harpy3oK HpPOMBIIIAeHHbIX Ipeanpusatuii («Vspectuss BY3os. Daexrpomexanmxa», No 1,
90 - 99).

O craTmcTmyeckmx MeTOJax pacyeTa U UCCAeJOBaHMA — DAEKTPUYECKUX Harpy3ok
MIPOMBIIIAEHHBIX TTpenpusatuii (cosM. ¢ b.C. Memeaem. «Daekrpudectso», Ne 2, 81 - 85).

O crartmcTnyeckoll oIjeHKe PeKNMMOB ceTell HaceAeHHBIX HYHKTOB (coBM. ¢ b.C. Memresem.
«DaexkTpuuecTtso», No 6, 71 - 74).

Teopus BepoATHOCTeN 1 HEKOTOPBIe ee MpuMeHeHMs («Mopckoir coopHuk», Ne 9, 31 - 41).
Hexotopsre Bompocer kuOepHeTukyu u cratuctukyu (CoopHuk «KnbepHeTmky Ha caykOy
KOMMYHU3MY», T.I, 55 - 70).

Asymptotic expansions in probability theory (with W. Koroluk and A. Skorochod.
«Proceedings of the Fourth Berkeley Symposium on Mathematical Statistics and Probability»,
v. 2,153 = 170. Univ. California Press).

MareMmarideckne rmapaMeTphl YHIUBEpPCaAbHOM IIM(pPOBOIT aBTOMaTdeckol MamuHsl "Kues"
(copm. ¢ B.MIaymxoseim m E.AIOmenxko. Msa-so AH YCCP. «36ipamx mpaip 3
0041CAI0OBAaAbHOL MaTeMaTUKN i TexHiku», ToM 11, 7 - 14).

ImoBipHOCTelt Teopia (Ykpainceka Pagancpka EHnimkaoneais, 1. 5, 396-397).

Maremarmdeckass —CTaTMCTHKa - MOIIIHOe Opyaue B paboTe 3aBOACKON aaboparopunu
(«3aBoackas aaboparopusi», T. 27, Ne 10, 1251 - 1253).

Kaxxaomy crmenmaamcry Hy>KHO 3HaThb MaTeMaTHYeCKyIO CTaTUCTUKY («BecTHmMK BpIcIIelt
IKoAbl», No 12, 29 - 30).

Azexcanap SIkoBaeBny XuHunH («MaTeMaTuueckoe mpocselrieHne», No 6, 3 - 6).

O cratbe AL Xumumna "YacrotHas Tteopmst P.Mmseca m cospeMeHHbIe IAeM TeOpWH
BeposiTHOCTel" («Bompocsr puaocodpum», Ne 1, 91 - 92).

A.Ja.Khinchin («Proceedings of the Fourth Berkeley Symposium on Mathematical Statistics and
Probability», v. 2, 1 - 15).

Muxana Bacuavesuua Octporpagckuit (Mocksa. @Pusmarrus. «/i04UM PyCccKOi HayKu»,
104 - 110).

ITadryTnit Avsosna Yeosimres (Mocksa. PusmarIus. «/A10am pycckoit Haykm», 129 - 140).
Amnapeit Augpeesrira Mapkos (Mocksa. ®usmatrus. «A104u pycckoit Hayku», 193 - 199).
Kommenrapun x paboram M.B. Ocrporpagckoro no teopum sepositHocTeit (Kues. Vza-so
Axagemun gHayk YkpamHckoin CCP. M.B. Ocrporpasckmuit «Iloanoe cobpanme TpyAoB»,
343-344, 347-348, 365, 371-372).

Hexoroprie skoHOMMYeckme mpoOaeMbl TexHmdeckoro mnporpecca ("Kommynmer", Ne 10,
23 - 34).

UYro Takoe Teopmst HadeKHOCTH? («MaTeMaTnKa B 11Koae», No 6, 8 - 14).

Ilpo marematmyny ocBiTy B paasHcbkinn mkoai (Kwues. Msa-so "Pagsnceka mxoaa'.
«BukaaganHs MateMaTHKH B IIKOAi», BuIl.1, 5 - 12).

Ilpeaucaosue kx 3-my naganuio kuuru A.Sl. Xununna "Llentnsre gpodnu”. (Mocksa, Pusmartrns).
Penensnst Ha xaury I0.B./lunHnka "PaszaoskeHns BeposTHOCTHBIX 3aKOHOB" (J134-Bo «Hayka»,
«Teopust BeposATHOCTeII 1 ee TpUMeHeHNA», T.VI, BbIIL. 2).

Pentensna na xumry Lehmann E. «IIpoBepka craructmaecknx rumores» («Hospre kMM 3a
pyOexxom», cepust A, No 1, 11).

Pentensns Ha kaury Avondo Bodini G., Brambilla F. «Teopust ouepeaeri» (dacts I. Cratucruka)
(«Hosrle xauru 3a pybesxxom», cepust A, No 2, 6 — 8).

Pentensnsa nHa xuury Diamond S. «/udopmanusa n ommnbdka» («Hosrre kaurm sa pyoeskom»,
cepus A, No 2,8 -9).

Perensust ma xuury Scheffit H. «Jucnepcuonnsiit anaans» («Hoswle kaurm 3a pyOesxom»,
cepus A, No 3, 22).
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342.

343.

Dro HyXHO BHegpATh (O NpUMeHeHM! MaTeMaTHYeCKUX MEeTOJ0B IIpU pelleHNn
IIPO3BOACTBEHHO-DKOHOMIMYEeCKNX MpobaeM) (kypHaa «Hayka n >xusup», Ne 9, 26-29).
MarmmHa cTaBUT AMarHo3 (rasera «/leHMHCKOe 3HaM:I», 8 OKTAOP).

1962 roga

344.
345.
346.

347.

348.
349.
350.
351.
352.
353.
354.
355.

356.

357.

358.

359.

360.

361.

362.

363.

364.

365.

366.

367.

The theory of probability (USA, Chelsea publ. Co., 1 - 459).

Kypc reopun seposarnocreii («Giao trinh ly thuyet xac suat») (Hanoi, 1 - 389).

Lehrbuch der Wahrscheinlichkeitsrechnung (Academie-Verlag, Berlin, 3 erweiterte Auflage,
1-393).

Limit Distributions for the Sums of Independent Random Variables (with A.N. Kolmogorov.
Translated and annotated by K.L. Chung. With an appendix by G.L. Doob. Addison-Wesley
Publishing Company, Inc.,Cambridge, Mass. IX + 264 pp. 2-nd print).

An elementary introduction to the theory of probability (and A.Khinchin. New York, Dover
Publications, Inc., 1 - 130).

O nonstun Hagexxnoctn (cosM. ¢ 10.K.beaseBrM. «Bommpocsl pagnosaeKTpoHUKI», ceprst 12,
BhIL. 13, 3 - 11).

OcHoBHBIe HallpaBAe€HMsI UCCA€AOBaHMII B TeOPUM MacCOBOTO OOCAYKMBaHMUA (COBM. C
I0.K.beasessim u V.H.KoBazenko. «Tpyanr 6-ro BcecoiozHoro cosemanms II0 Teopunu
BEpOsITHOCTEN 1 MaTeMaTU4eCKON cTaTucTuKe. BuabHioc», 341 - 355).

MaremaTuka (Ykpaincoka Pagsancoka Enniuxkaoneais, 1.8, 536-537).

MatemarnyHa ctaTucTuka (YkpaiHncoka Pagancoka EHnukaoneais, 1.8, 537-538).
Matemarnyni Maruanu Ta npuaaau (Ykpaiaceka PagsHcbka Ennnkaoneais, 1.8, 538-539).
JIspikoM MaTeMaTuku (VI3a-so «3nanue», IX cepust, @uanka u xumus, Ne 7, 1 - 30).

Einige Fragen der Kybernetik und Statistik (Sowietwissenschaft, Verlag Kultur und Fortschritt,
10, 1071 - 1090).

IlpumeHeHne MaTeMaTHMYeCKMX MeTOAOB IIpM 00pabOTKe pPe3yAbTaTOB OMOAOTUMYECKIX
HaOaogenuit (copMm. ¢ C.B.®ommupim u SLVL.Xyprunpm. Msza-so AH CCCP. CoOopnuxk
"buoaormgeckne acriektsr KnbepHetnku', 103 - 111).

Poap maremaTyky B pa3BUTUM TeXHUKU U IIpousBodcTBa («MarTemaTmka B 1mikoae», No 1,
25 - 35).

3ameuanus Kk cratbe C.JALIleryxosa 'PerreHme o4HOI 3agauM TeOpMM MacCOBOTO
obcay>xusanua" («Mopckoir cOopauK», No 2, 44 - 47).

AJl.OetncoB (K CeMUALCATUACTUIO CO AHA poxXaeHus) (cosM. c AJSl. Mapryaucom.
«MaremaTtnka B mmkoae», No 1, 76 - 77).

IlpexpacHslif MaMsATHUK BBIAAIOIIEMYCsl yUeHOMY U Itegarory («MatemaTuka B mkoae», No 3,
87).

Pentensna na xamry «Tpyast Bropoii Ilpaskckoit koH(epeHI 10 Teopun MHGPOPMaIINI,
CTaTUCTIYECKNM pellaloniuM QyHKIIUAM U TEOPUN CAydaliHBIX IIpolieccos» («Hopble kauru 3a
pyoesxxom», cepusa A, Ne 1, 10 - 12).

Pentensmnst Ha kHUTY «BeposTHOCTS U cTaTUCTNKa» (TOM, nocssieHHH I. Kpamepy) («Hossie
KHITU 3a pyOesxoM», cepust A, Ne 4, 9 —11).

Pertensns na xuury Mosteller F.,, Rourke R.E.K., Thomas G.B. «Teopms BeposATrHOCTH C
IPUAOXKEHUAMHN K CTaTUCTHKe» («Hosble kaurm 3a pybesxom», cepust A, Ne 5, 8 —10).
Penensnst nHa kuury Plackett R.L. «IIpunmumnsr perpeccuonHoro aHaausa» («Hobble kHUIT 3a
pyOexxom», cepust A, No 7, 12 - 13).

Pertensmss Ha kHury Rashevsky N. «MaremaTndeckne HOpMHLIMIBI B OMOAOTMM M WX
npumMeHeHns» («Hopbre xauru 3a pybexxom», cepust A, No 11, 18 — 20).

CoBpeMeHHas MaTeMaTHKa U CTPOUTeAbCTBO KoMMyHM3Ma («Hapoanoe obpaszosanme», No 5,
24 - 28).

Matemaruka BOKpyT Hac («Hayka 1 yeaoseuectso», T.1, 106 - 117).
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368.
369.
370.
371.
372.
373.
374.
375.
376.

MaremaTuka BOKpyT Hac (>kypHaa «Hayka m >xmsHb», No 8, 18 - 23).

C20BO TeopuM BEPOSITHOCTEN (3KypHaa «3HaHIeE — cuaa», Ne 5, 14 - 15).

Matemaruka 1 Hage>KHOCTb («MocKoBcKas mpasaa», 13 uions, Ne 137).

Ha yposne XIX Beka («Yuurteanckas razeta», 21 urons, Ne 73).

HagaesxaOCTh — 9TO HayKa («Mockosckast nipaBaa», 4 ceHTaAOps1, No 207).

MaTtemaruka BTopraeTcs B >KM3Hb («MOCKOBCKIIT KOMcOMOeIl», 18 okTs0ps1, Ne 229).
IMarpuapx pycckoit matematuku («Bocrouno-cubupckas [Ipasaa», 04.01., Ne 3).

Kadeapa nameuaer naansr («MockoBckuit yHusepcuret», 13.02, Ne 8).

Kuamxuele moakm Haykm (coBMm. ¢ akadeMukoM AH CCCP A.A. basaHAMHBIM, YAeH-
koppecioadenToM AH CCCP O.A. PeyToBsIM 1 Ap., eXKeHeaeAbHUK «Heaeasn», 25.11-1.12, No
48).

1963 rog

377. The theory of probability (New York, Chelsea publ. Co., 1 - 471).

378. EaeMeHTapHO BbBeJeHIUe B TeopusTa Ha BeposaTHOcTUTe (coBM. ¢ AL XmHumHbpiM. Masaka
MaremaTrudecka oubanoreka, Codus, n3a-so "Texumka", 1 - 128).

379. Elementarny wstep do rachunku prawdopodobienstwa (cosm. ¢ A.Sl. Xununnasim. Warszawa,
PWN, 1 -199).

380. Teoria de las probabilidades (cosm. ¢ A.Sl. XununaseiM. Buenos - Aires, 1 - 153).

381. Aexuuu 1o Teopuu Maccoporo odcay>kusanusa (cosM. ¢ VI.H.Kopasenko. KBMPTY. Bom. 1 - 3,
1-316).

382. DaemenTnl porpammuposanus (coM. ¢ B.C.Kopoaoxom n E./A.JOmenko. Pusmarrus. 2-oe
n3a., 1 - 348).

383. Muxana Bacmavesma Ocrtporpagckmit (JKmsap m pabora. Hayunoe m megarormaeckoe
HacaeAcTBo) (coBM. ¢ VL.B. TTorpebnicckum. Mocksa. M3za-so AH CCCP, 5-270).

384. Niektore =zagadnienia cybernetyki i statystyki («Roczniki Polskiego Towarzystwa
Matematycznego», seria II: Wiadomosci Matematyczne VII, 65 - 85).

385. Hagexxnocts (cosMm. ¢ SL.B.IMopom. I'ocys. nayuHoe u3a-Bo «CoBeTckas DHIIMKAOIIEAVI».
DHINMKAOIIeANYEeCKMII CIPaBOYHNK "ABTOMAaTM3alMsl IIPOM3BOACTBA I IIPOMBIIIAEHHAs
®AeKTpoHUKa", T. 2, 348-353).

386. O mpobaemax ncropun mareMatuku B Poccum m CCCP n o pabotax B 9TOi 0OAacTu 3a
1956 - 1961 rr. (coBM. ¢ VI.b. ITorpebsiccknym, 11.3. lITokaao u A.IL FOmkesnuem. «Vcropuko-
MaTeMaTHu4JecKle 1CCAe 0BaHUsA», 1-51 cepust, BoiI. 15, 11 - 36).

387. Ilpobaemsr mcropum wmartematuku Hosoro spemenu (copm. ¢ K A .PbIOHMKOBBIM M
H.M.CumoHoBBIM. «JIcTOpUKO-MaTeMaTUdecKkue 1uccaeAoBanusi», 1-s cepus, Boi. 15, 73 - 96).

388. O paborax A.H.Koamoroposa o Teopuu BeposATHOCTel («YcIlexyu MaTeMaTHdeckux HayK», T.
18, BeIm. 5, 5 - 11).

389. O paborax A.H.Koamoroposa no Teopumn sepositHocTeli (cosM. ¢ H.B.CmupnossiM. V3a-B0
«Hayxka», «Teopus BeposiTHOCTel 11 ee MpuMeHeHMs1», T. VIII, No 2, 167 - 174).

390. A.H.Koamoropos kak mnegaror (cosMm. ¢ IT.C.AaekcaHAPOBBIM. «Ycrexm MaTeMaTHIecKUX
Hayk», T. 18, BoimL. 5, 115 - 120).

391. Angpeit Hukoaaesnd KoamMoropos (K mecTuaecaTuAeTUIO co AHs poxaeHnus) («MaremaTuka
B 1miKoae», No 2, 67 - 68).

392. Ilepsrle 1m1ary B pa3suTuu cdeta («MareMaTuka B mKoae», No 4, 5 - 10).

393. JAekuyu 1o ucropuu MareMatuku. Beognas aekumsa («KMareMaTuka B mkoae», No 1, 3 - 13).

394. MaTemaTuKa gpeBHIX HapoA0B /Bypeubs («MaTemaTuka B mkoae», Ne 6, 3 - 12).

395. Maremaruka B buoaorun u meauiiute («broaorus B mkoae», No 5, 73-79).

396. O nporpammuposanHoM obydennn («Mopckoit coopamk», No 9, 13 - 20).

397. IlpeaucaoBue pejakTopa U 3aKAOUMTeABHAs CTaThd B KHUTe A 1. XununHa «Ilegarormueckue

craten» (M3a-80 Axag. mea. Hayk PCOCP, 3 - 12, 180 - 203).
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398.

Ilpeancaosne pesaxTopa M 3aKArOuMTeAbHas CTaThs «O HEKOTOPHIX IOCTAaHOBKaX 3ajad U
pesyabTaTax TeOPUM MacCOBOTO OOCAY>KMBaHNA» B KHuTe A.Sl.XuHunHa "PaboTh 11O Teopun
Maccosoro oocayxusanus" (Puamarrus, 4 - 7, 221 - 235).

399. 3a 6opbHara MexxAy MaTepraan3Ma I jealr3Ma B MaTeMaTuKaTa (coBM. ¢ /1.A. Kaay>XHUHBIM,
«MatemaTtuka n ¢pusnka», No1,1-9, No 2,1 -5, Copus).

400. I'peancaosue x kHure B.A.Bwimenckoro, M.JSapenko "36ipHMK 3agad AA4s YJIacCHUKIB
MateMmatuyHux oaimiiaa" (Kues, n3a-so "PaasiHcbka 1mkoaa'").

401. I'lpeancaosue k kuure A.M.Kongparosa "Yucaa smecto untyunun" (u3a-so "3nanue", IX-as
cepus "Ouauka u xumus", Ne 8).

402. I'lpeancaosue k kuure P.X.3apunosa "Kubepruernka u Mmyssika" (134-6o "3HaHue", IX-as ceprst
"®usuka u xumus'", No 18).

403. Penensns na kuury Cox D.R. «Teopmns BoccranoBaeHns1» («Hopble kHUrM 3a pyOeskoM», cepusd
A, No4,14-17).

404. Penjensus Ha kaury Saaty Th.L. «DaemenTs Teopun ouepeseii» («Hosble kM 3a pyOeskom»,
cepust A, No 7, 15 - 18).

405. Penenanss Ha kumry Parratt L.G. «BeposaTtHocts u ®KcnepmMeHTaAbHBIE OIIMOKM B
ecTecTBO3HaHUM» («HoBBIE KHUTY 3a pyOesxxom», cepust A, Ne 8, 25 —27).

406. Pentenanst Ha kHury Benes . «Cratuctuyeckast AMHaMMKa Teopun peryanposanus» («Hosbie
KHUTHY 3a pyOesxom», cepust A, Ne 10, 15 - 17).

407. Penjenauss Ha kumry Bailey N.T. «BBegenme B MaTeMaTHYeCKyIO TeOPMIO TI'eHETMYECKOTO
cuenaennsi» («Hosbie kuurm 3a pybesxkom», cepusa B, Ne 10, 18 - 19).

408. Penjensnsa na kuury Rosenblutt M. «Cayuaiinsie mponeccel» («Hopble kaurm sa pybesxom»,
cepus A, No 11, 27 - 30).

409. Penensns na xanury O.b.llertanza «K mcropum oreHOK HemmocpeACTBeHHBIX HAOAIOAEHUI 1
3aKOHa pacIpejeleHNs CAyJaltHbIX omnook» (PegepaTusHbiii XXypHaa, MaTeMartnka, 8A30).

410. PaskasBa 3a kubepHernkata (Cous, rasera «OredectseH ¢pponT», 9 1 10 antpeas).

411. Hage>xHocTs - KA104 aBTOMaTu3auuu («J/I3sectms», 3 nioas, Ne 157).

412. Karouesas npobaemMa COBpeMeHHOM TeXHUKM («YunTeAbcKas raseta», 1 okrsaops, No 116).

413. Brigarommiicss MmaTeMaTUK coppeMeHHOCTH («VI3BecTust», 24.04., No 98).

414. TlosapapaseM Bblgaronierocs Mmatemaruka («MockoBckuit yHusepcureT», 28.04)

415. Pucosats xapTunsl Oyaymero ("Vckyccrso kuno", Ne 6, 108-116).

1964 roa

416. DaeMeHTapHOE BBeJeHIE B TEOPUIO BepOATHOCTeM (coBM. ¢ AL XununnbiM. Vsa-po «Hayka»,
u3a. 6-e, 1 - 146).

417. Elementare Einfuhrung in die Wahrscheinlichkeitsrechnung (zum A.J. Chintschin. Berlin,
Deutscher Verlag der Wissenschaften, 6 Auflage, 3 - 174).

418. Elementen der programmirung (mit Koroluk und Justenko, Teubner, Leipzig, 1 - 327).

419. Bevezetes a programozasba (Koroluk und Juscenko, Budapest, v.1, 1 - 228 und v.2, 1 - 204).

420. O xputepun 3Haxos («Jokaaas! boarapckoit AH», .17, Ne 9, 793 - 796).

421. O nHenarpy>enHoM ayoanposanuu (Vssectuss AH CCCP, «Texaudeckas kubepHeTuka», No 4,
3-12).

422. O ayb6auposanmuu ¢ soccraHosaenueMm (Mssectua AH CCCP, «Texumueckas kubepHeTHKa»,
No 5, 111 - 118).

423. O06 ompejeAeHUN ONTUMAaABHOTO 4Kcaa Hpudaaos (copM. ¢ M.H. 3yOkoBsIM. «Mopckoii
cOopHuk», Ne 6, 30 - 39).

424. Cratuctudyeckue MeToAbl B Teopun HagexxHoct (Mocksa. M3a-po «Crangaptusanms», Ne 6,
16 — 22), (n3a-B0 «3HaHMe», 1-25).

425. Poap MaTeMaTUKM B pa3sBUTUN COBpeMeHHOTo ecrecTBo3HaHMsA (V34-Bo «Mbicab». COOpHMK

"/MazeKxTiKa B HayKax O He>KMBOI mpupoge", 45 - 85).
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426. Cratuctudeckn Metogu B Teopust Ha curypHoctra (Codms. «Pusmko-mMareMaTudeckoe
cricaHue», T.7, BhIIL 2, 120 - 134).

427. 1o e Teopust Ha MacosoTo oOcayxsane (Codust. «PusMKO-MaTeMaTUIecKoe CIucaHue», 1.7,
BbI11.3, 200 - 211).

428. 3a nmoaroroska Ha yunTeas 1o mareMatuka (Codpus. «MaTtemaTtuka u ¢pusuka», No4, 4 -11,
Ne5,1-9).

429. MaTtemarndecKku CTpaHM Ha Teopusita Ha curypHocrTa (Codusa. «Hosoctu B aBTOMaTHKaTa 1

430.
431.
432.
433.
434.
435.
436.
437.
438.
439.
440.
441.

442.

Te/eMexaHMKaTa», KH. 4, 5 - 34).

Ws ucropus Ha matemarukara (Codmst. «Maremarnka», Ne 2, 6 - 9,).

Mathematik in Biologie und Medizin («Biologie in der Schule», B.13, H.3, 107 - 111).

O Teopnn maccosoro obcaykusaHus («MaremaTuka B mKoae», Ne 3, 10 - 20).

Hayxka o caygaiinom (/JeTckas sHIIMKAONeAN:, 2-0€ U3J,., 452 - 461).

O MaTeMaTHUeCcKuMX MeTOJaX TeopMM HageXXHOCTH (/JeTckast SHUMKAOINEAUA, 2-0e WU3A.,
461 - 465).

O Bocrmrannu yunrteas MmaTeMaTuku («Maremarnka B mkoae», Ne 6, 8 - 20).

IIpeancaosme x kuure Dmnas bopeas "BepostHocTs 1 gocToBepHOCTS (134, 2-0e, M. "Hayxka").
Perjensust na kaury M.Rosenblutt "Random Processes” (Annals of Mathematical Statistics, v.35,
no.4, 1832 - 1833).

Pentensns na kaury Walsh J.E. «CripaBoynnk o HemapaMeTpUYecKuM craTucTukam» («Hosbre
KHIUTHY 3a pyOesxom», cepust A, Ne 1, 18 —20).

Pertensns Ha kHuUry « MaremaTudeckue mpo0.eMsl B O10A0TMYeCcKX HayKax» (1104 pesaxijyert
R.E. Bellman) (cosm. ¢ V1.b.3aropckoii. «Hosere kHuru 3a pyoesxxom», cepust A, Ne 3, 24 — 28).
Pentensns na xaury Takacs L. «Bsegenue B Teopuio ouepeaeii» («Hosble kKHUIM 3a pyOesKoM»,
cepust A, No 4, 15 - 18).

Penensns na kaury Freeman H. «BBegenme B Teopuio craTmcTuyeckux BhIBO4OB» («Hobbie
KHITH 3a pyOesxoM», cepust A, Ne 10, 14 - 17).

Pentensns Ha xaury Bodion G. «Jmazektmdeckas Teopysl BepOSTHOCTEN, BKAIOYAIONIas ee
KAaccaeckoe 1 KBaHTOBOe McumcaeHne» (coBM. ¢ I A.3aritieBbiM. «HoBble KHUTHK 3a pyOesKoM»,
cepust A, No 12,9 —11).

443. Penensnst Ha kHury «llccaegoBaHus IO TIOPSAAKOBBIM CTaTUCTMKaM» (IIO4 pejakiiuei
A.E. Sarhan u B.G. Greenberg) («Hossle kauru 3a pyoexxom», cepust A, Ne 12, 11 —13).

444. Bo3sMOXHOCTM U HY>XABI MoaA0Aoi Hayku (KypHaa «HayuHo-texunueckne obirectsa CCCP»,
No 12, 2-5).

445. Crangapt BpICOKOTO KauecTsa (coBM. ¢ A.VL.Beprom, JI.M.Copunnim u SL.b.Iopom. «Vssectus»,
9 suBaps1, Ne 8).

446. Beanxuii pwitaps Hayku (x 400-aetmio co aHsa poxaeHms: l'aamaeo T'aamaes) («Kpachas
3Be3ga», 15 gespaas, Ne 39).

447. Haaexxnocts 1 matemartuka («Heaeas», 10 - 16 mast 1964, Ne 20).

448. Cxoabko crout HarHeTaTeAw? («Heaeas», 5-11 mioas, No 28).

449. KauecTBoM MOKHO ynpaBasaTh (cosM. ¢ SL.M.CopunpiM. «V3pectus», 20 uroas, Ne 172).

450. I'lo HaKOM BBIIPOCK Ha YIMAUIITHOTO oOpasosanue (boarapus. Codus. «YIuTeabcko 4e40», ,
23 oktomBpH, Ne 84).

451. Ilpogop y Tajue muimaena (CPPIO. «bopba», 13 saHBap:).

1965 roga,

452. Kypc teopun sepositHoctelt («Hayka», usa. 4-oe, 1 - 400).

453. Matemarudyeckue MeToAbl B Teopum HagexxHoctum (coeMm. ¢ IOK. Beasespim m
A.J. CoaosbesnM. «Hayka», 1 - 524).

454. Lehrbuch der Wahrscheinlichkeitsrechnung (Berlin, Academie-Verlag, 4 Auflage, 1-393).

455. O6 ogHoI1 3agaue Teopun AyoanposaHmst («Mopckoit coopHmK», No 1, 14 - 23).
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456. OO0 0oAHOM acIieKkTe ITp06.1eMBlI OllepaTop-MamuHa («Bompocs! pagnos1eKTpOHUKI», BHIIL 25,
cepus XIL 3 - 11).

457. Matemaruka (Kuis. Yxpainceka Pagsancoka Enniukaonegis, T. 17, 484-487).

458. ObecrieueHne KayecTBa, HAJeXXHOCTM M AOATOBEYHOCTM MAaCCOBOV IPOAYKUIMHM U
cTaTHCcTUIecKne MeToas! uccaeaosanms (Mocksa. 13a-so «CranaapTusamnusi», N 5, 4 - 6).

459. K Borpocy Hage>KHOCTU CeAbCKOX03sicTBeHHO TexHUKH (coBM. ¢ B.IL.ITonmoseim. «Tpakropbl
U CeAbCKOXO3AIICTBEHHBIE MAIINHBI», N2 6, 21 - 24).

460. O teorii obslugi (Warszawa. «Matematika. Czasopismo dla nauczycieli», Ne 1(85), 1-9,
No 2(86), 50 - 54).

461. Bedienungstheorie (Volk und Wissen Volkseigener Verlag Berlin. «<Mathematik in der Schule»,
Neo 5, 325 - 340).

462. C esuka Ha maremarukara (Codpus. «Hapoana mpocsera», 1 - 47).

463. MaremaTtukara Ha gpeBHnTe Hapoau or Meconoromms (Codpus. «MatemaTtuka», Ne 2, 1-4;
Ne 3, 6-10).

464. MaremaTudeckue MogeAuM U IporpaMMmuposaHHoe oOydenHme (cosm. ¢ IO.J.Bepmako.
«Coserckast riegaroruka», No 10, 140 - 142).

465. MexaHuko-maTeMaTndeckoe obOpasosanHne (Mocksa. 134-Bo «CoBeTcKas BSHITUKAOMIEAVS».
«ITeaarormueckast sHIMIKAOIIEAVIS», T. 11, 822-824).

466. CMBOA IIpOTPeCCUBHBIX UAeN 1 MeTo40B B nedaroruke («BectHux Bwicmieir Illkoasr», No 5,
13 - 20).

467. O mepcrniekTuBaXx MaTeMaTudeckoro oopasosanmsi («Maremaruka B mkoae», Ne 6, 2- 11).

468. Perspektiven der mathematischen Ausbildung (Volk und Wissen Volkseigener Verlag Berlin.
"Probleme des Mathematikunterrichts. Diskussionsbtitrage sowijetischer Wissenschaftler",
28 - 59).

469. Meine Idealvorstellung vom Mathematiklehrer (Volk und Wissen Volkseigener Verlag Berlin.
«Probleme des Mathematikunterrichts. Diskussionsbtitrage sowjetischer Wissenschaftler»,
88 - 104).

470. Mathematical education in the USSR («The Australian Mathematics Teacher», v.21, No 3,
49 - 59).

471. VItTorm OTKpBITOTO KOHKypca Ha y4ueOHmMKu 1o MaTematmke (cosM. ¢ J.C.IlerpakoBbim.
«MaremaTtnka B 11koae», No 2, 4 - 9).

472. K croaetnio MocKkoBCcKOro MaremMarimdeckoro odriectsa («MaTteMaTuka B mmkoae», No 2, 95 - 96).

473. Ilpeancaosme x kuHure T.Caatm "DaeMeHTH TeOpuM MacCOBOTO OOCAY>KMBaHUSA U ee
npuaoxenus” (M. M3za-so "Coserckoe Paauo", 5 - 14).

474. Ilpeancaosue x kanre 3. I'ymbean «CTaTncTKa 9KCTpeMaAbHbBIX 3Ha9eHN» (M. «Mup», 5-7).

475. Pentenanst Ha KHury Xpucrtos Ba. «OcHOBBI Teopum BepOsATHOCTeN U MaTeMaTUJIecKOil
CTATUCTUKU C IIPUAOXKEHUIMU B TEXHMKE 11 DKOHOMUKe» («HoBble KHUTHK 3a pyOesxxoM», cepust
A, Ne2,15-18).

476. Penensns Ha kuury Bergstrom H. «IIpegeabnble Teopemsl aas1 cBepTOK» («HoBble KHUIHU 3a
pyOexxom», cepus A, No 8, 20 — 22).

477. Peniensust Ha xHury Spitzer F. «[lpunimmer cayuaitHoro OayxaaHms» («Hosble kHMIU 3a
pybexxom», cepust A, No 9, 32 — 33).

478. Penjersus Ha xHury «Konnenmms magopManny B COBpeMeHHBIX HayKax» («HoBble kaurm 3a
pybexxom», cepust A, No 11, 5 - 7).

479. Teopmst MaccoBoro o0cAy>KuBaHUA («DKOHOMIUYeCKas TazeTa», 3 gespaas, No 5).

480. Caaraemble HageXHOCTM MamuH (coBM. ¢ A.bamkupnessiM u B.IlomosemM. «IIpaBaa», 25
despaas, No56).

481. CraTtucTuyeckue MeTOAbl - B IPpOMBbIIAeHOCTh (coBM. SL.b.IHopom. «Mssectusa», 14 anpeas,
No 88).

482. Ilpobaemsl oBLIIIeHNA HagexkHOoOCTH («Tpya», 2 mioas, Ne 153).

483. O HexoTOpHIX Bonrpocax kubepHeTuky («Coserckas AgxKxapus», 1 ceHTsa0ps, Ne 171).
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484. Crarncruka y npakcu (COPIO. «BeuepHnu excripec»,17 ceHTAOp:T).
485. bpak B coamaHbIx o00ao0xkax (cosM. ¢ A.H. KoamoroposemM, A.A./OpOAHMIIBIHEIM,
A. BartnmrreitnoM. «JsBectus», 23 sstuBaps, Ne 19).

1966 roa

486. The theory of probability (Chelsea publ., New York, 1 - 479).

487. Beeaenue B Teopuio Maccoporo oocay:kusanus (copm. ¢ VI.H.Kosaaenko. «Hayka», 1- 431).

488. MaTtemarnyecKkasi TeOpus HaAeXXHOCTU M ee IIpMMeHeHUs B MammHocTpoeHun (Mocksa.
MuHICTEpPCTBO CTAaHKOCTPOUTEABHON M MHCTPpyMeHTaAbHON mpomeiiaenHoctu CCCP, HVMI
nHpOpManUy 110 MaIIMHOCTPOoeHNIO. « Ipy Al IlepBoil HayIHO-TeXHIYeCKOI KOH(pepeHIINHI IO
IIOBBIIIEHNIO HaAeXXHOCTM M AOATOBEYHOCTM MaIlNH, O00OpyJoBaHMs U IIpUOOpOB,
nposeaeHHoit B Mockse B 1965 roay», Boi. 1, 73 - 80).

489. MaTtemarudeckue Borpocsl Teopun HadexkHocTu (cosM. ¢ 10.K.beasessim u V1.H.KosazaeHko.
Mocksa. BVMHUTU. «Mrtorm mBaykm», cepus MaTemaruka, «Teopms BeposTHOCTeI.
Maremarndeckas cratucTuka. Teoperndeckas KnubepHeTnxka. 1964», 7 - 53).

490. O6 3P PeKTUBHOCTY BOCCTAaHOBAEHNsSI pe3epBUpoBaHHBIX ycrporicts (AH YsGexckoit CCP,
Mucturyr maremarukn wum. B.JI. Pomanosckoro. Msa-so «®an». Tamikent. COopHUK
"IIpeaeAbHbIE TEOPEMBI U CTAaTUCTIIECKIIE BEIBOABL', 46 - 59).

491. O HeKOTOpBIX IIpeAeAbHBIX TeOopeMaX B TeOpUM pe3epBUPOBaHMA C BOCCTAHOBJAEHMEM
(«Bompocel paano»aeKTpoHMKI», cep.12, Bpn.13, 3 - 15).

492. Poab ucropun Cl)I/ISI/IKO-MaTeMaTI/I‘{ECKI/IX HayK B pa3BUTUM coBpeMeHHoIt Hayku (M3a-so MI'Y.
Coopnuxk "Victopus 1 MeTog0A0TUs eCTeCTBEeHHBIX HayK ', BBIILS, 5 - 14).

493. OO0 aaAropuTMMYECKOM II0oaxo4e K oOydyeHmio (cosMm. c¢ b.B.bupiokossmm. I3a-Bo
«ITpocsemenne», mpeaucaosue K kanre /.H./langa "Aaroputmusanus B o6yuenun', 11 - 33).

494. O Merogax KOMOMHATOPUKM B TEOPUM BEpOATHOCTEN M MaTeMaTu4ecKoll CTaTHUCTUKe
(«Matemaruka B mkoae», No 5, 11 - 18).

495. O maTremMaTH4eCcKnx MOJeAsIX B Iegaroruke («BecTHUK BBICIIIEN IIKOABI», N2 9, 25 - 31).

496. Mathematik rund um uns («Wissenschaft und Menschheit», 78 - 89).

497. Tammyxames Aamesudy CapbhIMCakoB (K IIATUAECCATUACTUIO CO AHS POXKAeHU:) («Ycrexm
MaTeMaTu4eckmx Hayk», T.XXI, BbIm1.3, 248 - 253).

498. Agoand IlaBaoBmu IOmkeBuu (K IIECTUAECITUAETHIO CO AHS POXKAEHUA) (COBM. C
W.T' . Barmmaxkosoii. «MaTeMaTnka B 1mkoae», No 4, 84 - 85).

499. O BcrynureabHbIx dk3ameHax B MIY B 1966 1. (coem. ¢ M.K.IloranoseiM. «MaremaTuka B
mkoae», No 6, 37 - 49).

500. ITpeaucaosue k kaure K. Mot «Cratuctiyeckue npeasuAeHns 1 pelleHns Ha IpeAnpusTUm»
(Mocksa. M3a-so «ITporpecc». 5-9).

501. Ilpeaucaosue x kuure b.A.Kosaosa u V.A. Ymiakosa «KpaTkmuii cripaBOYHUK IIO TEOPUMU
Haje>XHOCTU Paguo3AeKTpOHHOM annapaTypbl» (Mocksa. V3a-Bo «Coerckoe Paguo». 3-4).

502. Pettensuss Ha  «lIcTopuko-maTemMaTuyeckue  MCCAeAOBaHMs»,  BBIL 16  («Ycrexnm
MaTeMaTn4ecKnx Hayk», T.XXI, BbI11.3, 262 - 264).

503. Penensus Ha kuury Drooyan J., Hadel W. «IIporpammupoBaHHOe BBeAeHUE B UUCAOBBIE
cucreMbl» («HoBble kuury 3a pybesxom», cepust A, Ne 2, 6).

504. Penensus na kunry Barlow R.E., Proschan F. «MaTemaTnueckast Teopust HagesxXHOCT» («HoBble
KHITU 3a pyOeskoM», cepust A, No 8, 24 — 26).

505. AHHOTaIMM K KHUTaM, BBIIIYIIIEHHBIM M34aTeAbCTBOM «Academic Press»: Richard von Mises
«Mathematical Theory of Probability and Statistics» and Solomon Lefschetz «Stability of
Nonlinear Control Systems» («Maremarnka B mkoae», Ne 3, 89 — 90); «Physical Acoustics»
(Principles and Methods) (vol. L, II, III) and James Singer «Elements of Numerical Analysis»
(«Marematnka B I1Koae», No 4, ctp. 90, 93).

506. locrakosuay — 60 aeT («CoBeTcKas My3bIKa», N 9, 15).
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507. Aarebpa mporpecca («MockoBckast mpasga», 20 anipeast, Ne 92).

508. I'enepaarpHas 3agada («['opbkosckuit padbounii», 9 nions, Ne 133).

509. MaTtemaTuka u cospeMeHHOCTh («Kpacnas 3sesaa», 16 aprycra).

510. Moaoai — mareMatnyamnit XypHaa (coBM. ¢ M.YarikosckuMm, M.Sapenko, A.Korndoposnueym,
I'.CaxosnueM. «PagstHCBKa OcBiTa», 15 okTsa6ps1, Ne 83).

1967 roga

511. The Theory of Probability (Chelsea Publishing Company, New York, 1 - 529).

512. On some stochastic problems of reliability theory (together with Yu.Beliaev and A.Soloviev.
«Proceedings of the Fifth Berkeley Symposium on Mathematical Statistics and Probability», v.
3, 259 - 270).

513. Some theorems on standbys («Proceedings of the Fifth Berkeley Symposium on Mathematical
Statistics and Probability», v. 3, 285 - 291).

514. O cBsA3M TeopmuM CYMMUPOBaHM: HE3aBUCUMBIX CAYJAHBIX BEAMYMH C 3ajadaMy Teopunu
MaccOBOTO OOCAY>KMBaHIL 1 Teopun HageskHOCTH («Revue Roumaine de Mathematiques pures
et appliquees», t.XII, No 9, 1243 - 1253).

515. O HeKOTOPBIX 3agadax Teopun Maccoporo oocay>kusanus (copM. ¢ VI.H.Kosaaenxko. «/3Bectus
AH CCCP. Texunueckast kubepHetnka», Ne 5, 88 - 100).

516. AcuMTOTHYeCKIIE MeTOABl B Teopuu HagexxHoctu (Jokaaasr Coserckoint Aeaerauyy Ha II
Yexocaosa1ikoii KoH(pepeHIIMM II0 KOHTPOAIO KadecTBa U HagexxHoctu (r. bpmo, 19 - 21
ceHTsA0ps 1967 1.)). (KoMuTeT cTraHAapTOB, Mep U M3MepUTeAbHBIX Mpubopos npu CoseTe
Munncrpos CCCP, BcecorosHbIll HaydyHO-MCCA€AOBAaTEABCKMIT MHCTUTYT CTaHAAPTU3aLIUM,
3aka3 Ne 749, 3-10).

517. AcuMnToTudeckue MeTOABI B Bollpocax rnccaeiosanns onepanuii (AH CCCP. Hayunsrit Coser
o ¢uaocopckuMm BompocaM ecrectso3HaHMA. LleHTpaapHoe 610po  Ppuaocodckux
(MeTOg0A0TMYECKMX) ceMMHapoB. MaTepuaanl k cumnosuyMy "ViccaejgosaHue omnepanmii u
anHaau3 passutua Haykn', 4. II (Bormpocsr nccaeaosanms onepanuit), 23 - 37).

518. O HagexxHOCTHM OIlepaTopa B cucreMe 4YeaoBeK - MamnHa (Mocksa. PegakiinoHHO-
usjareabckas rpynna I'aasHoro seramcauteabHoro 1eHtpa l'ocnaana CCCP. Matepuaabt
Hay4YHO-TeXHIYEeCKoil KoH(epeHuun "Hayunsle u mnpaxkrnyeckue mpo6aeMbl OOABIINX
cucreM", yacts 11, 76 - 80).

519. IlpumeHeHne TeopMM MacCOBOTO OOCAYKMBAaHMS K 3ajadaM OOABIIMX CHCTeM (COBM. C
M.H.Kosaaenko. Mockspa. PeagaknimoHHo-u3Jareabckasl rpymna ['1aBHOro BRIYMCAUTEABHOTO
nentpa l'ociaana CCCP. Marepuaasl HaydHO-TexHMJeckol KoHpepenumu «Hayuneie u
MpakTHyeckye mpodaeMbl OOABIINX CUCTeM», 4acTh I, 54 - 55).

520. O cucreMHOM IIOAXO4e K HpoOJaeMe CO34aHMsI aBTOMaTM3MPOBAaHHBIX CUCTEM yIIpaBAeHU:A
TexHoaormdeckumu npouneccamu (coem ¢ A.H./leoutvespim, VI.H.Kosasenko u ap. Mocksa.
PeaaknonHo-usaareabckas rpymnmna I'aaBHOro BplumcauTeabHoro nenrpa I'ocrmaana CCCP.
Marepuaabl HaydHO-TexHM4YecKOl KoH(pepeHunn «HayuHble u mnpaxrnyeckue IpobaeMBI
OoapIux cucrem», gacts 111, 59 — 66).

521. Teopus BeposiTHOCTel U 3ajaduu cTaHAapTusaunu («CraHaapTel 1 KadecTso», No 1, 75 — 77).

522. OcHOBHBIE TOHATHS Teopuu BeposaTHOcTel («CTaHAapThL M KauecTBo», No 2, 72-75).

523. CraTucTudeckne MeTOAbI B BOIIpOCaX IIpUeMOYHOro KOHTpoAs («CTaHAapThI M KauecTso», No 4,
76-78).

524. Boripocs! TeopuM UCIIBITAaHNI U3A€ANI Ha Ka4ecTBO U HadeKHOCTh («CTaHAapThl U Ka4ecTBO»,
Ne 5, 77-79).

525. CrangapTtusanns u MmateMaruka («CraHgapTel 1 KadecTBo», Ne 6, 86 - 92).

526. DaeMeHTHI TeOpUM CAy4JaliHbIX mpoueccos («CTaHaapTh 11 KadecTso», No 7, 31-34).

527. Passutne Teopum BeposTHOCTell B MockobckoM yHuBepcutere («BectHuk MIY», Cepus
«Matrematunka, Mexanuka», Ne 6, 30 - 51).
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528. Maremaruka B CCCP 3a 50 aet («Maremartuka B mikoae», No 6, 5 - 13).
529. O npobaemax IIIKOABHOTO MaTeMaTIIeCKOTO obpa3oBaHUS (Codpms.

530.

531.

532.
533.

534.

535.

536.

537.

538.

539.

540.

541.

542.

543.

544.

545.

«DU3UKO - MaTeEMaTNIECKO crycaHue», T. X, k8. 4, 311 - 324).

O kuwnre b.E.Bepamuesckoro "OreHka HaaeXXHOCTM ammapartypbl asTroMaTuku' (Mocksa.
«CTraHgapTsl 1 KagecTBo», No 8, 59).

INpeaucaosue k xaure 4.Kokc, B.Cmut «Teopmnst Bocctanosaenus» (M., «CoseTckoe paano»,
3-4).

ITpeancaosne x kuure D.Huxoaay "Beeaenne B knbepretuxy" (M., n3a-so "Mup". 5-6).
IIpeaucaosue x xkaure /.Peankca "DieMeHTapHasl MaTeMaTlKa B COBpeMEHHOM M3A0KeHun"
(M., "ITpocsemenue", 3-5).

INpeaucaosue x xuure J:x.bykan, 3. Kennurcoepr «Hayunoe ympasaeHme samacamm» (M.,
«Hayxka», 6-7).

Pentensns Ha xuury Walsh J.E. «CripaBoyHmK 110 HelmapaMeTpM4ecKUM cTaTcTuKaM» (ToM II)
(«Hosble xauru 3a pybesxxkom», cepus A, Ne 5, 29 —31).

Pentensns na xaury Atkinson R.C., Bower G.H., Grothers E.J. «Bsegenne B MaTemarirgeckyio
Teopmio oOy4yeHms1» («Hobble kamru 3a pyoesxom», cepmst A, Ne 6, 34 — 36).

Pentensns Ha xaury Lamperti . «Probability» («Hosble xuurm 3a pybesxom», cepust A, No 7,
12 - 14).

Pentensns na xaury Schmetterer L. «Bsesenme B MaTeMaTHUeCKyIO CTaTUCTHUKY» (1M34. 2-€)
(«Hosple xamrn 3a pybeskom», cepust A, Ne 8, 34 — 36).

Pentensns nma kuury Richter H. «Teopmsa seposarnocreit» (n3a. 2-e) («Hopble kumrm 3a
pybesxom», cepusa A, Ne 10, 20 - 22).

ITpobaemsr Ooapmmx cucrteM (cosM. ¢ . AyakunsiM u b. Kopobouknssim. ExeHeaeabHMK
«DKOHOMMUECKas raseTa», HosIOps, Ne 48).

Ha tppcemure mrp1s kbM 3HaHMero (Codus. «CryaeHTcKa TpubyHa», 0p. 2 (542), roa. XIX, 3
OKTAOp:).

Matemaruxka. Kubepnernxka («KamxHoe obospenne», 10.06.).

IOHbIM MaTeMaTukaM 3IOMIII (raseta «bpsiHCKMIT KOMcOMoOel», 4 uoas1, Ne 77).

A aBoeunHuk crnokoeH (cosMm. c¢ H.Buaenxkunwiv, H. PosossiM, A. XazamaiizepoM.
«/lutepaTtypHast rasera», No 33).

Teopust craHOBUTCS >KU3HBIO (razeTa «MockoBckuit yHusepcuret». 21 ¢pespaass, Ne 11).

1968 roa

546.

547.

548.
549.

550.
551.

552.

553.

554.

555.

Limit Distributions for the Sums of Independent Random Variables (with A.N.Kolmogorov. 2-
nd rev. ed. — Reading, MA: Addison-Wesley, USA, IX + 293 pp.)

Lehrbuch der Wahrscheinlichkeitsrechnung (Academy Verlag, Berlin, 5 erweiterte Auflage,
1-399).

The theory of probability (Chelsea Publishing Company, New York).

Elementare Einfuhrung in die Wahrscheinlichkeitsrechnung (zum A.J. Chintschin. Berlin,
Deutscher Verlag der Wissenschaften, 7 Auflage, 3 - 174).

Osnovi teorije vjerojatnosti (com.c A.f. XunauueiM. Zagreb, Technicka kniga, 1 - 114).
Introduccion a la teoria de las probabilidades (cosm. ¢ A.fl. Xunuanasim. Barcelona, Montaner y
Simon, S.A., 1-182).

Metode matematice in teoria sigurantei (cosm. c 10.K.beasespim, A./.CoaosbessiM. Bucuresti,
1-560).

Metody matematiczne w teorii nezavodnosci (cosm. c¢ I0.K.beasessv, A.4.Coa0BbeBEIM.
Warszawa, 1 - 484).

Mathematische Methoden der Zuverlissigkeitstheorie (mit Beljaev und Solovjev. Berlin,
Academie-Verlag, B.1,1-222,B.2, 1 -262).

Introduction to Queuing theorie (with .N.Kovalenko. lerusalem, 1 - 281).
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556.

557.

558.
559.

560.
561.

562.

563.

564.

565.

566.

567.

568.

569.
570.

571.

572.

573.

574.

575.

beceart o wmarematmueckoit cratuctuke (Msg-so «3nanme», cepusa «MaTemarnka u
KnbepHeTMKa», No 6, 1-48).

IlpumeneHnne BepoATHOCTHBIX MeTO40B (coBM. ¢ E.IO.bapsmaosmyem u E.B.Yemypunpim.
«Mapectnss AH CCCP. Texnnueckas kubepHeTuka», No 6, 27 - 40).

AcuMnToTrYecKre MeToAsl B Teopun HadesXHocTH («CTaHAApTH 1 KauyecTBo», N2 2, 63 - 64).

O HeHarpy>keHHOM pe3epBIPOBAHNN C BOCCTaHOBAeHNeM (coBM. ¢ IO.Hacpom. «ABTomarnka u
TeaeMexaHmKka», No 7, 105 - 111).

Hayxka, mpaxTuka, HagexxHOCTb («Hayunast Mbicap». Bectnuk AITH. 28 - 37).

O MareMaTnuyeckmx MeToJax B 3ApaBOOXpaHEHNMM U MeJULVHCKOM IIpHOOpOCTpOeHUN
(Mocksa, BHVMI meaunuHckoro mpudopocrpoenns. «<Hosoctu npubopoctpoenns», 5 - 7).
Bompocer Marematmsanuy coBpeMeHHOro ectectsosHaHms (Vsa-so «Hayka». COopHMK
"Marepnaaucruyeckas gualeKTKa M METOAbI eCTeCTBeHHBIX Hayk', 171 - 206).

Die Mathematik in der UASSR wahrend der letzen 50 Jahre (Mathematik in der Schule, Jahrgang
6, N.7, 483 - 495).

CoBpemMeHnHas MaTeMaTKa 1 OyAymnii mikeHep («BecTHuk BbIcIIeit mkoas», Ne 1, 45 - 53).
3agaun crangaptusanumu u MateMaruka (Mocksa. Bcecorosnwiin HIUV  Texunmyeckon
nadpopmanuy, Kaaccupukannu u koguposanmus. Msa-so crangapros. COOpHUK «AKTyabHbIE
Mpo04eMBbl CTaHAapTU3anum», 16 - 31).

O matematickom obrazovanju (IOrocaasus. Prilog broju, 68, 1 - 4).

Crarncrudeckoe MBIIIAEHME U IITKOABHOE MaTeMaTudeckoe oOpasoBaHme («MaTemarmka B
mKkozae», No 1, 8 - 15).

Teopmns BeposTHOCTelN 1 KoMOMHaTtopuka (cosM. ¢ MI.LE KypOenko. «MaTemaTnka B IIIKOAe»,
No 2,72 - 84, No 3, 30 - 49).

O MmecTe pUTOPUKU B IIpeNIOAaBaHNU MaTeMaTuKn («MaremaTuka B mkoae», Ne 3, 89).

A.Ja. Khinchin: a biographical skatch (The English Universities Press LTD, London. A.Ya.
Khinchin "The Teaching of Mathematics", 102-107).

IMpeancaosue k xaure A.Ya. Khinchin "The Teaching of Mathematics" (The English Universities
Press LTD, London, XIII — XX).

Ilpeancaosme x xkuure 'lIporpammmposaHHOe oOydeHme 3a pyOexxoMm" (COBM. C
V.. Tuxonosem. 3a-B0 «Beicmias mkoaa», 5 - 19).

Pentensns Ha kaury Chakravarti I.V., Laha R.G., Roy J. «CripaBoYHIK 110 MeTOAaM IIPUKAAAHO
CTaTUCTUKIU» (B 2-x ToMax) («HoBble kHUTHU 3a pyOeskoM», cepust A, No 5, 29-31).

Pertensns Ha xaury «l/zopannsie pabortsr Drona Ilmpcona» («Hosble kKHMIM 3a pyOGesxom»,
cepust A, Ne 6, 21-22).

Penensns Ha xuury Moran P.A.P. «Beegenue B Teopuro seposTHoOcTel» («HoBple xHUIM 3a
pyoesxom», cepus A, Ne 8, 25-27).

1969 roa

576.
577.
578.
579.
580.

581.

582.

Kypc teopun sepositHocreit (V3a-po «Hayxka», n3a. 5-oe, 1 - 400).

The theory of probability (Moscow. Mir Publishers, first published, 1 - 405).

DeMeHTapHOe BBeAeHIe B TEOPUIO BeposiTHOCTel (coBM. ¢ A.SL. XununnbIM. Ilep. Ha AmOHCKMIL,
Toxkmo, 6 - 161).

DaemeHTapHOe BBeJeHIe B TEOPUIO BeposTHOCTeN (coBM. ¢ Al Xununnbim. Ilep. Ha apabcknii,
usa-so «Mup», 1 - 202).

Mathematical methods of reliability theory (with Yu.Beljaev and A.Solovyev. Academic Press,
New York, 1 - 506).

Elements de programmation sur ordinateurs (avec Koroliouk et Iouchtchenko. Dunod, Paris,
1-362).

006 oaHoit TeopeMme nrepeHoca (cosM. ¢ X.Paxumom. «Joxkaaast AH CCCP», 1.187, Ne 1, 15 - 17).
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583.

584.

585.

586.

587.

588.

589.

590.

591.

592.

593.

594.

595.

596.

597.

598.

599.

600.

601.

602.

603.

604.

PesepBupoBaHme C BOCCTaHOBAEHMEM U CyMMHpOBaHME CAy4YalfHOTO 4YNCAa CAaraeMbIX
(Benrpus, «Tpyasl coBelanms o Teopun HagesKHocTu B Tuxany, 16 — 19 centsaopst 1969 roga»,
1-9)

O cBsI3M 3agaumM CyMMMpOBaHMS CAYYaiHBIX BEAMYUH C Teopueil pesepsBuposaHus (Pura.
PBBMAY um. Aaxchnca. «COOpHIK Hay4HBIX CTaTell», BeIII. No 4, 23 - 34).

O cratncrtnueckux Merogax B Teopun HadexxHoctu (MATH. CooprUK «OCHOBHBIE BOIIPOCH
HaAe>XHOCTU U A0ATOBEUHOCTY MaIllH», 22 - 42).

OO OCHOBHBIX HaIlpaBAEHISX MaTeMaTM4ecKMX WCCAeJOBaHMII B TeOpUM HaAEKHOCTU
(Tamkent. Msa-so AH VY3CCP. «Tpyapl cosemjaHmst II0 MaTeMeMaTHMYeCKON Teopuu
HaAge>XXHOCTI», 3 - 18).

O crartncrmyeckux 3agadax reopun HadexHocTu (cosM. ¢ I0.K.beasessim. Tarmkent. 113a-80
AH Y3CCP. «Tpyanl coBemtanus 1o MaTeMaTU4eCKOl TeOpUM Hade>XKHOCTI», 19 - 25).

O mnpuMeHeHMM HOPMaJBHOIO paclpejeleHrsi Ipu oOpabOOTKe OIBITHBIX JAHHBIX B
MamHocTpoeHun (M3a-so «BecTHuk mMammHocTpoeHms», Ne 2, 12 - 13).

O poau m MecTe Teopum HajeKHOCTM B IIpollecce CO3AAaHUS CAOXKHBIX CHCTeM (COBM. C
M.A.Ymakossiv, b.A.Kosaossim. Msa-so «Hayka». CHopuuk «Teopus HadeXHOCTH W
MaccoBoe 0OcaAyKuBaHMe», 14 - 32).

Bcecroponne passmBarh Hayky o HadexkHoctu (cosM. ¢ .M. CopunsiM. Mocksa. VI34-Bo
cranaapTos. «Haae>xxHOCTb 1 KOHTpPOAD KadecTBa», Ne 1, 3-9).

MaTtemarndeckne MeTOABl — OCHOBa KOHTPOASI KauecTBa VM HaAeXHOCTU ITPOMBIIIAEHHON
npoaykuuu (Mocksa. M3a-Bo crangaptos. «HaaexxHOCTh M KOHTpOAb KadecTBa», Ne 2, 3 —13).
(Coopumk «Hage>XHOCTb M KOHTPOAL KadecTBa» (II0 MarepmaslaM BcecorosHoro HaydHO-
TEXHMUYECKOTO CeMMHapa-COBEIlaHMsl 110 COBEPIIIEHCTBOBAHMIO PabOTHl CAy>XXO TeXHIYIEeCKOTO
KOHTPOAsI Ha IPOMBIILILAeHHBIX ITpeaAnipuATAx, Ilepms, 17-20 urons 1968 roaa), 1(2), 111-119).
Random processes and their application to Demography and Insurance («8-th ASTIN
Colloquium, Sopot, september 1969», 1-25).

Some remarks concerning the reports presented by P. Thyrion, H. Bihlmann and R. Buzzi
(«8-th ASTIN Colloquium, Sopot, september 1969», 27-35).

Heckoapko 3ameuannit k ogHoi reopeme VI.H.Kosasenxko (cosm. ¢ b.®@paitepom. «AuToBckuit
MaTeMaTH4ecKNit COOpHUK», T. IX, Ne 3, 463 - 470).

Bonpocwl Teopum ucnbITaHMiI M34eAMII Ha KadecTBO U HagexHocTh (Mocksa. IM3a-Bo
cTaHgapToB. «CTaHAApPTHI U KauecTBo», No 5, 77-79).

O cratpe 1.M.Copuna "3asaun cay>x0 Hage>XHOCTH Ha coppeMeHHOM srarre” (Mocksa. 1134-80
craHgapToB. «CTaHAApTHI U KadecTBO», Ne 9, 52 - 53).

OO0 oaHOIT MaTeMaTM4YecKOll MoJeAM B 3adadaXx MHXKeHepHoir mcuxoaorun (Warszawa.
«Zastosowania matematyki» (106maeitHbIr1 TOM, ntocssmeHHsnn Xyro Hlrertaxaycy), v. X, 205-
211).

MaremaTnueckie MeToabl B craHgaptmsanumn (cosMm. c¢ S.b. IMopom. Mocksa. IM3a-o
cranaapTos. «CTtaHaapTsl 1 KadecTBo», No 1, 8 —13).

Methody matematiczne w normalizacji (Warszawa. Polski Komitet Normalizacyjny. Wydawca:
wydawnictwa Normalizacyjne. «Normalizacja», Ne 4, 181 - 184).
Wahrscheinlichkeitsrechnung und Kombinatorik (zus. I.G. Shurbenko. «Mathematik in der
Schule», No 3, 170 - 210, No 4, 284 - 295).

K mrecroit mpodaeme I'manrbepra (Mocksa. 13a-Bo «Hayxka». «[Ipobaemsr I'manbepra», 116-
120).

O npenogasanuu 6moaorum u MatemaTtmdeckoir cratuctuku (Kommenrtapun k cratee /1.K.
Angpeesoit u /1.C. PoBknHOM «DAeMeHTbl MaTeMaTUJYecKOl CTaTUCTUKU B TeMe «OpraHsl
ABVDKeHUs». «broaorus B mkoae», 1969, No 5, 39-42) («buoaorust B mikoae». No 5, 42 - 43).

Ob6 oOpasosanum Maremarmdeckux ToHATHIT  (V34-BO «3HaHMe». «MaremMaTuka B
COBpeMeHHOM Mupe», cepusa «MaTemaTuka 1 KubepHeTuka», Ne 9, 3 - 10).

O npomnarange MmareMaTtudecknx 3HaHuit («CaoBo aekropa», Ne 1, 92 - 95).
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605.

606.

607.

608.

609.

610.

611.

612.

613.

614.

615.

616.

617.

618.

619.

620.

621.

O ¢opmupany HacraBHuka mareMaruke (Beograd. «Nastava matematike i fizike», serija B,
XVII - XVIII (1968-1969), 49-68).

O maremaTuke o BTY3e (Pura. PBBMAY um. Aaxcauca. «CO0pHUK HayqHHBIX cTaTei», No 4,
5-16).

/leHMHCKas Teopsl TTO3HAHVS U BOIIPOCH! MaTeMaTU3aIuy COBpeMeHHOro 3HaHUs («BecTHmxk
AH CCCP», Ne 5, 53 - 60).

Aeontuit Maranikuit n ero «Apudmernka» (cosM. c VI.B.Ilorpebsiccknum. «MaTemaTtnka B
mkoae», Ne 6, 78 - 82).

Cepreit Hatanosuu bepumreitn (Hekpoaor) (cosM. ¢ A.H.Koamoroposeim. V3a-so «Hayka»,
«Teopus BeposTHOCTEI U ee IpUMeHeHMs1», T.12, oL 3, 532-535).

Cepreit Haranosuu bepnmreitn  (Hekpoaor) (cosM. ¢ A.H.Koamoropossiv, II.C.
AzexcanaposeiM, H.V. Axuesepom. YMH, T. 24, o 3, 211-218).

Buxtop Mocndosmu Jesun (k 60-aeTuio co gHsa poxdeHus) (coeMm. ¢ A.Sl.Mapryancom.
«MatemaTtuka B 1koae», No 6, 65).

Ilpeancaosme x cOopumky «Teopus Hage>XHOCTM U Maccopoe oOcay>kmBaHUe» (Mocksa,
«HayKa», 7 - 13).

Ilpeaucaosue k xuure bapaoy, Ilpoman "MaTtemaTtnyeckast Teopust HagexxHoctu" (Mocksa,
n3a-so «CopeTckoe paano», 5-7).

Ilpeaucaosue u mpuMedaHus pegakropa K Kkuure D. bopeas «BeposTHOCTh 1 40CTOBEPHOCTD»
(Mocksa, «Hayxa», 5-6, 105-110).

INpeaucaosue x xaure A.Pensu "Anaaoru o maremaruke" (13a-so «Mup», 5 - 19).
ITpeaucaosue k kaure C.C. Jemuaosa «IIpodaemsr I'manbepra» (MockBa, n34-BO «3HaHUE», 3).
Penenanst na xHury AJLIOmkesmua «Vcropusa wartematukun B Poccnm» (coBM. ¢
V.I'. bBammmaxosoii. «MaTemaTuka B mkoae», No 4, 86 —87).

Penensust na kuury Pal Revesz «The laws of large numbers» («Ycriexu MmaTeMaTuaecKux HayK»,
1. XXIV, BhII. 2, 260 —261).

ITpodeccop Mockosckoro yHmusepcutera — I0HBIM MaTeMaTukaM 3JIOMIII (rasera «bpsHckmit
KoMcoMoZell», 4 nioas, No 77).

Texnmuecknii mporpecc M MaTeMarudeckoe oOpasoBaHue (rasera «Colmaaucrideckas
UHAyCcTpus», 1 aBrycra, Ne 28).

B 6opn0e 3a kauecTBO (MHTEpPBLIO, raszeTa «I'opbKOBCKIIT pabounii», 26 asrycra, No 199).

1970 roga,

622.

623.
624.

625.

626.

627.

628.

629.
630.

DaeMeHTapHOe BBeJeHe B TeOpUIO BeposTHOCTel (coBM. ¢ A L. XunumHpiM. nsa-so «Hayka»,
usa. 7-e, 1-167).

Lehrbuch der Wahrscheinlichkeitsrechnung (Academie-Verlag, Berlin, 6 Auflage, 1-399).
Elementare Einfuhrung in die Wahrscheinlichkeitsrechnung (zum A.J. Chintschin. Berlin,
Deutscher Verlag der Wissenschaften, 8 Auflage, 3 - 174).

A megbizhatosagelmelet matematikai modszerei (cosm. ¢ IO.K. Beasessim n A./1.Coa0BbeBBIM.
Miiszaki kényvkiado, Budapest, 1-463).

O HeKOTOpPHBIX HepeIIeHHBIX 3ajadax Teopuu MaccoBoro oocaykmsaHwus («VI International
Teletreffic Congress, Munchen, 9 - 15 IX 1970», 227/1 - 227/17).

Cratnuctuyeckue MeToabl B Teopum HagexHoctu (BHUMITTMAII, «Tpyast. HagesxxHocTsb
MOABEMHO-TPaHCIIOPTHBIX MaIlNH», BB 1(96), 6 - 12).

O maTeMaTHmyeckmnx MeTojax B Teopunu HagesxxHocTu (Benrpus, «Tpyast coBeljanms 1o TeOpuUu
HagexHocTu B Tuxanm, 14 - 19 centsabps 1970»).

ITpobaemnr Hagesxxnoctu («Texnuka u soopy>xerne», No 4, 38 - 39).

Pasputne npuxaasHBIX MeTO40B Teopum BeposTtHocTell (Kmes. «Vctopmst oredecTBeHHOI
MareMaTuKu», 1.4, kaura 2, 7 - 13, 52 - 62).
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631. Ntorn auckyccun 1o mosogy cratey I1.C. Cyxanosa «O0 04HOM IPOTMBOpPEUMI CHCTEMBI
MpeAnoYTUTEABHBIX dncea» (coBM. ¢ C.B. Kpeitrepom. «CranaapTsl 1 KauaecTBo», No 8, 25 - 27).

632. [IpobGaeMbl MaTeMaTM3alMy cOBpeMeHHOro ecrectBozHaHusA (M3a-so «Hayka». CHopHMK
«/nazeKkTuKa 1 COBpeMeHHOe eCTeCTBO3HaHme», 82 - 102).

633. HayuHo-texumyeckuii nporpecc u mareMatuka (Vsa-so «3HaHme», cepus «MaremaTuka u
Knbepretnka», No 10, 3 - 17).

634. O Oyayem npukaagHon matematuku (V13a-so «3HaHne». CoopHMK "byayiiee Haykm', BHIIL. 3,
82 -102), («<Hayka n >xu3nb», No 1, 42 —47, 71).

635. Nauczanie a efektiwno$¢ badan naukowych (Warszawa. Polska Akademia Nauk.
«Zagadnienia naukoznawstwa», tom VI, zeszyt 3 (23), 70 - 78).

636. Ilpeauncaosue k 6pomriope A.Pensu "Ilucema o sepositHoctu” (M34-B0 «Mmp», 5 - 15).

637. BM./lennn u passutue mateMaTtuku B Coserckom Corosze («MaTemaTuka B mxoae», No 1,
4-12).

638. BI./lenmn u MeTogoaorudeckne Ipobaembl MaTemaTukn (V3g-so «3HaHmMe», cepus
«MaTemaTuka u KubepHeTuKa», Ne 1, 1 - 32).

639. B.J1./lenH 1 MeTOA0AOTMYECKME BOIIPOCHI MaTeMaTuKM («Ycrexyu MmaTeMaTUIecKux HayK», T.
25, BhIIL. 2, 5 - 14).

640. /leHnHCKas Teopusl MO3HaHU M MaTeMaTndeckoe oOpaszosaHue («BecTHUK BbICIIIElN IIKOABI»,
No 4, 77 - 81).

641. Lenin a matematyka w Zwianzku Radzieckim (Warszawa. Polska Akademia Nauk.
«Zagadnienia naukoznawstwa», tom VI, zeszyt 2 (22), 3 - 31).

642. Opuapux Enreac 3a Cl)]/[AOCOCl)CKI/ITe npobaemn Ha MaTemarukaTa (bbarapcka Akagemus Ha
Haykute, «PU3UKO MaTeMaTUUeCKO CIicaHme», ToM 13(46), kH. 4, 296 — 306).

643. Penensusa na kunry Beard R.T., Pentikainen T., Pesonen E. «Teopusa pucka» («Hosrble kanrn 3a
pyoesxom», cepmst A, Ne 4, 31 - 33).

644. PerreHsyst Ha KHUTY Szaby A. «Havaaa rpedeckoit MaTeMaTuku» (cosM. ¢ VI.b. ITorpebnicckum,
«Hospre kHurn 3a pyoesxom», cepust A, No5,5 —6).

645. Pentensusa na kuury Onicescu O. «Teopust BeposaTHOCTeN U ee TpuMeHeHns» («Hosble kuury 3a
pyoesxom», cepus A, Ne 6, 17 - 19).

646. Penensusa na kumry Weinberg F. «OcHOBBI Teopum BepOSTHOCTEN M CTaTUCTMKM M WX
IIpUMeHeHle K MCCAeJ0BaHUIO omeparuii» («Hosble kHuru sa pybesxom», cepmst A, No 6,
19 - 21).

647. Penensusa nHa kunry Hajek J. «Kypc mo Hemapamerpudeckori cratuctuke» («Hosrpre xauru sa
pyoesxom», cepus A, Ne 7, 16 - 17).

648. IlpaxTuanocTs abcrpakinu (rasera «Heaeas», 18 - 24 mast, Ne 21).

649. Cuet Bpems OepesxeT (coBM. ¢ B. [Tagus. «Mssectus», 13 uoas No 164).

1971 rog

650. Einfuhrung in die Bedienungstheorie (zus. .N.Kovalenko. Berlin, Academie-Verlag, 1 - 450).

651. Wstep do teorii obslugi masowej (cosm. ¢ JILH.KoBasenko. Warszawa, Panstwowe
Wydawnictwo Naukowe, 1-431).

652. MaTtemaTmyeckne MeToAbl B Teopum HagesxxHocTH (coBM. ¢ JO.K.beasesbim u A./.CoA0BLEBBIM.
Amonns, 1. 1, 1-267).

653. Kypc Teopunu sepostHocrelt (Amonns, 1. I, 1-271).

654. /leKIim IO TeOpUM CYMMMPOBaHMS CAYyYaliHOTO YICAa He3aBUCUMBIX BeamduH (Bapimasa.
Msa-Bo Bapmasckoro ynusepcureta, 1 - 42).

655. Beegenne k cOOpHUKY «boapIme crcTeMsl: Teopus, METOAOAOIU:A, MojeAuposaHue» (AH

CCCP, obmectBo «3HaHMe», Hay4HbIl coBeT 10 KOMILAEKCHOI ITpo0.aeMe «KnOepHeTnKa». M.
N3a-o «Hayka». 7-9).
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656.

657.

658.

659.

660.

661.

662.

663.

664.

665.
666.

667.

668.

669.

670.

671.

672.

673.

674.

675.

676.

677.

678.

679.
680.

IlpuMeneHne Teopuym MaccOBOTO OOCAYKMBAaHMA K 3ajadyaM OOABIINX CHCTeM (COBM. C
M.H.Kosaaenko. M. Nsa-so «Hayka». AH CCCP, obmectso «3HaHMe», HaydHbII coBeT IO
KOMILAEKCHOII ImpobaeMe «kmbepHetmka». COopHmMK «boapime cucreMsl, Teopus,
MeTO0A040THs, MoAeArpoBaHue», 105 - 122).

Theorie und Praxis der Productionssicherheit (Deutsche Verlags-Anstalt, Stuttgart. «Ideen des
exakten Wissens», No 6, 411 —414).

CpoiicTBa pellleHn ! 3a4au € MOTEPSMHU B CAydae MePUOANIHOCTY MHTEHCUBHOCTEN (COBM. C
VLIT. MakaposeiM. MuHck. 34-Bo «Hayka u Texanka». «Auddepennnaipaple ypaBHEHI», T.
VII, Ne 9, 1696 — 1698).

Beceart 3a MaTemaTudeckara cratuctuka (Codust. M3a-so «Texunka». «Maaka MaTeMaTnaecka
oubanoreka», 5-61).

3a Opbaemero Ha npuaoxkHata Maremaruka (Codms, «Maremarnka», roanHa X, KHIDKKa 5,
5-9).

CooGmmenne Ha 3acegannyu HTC (Mocksa, LTHUMI nadopMannm 1 TeXHMKO-DKOHOMUYECKUX
MCCAeA0BaHNIT PHIOHOTO XO3ATICTBA, «Te31ChI A40KA1a408B, KOH(pEpeHIINIT U COBEIlaHNTI», BHIIL. 3,
28 - 30).

06 ncrounnkax Hosoro B MareMaruke (bearpag, «Dijalektika», broj. 3, godina VI, 19-35).

O poam MaTeMaTHKH B YCKOPEHUM TEMIIOB HayYHO-TEXHIYECKOTo mporpecca («Maremarnka B
mKoae», No 5,4 — 11).

Zum sechsten Hilbertschen Problem («Die Hilbertschen Probleme». Unter die Redaktion von
P.S.Alexandrov. Leipzig: Akademische Verlaggesellschaft. Geest&Portig K.-G. (Ostwalds
Klassiker. Bd. 252). 145-150). (B mocaeayiomiue roasl Ob110 elrje HECKOABKO M3AAHUI DTON
KHUT).

Mathematik und Leben (Berlin, «Wissenschaft und fortschritt», No 6, 256 — 259).

®puapux DHreanc o puaocopcknx mpodaemax MatemaTukn («Bectnnx MIY. ®@uaocodpmsa»,
No 2, 20 - 27; «Maremaruka B mmkoae», No 1, 4 — 11).

l'opaocts oreuectBenHOI Hayku. K 150-aetuio co ans poxaenns I1./1.Yebsimmesa. («BectHuk
BBICIIIEN IIIKOABI», Ne 5, 76 - 80).

MNocud beneankrosua Ilorpebsiccknii (Hekpoaor) («<MaTemarnka B mmikoae», No 6, 91 —92).
Ecrectsennsie ¢paxkyasteTst MI'Y («MartemaTuka B mrkoae», No 1, 50 - 55).

Beegenne k cOopHuKy «bioasimue cucremsl. Teopus, mMeTogoaorus, MoaeanposaHue» (M.
«Hayka», 7 = 9).

Ilpeancaosme x xumre T.Caatn "DAeMeHTH TeOpMM MacCOBOTO OOCAY>KMBaHUSA U ee
npuaoxenus” (M. M3a-so "Coserckoe Paguo", 2-e uza., 5 - 13).

INpeancaosue wm mocaecaoBue cocraBureass cOopHuka «[IpoOaemMsr  coBpeMeHHO
MaTteMaTukn» (Mocksa, 3HaHMe, cepust «MateMaTuka 1 KndepHetnxka», No 10, 3, 45 — 48).
Penensnst nHa xHury «Vcropms martemarmku» (1. I, 1. II) («Bectnmxk AH CCCP», Ne 10,
123 - 124).

Pertensns Ha «@paHITy3CKO—PYCCKMIT MaTeMaTHIeCKNii cA0Bapb» («YCIIexyu MaTeMaTIdecKIX
Hayk», T. XXVI, BbIm. 3, 249 — 251).

Penensnst na kHury Broad C.D. «JVHAyKImMA, BepOATHOCTb M HPUIMHHOCTB» (COBM. C
N.B. ITorpe6siccknm, «Hobble kauru 3a pyoeskom», cepust A, Ne3 ,5 —6 ).

Penensus na xuury Sturmer H. «IloaymapkoBckme mpormecchl ¢ KOHEYHBIM MHOXKECTBOM
cocrosanmit» («Hosbre kauru 3a pydexxom», cepust A, No 4, 24 — 25).

IMadnyTnit Apsosuy Yebsimes (kypHaa «3HaHMe—c1Aa», N 10, 22 — 23).

INpakTmaHOCTH aOCTpakiny (e>keHedeAbHUK «Heaeas», 18-24 mast,, Ne 21).

Cuet Bpems Oepesxert (cosM. ¢ B. [Tagns. «Mssectust», 13 noas, No 164).

Maremarnka u TexHmdeckni mporpecc («IIpmokckas mpasaa», 29 centaopst, Ne 231).
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1972 roga

681. MatemaTnyeckue MeToabl B Teopum HagexxHoctu (coeMm. ¢ IO.K. Beasespim m
A.A. Coaospésrim. Amonns, T.11, 1-317).

682. Kypc Teopun sepositHocrelt (Snonns, T.11, 273-471).

683. Methodes Mathematiques en Theorie de la Fiabilite (cosm. c IO.K. beasessim m A.A.
CoaosréspiM. Ha ¢panirysckoM saseike. Mocksa. V3a-so «Mmup», 1-535).

684. O 3agauax Teopumu Mmaccosoro ooOcayxmsaHust (M. M3a-B0 MOCKOBCKOTO yHUBepCHUTeTa.
«CHopHuk Tpy408 Il BcecorosHOro cosemjaHmsA-IIIKOABI 10 TEOPVUI MacCOBOTO 0OCAY>KMBaHNS.
Auamxan 1970», 41 - 51).

685. Limit theorems for sums of a random number of positive independent random variables
(Proceedings of the Sixth Berkeley Symposium on Mathematical Statistics and Probability,
University of California Press, v. I, 537 - 549).

686. AcuMnTOTIYECKIe METOABI B BOITpocax mnccaeaosanus onepanuit (J3a-so «Hayka». COopHUK
"MccaeagoBanne onepanuii. MeToaoaormdeckne acriekTsl', 29 - 42).

687. O craTucTu4eckux MeTojax B conmaabHbix Haykax (Mocksa. AH CCCP. Hayunpiit Coser 1o
¢uaocopckuM BoIpocaM ecTecTBO3HaHMA. «MaTeMaTu3anysl Hay4YHOIO 3HAHWUs», BBIILYV,
50 - 60).

688. O HEKOTOPBIX BOIpOCaX HAJeXKHOCTM KaK IIpegMeTa MCCAeA0BaHMA ¥ IIPeIioaBaHIisl
(«Haae>xHOCTD U1 40ATOBEYHOCTH MaIINH 1 000pyA0BaHIL», 62 - 71).

689. becean BbpxXy Teopus Ha BepoATHOCTUTe 1 KoMOnHartopuka (Codus, «MaTemaTnka», BHII. 4,
2-8;Bp11 5,1 -6).

690. MaTemaTMKa MHOTOHAIIMOHAABHOM COBETCKOI CTpaHbl ¥ HayJHO-TeXHIdeckuii mporpecc (Msa-
BO "3HaHue", cOopHmK "MaTeMaTnKa 1 Hay9HO-TeXHIYECKNII Imporpecc”, cepusa "Maremarnka,
knbeprernka', No 11, 29 - 58).

691. MaTemaTuKa - HayKa agpeBHss U Moaodasa (M3a-Bo «3HaHMe». «ApXUTeKTypa MaTeMaTUKN»,
cepus «MaTemaTnka, knbepHetuka», No 1, 19 - 32).

692. NMocud beneauxrosud ITorpedricckuii (HeKpoaor) («YcIiexyu MaTeMaTHUIeCKUX Hayk», T. XX VII,
BhIIL.1, 227 - 235).

693. T'eopruit Pegoposua Pri6xun (Hekpoaor) (cosm. ¢ I1.C.Aaexkcanapossim, A.H.Koamoropossim,
A V1. MapxkyiiesnueM U Ap. «Ycrexu MaTeMaTU4ecKX HayK», T.27, BBIILS, 223-225).

694. XIII MexayHapoAHbII KOHTpecc 110 uctopun Hayku (cosm. ¢ C.C. demnaossiM. «MaTemaTtnka
B mikoae», No 1, 94 - 96).

695. O matemartuke B CCCP 3a 50 aet ero cymecrsosanus («MaTemaTuka B mmkoae», Ne 6, 5 —12).

696. MatemaTnka ¥ Hay4HO-TexHm4Yeckmuii mporpecc (Msa-so "lIpocsemenne”, cOOpHMK
«[IxoasrMKaM 0 XXIV cpesge KIICC», 110 - 119).

697. Texumyecknii mnporpecc 1 MaTeMmarudeckoe oOpasosanue (M. Mza-po "Bricmas mikoaa”.
«Maremarnka» (COOpHUK Hay9HO-MeTOAMIECKIX CTaTell 10 MaTeMaTHKe), BB 2, 22 - 27).

698. MaTemaTu3anysl Hayku 1 MaTeMaTudeckoe oOpasosaHue («BecTHMK BbICIIer mIkoasr», Ne 1,
40 - 45).

699. CraTucTiyeckoe MBIIIAeHMe U INKOABHBIN Kypc MaTematuku (V3a-so "3HaHme", cOOpHUK
«HoBoe B nmkoapHOIT MaTeMaTtuke», 165 - 180).

700. OG30p cTareli, MOCBAIIEHHEIX (PaKyAbTaTUBHOMY KypCy Teopuu BeposTHocTel («Maremarnka
B ITKOAe», N0 2, 47 — 48).

701. CraTuctudecko obpaszoBaHMe B yduaAmiata U yHusepcutetute (bbarapcka Akagemms Ha
HaykuTe, «PU3MKO MaTeMaTH4ecKO ciucanmue», T. 15, ku. 4, 321 - 327).

702. Ilpeaucaosue (M. VM3za-Bo Mockosckoro yHusepcureta. «CoopHMK Tpysos II Bcecorosnoro
COBEIIaHV-IIKOABI IO TEOPUM MacCOBOTro obcay kmpanms. Anarvokan 1970», 8-9).

703. Ilpeaucaosue (M3a-B0 «3HaHMe». «ApXuTekrypa MaTeMaTuKu», cepus «MaTemaTuka,
KnbepHeTnka», No 1, 3).
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704.
705.
706.
707.

708.

Harrre Bceob1iee goctosnme (x 25-21eTmio BeecotosHoro obmiectsa "3HaHne") ((KypHaa "3HaHMe-
cuaa", No 6, 1-2).

Biamnosigp Oes yepHeTOK (rasera «PaasHCcbKa YKpaiHa», 16 susaps, No 13).

B eauncTBe K cBeTy (raszeTa «MOCKOBCKMIT yHUBepCUTET», 7 MapTa, No 10).

Cyuacha m1koaa. 34i6HOCTi i MArOTOBKa 40 caMOCTiliHOM mpani (raseta «PagsHcpka Ykpaina»,
16 saBaps1, Ne 13).

BrimoanennIo 06513aTeAbCTB — Bce cuABI (TadeTa «MOCKOBCKII YHUBEPCUTET», 29 ceHTsIOps1, No
31).

1973 roga

709.
710.

711.

712.

713.

714.

715.

716.

717.

718.

719.

720.

721.

722.

723.

724.

725.

726.

The theory of probability (Moscow. Mir Publishers, second printing).

bBeceast o Teopmm maccosoro obOcayxusanmst (V3a-so «3Hanme», cepus "Maremarnka,
KknbepHetuka', No 9, 3 - 63).

ITpnopwnreTHsIe cricteMsl 00cay>kuBans (CoBM. ¢ D.A. Janneasnom, b.H. Aumurpossim, I'.I1.
KaumoseM, B.®. Matseesbim. V34-B0 MockoBckoro yHusepcurerta, 3 - 447).

Elementare Einfuhrung in die Wahrscheinlichkeitsrechnung (und A.Chintschin. Berlin,
Deutscher Verlag der Wissenschaften. Neunte, uberarbeitete und erweiterte Auflage. 1 - 174).
O paborax mO HOPUMOPUTETHBIM CHUCTeMaM OOcAyXmBaHM:A (COBM. ¢ O.A.JaHNeASHOM.
Aomnoanenne k kuure H./Axeiicyoaa "Ouepeau c mpuopurteramn’, n3a-so "Mmup", 255 - 271).
Asymptotic Problems in Queueing Theory («Proceedings of the Prague symposium on
asymptotic statistics 3-6 september 1973», 107 - 125).

Uber einige neue Probleme der Bedienungstheorie (Leipzig, Urania Verlag, heft 4, 72 -75;
heft 5, 72 - 75).

006 ycaosusax cyrectsoBaHIA PUHAABHBIX BepOATHOCTel y MapKoBckoro mporecca (COBM. C
A.A.CoaosreBbiM. «Math. Operationsforsch. und Statist.», 4, heft 5, 379 - 390).

Statistical Problems in Teletraffic Theory (with M.A. Schneps-Schneppe. Stockholm, Seventh
International Teletraffic Congress, VI, p. 141/1 — 141/6).

MareMaTnKo-cTaTUCTUIECKIIE METOABl Ha CAY>KOy CTaHAapTU3alMM M KOHTPOAsS KadecTBa
(Munuck, Tesucs Aokaagos koHdepeHuuu «IIpoOaeMbl ITOATOTOBKM ¥ ITOBBIIIEHIIS
KBaAM(QUKaILIMY CIIeNNaANCTOB B 004acTU cTaHAapTU3anum», 32 - 35).

Maremarnka u cospemenHoe ectectso3Hanue (M. Msa-so «Hayka». AH CCCP, Hayunsiit coset
1o ¢$naocopckmM BOIPOCaM COBPEMEHHOIO ecTecTBO3HaHm:, VIHctutyT ¢uaocodpunm.
Coopunxk «CuHTe3 COBpeMeHHOTO Hay9HOTO 3HaHUs», 143 - 158).

Iloasexa coserckoil mMareMmaTudeckoyt Hayku (V3a-so «3Hanme». «CaoBo aekropa», No1,
38 —44; No 2, 32 - 38).

Maremarnkara 8 CCCP 3a 50 roamrm ot Herosoto chiectsysaHe (Codms. «DPusmxo
MareMaTu4ecKo camcaHme», T. 16, xa. 1, 3 - 14).

Mathematik und Ausbildung von Ingenieuren (Wissenschaftliche Zeitschrift der Technischen
Universitat Dresden, 22, heft 5, 777-785).

Hexoroprie mpoOaembpl IIperiojaBaHus Teopum TedeTpadukKa U CTaTUCTUYECKOTO
MogeanposaHus (cosM. ¢ I'.ILbammapuseiv. "DaexTpocsass’, Ne 9, 73 - 78).

beceau Brepxy Teopnst Ha BeposTHOCTUTe 1 KoMOnHaTopuka (Codms. «MaTeMaTnka», KH. 1,
6-14).

IMpuanun orpaxkeHust u Maremaruka (Axagemus Hayx CCCP, UMucruryr ¢uaocodpum.
Boarapckas Axkagemus Hayk, Muactutyr duaocopun. Msa-so «Hayka u muskycrso», Codumst.
«/leHVHCKas1 Teopus OTpaXkeHMs M COBpeMeHHas HayKa. llpmHnmm otpaxkeHmsa u
ecTeCTBO3HaHUe», T. 2, 78-86.).

MeToao0a0r1M4ecKIe IPeATIOCBLAKY ITIPYIMEHEHIST KOANIEeCTBEHHBIX METOAOB B I1e4arormaecKmx
nccaegopanmax (Mocksa. Hayuno-mccaesosateanckuit cemmunap obmieii negaroruku AITH
CCCP. Tesuchl AOKAaldOB K CeMMHapy IIO MeTOJOJAOTMM IIeAarOrMKM M MeTOAMKe
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727.
728.

729.
730.

731.

Mejarormyeckux mccaegosanuit, VI ceccus, 13-16 mapra 1973 roga. «OObeKTUBHBIE
XapaKTepUCTUKI, KPUTEPUY, OLIEHKN U M3MepeHMsI eAarormiecKux sIBAeHUI U IIPOLIeccoB»,
3-4).

Koamoropos Angpeit Hukoaaesnu (bCD-3, 1. 12, cTp. 437).

Angperit Huxoaaesnu Koamoropos. K 70-2etuio co 4Hs1 posxxaeHus («Ycriexy MaTeMaTUIecKIX
Hayk», T.XXVIII, Boi11. 5, 5 -15).

Yuensrit u niegaror. K 70-2etmio A.H. Koamoroposa ("Maremaruka s mkoze'", No 2, 88 - 89).
Amnapeit Huxoaaesna Koamoropos (Codpust, «Pua3nko MateMaTn4ecko Cimcanme», T. 16, kH. 3,
226 - 228).

Matemarux (o TBopueckom nytu A.H.Koamoroposa) ("Mockosckuii komcomoazelr”, 6.05.1973).

732. MareMaTKa 11 COBpeMeHHOCTD (TazeTa «MOCKOBCKUII YHUBepcUTeT», 27 anpeas, No 16).

733. Hayku o caydaitHoM (raseTa «MOCKOBCKIIT yHUBepcUTeT», 13 peBpast).

1974 roga

734. DaemeHTapHOe BBeJeHIMe B TeopmIO BeposATHOcTel (coBM. ¢ Al XmmumueiM. Ha apabckom

735.

736.

737.

738.

739.

740.
741.

742.

743.
744.
745.
746.
747.
748.
749.
750.
751.

752.

aspike. Mocksa. 1134-Bo «Mup»).

O paborax IO CTaTUCTUYECKMM MeTOAAaM TeOpUM HaAeKHOCTM U TEOPUM MacCOBOTO
obcayxmsanust 38 AH CCCP (cosm. ¢ IO.K.beasiessm. «Mssectust AH CCCP. Texamyeckas
KknbepHeTnka», Ne 3, 19 -23).

06 uccaeagosanmsix no teopun naPpopmanuu B cucreme AH CCCP («Mssectust AH CCCP.
Texunueckast kubepHetnxka», No 3, 24-26).

O maremaruueckoit Teopun HageskHocTu (VM34-o «3HaHme». CoOopHUK "MareMaTiKa B Halllen
Xu3HN', cepust «MatemaTuKa, KnbepHeTuka», No 10, 43 - 62).

Hosure 3agaun Ha TeopusTa Ha MacosoTo oocayxsaHe (Codpus. Mza-so «Hayka 1 uskycrso».
«I[Ipobaemu Ha chbBpeMeHHaTa MaTeMaTnKa», T. 2, 179 - 185).

Becean Bbpxy Teopms Ha BeposTHOoctuTe U KoMmbunaropuka (Codus. Mzasanme na LIK Ha
AKMC n MHIT 3a cpeanomkoany, «Maremarnka», rogusa XIII, Ne 1,5 -13; Noe 2,4 —-11; No 3,
10-19; No 4, 6 - 11).

O aepununmjn matematuke (Beograd. «Nastava Matematike», Ne 1, 81 - 84).

Ob6 wmccaegoBaHMAX MO ucropum MareMarmky, mnposogsamuxca B Coserckom Coioze
(«Proceedings of the XVII International Congress of Mathematicians, Vancouver, B.C., 21-29
VIII 1974», vol. 2, p. 549 - 560).

Role of practice in development of the theory of probability (XIV-th International Congress of
the History of Science, Tokyo&Kyoto, Japan, 19 - 27 august 1974, abstracts of Papers, 14, Science
Council of Japan).

Brniams I1./1.YeOumosa Ha po3BUTOK Teopii imosipHOcTelt (Kuis, «Hapucu 3 icropii
NpUPOAO3HABCTBa i TexHiKm», ur. XVIII, 13 - 23)

AxageMus1 HayK 1 mporpecc matematuku («Ksanr», Ne 4, 3 —11; Ne 5, 18 - 25).

AkageMus HayK U pasBuTHe MateMaTuku («MaTemaTuka B 1mkoae», No 1, 4 - 11).

AxkageMus HayK UM paszsuTue MaTeMmaTmdeckoro mnpocsemenus B CCCP («MaremaTuka B
mkoae», No 2, 7 - 14).

Ilpukaasusle acmexTsl mperodaBaHuss MaTteMmaTuku (V3a-so  «3Hanme». COOpHHMK
"MaremaTiaeckoe oopasosanne cerodHs", Ne 6, 30 - 52).

Poas mpemnoaasareas Bysa B HayIHO-TeXHM4eckoM Irporpecce (M. M3a-Bo «Bsicmas mkoaar.
«MaTemaTnKa» (COOpPHUK HaydYHO-MeTOAMYECKMX CTaTell 10 MaTeMaTuKe), BBII. 4, cTp. 13 —17).
3aseaytomuii kageapoii («BecTHuk BrIcmeit mkoas», Ne 3, 51 - 59).

Hy>xHbI crienimaansmupoBaHHbIe IpyTITs («BecTHUK BbICIIeN mKoAbl», No 8, 57 -58).
IToanTexHMdIecKMe acIeXTHl MpernojaBaHNs MaTeMaTUKN B cpeAHell mkoae («Maremarnka B
mkoae», No 6, 18 - 24).

ITpuobmenne x muraenuio (M3a-so «3Hanne». CoopHUK "DTI04HI O AekTOpax’, 204 - 211).
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753.

Hayuno-Texnmuaeckuii mporpecc n MaTemarnka (CTeHorpamMMa KMHO3AIVICK A€KIINY, U3A - BO
«3HaHMe», 3 - 18).

754. 20-11 Me>xayHapoaHBI KOHTpecc MaTeMaTnKoB (BecTHuk Boiciiieit mkoasl, No 12, 45 - 48).

755. le  Apkagvesnmu Kaay>xHmH (K IIeCTMAECATUAETUIO CO JAHA POXAeHMs) («Ycmexu
MaTeMaTudecKux Hayk», T. XXIX, Boi.4, 193 - 197).

756. Azexcanap fIxosaesnd Mapryanuc (K ecTUAecATUAETUIO CO AHA poxkaenns) («MaTemaTuka B
mrkoze», No 1, 84).

757. Ilpeaucaosue (M. M3a-Bo «3Hanme». CHopHUK "MaTeMaTnueckoe oOpa3oBaHIe CETOAH:',
cepusi «MaTemaTuka, knbepHeTuka», No 6, 3 - 4).

758. Ilpeaucaosue (M. M3a-Bo «3Hanme». COopHuMK "MaTemaTuKa B HaIllell >KM3HM', Cepus
«MaTtemaTuKa, KnbepHeTnKa», No 10, 3 - 4).

759. Ilocaecaosue k cratbe ITnaypuna A.0. "[llkoabpHas MaTeMaTHKa 1 By30BCKOe ITperiojaBaHue”
(«BecTHUK BBICIIIEN IIIKOABI», NO 7, 25-27).

760. Moit yauteas (razeta «Beuepnssa Mocksa», 5 HOSOP:).

1975 rog,

761. O HagexxHocTM AyOAMPOBAHHONM CHUCTEMBI C BOCCTAaHOBAEHNEM M HPOPUAAKTUYECKIM
obcayxmpanmeMm (cosM. ¢ M. Amnna, I0.Hacpom. «Mssectuss AH CCCP. Texnmyeckas
KknbepHeTnKa», No 1, 66 — 71).

762. IlpubamkenHas Moaeab ogHoil ¢usmdeckoit 3adaun (CapaHck, cOOpHUK "YIpaBaeHme,
HaAe>XHOCTbh, HaBuranus', Beir. 3, 125 - 127).

763. O HEKOTOPBIX BOIIpOCax YIIpaBAeHMsI HAayYHBIMU MccAeaoBaHuAMU («Te3mcel gokaagoB K
cemuHapy "Bompocs! 11eaesoro yrpasaenns’, 9-10 gexaOps», 5 - 7).

764. O0 wncrounukax Hosoro B MaremaTuke (V34 -Bo «3Hanme». «CospeMeHHast KyAbTypa U
MaremaTuka», cepusa «MaTtemaTruka, kubepHeruka', Ne 8, 35-51), (Codmus, Ilopeanna
"MaremaTuka, pusnka, xumus', Ne 1, 32 - 46).

765. ITpo6.aemsl coBpemenHol MateMaTuku (M3a-po «3HaHMe». «MaTtepnaasl B IIOMOIb A€KTOPY,
BBICTYIAIOIIEMY I10 TpoOaeMam PU3NKU U MaTeMaTuKu», 5 - 10).

766. Hayuno-rexnmyeckuii nporpecc u matemaruka (V3a-so «3HaHue». «Marepuaasl B IIOMOIIb
€KTOpY, BBICTYIIAIOIIEMY I10 ITpobaeMaM PpuU3NMKu 1 MaTeMaTUKm», 11 - 16).

767. O maTemaTusauuu HaydHoro 3HaHwst ("Kommynncer", No 5, 73 - 80).

768. Die Wahrscheinlichkeitsrechnung und der wissenschaftlich-technische Fortschritt (Berlin,
«ALPHA», Mathematische Schulerzeitschrift, No 1, S. 1 -2, 24).

769. Hayuno-texnmyeckuii mporpecc u MateMmaTuka («Caoso aekropa», No 7, 57 - 64).

770. Beiciree matematndeckoe oopaszosaHue B CCCP za 50 aet (M. M3a-so «Bricias 1mikoaa».
«Maremaruka» (cOOpHUK HayYHO-MeTOAMIECKMX CTaTell 110 MaTeMaTuKe), BhIIL. 5, crp. 3 — 10).

771. UTOOBI AydIlle TOTOBUTH MaTeMaTMKOB B yHUBepcuTeTax («BecTHMK BEICIIeli mIKoAbr», N2 9,
54 - 57).

772. IloaesHast popMa MOBHIIIEHNS] KBaAM(PUKALIMI MaTeMaTUKOB («BecTHMK BrICIIIel MKOoABI», N7,
84 - 87).

773. O6 uccaeaosanysix mo ucropun Marematuku B Coserckom Coiose («MaTemaTtnka B IIIKOAE»,
No 6, 8 - 16).

774. Teopus orpaxeHus U MaTeMaTnka («MaTemaTtuka B 1mkoae», No 4, 4 - 12).

775. Aaexceit Amutpuesna CeMymuH (K IIECTUAECATUAETHIO CO AHSA POXAEHM:) (COBM. C
AL Mapryamncowm, I'.I."Macaosoii. «MaTemaTtnka B Ikoae», N 1, 89).

776. Ilpeaucaosue k xaure "CraTncrudeckue 3ajaqy oOpabOTKM CHCTEM U TaOAMIIBI A5 YMCAOBBIX
pacdeToB okaszaTeaeit HagexxHocTn' (Mocksa, "Briciias mkoaa”).

777. Ilpeaucaosue x xaure b.A. Kosaosa u 1. A. Ymakosa «CripaBouHMK IO pacyeTy HaJe>KHOCTI»

(Mocksa, «CoBeTcKoe paayo»).
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778. GruPschreiben von Prof. Dr. B.Gnedenko (Leipzig. «Tagung der Konferenz der
Mathematikmethodiker, 25 - 26 September», 5 - 6).

779. MaremaTtuka B HacTynaeHun (rasera «KpacHnoe snams», Xappkos, 14 asrycra).

780. CraxaHOBIIaM HY>KHBI 3HaHUA. .. («MOCKOBCKIII YHUBEPCUTET», 25 HOSOP:T)

1976 Toa

781. The Theory of Probability (Moscow, Mir Publishers, third printing).

782. DaemMeHTapHOe BBeJeHUe B TeOpHUIO BeposTHoOcTell (coBM. ¢ A.Sl. Xuaumueim. "Hayka", 8-oe
nsa., 5 - 167).

783. Elementare Einfuhrung in die Wahrscheinlichkeitsrechnung (zum A.]. Chintschin. Berlin,
Deutscher Verlag der Wissenschaften, 10 Auflage, 3 - 174).

784. O gauteabHOCTU 0©e30TKa3HOM pPabOTHl AyOAMPOBAHHON CHUCTEMBI C BOCCTAHOBJAEHVEM U
npopuaaktukornn (coem. ¢ JM.Maxmygom. «Mssectrus AH CCCP, Texauueckas
KnbepHeTnka», No 3, 86 - 91).

785. IlpubamxkenHas Moaeab ogHoit ¢uandeckoir 3ajaum (CapaHck. Me>XBy3OBCKMIT COOpHMK
Hay4JHBIX paboT «YTIpaBAeH1e, Hade>KHOCTb U HaBUTalus», BBIIL 3, 125-127).

786. Ilpeacaosue x xaure Ileppore A.J. "Borpockl Hage>XHOCTU paAlO9AeKTPOHHO alIapaTypsl
(Mocksa. I13a-Bo "Cosetckoe Paano").

787. TammMyxames Aamesyd CapbIMCakoB (K IIECTHAECATUAETHIO CO AHSA POXKAEHNUA) (COBM. C
I1.C.Aaexcangposs, A.H.Koaoropossiv, IO.B.IIpoxopoBsiM. «Ycrmexm MaTeMaTHIeCKIX
Hayk», T. XXXI, BbIIL. 2, 241-246).

788. Bcecorosnoe CoBelllaHMe-CeMIHap 3aBeAyIOIIIX MaTreMaTu4eCcKMIU Kadegpamnu
yHUBepcuTeToB (coBM. ¢ b.P.BaitnGeprom u gp. «Ycmexm MmareMatmdecknx Hayk», T. XXXI, BBIIT
2,247 — 253).

789. O HeKOTOpPEBIX BOIIpOCaX yIpaBAeHMsI HaydHBIMU MccAeaoBaHMAMM (MOCKOBCKUIT TOPOACKOIM
Coser Hay4HO-TexHMuyeckux obOmiects, Vucrutytr skoHommku AH CCCP, MVHX wnwm.
I'B.I1aexanoBa, lleHTpaAbHBII Hay4YHO-MCCAEAOBATEABCKUII WHCTUTYT UHPOpManuu u
TEXHMKO-DKOHOMMYECKIX MCCAeJ0BaHMI B DAEKTPOTeXHMKe. MOCKOBCKIIT TOPOACKOI HaydHO-
IIpaKTIIecKnil ceMmnHap «Bompocs! 11eaesoro ymnpasaeHus» 9-10 gexabps 1976 roga, Tesmch
AOKAaA0B, 5-7).

790. O maremariyeckoM oOpa3oBaHUMU B UTaAbIHCKOI I1KoAe (coBM. ¢ M.Kaepuko. «MartemaTuka
B ImKoae», No 5, 90 - 93).

791. O HeKOTOpPBLIX BOIIpOCax IMpernojaBaHMSA MaTeMaTMKM B CPeJHUX CHeIIMaAbHBIX yJeOHBIX
3aBegeHMAX (MUHUCTEPCTBO BEHICIIIETO U CpeJHero crierfuaasHoro oopasosanmst CCCP. M3a-so
"Bercimias mkoaa'". «MeTtoaudeckne pekoMeHalu 110 MaTeMaTHKe», BRITyck No 1, crp. 5 —12).

792. M:sCTOTO Ha IPUAOXKHMA U Ha aDCTPaKTHM: aclieKT Ha OOy4eHMeTo IT0 MaTeMaTKa B CpegHOTO
yunanie (Codpus. VMza-so «Hapoana npocsera». Coopumk "OcbBpeMeHsIBaHe Ha OOy4eHIETO
o maremaruka', 1.1, 151 - 162).

793. 3a ucroununure Ha HoBoTO B Maremarukara (Codwms. Msa-so «Hayka m m3kycrBo».
Bubanoreka na apyxkectso «['eopru Knupxos», nopeanita «MaTtemaruka, PpuU3MKa, XMUMII»,
BBIMYCK 1, cOOpHUK cTaTteli «CoBpeMeHHaTa KyATypa U MaTeMaTuKaTa», 32-46).

794. O pa3sBuTHUM MBIIILAEHNA U Peun Ha ypoKax MaTeMaTuku («MarteMmaTuka B mikoae», Ne 3, 8 - 13).

795. BaxxkHbIe acrIeKTHI IIpo0.1eMBbI KadecTBa 0OydeHms («Maremaruka B mkoae», Ne 1, 6 - 10).

796. CooOrrjectso HayK («MOCKOBCKIIT YHUBEPCUTET», 24 deBpas).

797. O crientmaabHOCTU MaTeMaTuKa («MOCKOBCKUI YHUBEPCUTET», 2 alpeast).

798. Uto aeaats c «HecrtocOOHBIMI»? (razeTa «CoBeTcKas KyAbTypa», 14 ceHTAOp:T).

799. JeHp poxaeHmss — poxXJeHue roda (uHTepBbiO mposea H. Mapynos. «Mockosckuii
yHUBepcuTeT», 1 AsHBap:I).
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1977 roa
800. O pasButun teopum Maccosoro odcayxusanus u teopun HagexxHoctu 8 CCCP (cosM. c

801.

802.
803.

804.

805.
806.

807.

808.

809.

810.
811.

812.

813.

814.

815.
816.

817.

818.

819.

IO.K. beasesnim, M. A. YiakospiM. «V3Bectuss AH CCCP, Texnnueckas knbepHeTnka», No 5,
69 - 87).

Beceart o Teopun Maccosoro obcaykusanus (Slmonms, I'sHaait - cyraky, Ne 10, 11 —-16; Ne 11,
72 -77; Ne 12, 55 - 58, Ha ATIOHCKOM SI3BIKE).

Hayuno-TexHnueckuii mporpecc u Mmatematusanusa sHaHuit (M. Msg - Bo «3nanune», 3 - 61).
Matemaruka - HapogHOMY X03AMCTBY (M. V34 - Bo «3HaHMe», 3 - 63. IlepeBesena Ha AaTcKuii
SI3BIK U olyOAMKoBaHa B Jaxum B 1978 roay (cm. Ne 824)).

3a coseTOM B IIpupogy (3aMeTKi O HaJeXXHOCTM B TeXHMKe M >KUMBOM Mupe) (COBM. C
M. Copunrim, M.b. CaasunpiM. Mocksa. 134 - Bo «3HaHuMe», 3 - 128).

I'raBHOe HampaBaeHMe HayYHO-TexXHIYecKoro nporpecca («CaoBo aekropa», Ne 7, 31 - 39).
Matemaruka: Moga mam HeodoxoauMocTs? (Mocksa. V34-Bo «3HaHue».«IIpocto o caokHOM»
(Marepmaasr Bcecorosnoit HayuHO-MeTOAdecKoll KoHpepennun), 80 - 83).

Briciiee maTemaTiaeckoe oopasosanne 8 CCCP na coppemennom srarne (Kues. 134-80 «Buma
11KoAa», coopHuK "[IpodaeMsl BrIcIIei MIKOABI", BIIIL. 28, 8 - 9).

O passutum mareMaTuku B Hameil ctpaHe 3a 60 aetr Coserckoit Baactu («MaTemaTuka B
mkoae», No 5, 12 - 19), (cokpamenHsbiit Bapuant, «Ksanrt», Ne 11, 18 — 26).

Briciiee maTtemaTuaeckoe oopasosanne 3a 60 aer CoseTckoii Baactu («MareMaTnka B IIIKOAe»,
No 3, 8 - 16).

O maremartuke Crpanst Cosetos ("Ksant", No 11, 19-26).

EcrectBennnle ¢axyapreTst Mockosckoro yHmBepcurera («MaTemarnka B Ikoae», No 1,
47 - 51).

Current Studies in the history of mathematics in the Soviet Union (Amer. Math. Soc. Transl. (2)
v. 109, 119 - 129).

UNccaeaosanmsa mno wucropum Marematuku B Coserckom Corosze ("Hapmem icropii
NpUpPOAO3HaBCTBa i TexHiku", BpI. 23, 3-13).

IIbep Cumon Janaac (brarapcka Akagemus Ha HayKute, « DU3MKO MaTeMaTUIeCcKo CIIMICAaHMe»,
T. 20, xH. 3, 252 - 259).

Abbildtheorie und Mathematik (Berlin, «Mathematik in der Schule», No 9, 449 - 456).

O BocmMTaHMNM HAayYHOTO MUPOBO33PeHNs Ha ypoKax MaTeMaTuku («MaTemMaTuKa B IIIKOAe»,
No 4,13 - 19).

3a pa3BUTMETO Ha MUCAMHETO U pedTa npu ypouuTte 1o MaTeMmaTuka (Codus, "Obyunnmero
o marematuka', Ne 5, 6 - 12).

Pentenanst Ha kHuMry "XpecroMaTusa 1o mucropum mareMatuku' mod ped. AL IOmikesnya
(coBm. ¢ C.C. I'leTtposoii. «¥Ycmexu MareMaTudecknx Hayk», T. XXXII, soim. 1, 249 - 251).

Hy>xen skcriepumeHT (raseta «MOCKOBCKIUI yHUBepcuTeT», 18 MapTa).

1978 roga

820.
821.
822.
823.

824.

825.
826.

The Theory of Probability (Moscow. Mir Publishers, fourth printing).

Lehrbuch der Wahrscheinlichkeitsrechnung (Academy Verlag, Berlin, 7 Auflage, 3 - 399).
Teoria della probabilita (Roma, traduzione dal ruso, Editori Riuniti, Edizioni Mir, 5 - 391).
Matematuka M KOHTPOAb KadecTBa Ipoayknum (Msa-so «3HaHmMe», cepusi "MareMartuka,
KnbOepHetuka", No 11, 3 - 64).

Maremarnka - HapogHOMY X03:1i1cTBY (N2 803 ony6ankoBaHa B JaHnm, ¢ J00aBAeHMEM CTaTbl
u3 raseTsl «lIpasaa» ot 4 auBaps 1978, No 4 (cm. Ne 852)).

Matematikkens forhold til samfundsokonomien (Tekster fra IMFUFA, Ne 7, 1 - 77).

O MmeTtogax Teopun Maccooro oocaykusans (V13a-so «Hayka». «<KnbepHeTnka 1 g1asekTuka»,
116 - 140).
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827.

828.

829.

830.

831.

832.

833.

834.

835.

836.

837.

838.

839.

840.

841.
842.

843.

844.

845.

846.

847.

848.

849.

O marematuuecknx Metogax kubepHetukn. Teopus maccosoro oocay>xmsannst (Mocksa. V3a-
BO «DHeprusi». CoopHMK "KnbepHeTUKy - Ha cAy>k0y KOMMyHM3My ', T. 9, 11 - 27).

On some problems in queueing theory (Hungary. «Colloguia mathematica societatis Janos
Bolyai», 85 - 92).

K Bompocy o mpoduaakrnke texHmdecknx cucrem (CapaHck, cOOpHMK ''YmpaBaeHUe,
HaAe>XHOCTh, HaBurarust', BoIIL. 4, 97 - 100).

Beceart o Teopum Mmaccosoro odcaykusaHusa (Amonwms, I'suaaii - cyraky, N2 2, 74-76, Ha
SITIOHCKOM SI3BIKE).

La mathematisation de la sciece (Alap-Paris, Novosti Moscou, «La Science au 20-e siecle», t. 5,
99 -127).

Matemaruka i HayKoBo-TexHigHUI Iporpec (cosM. ¢ B.C. Coaory6om. Kuis. 1134-B0 «3HaHH:».
3 -48).

Hayuno-TexHmyecknii mporpecc u MaTeMmaTuka (MwmHck. 1134-Bo «Bpimerimmas mkoaa».
«XpectoMaTist IO AeKTOPCKOMY MacTepcTBy», 122 - 131).

Teopust BeposTHOCTe! (coBM. ¢ O.b. lerammsivM. Mocksa. 134-so "Hayxka". "MaTtemarnka XIX
Beka', 184 - 240).

O BcecoiosHOM  COBelllaHMI-CEeMMHape 3aBeAyIOIUX MaTeMaTudeckmmu  Kadeapamu
MexaHIKO-MaTeMaTM4ecKnX U (PU3MKo-MareMarndeckux (HaKkyAbTeTOB YHUBEPCUTETOB
(Mocksa. V3a-Bo «Bpicmras mkoaa». «MaTemaTuka» (COOpPHMK Hay9HO-METOAMYECKNX CTaTell
110 MaTeMaTukKe), BbITyck 7, 120-123).

Matemarusaums 3HaHMII U OCOOeHHOCTH ee mpomaraHAbl (OOmiectso «3HaHMe». «Ca0BO
Aextopa», No 11, 41 - 46).

Matemaruka 1 obopoHa cTpaHbl («MaTeMaTuKa B IIKoAe», No 2, 56 - 61).

O maremarmyeckoM 00pa3oBaHNIM B By3aX B IIep1O/, HayIHO-TeXHIdecKoro nporpecca (M. V3a-
BO «Bplctmast mkoaa». «Marematnka» (cOOpHMK HaydYHO-MeTOAMYECKNX CTaTell IIo
MaTeMaTuKe), BBITycK 7, 3-9).

HayuHo-TexHmnyecknii Iporpecc M MaTeMaTuueckoe obOpasosaHme Bo BTy3ax (M. Msa-so
«BpIcmtas mxoaa». «MartemMaTuka» (COOPHMK Hay4HO-METOAMYIECKUX CTaTel II0 MaTeMaTUKe),
BBINYCK 8, 6 - 11).

Wybrane problemy nauczania matematyki w szkolach wyzszych (Warszawa. «Zycie szkoly
wyzszei», 27 - 42).

CosepIreHCTBOBaTh MacTepPCTBO Mpernoasareas («BecTHUK BhICIIIel IIKOABD», No 3, 57 -61).
CraTuctideckoe MBIILAeHNMe M IIKOABHOE MaTeMaTndeckoe oOpasosaHme (Mocksa. V3a-Bo
«ITpocsemenne». Coopumk «Ha myTsx oOHOBAeHNM: IITKOABHOTO Kypca MaTeMaTUKI», 56 - 68).
IMoanTexHmnyeckne acleKkThl IperodaBaHls MaTeMaTUKU B cpedHeli mkoae (Mocksa. M3a-so
«[Tpocsemienne». CHopHuxk «Ha myTsx oOHOBAEHMS IIKOABHOTO Kypca MaTeMaTUKI»,
121 - 132).

Mmaenne xadeaps Teopyunu seposTHocTeit MIY mm. M.B. /loMmoHOCOBa 00 y4eOHMKax AA4s
CcpeAHeIl IIIKOABI IO MaTeMaTuke («MareMaTnka B IKoae», Ne 5, 26 - 27).

Ilpeaucaosue k yeTBepToMy MsgaHuio KHuUrM A.fl. Xununna "Lemnxsle apodu” (Mocksa. V3a-
Bo «Hayka». 3 - 4).

Uber einige grundsatzliche Fragen zur Entwicklung der Mathematik im Zusammenhang mit
der Erziehung zu einer wissenschaftlichen Weltanschauung (Berlin, «Mathematik in der
Schule», No 9, 451 - 455).

Yuenslit, neaaror, pedpopmarop (k 75-aetmio co aus poxgenms A.H. Koamoroposa)
(«Matemaruka B mKoae», No 2, 93-94).

Azexceit VIBanosua Mapkymesnd (k 70—aetuio co Ausa poxgenns) (cosM. ¢ b.B. [llabatom u
ap.) (<MaTtemaruka B mmkoae», No 2, 95-96).

KomMcoMoa u pazsutne copeTckoit MmateMaTtuku («MareMaTuka B mxoae», Ne 5, 22 - 24).
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850.

851.

852.

853.

IMTamamn Bopuca Ocunosuua Coaonoyma (cosm ¢ E.C. Benrnear u ap.) ( Mocksa. 113a-Bo
«BpIcIast mKoaa». «MareMarnka» (COOpPHUK HayIHO-METOAMYECKIX CTaTell IT0 MaTeMaTUKe),
BhIIL 7, 137-139).

[Tamatu Padgamaa Camoitaosmua I'yrepa (cosm. ¢ V.B. Uysumao um ap.) (Mocksa. /3a-Bo
«BpIcmIas mKkoaa». «MareMaTrnka» (COOPHUK HayIHO-METOAMYECKIX CTaTell IT0 MaTeMaTUKe),
BeII. 8, 112 — 113).

Matemarnka Ha KaXKAbIl AeHb (rasera «IIpaBaa», 4 smBaps, No 4. CraTps IlepeBeieHa Ha
AATCKMI SA3BIK U oIyOAvKoBaHa B Jannm B 1978 roay (cm. No 824)).

CaoBa, naymue B aTaky, Kak Ooiusl... (MHTeBbIO TTposea VI.H. Eropos. I'aseta Mockosckoro
OKpyTa IPOTUBOBO3AYIITHOV 060poHs! «Ha OoesoM mocTy», 27 sHBap:).

1979 rog

854.

855.

856.
857.

858.

859.

860.

861.

862.

863.

864.

865.

866.

867.

868.

869.

870.

871.

872.
873.

874.

Elementare Einfuhrung in die Wahrscheinlichkeitsrechnung (zum A.J. Chintschin. Berlin, Veb
Deutscher Verlag der Wissenschaften, 11 Auflage, 3 - 174).

Teopusa na BeposarHoctute (coBM. ¢ A.A.Temespm. Ilaosaus. M3za-so IlaoBamsckoro
yHUBepcuTeTa. 3 - 219).

BeposaTtHocreit Teopus (Ykpannckass CoseTckasi DHIMKAOIeANs, T. 2, 191).

Zum sechsten Hilbertschen Problem (Leipzig, Ostwalds Klassiker der exakten Wissenschaften,
b. 252, 145 - 150).

Mathematics in Sceintific Research and Education (8 xuure «Computers in the life sceinces»,
printed in Great Britain, by Biddles Ltd.Guildford, Surrey, Croom Helm London, 23 - 25).
Popularisation of Mathematics, Mathematical Ideas and Results in the USSR (Denmark, Tekster
fra IMFUFA, nr. 18, 60 - 62).

O maremaTtngeckom oOpa3oBaHNM MaTeMaTuKa («BecTHUK BBICIIIEN ITKOABD, Ne 10, 21 - 24).
The Mathematical Education of Engineers (cosm. c¢ Z.Khalil. «Educational Studies in
Mathematics», 10 (1979), 71 - 83, D. Reidel Publishing Co., Dordrecht, Holland, and Boston,
USA).

Ileaaror, x0a4eKTUB ¥ BOCIUTaHMe TBOpYecKMX Hadaad («BecTHmMk BbIcmIeil MIKOABI», NO 4,
38 - 41).

Kaxk moarorosuts TBOpueckoro crnennaancra? («BecTHuk sbiciieri mkoas», No 3, 11).

O mareMaTnueckoM TBopuecTse («MaTeMaTnKa B I1Koae», N 6, 16 - 22).

IxoABHBIN Kypc MaTeMaTUKM ¥ BOCIIMTaHNMe MIpoBo33peHns («Maremartnka B mmkoae», No 3,
3-6).

INpeancaosue x kumre XKpamepa '"lloaseka ¢ Teopueil BepoOsATHOCTel: HaOPOCKU
pocriomyHaHmit" (Vsa-so «3HaHmMe», cepus "MaremaTuka, KudepHeTuka', No 2, 3 - 4).
ITpeancaosue x xuure VLI'. bammakosoit "Cranosaenue aaredpsr” (Vsa-o «3HaHme», cepus
«MatemaTuKa, KnbepHeTuKa», N2 9, 3 - 7).

Ilpeancaosme k kumre A.Sl. Mapryamca "Cepms "MatemaTnka, kumbOepHermka' 3a 12 aet"
(M34 - Bo «3HaHMe», cepus "MaTtemaTtunka, kubepraernxka', No 10, 3 - 8).

Azexcent VsanoBmu Mapkymesnd (Hekpoaor) (cosm. ¢ A.H. KoamoropossiM u ap.
«Matemartuka B 1koae», No 5, 77 — 78).

Iletp Cepreesnu Mogenos (Hekpoaor) (coBMm. ¢ A.I. CeemHnKoBbIM. «MaTemaTKa B IIKOA€»,
No 1, 79 - 80).

Pentensust Ha kaury "XpecroMatis o ucropum MareMaTukn' 1mog ped. A.I1. IOmkesnya (coBMm.
¢ C.C. IleTposoii. «Ycrmexu MaTeMaTU4eCcKX HayK», T. 34, B 1, 262 - 264).

Pagocts TBOpUecTBa («Yunreanckas razeta», 10 mapra).

Het ao6pots! 110 BEIOOPY (MHTEpPBBIO Iposeaa /1. ApToMoHOBa, rasera «CormaancTiaeckas
UHAYCTpUs», 16 UIOHS).

DBM: nepcrieKTUBEI U OIBIT ITpUMeHeHusI (razeTa «Brimika», 17 nroast).
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1980 roga

875.
876.
877.
878.
879.

880.
881.

882.
883.
884.
885.

886.

887.

888.
889.

890.
891.

892.

893.

894.
895.

896.

897.

898.

MaTtemaTrnyeckue MeTOAbI yIIpaBAeHus KauyecTBoM ITpoaykiuu (V34-o «3HaHMe», 4 - 32).
Matemaruka B cospemeHHOM Mupe (Mocksa, V3a-o «ITpocsemienne», 3 - 128).
Teoperudeckasi 1 HnpukKaagHas MaTemaTuka (M34-BO «3HaHMe», «YTo Takoe NpuKaasHas
MaTreMaTuKa», cepyst "Maremarnka, kubepHetuka", Ne 10, 50 - 62).

Marematuka B Mockosckom VYHusepcutere 3a Iepsble 100 aer (VMsa-Bo «3HaHme».
"MaremaTuuaeckas HayKa B MI'Y", cepmst "Maremaruka, kubepueruka', No 4, 5 - 20).

O MOCKOBCKOI1 ITKOAe TeOpuUM BeposTHOCTel (1M34-BO «3HaHMe». «MaTemaTnyeckasi HayKa B
MI'Y», cepust "MaTtemaTtuka, kubepraetnxka', Ne 4, 30 - 44).

MaremaTtuka 8 MockosckoM I'ocygapcrsennoM yHusepceurete («Ksant», No 2, 2 - 9).
MockoBckuit yHUBepCUTeT U MaTeMaTudeckoe nmpocseljeHne («MaTemaTuka B I1Koae», No 2,
14 -19).

Passutne matematuku u Mmatemarmudeckoro oopasosannst B CCCP («MaTemaTuka B IIIKOA€e»,
Ne 6, 3 - 8).

HTII n matematnaeckoe obpasosanue ('BectHuk Boicmrert mkoasr', Ne 9, 52 - 54).

Kadeapa n mogroroska teopueckoii cMeHEI ('BectHuk Boicimeit mkoasr”, No 3, 43 - 47).
BopanuraBane Ha HayyeH Mmporaes B yponute o maremaruka (Codms. Msa-so «Hapoana
IIpocBeTa», COOPHUK CTaTell «3a HAKOU BBIIPOCH Ha OOYIMHIETO 10 MaTeMaTuKa», 5-18).
Bopxy passuTmeTo Ha MHMCAMHETO U pedyTa B yponuTe mo MmartemaTtuka (Codms. Msa-so
«Hapoana nmpocseTa», COOpHMK cTaTell «3a HAKOM BBIIPOCK Ha OOyIMHMETO 110 MaTeMaTHKa»,
18 - 28).

Eaementn ot ucropusara Ha Haykara B yporure o maremaruka (Codpus. Msa-so «Hapoana
IIpocBeTa», COOPHUK cTaTell «3a HAKOM BBIIPOCH Ha OOYIMHIETO 110 MaTeMaTnKa», 28 - 41).
/lennH n mateMmartuka («MaTemaTuka B mkoae», No 1, 3 - 8).

Ilpeaucaosue x cOopHUKY «MaTeMaTnka Kak Ipodeccusi» (u3a-Bo «3Hanme», Cepus
"Marematuka, kubepHeTuka", N 6, 3 - 23).

Ilpeaucaosue x kaure A. Persu "Tpuaorusa o matematuxe" (Mocksa. I13a-8o «Mup», 5 - 16).
IMpeaucaosue x xuure H.A. I1oxunckoro, "Aaroputmer ouomerpun” (V3a-s0 MockoBckoro
yHUBepcuTeTa, 3 - 4).

Ipeaucaosme x xumre H.B.Baccoesmua m ap. "KosddumueHT paHroBoit Koppeasnyyu
Cnupwmena" (J134-80 MOCKOBCKOTO YHUBEPCUTETa, 3).

Haywm SIxoBaesua Buaenkun. K 60-aetuio co aua poxgenus (cosm. ¢ C.J. IIsapuOypaom,
AT. MopakosnueM. «MareMaTuka B IKoae», No 6, 63 - 64).

O cepuu 6pomrop "MaTtemarnka, KubepHetuxka' («MaremaTuka B mKoae», Ne 5, 76 - 77).

O xuwmre "Buorpadpmueckmit caosapp Aesreaeit B obaactu MareMaruku' («MaTemarmka B
mkoae», No 4, 64 - 65).

Maremarnk (K 1000-aetmio co aua poxaenms A0y Aam VMon Cumnsr) («Komcomoabckas
npasga», 21 asrycra).

Ayx noucka HaydyHOM MCTMHBI (MHTepBblO mposea B. Ilpomkun, rasera «MockoBckui
YHUBEpCUTET», 28 mapTa, No 19).

Keaaro Bam paciisera (mHTepBBIO IpoBeaa C. Koszaosa, «TysuHcKas npasaa», 24 mas, No 121).

1981 roga

899.

900.
901.

W3 ncropum Haykm o caydaiiHOM (134-B0 «3HaHUe», cepus "MaTemaTnka, KubepHetuka”, No 6,
3-64).

Maremardeckoe oOpaszosaHue B By3ax (Mocksa, n3a. «Beicmas mxkoaa», 3 - 173).
IlpeaeapHble TeOpeMBI AAs CyMM CAy4YallHOTO 4YMCAa CAYYalHBIX CJaraeMbIX (COBM. C
A.b.Tueaenko. lsanosckmit I'Y, MexBy3oBckuit cOOpHUK "AareOpamdeckye CHCTEMBI',
78 - 88).
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902.

903.

904.

905.
906.

907.

908.
909.

910.

911.

912.

913.

914.

915.

91e6.

917.

918.

919.
920.
921.
922.
923.

O ¢dopmyaax Dpaanra gas cuctem c nortepsamu (copM. ¢ O. AHHaopasoBwIM. «VI3BecTust
AH Typkmenckoit CCP», cepust pU3UKO-TEXHNIECKNMX, XUMUYECKIX U T€0A0TMIECKUX HaAyK,
No 6, 99-100).

Matemaruka B MockosckoMm yHuBepcuteTe («MockBa, 13A-Bo «Briciras mxoaa». «COOpHMK
Hay4HO-MeTOAMYeCKIX CTaTell 10 MaTeMaTlKe», BhIIL 9, 124 - 136,).

O Mecre aexknum B MareMaTudeckoM oOpasosaHuu (Mocksa, 134-Bo «Bricmrass mkoaar.
«COOpHIK HAYYHO-MeTOANYECKIIX CTaTell II0 MaTeMaTuKe», BHIIL. 9, 25 - 37,).

O npussanum yunteas («MaTemaTnka B mkoae», Ne 5, 5 - 11).

Poar maTematmku B QOpMMPOBaHMM Y Yy4aIIUXCs HaydHOro mmuposospeHms («Cypran
Xymyyxyyasra», No 1, 35 - 45).

O BocnMTaHMN HAYYHOTO MUPOBO33PEHMsS Ha 3aHATUAX 1Mo MareMartnke (VIsBanosckuit I'Y,
ME>KBY30BCKIIT cOOpHMK "Aarebpandeckne crucremst'’, 10 - 18).

CaoBo, 3axxuraromiee cepana (13a-so «3uanne». Coopauxk "JKnpoe caoso Hayku', 184 - 189).
Koncrantus Ietposnu Cukopcknit. K 85-aetuio co aust poxaennst (coM. ¢ P.C. UepkacossiM,
H.A. Kypaiomossim. «MarteMartnka B mxoae», Ne 5, 66).

Crmmeon Jenn Ilyaccon («Marematmka B mxoae», Ne3, 64-67; boarapmsa, "®Pusmxo-
MaTeMaTudeckoe crimcanme', 23(56), No 3, 242-246).

INpeaucaosue x kuure A.H. Koamoroposa u ap. "®usuko-mareMarndeckas mxoaa mpu MI'V"
(M3a-Bo «3HaHMeE», cepust "MaTemaTuka, KnbepHeTnka', Ne 5, 3 - 7).

INpeancaosue x xuure /A.H.damesckoro, E.A.Illkabapa "Kak »To Haumnaaocs" (V3a-BO
«3HaHMe», cepus "Marematuka, KubepHeTtuka', Ne 1, 3 - 6).

Beegenne x cOopuuky "Tpyawst IV Bcecorosnoit mikoasl-cemunapa. Teopus MaccoBoro
obcayxusanus. baky. 1978" (Mocksa, BHUICY], 3).

Ncropuko-maremarnyeckue uccaesosanus (K Beixogy XXV Toma) («Ycrexu MaTeMaTU4ecKX
HayK», T. 36, BbIII. 4, 242-243).

MNzabeaaa I'puropresHa bamimakosa. K 60-aetmio co ausa poxaenms (cosm. c ILC.
AzexkcanaposeiM, A.H. KoamoropossiM 1n ap.. «Ycrnexmu MaTeMaTMyecKux Hayk», T. 36, No
5(221), 211-214).

Msabeasa I'puropresna bammaxosa (coBm. ¢ 11.C.Azaexkcanapossiv, A.H.Koamoropossim u
Ap.. "Marematuka B mxoze", No 1, 73-74).

Azexcent Visanosna Mapkymiesud (cosM. ¢ I1.C.Aaekcanapossiv, A.H.Koamoropossim 1 4p..
boarapms, "®usuko-matematdeckoe ciucanue”, 23(56), Ne 2, 150-152).

Carapt Xacanosua CupaxxamnHos (k 60-2etuio co aHs1 poxaenust) (copM. ¢ A.H.Koamoropossim
u Ap.. «Ycrexyu MaTeMaTdecknx Hayk», T. XXXVI, Ne 1, 73-74).

Mopayxait Mouceesuda BaitnGepr (Hekpoaor) («MaremaTnka B 1jkoae», Ne 1, 80).
KomMmmenTapmii (rasera «/leHMHCKast cMeHa», 21 anpeast).

Hawm nHe Hy>kHa BolfHa («MOCKOBCKIIT YHUBEPCUTET», 16 Aekadps).

[TaowiT Gepep Oya xkagam («KA3AKCTAH MYT'A/AIMI», 24 anipeast).

B mHTepecax Hayky, B MHTepecax NpaKTUKMU (MHTepBbIO Iposea E. Mapuenko. «MocKoBcKuii
YHUBEPCUTET», 27 HOOpP:).

1982 rog,

924. The Theory of Probability (Moscow. Mir Publishers, fifth printing, 1-392).

925. DaeMeHTapHOe BBeAeHIe B Teopuio BeposiTHOcTel (coBM. ¢ A S, XununueiM. VM3a-8o «Hayxa»,
9-oe n3a., 3 - 156).

926. MaTtemaTtuka u Teopus HagdexxHoctu (cosM. ¢ A.J. CoaosbeBniM. M34-B0 «3HaHMe», cepus
"MaremaTuka, knbepHernka', Ne 10, 3 - 63).

927. ®opMmupoBaHue MUPOBO33PEHNs yUalTuxcs B IIpoiecce oOydenus maremaTuke (Mocksa. M3a-

BO «IIpocBemienne», 3 - 144).
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928.

929.

930.

931.

932.

933.

934.

935.

936.

937.

938.

939.

940.

941.

942.

943.

944.

Matemarudeckne MoJAeAM CTApeHMsI IOAMMEPHBIX M30ASIVIOHHBIX MaTepuasloB (COBM. C
P.I1. Bparnuackum, C.A. MoagasoBeM 1 Ap. «Jokaaasr AH CCCP», 1. 268, No 2, 281 — 284).

O06 oaHOM cCBOJICTBe IIpeAeAbHBIX paclpejedeHuil AAs MaKCMMaAbHOTO UM MUHMMAaAbHOTO
4Y/eHOB BapualMoHHOro psga (coBM. ¢ A. Cenycu-bepexcn. «Jokaaaer AH CCCP», 1. 267, Ne 5,
1039 - 1040).

OO0 ogHOM cBOIICTBe A0TUCTIIeCKOTO pacupegeaennst (copM. ¢ /1. Cenycu-bepexcn. «Joxaaabt
AH CCCP», 1. 267, No 6, 1293 - 1295).

O pacnipegesennsax /amnsaca M AOTUCTUYECKOM KakK ITpeAeAbHBIX B Te€OPUM BepOsSTHOCTEN
(cosm. ¢ A.b. T'neaenko. «Cepauka. bbarapcko MateMaTudecko crimcanme», T. 8, 229 - 234).
Teopust HagexxHoctu (cosMm. ¢ IO.K. beasessiM. «MaTemaTmdeckast sHIUKAONeAus», T. III,
854 - 858).

CraTmucTuyeck MeToAu 3a KOHTPOA Ha KauyeCTBOTO Ha MacoBaTa IPOMUIIIAeHA IPOAYKIINA
(Codus. "Maremaruka”, No 7, 2 - 9).

Matemarnyeckoe obpasosanne u mateMaTtuka B CCCP 3a 60 aeT («MaTteMaTtnka B I11Koae», NO 6,
6 - 10).

Crarpst B.J. /lenuna "O 3HaueHMM BOMHCTBYIOIIETO MaTepuaamusMa’' M MaTeMaTUdeckoe
obpazosaHne («MaTemaTtnka B I11Koae», No 4, 5 - 8).

MockoBckuit rocyAapcrseHHbIN yHuBepcuteT (O BCTYIMTeAbHBIX DK3aMeHax B By3sI B 1981 roay.
«MaremaTtnka B mmkoae», No 2, 57 - 59).

Kakpp TpsiOBa sga Obae yueOHukbT 1o maremaruka 3a yuennnu (Codus. "OOydenuero 1o
matemaruka"', No 1, 10 - 18).

MaTtemarnka B cOBpeMeHHOM Mupe («BedepHsisa cpeanss mkoaa», No 1, 30 - 33).

O MmareMaTHyecKMx ClIOCOOHOCTSX 1 UX pa3suTuu («MarteMaTuka B 11koae», No 1, 31 - 34).
Marematuka 8 CCCP («KBanT», No 11, 2 - 4).

Muxana Bacuasesmra Ocrporpaacknii («Ksanr», Ne 10, 5 - 10).

Azexcanap SIkoBaeBna Mapryanc (Hekpoaor) («MateMmaTuka B mxoae», Ne 1, 80).
Ilpeaucaosue x xHmure M.A.SIcrpebenerikoro «HagéxxHocTth TexHmyeckux cpeacrs B ACY
TeXHOAOTMYeCKUMU ITpolieccaMm» (MockBa. «DHeprousaar»).

GruBadresse aus der UdSSR (An den Mathematiker-Kongref3 der DDR 1981. «ALPHA»,
Mathematische Schulerzeitschrift, No 1, S. 8).

1983 rog

945.

946.

947.

948.

949.

950.

951.

952.

Ilpeancaosme (cosm. ¢ A. Kéumurom) u raasa I B "Handbuch der Bedienungstheorie I"
(Academie - Verlag, Berlin, 7-9, 19-38).

Elementare Einfuhrung in die Wahrscheinlichkeitsrechnung (und A.J. Chintschin. VEB
Deutcher Verlag der Wissenschften, Berlin, 3 - 174).

On limit theorems for a random number of random variables (Proceedings of the Fourth USSR-
Japan Symposium "Probability Theory and Mathematical Statistics", august 23-29, 1982.
Springer-Verlag, Berlin, 167 - 176).

On some stability theorems (Proceedings of the 6th International Seminar "Stability Problems
for Stochastic Models", april 1982. Springer-Verlag, Berlin, 24 - 31).

O cBoJicTBE IPOJOAKMMOCTU IIpeAeAbHBIX paclpejeleHNiI AAs MaKCHMaABHOTO dYleHa
rocaegoBatreasHoctu (coBM. ¢ A. Cenycu-bepekcu. «BectHuk MOCKOBCKOTO yHUBEpCUTETa»,
cepus 1, "MatemaTuka. Mexannka', No 3, 11 - 20).

IIpeaeabHBle TeOpeMHI A4S KpallHUX 4A€HOB BapMalyoHHOro psja (cosMm. ¢ A. Hlepudom.
«Jokaaaer AH CCCP», T. 270, Ne 3, 523 - 525).

A characteristic property of one class of limit distributions (and S. Janjic. Math. Nachr., 113,
145 - 149).

TeopemBl ycTOMUMBOCTI 4451 TIpeAeABHBIX paclipeeeHNi YAeHOB BapualjoHHoro psja (Vza-
Bo «Hayka», «Teopus BeposiTHOCTel 11 ee IPUMeHeHMsI», T. 28, BIIL 4, 809-810).

131



Gnedenko, D. RT&A, No 2 (45)
B.V. GNEDENKO. BIBLIOGRAPHY Volume 12, June 2017

953.

954.

955.

956.

957.

958.

959.
960.
961.
962.
963.
964.
965.

966.

967.

968.

969.

970.

971.

972.

973.

974.

975.
976.

Matemarudeckne MoOJeAU CTapeHMsl IOAVMEPHBIX M30ASLMOHHBIX MaTepuasloB (COBM. C
P.I1. Bparuuackum u ap. «Jokaaast AH CCCP», 1. 268, No 2, 281 - 284).

O MaremaTmyeckux 3adadyax TEOPMI MacCOBOIO OOCAY>KMBAHUSA ¥ HageXHOCTU (COBM. C
IO.K. beasesnim, M. A. YiakospiM. «V3Bectuss AH CCCP, Texunueckas knbepHeTnka», NO 6,
3-12).

Yder mepmogmdHOCTM TIpM OlleHKe Ko3dduumeHTa 3arpyskm aucrerdepa (cosm. c AT
Adanacpesoit n1 H.A. AposzaossiM. Mocksa. AH CCCP. «II Bcecoroznast koH(pepeHITUS TI0
yIIpaBAeHUIO BO3AYIIHBIM ABVKeHMeM. Te3ucsr 40kaaaos». 51 —53)

Teopust BeposATHOCTEI M MaTeMaTmdecKas craTuctuka (B cOopHuke "Odepku pasBuTHA
mareMmaTuku B CCCP". Kues, n3a-so "Haykosa aymka", 500-513).

MatemaTnka ¥ HaydyHOe IO3HaHUe (M34-BO «3HaHMe», cepus "MareMaTuka, KuOepHeTHKa',
No 7, 3-64).

O mpenogasanum npejAMeTOB TEOPETUKO-BEPOSITHOCTHOTO IIMKAa BO BTysax (Mocksa. V34-Bo
«BpIcmias mkoaa». «COOPHUK HayYHO-METOAMIECKUX CTaTell 1o MaTeMaTuke», BbI. 10, 189-
191).

O maremarnyeckux crocobnoctsx (Mocksa. I3a-o «Bricimas mkoaa». «COOpHUK HaydHO-
METOAVYECKIX CTaTel 110 MaTeMaTuKe», BbIIL. 10, 154-163).

OO0 yueGHIKax IO MaTeMaTuKe AAs BBICIINUX y4eOHBIX 3aBedeHuit (Mocksa. 1134-o «Bricias
mKkoAa». «COOpHMK HayYHO-MeTOAMYeCKIX CTaTell IT0 MaTeMaTuKe», BeIII. 11, 40-51).

O martemaTtnueckoMm TBOpuectBe (Mocksa. I3a-Bo «Brpicmas mkoaa». «COOpHMK HaydHO-
MeTOAMYEeCKIX CTaTell 110 MaTeMaTuKe», BoIr. 11, 141-156).

Koaoc 1 mammna ("VsoOpetarean u paniuonaausatop”, Ne 6, crp. 6 - 7).

O IlpoaoBoabcTBeHHOI ITpOrpaMMe U MaTeMatuKe («MaTeMaTuKa B IIKoAe», No 2, 4 - 9).
MaremaTuxka u npoussodctso («Ksanr», No 1, 3 - 6, 11).

Kapa Mapkc n matemarukaTta (Codpust, «Pu3MKo-MaTeMaTUIECKO CIUCaHUE», T. 25, BHIIL 4,
267 - 276).

Angpeit Hwukoaaesmu Koamoropos (k 80-aetuio co AHA poxXJeHUs) (CoBM. C
H.H. Boroao6ossM, C./1. Cob0aeBBIM. «YcrIexy MaTeMaTUIeCKUX HayK», T. 38, BoIIL. 4, 11 - 23).
(Dra craTes TaKKe IMOMeIleHa B TpeTuii ToM u3dpaHHbIX pador A.H. Koamoroposa «Teopus
nHpOpManuM 1 TeOpus aATopuTMOB», M., «Hayxa», 1987, 7-23)..

Amngpeit Hukoaaesna Koamoropos (k 80-aeTuio co AHs poxAeHnst) («MaTemaTuka B IIKOAe»,
No 2,76 —78).

ITasea Cepreesnu Aaexcanapos (Hekpoaor) (cosM. ¢ A.H. KoamoropossiM. «Matemaruka B
mkozae», No 1, 47 - 48).

Mpan ®epoposuu Tecaenko (x 75-aetmio co aHs poxgeHusa) (cosm. ¢ M.V Bypaa, P.C.
YepxacosrM. «MareMaTnka B mkoae», No 2, 78 —79).

IIpeaucaosue x xumre E.JO.Bapsuaosuya m ap. "Bompockl MaremaTuyeckoil Teopunu
HagexxHoctu'" (Mocksa, n3a-80 «Paavo u cBsizb», 3 - 8).

INpeancaosue x xHure «leomerpuss IMABOEpPTOBA MPOCTPAHCTBA U TPU MPUHIIUIIA
¢yHKUMOHaABHOTO aHaAM3a» (V34-Bo «3HaHMe», cepus "MaremaTuka, kubepHeruka', Ne 6, 3).
O xuure A.l. Xaaamaitsepa "MaTemaTKa TapaHTUpyeT BHIUTPHIIT" («MaTeMaTnKa B IIKOAe»,
No 6, 69).

«lJeHI10 yBA€UEHHOCTS...» (ra3eTa «MOCKOBCKII YHUBEPCUTET», 4 STHBAPS).

ITyts B 60apm1yIO HAyKy (TaszeTa «bpsaHCKMIT KOMcoMoOell», 2 mapTa, Ne 25).

Jopory ocuant uaymmnii (raseta «MOCKOBCKUII YHUBEPCUTET», 14 ampeast).

ITpTaT 40 uctuHata (MHTEPBBIO ITpoBea JoHuo Xpucros. «ABB» napopmannoHes ceAMUIHUK
3a KHMTraTa, 8 HoeMBpU).
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1984 roa

977. Teopust Ha BepOATHOCTUTE U MaTeMaTndecka crariucruka (coM. ¢ A.A. I'emmessim. Codust, m3a-
Bo «Hayka 1 n3kyctso», 3 - 229).

978. Matematika siuolaikiniame pasaulyje (Maremarnka B coppemenHoM Mupe) (Kaunas, Sviesa,
4-102).

979. Service systems with the time-dependent input and service intensities (Fundamentals of
teletraffic theory. «Proceedings of the Third International Seminar on Teletraffic Theory,
Moscow, june 20-26, 1984», 142 - 146).

980. IlpyHUMIIBI aHAaAUTUYECKOIO MOJAeAMPOBaHMUs ANCIeTdepa B CeKTOpe yIIpaBAeHUs
BO3AYIIHBIM ABVDKeHMeM (coBM. ¢ A.I. Adanacwesoir. Ilepms, «Teszucs 40kaaa08 BeecorosHo
Hay4YHO-TeXHI4YecKoil KoHpepenuyn "[IpumeHenne cTaTUCTIYECKIX METOAOB B IIPOU3BOACTBE
u ynpasaesun', 31 mMas - 2 mions1», 101 - 102).

981. Ocobennoctn aHaAu3a 9(PQPEKTUBHOCTY KPMOTEHHBIX CUCTEM I YCTAHOBOK C Pe3epBHBIMU
pexxumamu paboTsl (coBM. ¢ M.B. Kosaoseim n ap.. Jennnrpag. «Me>XXBy30BCKMII COOPHMK
Hay4HBIX Tpy40B "Kprorennas TexHuka 1 KOHAMIIMOHMpOBaHMe », 3 — 8).

982. O pacnpeaesennn meauansl (coMm. ¢ C. Cromarosuuem, A. Illykpu. «BectHnk Mockosckoro
yHUBepcuTeTa», cepust "Martematnka. Mexanuka', No 2, 59 - 63).

983. 3a ympaBaeHMeTO Ha KadecTBOTO Ha mpomumideHata npoaykumsa (Codusa, «Conmaano
ylpasaeHue», Ne 1, 3 - 10).

984. K mcTopum moHATHA BepOATHOCTU caydaiHoro coonrtmst (com. ¢ M.T. Ilepec. «<AH CCCP,
Bompocs! ncropun ectecTBO3HaHM U TeXHUKU», No 1, 71 - 75).

985. MexxayHapoAHBII MaTeMaTudeckuii KoHrpecc B Bapiase (16-24 asrycra 1983 r.) (<MatemaTuka
B IKoae», No 4, 67 - 69).

986. MaTemaTiaeckoe TBOPUECTBO 1 OOIIIeCTBeHHEIN ITporpecc («KsanT», Ne 2, 2 - 5).

987. BocniutaHme MOpaAbHBIX IPUHINUIIOB U MaTeMaTnkKa («MaTemaTuka B 111koae», No 5, 6 - 10).

988. MaTtemaTtnueckne pykormucu K.Mapkca M BOHpOCH MaTeMaTU4ecKoro oOpa3oBaHMs
(«Matemaruka B mKoae», Ne 2,7 - 12).

989. Caoso, szaxwuraiomiee cepatia (V3a-so «3HaHmMe». «Baasgummp Bacuanesua I'oayOes», cepus
"Marematuka, kubepHeTtuka', Ne 10, 52 - 57).

990. Muxamna Bacuavesua Octporpaackuii (V3a-so «3HaHUMe», cepus "MareMartuka, KubepHeTnka',
No 5,3 - 63).

991. Esrennit Esrennesua Caynxmit (Knes. "Y citi MmaTrematnxu', Boim. 15, crp. 40).

992. AJSl. Xaaamaisep (k 60-aetmio co aHsa poxdeHms) (cosm. c 3.A. Ckomen u ILB.
CrpaTtnaarossiM. «MaTeMaTuka B 11koae», No 3, 77-78).

993. Ilpeaucaosue k kanre «Handbuch der Bedienungstheorie II» (und D. Kénig. Academie-Verlag,
Berlin, 7 - 8).

994. Kakumu 6w116 X-XI KaaccaM? (KOAAEKTUBHOE MUCHMO AeBsitu akademukos (b. THeaenko, H.
Ayounnn, V. Kuxkomn, A. Koamoropos, M. Heuxuna, C. Hukoanckuit, H. Cemenos, C.
CoGoaes, J. DnmTeiiH) ¢ IpejJoKeHNeM K IIpoekTy pedopm 1mkoasl) («Mssectus», 26
SIHBApSI).

995. O uennocru 3uaunii («IIpasaa», 27 dpespaast).

996. S sexunaep Tanaassap («MyraaasiMaap razetn», 30 Mast)

997. YUto moxet cratuctuka (Ilepms, rasera «3pesga», 23 mions:a, No 145).

998. Maremaruka 1 >KI3HbB («YUnUTeAbCcKas raeTa», 5 MI0A).

999. Bropas rpamotHOCTh XX BeKa («V3pecTisi», 18 aexabpst).

1000. O nupke (MHTepBbIO, eXXKeHeleAbHUK «COBeTCKUIT HUPK», 6 mioas, No 1).

1001. Bepio B mobeay uemnuona (nHTepBbIO ITposea 'armk Kapanet:n, razera «Beueprsa Kazans»,

25 oxTAOp:I).
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1985 rog
1002. MareMaTtuKa 11 KOHTPOAb KauecTBa IIPOAYKIIMM (Ha MOHTOAbCKOM s3bIKe, ¥ 1aH-batop, YaceiH

Xopasnuite I'azap, Yaaanbaarop, 3-69).

1003. Marematuka u MaTeMaTndeckoe oOpasoBaHme B cospemeHHOM Mupe (V3a-Bo
«ITpocsemenne», 3-191).

1004. O poA0AXXMMOCTH IpeAeAbHBIX COBMECTHBIX paclpeieleHNII 4451 41eHOB BapMallJIOHHOTO
psaa (coeMm. ¢ X. bapaxkat n C. Xemnga. «Jokaaasr AH CCCP», T. 284, 789 — 790)

1005. BeposTHOCTHO-CTaTHCTUYECKOE MOJAEAMPOBaHMe YIIpaBA€HUs BO3AYIIHBIM ABVKEHMEM
(cosm. ¢ A.I'. Adanacsesoit. Tapry, «Tesncsr 40kaaaos 11l BcecorosHoIT HayIHO-TEXHITIECKOI]
koH(pepenrun "[IpyMeHeHNIeE MHOTOMEPHOTO CTAaTHCTUIECKOTO aHaAM3a B DKOHOMUKE U
olleHKe KayecTBa IpoAyKunm', 17-18 centsadps 1985 roaa», 134 - 144).

1006. O HEKOTOPBIX aKTyaAbHBIX IIpoOaeMax HagexxHocTH (coBM. ¢ E.JO. bapsuaosuuem. Msa-so
«MarmmHocTpoenne», coopHuk "IIpo6.aeMbl Hage XKHOCTH AeTaTeAbHBIX anapaTos”, 4 —9).

1007. U He Toabpko B Ouoaoruu (BecTHUK BhICIIIEN IIKOABI», No 10, 31 - 32).

1008. K umrateasm (Mocksa. M3za-Bo «llegarormka», «DHUMKAOIEAMYECKUN CAOBapbh IOHOTO
MaTeMaruka», 5-7).

1009. BeposaTtHocts (Mocksa. M3za-so «lleagarormka», «DHIMKAOIEAUYECKUII CAOBapb IOHOTO
MareMaTuka», 36-37).

1010. BepositHOCcTent Teopus (Mocksa. Vsa-Bo «Ilegarormka», «DHIUKAOIIEANYECKUNI CAOBaphb
IOHOTO MaTeMaTtuka», 37-39).

1011. Anapeit Angpeesuu Mapkos (Mocksa. IM3a-Bo «Ilegarormka», «DHIIMKAONEANIECKUI
c/0Bapb IOHOTO MaTeMaTuKa», 39-40).

1012. Marematuka (Mocksa. M3a-Bo «Ilegarormka», «DHLIUKAONEAUYECKUII CAOBapb IOHOTO
MareMaTuka», 172-178).

1013. Maremaruyeckast cratuctuka (MockBa. M3a-Bo «Ilegarormka», «DHOUKAOIEANIECKU
c/0Bapb IOHOTO MaTeMaTuKa», 183-184).

1014. IlporpaMma meAarormyeckux BY30B IIO0 MCTOPMM MaTeMaTMKU (COCTaBA€Ha COBM. C.
A ILIOmxkesuuem, VLI bammakosoii, 5.A.Pozerdearaom, C.C.demnaossm) («MaremaTuka
B mikoae», No 3, 57-60).

1015. O aByx coBemaHusx B boArapuu mmo BorpocaM IMKoAbHOro obpasosanus ("VIndpopmaruka n
BBIUMCANTEABHAS TexHuka'", 68).

1016. Maremaruka 1 matematuku B Beankoi Oreuectsennoit BoiiHe («KsanT», Ne 5, 9-15).

1017. O namem ToBapuie (rasera «MOCKOBCUI yHUBepcuTeT», 1 anpeast).

1018. He crapeer HayKa, a 3HauuT — 11 Kadpespa (razera «Mockosckuii yunsepcuret», 11.XII).

1019. /10008Bb Kk MaTeMaTuKe (MHTepBbIO ITposeda O. OrHesa. «CTyseHueckuit Mepuauan», Ne 3, 10-
11).

1986 rog

1020. Popmupane Ha MUpOraes y ydeHurure npyu odydunmero o maremaruka (Codust. Msa-so
«Hapogana mmpocsera», 2 - 156).

1021. IlpeaeapHBle TeOpeMBI A4S YAE€HOB BapmalMOHHOTO psda (Mocksa. Msa-so "Hayka',
«Ilepsorit Becemuphbi koHrpecc OOmmjecTsa MaTeMaTMYeCKOM CTaTUCTUKM ¥ TEOPUH
BeposATHOCTel uM. bepuyaan. Tesucer», T. 1, 194).

1022. MareMaTtuuecke OCHOBBI mccaedoBaHus (Mocksa. Isa-Bo  «MarmmHocTpoeHMe»,
crnpaBouHMK «HagexxHocTs 1 9P PeKTUBHOCTD B TEXHMKe», T.1, 54 - 58).

1023. MecTo MaTeMaTM4YeCKOM CTaTUCTMKM B HAy4YHO-TEXHMYECKOM mporpecce ("3aBogckas
Aaboparopus’, T. 52, Ne 12,1 - 2).

1024. Btopas rpaMOTHOCTH BeKa (134-BO «3HaHUe», «CA0BO AekTopa», No 3, 14 - 18).

134



Gnedenko, D. RT&A, No 2 (45)

B.V. GNEDENKO. BIBLIOGRAPHY Volume 12, June 2017

1025. K wmcropuym OCHOBHBIX IIOHATUII Teopum BeposATHoOcTeil («Vcropms m MeTog0a0rms
eCTecTBeHHBIX HayK», BbIIl. XXXIL, 81 - 88).

1026. 3 ucropuu HavaAbHOIO Ilepuoja uctropum Teopun sepositHocteit (Mocksa. I134-so "Hayka",
«ITepspiii  BcemMuphbii koHrpecc OOmjectsa MaTeMaTHYeCKOM CTaTUCTUKM U TeOpUHU
BeposATHOCTel uM. bepuyaan. Tesucer», T. 2, 939).

1027. 5. Bepryaan n teopus sepostHOcTell (coBM. ¢ C.X. CupakAuHOBBIM. IIpomsBoacTBeHHO-

1028.

1029.

1030.

1031.

1032.

1033.

1034.

1035.

1036.

nsaareabckuii komOuHaT BMHWTY, c6opHuk «bepryaan ydeHsle u obmiectso bepryaan»,
24 - 37, coopumk «Bernoulli scholars. Bernoulli society», 21-31).

MareMarndyeckoii TIOATOTOBKe - IIPUKAaAHYIO HallpaBAeHHOCTH («BeCTHMK BBHICITIEN IITKOABI»,
Ne 9, 49 - 52).

Matemarusaums 3HaHMSI UM BOIPOCHl MaTemarmdeckoro obpasosanus (M. AH CCCP,
LenTpaabusit copeT Gpra0coPpckmnx (MeTO4010TMIeCKUX) ceMuHapos npu Ilpesnanyme AH
CCCP, MOCKOBCKMII TOCYyAapCTBeHHBbIN yHuBepcuteT. «COOPHMK TPyAOB CUMIIO3MyMa
«Maremarusamuss COBpeMEHHOV HayKU: IIPeAIIOCBIAKY, IIpOOAEMBI, IIePCIIEKTUBED»,
IIpOBeAeHHOTO B AHBape-pespase 1983 roga B r. Ilymuno», 23 - 32).

Maremarnkara 1 n3yJaBaHeTo Ha 3ao0mKaasiiata Hi gevictButeaHocT (Codus, "[Ipobaemn
Ha Y4eHIYeCcKOTO TeXHIYecKo TBopuecTso', No 3, 25 - 29).

O aByx cosemanmsix B boarapum 1o BorpocaM IIKOABHOTO oOpasoBaHms («Maremaruka B
mrkoae», No 1, 68 - 69).

06 ympaxknenmsax mo martemaTtuke (cosMm. ¢ M.B. Iloromxmm. Mocksa. M3a-o "Brrcimas
mkoaa", «COOpHMK HayIHO-MEeTOAMYECKNX CTaTell II0 MaTeMaTnKe», BhI. 13, 6-15).

O06 nccaeg0BaHNY 11O UCTOPUMY IIKOABHOTO MaTeMaTHIECKOro 0Opa3oBaHNs B HAIlIel CTpaHe,
nposoaumoM B fAnonun (cosMm. ¢ P.C. YepkacosbiM. «MaTeMartuka B 111koae», No 4, 75 - 76).
W3 Bocrtommuanmii o B.B. I'oay6ese (Mocksa. I134-80 BBMIA nm. H.E. XXykosckoro, «['oayGes
Baaaumup Bacnavesnu. K 100-aetuio co aus poxxaenus», 60-61).

Beauknit pycckuii ydeHsINt M IHpocseTuTeAb Mmxana Bacuabesud /1oMOHOCOB (COBM. C
H.IT. Xnaxoseim. «MaTteMaTnka B 1ikoae», No 5, 49 - 54).

Azoapd ITaBaosuy IOmkesnya (coBm. ¢ bammakosoit V.I'. u ap.. "Maremarnka B 1mkoze", No
4,72-74).

1037. Beunmsat crpemesx kbM oTKpuTuA (VuTepsrio. Codus, "Hayka u Texanka 3a Maagexra”, Ne 3,
14 - 18).

1038. Maremaruka B na>keHepHOM geae (HTP. ITpoGaemsr u pemenns. bioaaetens opaeHa /leHnHa
BcecoiosHoro obmiectBa «3Hanue». No 10 (25), 20 mast — 2 UIOHS).

1987 roa

1039. Bseaenue B Teopmio maccosoro obcaykusanus (copM. ¢ VI.H. Kosaaenko. «Hayka», 2-e u3sa,.,
rrepepab. u goroaH., 1-336).

1040. Lehrbuch der Wahrscheinlichkeitsrechnung (Berlin. Academie-Verlag, eighth edition).

1041. CoBpemeHHBle 3ajauM TeOpUM U HpaKTUKU HadexxHocTu («HageXHOCTH M KOHTpPOAD
KauectBa», No 11, 3 - 10).

1042. Paboter akagdemuka A.A.Mapkosa mo Teopumu sepositHocTelr (Mocksa. VMsa-so "Hayxka".
C.LT'poasenckuit "Angpent Angpeesud Mapkos", crp. 223-237).

1043. B eauncrBe Teopuu u npaxTukm (cosM. ¢ J.b. I'negenko. «BecTHUK BhICIIeN ITKOABI», NO 4,
48 - 50).

1044. YHusepcuTeThl M HaydHO-TexHuMdeckmit nporpecc (M3a-so «Beicimad mxoaa». «COOpHUK
HayYHO-MeTOAMYECKMX CTaTell IO MaTeMaTuKe», BhIIL 14, 3 - 11).

1045. Iloces Hay4HEIN - >KaTBe HapoaHoI (V3a-Bo «Coserckas Poccrst», coopHMK crareit "OKTAOPS,
HayKa, Tiporpecc”, 108 — 117).

1046. Meuta u HTP («Caoso aexTopa», N0 9, 63 - 64).

1047. O marematuke Ctpansl Cosetos («KpanTt», No 11, 3 - 8).
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1048.

1049.

1050.

1051.

1052.

1053.

1054.

1055.

1056.

1057.

1058.

1059.

1060.

1061.

1062.

1063.

1064.

1065.
1066.

1067.

PasBuTHe mkoapHOTO MaTeMatdeckoro oopasosanms 8 Coserckom Coiosze 3a 70 aeT (COBM. C
I'T. Macaosoit, P.C. UepkacossiM. «MaTemaTiKa B 111K0a€e», N2 6, 6 - 14).

Marematnka u maTeMmarudeckoe oopasosanue 5 Ctpane Coseros («MaTemaTuka B IIIKO.4€>,
No4,6-12; Ne5,3-7).

K Bompocy o cogep>kanuu ¢pakyabTaTiBa 110 TEOpUM BepOATHOCTel («MaTemMaTnKa B IITKOAe»,
Ne 3, 24 -25).

O nmegarormyeckoil AesATeABHOCTM KadeApbl TeOpUM BepOATHOCTeN MOCKOBCKOTO
yHusepcuTteTa («BectHuk MockoBckoro yHusepcureta», cep. 1, MatemaTtuka. Mexanunka; Ne 2,
91 - 94).

Ilo nmosoay mnepsoro Bcemmpnoro konrpecca OOmiectsa uM. S Bepryaam (coBMm. c
M.A. Mupszaxmegosnim, X.I1. ApunossiMm. «Marematnka B mkoae», No 1, 75 - 76).

Wrorn pabots mpnaoxxenus «Hage>XHOCTh 1 KOHTpoOAb KadecTBa» 3a 1987 rog («HaaexxHocTs
U KOHTPOAb KadecTsa», N2 12, 3 - 6).

ITpeancaosue xo BTopoMy TOMy cripaBouHMKa «HaaesxxHocTs M 9(pPeKTUBHOCTD B TEXHUKE»
(Mocksa. Msza-so «MammHocrpoenue», T. 2 «Maremarndeckue MeTOABI B TeOpUU
Haae>XHOCTU 1 9PPeKTUBHOCTI», 8-10).

ITpeaucaosue peaaxropa k kaure C.fL.I'pogzenckoro "Angpeii Augpeesira Mapkos" (Mocksa,
nsa-so "Hayka", crp. 5-10).

Pertensns na kuury «CIpaBoYHUK IO Hage>KHOCTM TeXHMUIECKNX cucrem» («HagesxHocts u
KOHTpOAB KauecTBa», N 3, 57 — 58).

Penensnus na xHury «HagexHocts cucrem sHepretnkm» («HageXHOCTh M KOHTpOAD
KauecTBa», N 9, 60).

Kypnaa "Bompocsl uctopmum ectecTBo3HaHUs M TeXHUKU' («MaTeMaTuka B IIIKoae», No 3,
73 -74).

O aByx cOopHmMKax TpyAoB MHO (PuAocOPCKUMM BOIpOCaM MaTeMaTUKM (COBM. C
B.H. ITonomapessim, A.A. I'puropsasoM. «MaTemaTuKa B 1Koae», No 5, 74 - 75).

Crpoxu n3 ouorpadpun (MHTEepBBIO IIpoBea 3. TabaTassze. «MOCKOBCKUIT YHUBEPCUTET», 22
SIHBapSI).

AareGpa 340poBba (MHTepBBIO Iposea 0. I'pot. «CoseTckuit ciopt», 31 sHBap:I).
ITpodeccrs — matemaTuk («MOCKOBCKIII YHUBEPCUTET», 5 arrpeas).

Pemrats HecTaHaapTHEIE 3ajauM (MHTepBbIO Mposea A. bapmaii. «Coserckas Kuprusms», 26
Mas).

Aas 9eTo Hy>KHBI OAMMIIMAAbl (MHTEPBBIO IIpoBeaa A. /lasyTnHa. «Y4uTeabKas rasera», 11
VIIOHST).

Bocninranme tBopuecTBoM («YuuTeabckas razera», 8 aprycra).

Matemaruka u sKoHOMMKa (coBM. c E.B. MopososbiM. Tl'azera «/leHMHCKast IIpaBja»,
IletposaBoack, 22 ceHTAp:).

Kusns Bo M Haykn (cosM. ¢ VI.M. l'easdpangom, C.M. Huxoasckum, C./. Coboaessm 1 Ap.,
«YdanuTeabcKas razeTa», 26 HosiOpsI).

1988 roga

1068.
1069.
1070.
1071.

1072.

Kypc reopun sepositHocreit (J13a-so «Hayxka», 134. 6-e, mepepaboTaHHOe 1 40II0AHEHHOE, 3-
447).

The theory of probability (Moscow. Mir Publishers, sixth printing, 1-529).

Kypc reopun sepositHocTeit (ErumeT, Ha apaOcKoM s3bIKe, COBM. C 134-0M «Mup»).
OcobeHHOCTY EPKOASIIMOHHON MOJeAN CTapeHus rmoaumepos (cosm. ¢ P.II. bparunckum,
B.B. MaaynosbeiM 1 ap. «Joxkaaasr AH CCCP», 1. 303, Ne 3, 535 — 537).

TeopeTtnueckoe 1 cTaTucTIIecKoe UccAejoBaHNe 4e(PeKTHOTO MHOXECTBa B 9Malb-AaKOBBIX
9AEKTPOU30ASAIMOHHBIX MTOKPHITUAX (coBM. ¢ P.IT. bparunckum u ap.. «Jokaaasr AH CCCP»,
T. 303, Ne 2, 270-274).
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1073.

O HeKOTOpHIX COBpEMEHHHBIX IIpo0JeMax TeoOpMM U TIPAKTUKM HaAeXKHOCTU (COBM. C
V. A.VimakospiM. «BecTHuK MammHocTpoeHmsa», No 12, 3-9).

1074. HopMupoBaHue HaAeXXHOCTM U 'TepecTpoiika' B3rasgos (com. ¢ VI.A. YiakoBbIM.
«CraHgapTsl 1 KagecTso», No 7, 35 - 38).

1075. CoBeplieHCTBOBaHME MaTeMaTHUeCKOro oOpaszosaHms B  yHuBepcutere (CapaHCK.
MUHNCTEPCTBO BBICIIIETO U CpejHero crerjuaapHoro obpasosanus PCPCP, Mopaosckuii
rocydapcTBeHHbIli  yHuBepcureT.  COopHmk  "CoBeplieHCTBOBaHME — COAep KaHUA
MaTeMaTH4ecKoro oopasosaHus B 11koae u BY3e", 13 - 19).

1076. O cnenmaabHBIX KypcaX M CeMMHapax ecTeCTBeHHOHAy4YHOIO M IMPUKAaJHOTO XapakTepa
(M3a-Bo «Beicmas mkoaa», «COOpHNK HayYHO-METOAMYECKIIX CTaTell 110 MaTeMaTHKe», BBIIIL.
15,4-9).

1077. O HekOTOpBIX BOIIpOCaX IepecTPONKM MaTeMaTMYecKOro oOpa3OBaHM: B yHUBEpPCUTETaX
(coBm. ¢ A.b. 'neaenko. «CoBpeMeHHast BbICIIas mkoaa», Ne 3, 81 - 90).

1078. Poap MaTeMaTMyecKuUX MeTOJOB WUCCA€AOBaHMSA B KapAMHAaAbLHOM YCKOPeHMU Hay4HO-
TexHM4IecKkoro mporpecca (cosM. ¢ A. V1. OpaoseiM. «3aBoackast aabopaTopisi», T. 54, Ne 1, 1-
4).

1079. O matemartuke Crpannl Cosetos (JAnonms. Msa-so I'snaaii-Cyrakycs, KypHaa «bsiicnk
Cyraky», No 3, 47-52), (Ne 798 u No 1031 — pasHble cTtaThu. JaHHas cTaThs -- IeperedaTka ¢ No
798).

1080. O xypce matemaTuku B mKoaax Snorun (cosm. ¢ P.C. Uepkacosbm. «MaTemMaTHKa B IIIKOA€»,
No 5, 72 - 76).

1081. Orcramsas uccaegosateabckuii mouck (Msa-so «Hayka», coopHuk «I1yTh B 00ABIIYIO HAYKY:
akageMuk Akceab bepr», 147 - 150).

1082. OtHOCHUTBCH C yBaskeHMeM («MOCKOBCKIII yHUBepCuTeT», 11 oKTa0p:).

1989 rog

1083. The theory of probability (Chelsea Publishing Company, New York. 1-529).

1084. Introduction to Queueing Theory (and L.N. Kovalenko. Birkhéduser, Boston, 2nd edition,
revised and supplemented, 1-315).

1085. OO o1jeHKe HeM3BECTHBIX ITapaMeTPOB paclipeseleHus IPU CAy4ailHOM 41cAe He3aBUCUMBIX
Habatoaennit («Axkagemus Hayk 'CCP, Tpyasr Tonancckoro MaTeMaTnyeckoro MHCTUTYTa»,
T. 92, 146-150).

1086. O paborax kadeApbl TeEOPUM BEPOATHOCTEN IT0 MaTeMaTIIeCKOl TeOpI Hage>KHOCTH (COBM.
c IOK. beasespim, A.J. CoaoBbeBbIM. «Teopust BeposATHOCTeN U ee IpuMeHeHMs1», T. XXXIV,
BoIL. 1, 191 — 196).

1087. CoBpemeHHast Teopusa HaAeXKHOCTU: COCTOsIHME, HPOOAeMBl, IePCHeKTUBBI (COBM. C
V. A.VmakospiMm. «HageXxHOCTb 11 KOHTpOAD KadecTBa», N 1, 6-22).

1088. Kadeapa Teopum BeposiTHOCTelt Mockosckoro yHusepcnureta (M3a-so «Hayxka». «Teopus
BepOsITHOCTel I ee MpuMeHeHMs1», T. XXXIV, Boim. 1, 119 - 127).

1089. K umrareasm (Mocksa. M3a-Bo «Ileaarorunka», «DHIUKAOIEAUMIECKNII CAOBaph IOHOTO
MaTeMaruka», 2-0e usda., 5-7).

1090. BeposaTtHocts (Mocksa. M3za-so «lleagarormka», «DHIMKAONIEAMYECKUII CAOBaph IOHOTO
MaTeMaruka», 2-oe usda., 36-37).

1091. BepostHocTelt Teopusa (Mocksa. M3a-so «Ilegarormka», «DHIIMKAONEANYECKUNI CAOBaphb
IOHOTO MaTeMaTuKa», 2-oe u34., 37-39).

1092. Anapeit Angpeesuu Mapkos (Mocksa. M3a-Bo «Ilegaroruka», «DHIIMKAONEANYECKUI
CA0Bapb I0HOTO MaTeMaTnKa», 2-oe usd., 39-40).

1093. Maremaruka (Mocksa. M3a-so «Ileaaroruka», «DHIMKAOIIeAMYECKUII CAOBaph IOHOTO

MareMaTuKa», 2-oe usa., 172-178).
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1094.

Martematnueckast cratuctuka (Mocksa. M3a-Bo «Ilegaroruka», «BDHIIMKAOIIEANYECKIIT
CA0Bapb IOHOTO MaTeMaTlKa», 2-oe u3A., 183-184).

1095. O6 obpaszoBaHuM IIperiojaBaTeds MaTeMaTHKU CpejHell IMKoA4bl («MaTemaTuka B IIKOAE»,
No 3, 19 - 22).

1096. MaremaTtuka Kak opyJue Itegarormieckoro mccaegosanust (CBepaaoBck. MuHmcrepcTso
HapogHoro obOpasosanust PCOCP, Csepaa0BCKMIT TOCYJapCTBEHHBIN I1€4arorMdecKuii
nHcTuTyT. CoopHMK "llpuiMeHeHMe MaTeMaTMIecKUX MeToAos 1 DBM B meaarormaeckmx
nccAeA0BaHUAX", 6 - 22).

1097. O poam MmaTeMaTuku B (QOPMUPOBAHMUM Y VYAIIVXCA HAyYHOIO MMPOBO33PEHUA U
HpaBCTBEHHBIX NpMHUIMIOB («MaTeMaruka B 11Koae», No 5, 19 - 26).

1990 rog

1098. Teopus seposTHOcTelt (cosM. ¢ VI.H. Koaaenko. Kues. M3a-so «Buia mkoaa», 3-328,).

1099. Ilpeancaosme k kuure B.M.Kpyraosa m B.JO.Kopoaésa "llpeaeapHBle TeopeMnl Aas
cay4aitipix cymm” (Mocksa. Msa-so MI'Y. 5-8).

1100. Buauaae 6»110 ca0BO («BecTHMK BBICIIEN IIKOABI», No 1, 23 - 27).

1101. Yuenslit, yautean, rpaxkaaHuH («MaTemaTnka B 11koae», No 5, 56 - 59).

1102. BocriomuHaums o Bsuecaase Bacmapesumde Cremanose (K 100-aeTmio co AHSI pOKAEHUSA)
(«Ycriexn MaTeMaTH4YeCKMX HayK», T.45, BbIIL. 6, 165 - 169).

1103. Coserckas mikoaa u B.V. /lenun («KMaremartuka B mikoae», No 3, 2- 8).

1104. O npuMeHeHMM COBpeMeHHBIX CTaTUCTUYECKMX MeTOAOB B yIpaBAeHUM KadeCTBOM
npoaykiuu (cosM. ¢ A.M.OpaossiM. «Hage>XHOCTb 1 KOHTPOAD KadecTBa», No 3, 92).

1991 roa

1105. Einfuhrung in die Wahrscheinlichkeitstheorie (Academy Verlag, Berlin, 9 Auflage, 1-469).

1106. Bseaenue B crienimaabHOCTh MaTeMaTuka (Mocksa, M3a-o «Hayka», 3 - 237).

1107. IlaBea Cepreesuma Aaexcanapos (cosM. ¢ A.H.Koamoropossim. M3a-so "Hayka", cOopramk
"MatemaTuKa B €€ ncTopmaeckom passutun'’, 125-130).

1108. MaremMaTtuka B COBpeMeHHOM MIUpe U MaTeMaTuyeckoe oOpasoBaHue («MaTemaTuka B
mKkoae», No 1, 2 - 4).

1109. PasspuTme MBIIIACHNMS UM pedu NPU M3ydeHUM MaTemaTuku («MaremMaTmka B IIKoae», NO 4,
3-9).

1110. ITamsaru I'anca @poiigentaas (cosm. c A.SL. Xaaamaiisepom. «MareMaTuKa B 1koae», No 2, 79-
80).

1992 roa

1111. Probability Theory (cosm. ¢ O.B. IlleitnuanM. «Mathematics in the 19th Century», Birkhiuser,
Boston).

1112. Bseaenne (cosm. ¢ B.J. AunckunasiM. HIM mexaHmsanum ceabckoro xossiictsa. COOpHUK
"ITpuMeHeHNe BEPOATHOCTHBIX METOJOB peIleHMs 3adad TeXHUIECKOTO OOeCITedeHIsI
arpOIIPOMBIIILAEHHOTO ITpon3BoAcTBa’, 4 - 10).

1113. MaremMatuka u IIpoOAeMBl HaAeXXHOCTM U 0e30ITacHOCTM COBPEeMEHHOI TeXHUKU
(«Martemaruka B 1rkozae», No 1, 3 - 7).

1114. Maremartuka B MockosckoM yHmBepcutete (1755-1933) (coem. ¢ O.b. /llymaHoBbiM,
K.A. PribankoBeiM.  1134-B0  MoOCKOBCKOTO ~ yHMBepcmuTeTa, COOpHMK 'MaremaTuka B
Mockosckom yHusepcutete', 3 - 19).

1115. Kadeapa Teopun sBeposTtHocTeli (M3a-B0 MoCKOBCKOTO —yHUBepcuTeTa, COOPHUK

"MaremaTuka B MockoBckoM yHuBepcutete”, 217 - 237).
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111e.

1117.

1118.

Poctucaas Cemenosua Yepkacos. K 80-aetuto co aus poxxaerus. (copM. ¢ /1.C. AtaHacsHOM,
VLT. BammmMakosoit 1 g4p. «MaTeMaTuka B I1KoAe», No 4 - 5, 42 — 43).

Mntepsrio (nHTepBpi0 mposean Hozep Cunrnypsasaa m Puyapa Cmut B mione 1991.
«Statistical Science», v. 7, No 2, 273-283).

Vnrepspio (naTepBbio mposea A.H. Hlupsies B siuBape 1992. MMsa-so «Hayka», «Teopus
BepOATHOCTEN U ee IPUMeHeHMsI», T. 37, No 4, 724-746).

1993 rog

1119.

1120.

1121.

1122.

1123.

Eaementapun ysos y Teopujy BepoBaTHOhe (coBMm. ¢ Al XunumnabsiM. Ilepesoa Ha
cepOCKOXOPBATCKIIL sI3BIK. beorpaa. 7-168).

O npomaom n 6yaymem (Kuis. «Teopist iMoBipHOCTell Ta MaTeMaTM4YHa CTaTUCTMKa», 49,
3-26,).

Yunrear m apyr (Msaareavckasa ¢upma «Pusmko-mareMarmdeckas aAureparypa» BO
«Hayxa». Coopuux "Koamoropos s BociommHanmsx", 173 - 208).

IMegarormueckme Barasasr H.J. AobaueBckoro. K 200-aetTmio co AHA  pOXAeHUS
(«Matemaruka B mkoae», Ne 1, 2 - 5).

3HaHIe UCTOPUN HayKM - IIperiojaBaTearo MKOAbl («MaTeMaTuka B mKoae», Ne 3, 30 - 32).

1994 roga,

1124.

1125.
1126.
1127.
1128.
1129.
1130.
1131.

1132.

1133.

Beegenne B cnenimaapHOCTh MaTeMmaTuka (Kuraii. Illanxarickoe 13aaTeAbCTBO IIOIYASIPHOM
Hay4yHO!l ~ Auteparypsl. IlepeBosg  mpodeccopa  Maremarmdyeckoro  ¢paxyabTera
Irearormdeckoro yausepcurera Bocrounoro Kuras Ao Xyn-Kyns). (Ilpeaucaosue x sTOMy
U3AaHUIO HAIlMCAaHO ¥ OTOCAAHO B U34aTeAbCTBO B 1992 roay).

Crangapt oOpasosanus — B3rasg B Oyayuiee (cosm. ¢ 4.b. 'negenxo. «Maremaruka B mxoae»,
Ne 3,2 -3).

Abak, gecaTHYHas TTO3UIIMOHHA CICTeMa CIMCAeHNs U AecATUYHbIe ApoOu («MaTteMartnka B
mKoae», No 1, 75 - 77).

Oana pycckas HapogHas 3agada («MaremaTuka B IIIKoae», No 2, 65).

Azexcanap SIkoBaeByna XuHunH («MaTeMaTuKa B mKoae», No 4, 70 - 73).

Azexcanap Sxosaesna XununH («KBaHT», N0 6, 2-6).

/lobaveBCcKmil KaK I1earor 1 mpocsetnreas («BectHnk MockoBckoro yHuBepcureTa», cep. 1,
Matemaruka. Mexanuka, No 2, 15 - 23).

Preface to American edition («Handbook of Reliability Engineering», John Wiley, New York,
XIX - XXI).

ITocaecaosmne x nybOamxanum «Epremmit Heramnxkun» (kypnaa «Hosoe aureparypnHoe
obospernue», Ne 6, 182).

Agoapd-Angpeit  IlaBaosmu IOmkesmua  (Hekpoaor) (cosm. c¢  VILI.bammakosoii,
C.C.AeMuA0BBIM U Ap. «YCIIeXu MaTeMaTUIeCKIX Hayk», T. 49, BbIL. 4(298), 75-76).

1995 roga,

1134.
1135.

1136.

1137.

Probabilistic Reliability Engineering (and L. Ushakov. John Wiley, New York, 1-518).

O cayyaliHpIX BeAMYMHAX, OOYCAOBAEHHBIX CyMMaMIi HE3aBUCUMBIX CAYYalHBIX BeAMIUH
(coBM. ¢ D.M. KyaaaesbiMm. «BecTHnk MocKoOBCKOTO YyHMBepcuTeTa», N 5, 23 — 31).
IIpeaucaosue x xuure A5l Xunumna «l/I30paHHBIE TPyABI IO TEOPUM BEPOSTHOCTEI»
(Mocksa. Hayuynoe nsa-so TBIL. VII - IX).

Azexkcanap fIxosaesny XyHumH (19.7.1894 — 18.11.1959) (Mocksa. Hayunoe usa-so TBII. B
kHure A.Sl. XununHa «/I30paHHbIe TPy 4Bl II0 Teopun BeposATHOCTel», XI -- XIV).
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1138. Azexcanap SIxosaesmd XuuumH (mtepesod I0.C.XoxaoBa, opurnaaa cmorpu No 327 sTOMM
oudanorpadpun) (Mocksa. Hayunoe nza-so TBIL B kuure A.Sl. XununHa «/136paHHBIE TPYABI
1o Teopun BepoATHOcTe», XXI - XXXVIII).

1139. Pacckas-socriomuHanue B KHure b.H.Pyaakosa «MHoro aer mponecaocsk...» (M3a-Bo
Mockosckoro ynusepcurera, 132 - 136).

1996 roa

1140. Random summation: limit theorems and applications (and V.Y. Korolev. New York, CRC
Press Boca Raton, 1 — 267).

1141. Theoria de las Probabilidades (Madrid, Rubinos — 1860, Moscu, Euro — Omega, 1-392).

1142. Tlaea Cepreesmu Asaexcanapos (cosM. ¢ A.H. KoamoropospiM. «MaremMaTnka B IIKOAE»,
No2,2-4).

1143. O mpemnogaBaHuM MaTeMaTUKM B IpeacrosileM ToicsadeaeTun (cosm. ¢ P.C. UepkacoBbIM.
«MaremaTtnka B mkoae», No 1, 52 - 54).

1997 roga

1144. Lehrbuch der Wahrscheinlichkeitstheorie (Verlag Harri Deutsch, 10 korrigierte Auflage, 1-
469).

1145. Passutne Teopun sepositHOcTe (V34-B0 MockoBckoro yHusepcureTa. «OdepKy O MCTOPUN
MareMaTuku», 247 - 338).

1146. Moi yniBepcutetchki pokn (Kues. «¥ cBiTi MaTeMaTukm», T. 3, BUIL 2, 73 - 82).

1147. Buxaaaanns i TBopuicts (Kmes. «Y cBiTi MaTeMaTtukm», T. 3, Butl. 2, 95 - 100).

1998 rog

1148. Theory of Probability (Gordon and Breach Science Publishers, New York, sixth ed., 1-497).
1149. Ditaep u Yxpanna (Kues. "Y cBiti MmaTremaTukn', 1.4, B. 4, 32).

1999 roga

1150. Statistical Reliability Engineering (cosm. c J1.B. IlaBaossim u VLA, YmakossiM. John Wiley,
New York, 3-499).

1151. CraTucTudeckoe MBIILAEHNE U IIKO/ABHOE MareMaTudeckoe oOpasosaHue («MaTeMaTnka B
mrkoae», No 6, 2 — 6).

1152. Yuurean B MaTeMaTuke, yunteab B Ku3Hu (Mocksa. V3a-pa «Paszuc» u «Mupoc». «SIpaenne
ypessbryaiHoe. Kuura o Koamoropose», 40 — 48).

2000 roa

1153. Maremaruka u kusHb (Mocksa. I3a-s0 «Eauropmnaa YPCC». B kunre «O MaTeMmaTuke»,
8 - 85).

1154. O6 oOyueHnn MaTeMaTHKe B YHUBEpCUTETAX U ITeABy3axX Ha pyOeske ABYX TBICSTIeAeTHI (COBM.
¢ A.b. I'neaenxo. Mocksa. M3a-so «Eautopnaa YPCC». B xaure «O maTemaruxe», 88 — 207).

2001 roa

1155. Kypc Teopun sepositHocteit (Mocksa. M3a-so «Eautopnaa YPCC», 7-e u3a., UcrpaBAeHHOe,
1-318).
1156. Ouepk no ucropuu Teopun seposTHocreii (Mocksa. M3a-so «Eantopnaa YPCC». 1-86).
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2002 roa

1157. Maremaruka u >xu3Hb (Mocksa. M3a-so «Eautopnaa YPCC». B kuure «O MaTeMaTUKe», U3A.
2-¢, 8-85).

1158. OO0 oOy4yeHnu MaTeMaTIKe B YHIBEpCUTETaX I ITleABy3ax Ha pyOesKe ABYX ThICSIeAETUI (COBM.
¢ A.b. I'neaenxo. Mocksa. I3a-8o «Eautopunaa YPCC». B xaure «O maTeMatnke», usg. 2-e,
88 —207).

2003 roa

1159. DaemenTapHOe BBegeHUE B TeOpUIO BeposiTHOCTel (coBM. ¢ A.fl. XuHumHbIM. Mocksa. 1134-Bo
«Bauropuaa YPCC». 10-e usa., ucripasaensoe, 1-206).

1160. beceapr o MmaTeMaTuke, MaTeMaTukKax 1 MexaHKO-MaTeMaTUIeCKOM Cl)aKyALTeTe (Mocksa.
Msa-so LlenTpa nmpukaajHBIX McCAeAOBaHMII TPV MeXaHMKO-MaTeMaTu4eckoM (akyabTeTe
MIY. 1-149).

2004 roa

1161. Kypc Teopum BepositHOCTel (Mocksa. M3a-so "Eautopnaa YPCC". Cepma "Kaaccrraeckmii
YHUBEPCUTETCKII y4eOHUK", 8- 134., ucrpasaeHHoe, 1-446).

1162. O Mecre aeknumM B MaTreMaTuyeckoM obOpaszosaHum («MaremMaTyka B BbICIIIEM OOpas3oBa-
Hum», No 2, 107-120).

1163. Jexan MexaHMKO-MaTeMaTuJeckoro ¢gpakyabTeta AHApeit Hukoaaesa Koamoropos (B kuure
"MaTteMaTUKM ¥ MeXaHMKU -- PeKTOpbl MOCKOBCKOTO YHMBEpCHUTeTa M JeKaHbl MeXaHMKO-
MareMaTu4eckoro ¢paxyAbreTa MI'V". U3a-o lleHTpa mpuKkAagHBIX MCCA€AO0BAaHMUI MIPU
MexaHIKO-MaTreMatndeckoM ¢akyasrere MI'Y. 101-102).

1164. O HeKOTOpPHIX IIOCTAHOBKAX 3a4a4 U pe3yabTaTax TeOpUI MaccoBOro obcaykusanus (Mocksa,
n3a-80 "Eauropmaa YPCC". B kunre A.Sl. XvHunna "PaboTsl 110 MaTeMaT9eCcKOl Teopun
MaccOBOTO 0OCAY>KMBaHUA'", 2-e 13 4., 221-235).

1165. Ilpeancaosue pesaxropa (Mocksa, usa-so "Eaurtopmaa YPCC". B xumure Al XunumnHa
"PaboThl 110 MaTeMaTH4eCcKOl TeOPpUI MacCOBOTO 00CAYKUBaHUs", 2-e U3A., 4-6).

1166. Ilpeancaosue x kuure A. Penpn "Awuasorm o marematuke' (Mocksa. V3a-so "Eauropuaa
YPCC". 2-e u3a., 5-19).

1167. Ilpeaucaosue k kaure A.5l. XununHa "Llerrasie apobu” (Mocksa. M3a-80 "Eauropuaa YPCC".
4-e uza., 3).

2005 roa

1168. Bsegenue B Teopuio Maccosoro oocay>xmpanus (cosMm. ¢ VI.H. Kopaaenxko. Mocksa. I134-80
«KomKnura». 3-e u3a., ucnpapaeHHoe 1 40TII0AHeHHoe, 1-397).

1169. Ouepku mo wucropum MareMaTuku B Poccum (mpeamcaosue KO BTOPOMY M3JaHUIO U
komMenTapun C.C. demngosa) (Mocksa. Msa-so «KomKaura». 2-e m13a., ncrnpasaeHHOe 1
AorioAHeHHOe, 1-292).

1170. Ilate mHTepBBIO (MHTEepBHIO IpoBea B.A.Adysakun 19 uionsa u 12 oxtsa6ps 1976 roga, 5 u 9
Aexabps 1983 roga, 16 sHBaps 1984 roga. Mocksa. M3a-Bo «MunysItee». «MarteMaTukmu
pacckasbiBaioT», 37-112).

2006 roa

1171. Maremaruka u xu3ub (Mocksa, 13a-8o «KomKuunra». 3-e u3a., 1-125).
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1172.

1173.
1174.

1175.

O06 obyueHnn MaTeMaTHKe B YHUBEpPCUTETaX U IIeABYy3aX Ha pyOesKe 4BYX ThICAIeAeTUI (COBM.
¢ A.b. Tueaenxo. Mocksa. 34-Bo «KomKuura». 3-e n3a., 1-158).

Yuureas u apyr (M. MITHMO. «KoamMoropos B BOCHOMMHaHUAX Y4eHUKOB», 128-151).
Azexcanap fIxoBaesmu XunumH (Mocksa. Mza-so MIIHMO. B xuure Al XunHumHa
"Ns6pannsle TpyAbl 1o Teopuu uncea”, VII-XX).

Azexcanap Slkosaesyu XunumH (Mocksa. M3a-so «KomKnura». B kumure Al XununHa
"Tleaarornueckue crarpu’, 2-e usa., 180-196).

2007 roa

1176.
1177.

1178.

1179.

Kypc Teopun seposarnocreit (Mocksa. M3a-so /K. 9-e usa., ncnpasaenHoe, 1-446).
Bseaenne B Teopmio Maccosoro oocayxkusanms (cosMm. ¢ VI.H. Kosaaenko. Mocksa. M3a-Bo
AKW. 4-e u3a., ucnpasaensoe, 1-397).

Ouepxu no ucropun Marematuku B Poccun (kommentapun C.C. demngosa) (Mocksa. 13a-
Bo /K. 3-e usa., uctipasaentoe, 1-292).

MatemaTtnka M KOHTpOAb KauecTBa mnpodykumy (Mocksa. WMsa-so AKI. 2-e wm3a,,
ucripasaeHHoe, 1-61).

2008 roa

1180.

Ouepk 1o ncropum Teopun sepositHocreit (Mocksa. 1134-80 «Eguropuaa YPCC». 2-e uza,, 1-
86).

2009 roa

1181.

1182.

1183.

1184.

1185.

1186.

beceart o maremaTtnueckoit cratucruke (Mocksa. Kavoxasiin aom «AVIBPOKOM». 2-e n3a.,
ucripasaeHHoe, 1-86).

becearr o Teopun maccosoro obcay>xusanus (Mocksa. Kuvxusiii gom «/1MIBPOKOM».

2-e u3A., UclipaBAeHHoe, 1-68).

Ouepxn no mcropum matematuku B Poccunm (kommenrapum C.C. Jdemmaosa) (Mocksa.
Kumxssiin gom «AVIBPOKOM». 4-e nza., 1-292).

Beceap! o0 MmaTeMaTuke, MaTeMaTnkax 1 MexaHMKO-MaTeMaTUIECKOM cbaKyALTeTe MIY
(Mocksa. Kanmkeiit gom «AMBPOKOM». 2-oe n3a., 1-162).

Kakum 65116 X-XI k2accam? (KOAA€KTUBHOE TTUCHEMO AeBsiTtu akademukos (b. THeaeHko,

H. Ay6unnn, V1. Kuxonn, A. Koamoropos, M. Heuknna, C. Hukoascknuii, H. Cemenos,

C. CobGoaes, /. DmmTerin) ¢ IpeAAoKeHneM K IpoeKTy pegopM IKoAabl) (cM. No 994).
«Kuxoun, Koamoropos», M. ®MIII MI'Y, 2-e n3g., nepecMOTpeHHOe U JONOAHeHHOe, 225-
227).

2010 roa

1187.

1188.

1189.

1190.

Beeaenue B Teopuio Maccosoro oocayxmsanms (cosm. ¢ VI.H. Kosaaenko. Mocksa. 1134-0
AKW. 5-e nsa., ucnpasaensoe, 1-397).

Kypc teopnn seposarnocreit (Mocksa. Kavoxuslit 4o0M «/lnbpokom». 10-e n3a., 106mnaeiHoe,
UCIIpaBAeHHOe, AOM0AHeHHOe, 1-485).

IlIpeancaosmne x xumre T./A.CaaTu «DAeMeHTH TeOpUM MacCOBOTO OOCAY>KMBaHUA U e€
npuaoxenus» (Mocksa. Knyoxneiil gom «AVMIBPOKOM». 2-e 3., 5-13).

Kypc reopii iimosiprocreit (Kues. V3a-s0 Knesckoro ynusepcurera. 1-463).
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2011 roga
1191. DaemenTapHOe BBegeHUe B Teopuio BeposiTHOcTel (coM. C A SL. XuaumusiM. Mocksa. V34-Bo

«Eauropnaa YPCC». 11-e u3a., 1-206).

2012 roa

1192.

1193.

1194.

1195.

1196.

Bocmommnanmst. Most >)k113Hbp B MaTeMaTHKe U MaremMaTuka B moei >kusuu. (Mocksa. 1134-80
«Bauropuaa YPCC». 1-620).

Beeaenue B Teopuio maccosoro obcayxkusanus (cosm. ¢ VI.H.Kosasenko. Mocksa. 1134-0
AKWN. 6-e uza., 1-397).

Matemarnyeckue MeToAbl B Teopumu HagexHoctu (cosM. ¢ IO.K.beasesnim wm
A.A.CoaospeBriM. Mocksa. Msza-so «Eautopmaa VYPCC». 2-e u3j., AONOJHEHHOE U
ucrpasAeHHoe, 1-582).

DaeMeHTapHOe BBeeHMe B TeOpUIO BeposTHOCTel (coBM. ¢ A L. XununubiM. Mocksa. I134-80
«Eautopnaa YPCC». 12-e usa., 1-206).

Ouepx no ncropum Teopun sepositHocreit (Mocksa. V3a-so «Eautopuaa YPCC». 3-e usa,, 1-
86).

2013 roa

1197.

Principios matematicos del control de la calidad de la produccion (jCiencia a todos! Serie de
divulgacidn cientifica: Matematica. Ne 33). M.: KRASAND, 152 p. Impreso en Espana.

2014 roa

1198.

1199.
1200.

1201.

Bocriommnanms. Mos Xu3Hb B MaTeMaTuUKe M MareMaTuka B Moelt >kmsHu. (Mocksa.
AEHAHA, 2-e usa., uctipasaeHHoe, 621 c.)

Kypc teopun sepostaocreit (Mocksa. AEHAHA, 11-e n3a., 446 c.)

DaeMeHTapHOe BBeAeHMe B TeOpUIO BeposTHOCTel (coBM. ¢ A L. XmunumubiM. Mocksa. M3a-8o
«Bauropuaa YPCC». 13-e usa., 1-206).

Ouepkxu mo mcropum matematuku B Poccum (kommenrapum C.C. Jdemmnaosa) (Mocksa.
Kurexuasiin gom «AVIBPOKOM». 5-e n3za., 1-292).

2015 roa

1202.

Una introduccién elemental a la teoria de probabilidades (cosm. ¢ A 1. Xununnsim) (jCiencia
a todos! Serie de divulgacién cientifica: Matematica. Ne 34). M.: KRASAND, 224 p. Impreso
en Espanfa.

2016 roa

1203.

DaemeHTapHOe BBeJeHUe B TEOPUIO BeposaTHOcTel (coBM. ¢ A.SL. XumanneiM. Mocksa. V3a-Bo
«Bauropuaa YPCC». 14-e usa., ucripasaensoe, 1-206).
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2017 roa

1204. Apa pannux mucbma A.H. Koamoroposa o maremarnueckom obOpasosanun (Mocksa. PAH.
MaCTUTYT  mMcTOpuUM  ecTecTBO3HaHMsI U TexHUKN.  «VIcTOpmKo-MaTeMaTmdecKue
uccAeAO0BaHNsA», BTOpas cepis, BBIILYCK (B IIedaTi)).

1205. Bsegenne B crrenmaabHOCTh MaTeMmaTuka (Mocksa. M3a-so «Eautopuaa YPCC». 2-e usga,,
ucripasaeHHoe, 1-236 (B reyaTn)).

Request for comments and possible additions
to the bibliography send to:

Russia,
119991 GSP — 1 Moscow
Vorobievy gory,
MSU,
Faculty of Mechanics and Mathematics,
Chair of Probability Theory
Gnedenko Dmitry Borisovich
tel./fax: (095) (495) 939.14.03 (chair).
tel. (095) (495) 939.05.44 (home).
(7) 916.205.47.86 (cell).
fax: (095) (495) 939.20.90 (faculty).
e-mail: dmitry@gnedenko.com

144


mailto:dmitry#gnedenko.com




