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THE 100TH ANNIVERSARY OF BORIS GNEDENKO BIRTHDAY

1. Ushakov

e-mail: igusha22@gmail.com

Academician of the Ukrainian Academy of Sciences Boris
Vladimirovich Gnedenko by a common International opinion
represents one of the most prominent mathematicians who are
working in the area of Probability Theory. He combines an
exceptionally delicate possession of classical mathematical
methods with a deep understanding of a wide range of problems
of the modern probability theory and with a permanent interest
to practical applications.

A.N. Kolmogorov

“On Gnedenko’s works on

the Probability Theory”

Probability Theory and Its Applications,
vol.VII, no.3, 1962.

Boris Vladimirovich Gnedenko was born on January 1% 1912 in Simbirsk, city located on the
bank of the Great Russian river Volga. When Boris was only fifteen years old, he tried to enter the
University of Saratov, a city on the Southern part of Volga river. However, he was turned down due
to his young age. Boris was firm in his decision: he
made a complaint and sent it to then Minister of |
Education Anatoly Lunachartsky. Soon he got a letter |
of permission that allowed him to enter university.

After graduation in 1930 Gnedenko taught at the
Textile Institute in Ivanovo, a city, east of Moscow. In
1933 he published his first papers on the Queuing
Theory concerning using machines in textile
manufacture.

In 1934 Gnedenko undertook research at the Institute of
Mathematics at Moscow State University. Gnedenko’s
supervisor was famous Russian mathematician
Alexander Khinchin'. When in 1935 he left to spend
two years at Saratov University, Andrei Kolmogorov*
took supervision over Gnedenko's studies.

! Alexander Yakovlevich Khinchin (1894 —1959) was a Soviet mathematician and one of the most significant people
in the Soviet school of probability theory.
* Andrei Nikolayevich Kolmogorov (1903 —1987) was a Russian mathematician, preeminent in the 20th century, who
advanced various scientific fields, among them probability theory, topology, intuitionist logic, turbulence, classical
mechanics and computational complexity.
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Andrei Kolmogorov — probably, the greatest mathematician of the XX century — influenced most of
all on Boris Gnedenko: he not only taught mathematics; he discussed with his pupil art, music,
poetry. Such relations with the pupil led to their intimate friendship that continued entire life.

During the summer of 1937 Gnedenko went on a hiking expedition to the Caucasus along with
some fellow researchers. There he met Andrei Kolmogorov and
joined him to continue his vacation.

In 1937 Gnedenko presented his Candidate of Science’
dissertation on the theory of infinitely divisible distributions.
After the award of C.Sc. degree he was appointed as an
assistant researcher at the Mathematics Institute of the
. Moscow State University.

In the beginning of November of 1937 Boris Gnedenko was
drafted to the army and was sent to city of Bryansk located in the
Western part of the Soviet Union. However, in few weeks he was
arrested and put in local jail.

It happened that one of his companion of that Caucasus trip
informed KGB (then NKVD) about “hostile Kolmogorov’s
attitude”. KGB needed some “official confirmations”, so they
seized Gnedenko, who was the best Kolmogorov’s friend, to get some “needed information” from
him. Gnedenko was imprisoned with more than hundred other prisoners in a jail cell intended for
six people. His interrogators demanded that he had to confirm that Andrei Kolmogorov was the
ringleader of a group of "enemies of the people" centered in the Mathematics Department of the
Moscow University. Daily interrogations during almost half a year period (sometimes several days
in a row he was held under bright light of spotlight) did not broke Boris Gnedenko. Though he was
promised to be released if he would “cooperate” with investigators and confirmed Kolmogorov’s
guilt, Boris Gnedenko refused to give such false evidence.

I had known about this in a very interesting way. In 1972 at the banquette following defense of
Dr.Sc. degree by Alexander Dmitrievich Solovyev®, Andrei Kolmogorov pronounced a toast for
Boris Gnedenko who was an actual Solovyev’s advisor. At the end Andrei Kolmogorov added:
“However, first of all, I would like to drink this glass of wine for Boris as a Man!” Such toast, being
rather unusual for Kolmogorov, made me curious. I came to the place where Kolmogorov sat, found
a free place and asked him what he meant by the conclusion of his toast. He answered: “You know,
Igor Alexeevich, Boris saved a life of one man...” I knew Andrei Kolmogorov in person; we met
occasionally frequently enough, so I understood that he would say nothing more.

Some days later I came to Boris Gnedenko home. We had a lot of various work together: I was
his deputy in journal “Reliability and Quality Control” (now Methods of Quality Management”), his
deputy in Moscow Reliability Consulting Center on Reliability and some other activities. So, I
visited Boris Gnedenko sometimes twice in a week. (Here, by the way, I frequently met Andrei
Kolmogorov who lived in the same building). At that particular day, Boris Gnedenko stayed too
long at his Department, and I had a chance to talk a bit with his wife.

She told me the story about her husband detention, and explained that “if Boris would be broken
by KGB, Andrej would be severe punished”. (Soviet regime used to “enemies of the people” only

? Candidate of Science (C.Sc.) is the first postgraduate scientific degree in Russia and the former Soviet Union. The
second (and highest) postgraduate is Doctor of Science (Dr.Sc.). Difference in these degrees reminds the difference
between Associate Professor and Full Professor. For information: in the former Soviet Union there were under hundred
thousand C.Sc.’s, and under ten thousand Dr.Sc.’s.

* Alexander Dmitrievch Solovyev (1927-2001) was a prominent Russian mathematician, one of the founders of the
Soviet School of Reliability.
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“the highest level of punishment”, i.e. death penalty.) She asked me not to tell about this anybody
and motivated it: “Neither Boris, nor Andrei like to remember tha t time...”

I kept this secret (even from Boris Gnedenko himself) until he told this story during his
interview to journal “Statistical Sciences” in 1991 (I was a translator for him).

Now let us return to the following events.

Without warning Boris Gnedenko was released after six months of imprisonment. After a real battle
with Soviet bureaucracy, Andrei Kolmogorov and Alexander Khinchin reinstated Gnedenko to his
post of Assistant Professor in 1938. He retained a "black mark" on his record indicating that he was
not to be trusted. Because of his “disloyalty”, he was not allowed to join the Soviet army in 1941
when the German forces attacked.

At the beginning of June 1941 he defended his Doctor of Science dissertation that consisted of
two parts: Theory of Summation of Independent Random Variables and Theory of Maximum
Term of a Variation Series.

In 1945, on the recommendation of Kolmogorov, Gnedenko was elected to the Ukrainian Academy
of Sciences. He became professor at Lvov University. In 1949 Gnedenko moved to the Kiev
University and later in 1955 he was appointed as Head of the Physics, Mathematics and Chemistry
Section of the Ukrainian Academy of Sciences and he became Director of the Kiev Institute of
Mathematics.

He also initiated works in area of computer programming and was the author of the first textbook
on the subject published in the USSR.

Here he raised a group of talented pupils: Bronius Grigelionis® Igor Kovalenko®, Vladimir
Korolyuk’, Tadeush Marianovich®, Vladimir Mikhalevich’, Manfred Shneps-Shneppe'® , Anatoly
Skorokhod'' Ekaterina Yustchenko'”> and others who represented Soviet School of Probability
Theory and Statistics.

In 1960 Boris Gnedenko returned to the Moscow University, becoming Head of the Department of
Probability Theory in 1966. He held this post for thirty years until his death.

Gnedenko wrote hundreds of papers and tens of books. His books were re-published in the Soviet
Union, translated into different languages. In 1949 he published a work, jointly with Kolmogorov,
Limit Distributions for Sums of Independent Random Variables which contains a description of
much of his early research.

One of Gnedenko's most famous books is Course in the Theory of Probability which first appeared
in 1950. Written in a clear and concise manner, the book was very successful in providing a first
introduction to probability and statistics. It has gone through eight Russian editions and has been

> Bronius Grigelionis (born 1935) is a Lithuanian mathematician, academician of the Lithuanian Academy of Sciences.
% Igor Nikolayevich Kovalenko (born 1935) is a Ukrainian mathematician working in reliability and queuing theories;
academician of the Ukrainian Academy of Sciences.

7 Vladimir Semenovich Korolyuk (born 1925) is a Ukrainian mathematician who made significant contributions to
probability theory and its applications, academician of the Ukrainian Academy of Sciences.

® Tadeush Pavlovich Marianovich (born 1938) is a Ukrainian mathematician, Deputy Director of Institute of
Cybernetics, correspondent member of the Ukrainian Academy of Sciences.

’ Mikhalevich Vladimir Sergeevich (1930 — 1994) was a Ukrainian mathematician, Deputy Director of Institute of
Cybernetics, academician of the Ukrainian Academy of Sciences.

'” Shneps-Shneppe Manfred Alexandrovich (born 1935) is a Latvian mathematician, now a Professor of the Moscow
University.

' Skorokhod Anatoly Vladimirovich (1930—2011) was Ukrainian mathematician, academician of the Ukrainian
Academy of Sciences.

"2 Ekaterina Logvinovna Yustchenko (1919-2001) was Ukrainian cybernetic, author of one of the first computer
languages of high level, correspondent member of the Ukrainian Academy of Sciences.
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translated into English, German, Polish and Arabic. In 1966, along with Igor Kovalenko, he
published “Introduction to Queuing Theory”.

In his later work Gnedenko had been interested in probability theory applications to areas such as
reliability and quality control. In 1965 he wrote an excellent text “Mathematical methods of
reliability” in 1965 with Yuri Belyaev"’ and Alexander Solovyev. This book became “The
Reliability Bible” in the Soviet Union and soon had been translated into many languages.

We should mention also about Gnedenko's interest in the history of mathematics. His “Outline of
the History of Mathematics in Russia” is a fascinating book which looks at the history of
mathematics in Russia. The work of many famous mathematicians is discussed in detail such as that
of Nikolai Lobachevsky14, Victor Bunyakovskyls, Mikhail Ostrogradskyl6, Pafnuty Chebyshev”,
Andrei Markov'®, Alexander Lyapunovlg, and Sofia Kovalevskayazo.

Boris Gnedenko was a brilliant lecturer. During our multiple mutual business trips, I was lucky to
attend a number of his lectures for audience of various levels: from practical engineers to
postgraduate students. He easily found a path to soul and brain of any audience.

His seminar at Moscow State University attracted tens of applied mathematicians and practical
engineers. Then Boris Gnedenko established the Reliability Consulting Center that served for
reliability and quality practical engineers. Gnedenko’s authority and personal charisma help to
involve tens of high level professional for consulting and lecturing on voluntary basis.
Consultations took place every day (and sometimes more than one a day); twice a month there was
a lecturing day of 2 lectures. People came to these lectures from all parts of the Soviet Union: from
Western boarders to Far East, from Kola Peninsula to Caucasus and Central Asia.

At the end of this note I would like to share with my own experience of relations with Boris
Gnedenko. As I already wrote, I met him very often in informal situations. We met at several
editorial boards or at scientific councils where both are members, however mostly I visited Boris
Gnedenko at his home. Every time I was invited in the host’s home office. Usually a soft classical
music was heard... Any discussion began with showing me something new: new collection of
poetry, new album with beautiful reproductions, new musical records... Our tastes in fine art
coincide: we both loved French impressionists very much. I loved them very much, however Boris
Vladimirovich in addition knew them very well! He taught me that knowledge of a history is a
necessary condition for real understanding in any area of interests.

" Yuri Konstantinovich Belyaev (born 1932) is a Russian mathematician, one of founders of the Soviet School of
Reliability Theory.

'* Nikolai Ivanovich Lobachevsky (1792 —1856) was a Russian mathematician and geometer, renowned primarily for
his pioneering works on hyperbolic geometry.

" Viktor Yakovlevich Bunyakovsky (1804—1889) was a Russian mathematician, member and later Vice president of
the Petersburg Academy of Sciences.

' Mikhail Vasilyevich Ostrogradsky (1801 —1862) was a Russian and Ukrainian mathematician, mechanician and
physicist. Ostrogradsky is considered to be a disciple of Leonhard Euler and one of the leading mathematicians of
Imperial Russia.

"7 Pafnuty Lvovich Chebyshev (1821 —1894) was a Russian mathematician.

'S Andrei Andreievich Markov (1856 — 1922) was a prominent Russian mathematician. He is best known for his work
on theory of stochastic processes. A primary subject of his research later became known as Markov chains.

' Alexander Mikhailovich Lyapunov (1857 —1918) was a Russian mathematician, mechanician and physicist.

2% Sofia Vasilyevna Kovalevskaya (1850 —1891), was the first major Russian female mathematician,
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After my move to the United States, Boris Gnedenko twice visited me there. First time he visited
me when [ had an open heart surgery. He came with his son Dmitry just the day before my
hospitalization. In few days we began long but slow walking tours in Arlington and Washington.
We talked about everything except mathematics. (At that
time we already completed our two books on probabilistic
and statistical reliability engineering for John Wiley &

STATISTICAL § sons.)

RELIABILITY

) When we discussed poetry, Boris Gnedenko told me that
EN.GMNG his beloved poet was Alexander Pushkin®', and I

”&m responded that mine is Vladimir Mayakovsky*; and

"ﬁ,‘,’:‘.“}f?_ @ Pushkin does not touch my heart. Boris Gnedenko
- ' responded me in a Very much his style: “Love to Pushkin
. comes with age...” (Pushkin indeed became closer to me
though st111 is not my beloved . And I will be 80 very soon@) Another time when I told that
doesn’t know Mendelssohn’s” music except his “Violin Concerto” and, of course, “Wedding
March”, he softly advised me: “You should listen him more...” And indeed, Mendelssohn became

one of my most beloved composers!

Such was Boris Gnedenko: always soft and polite, however firm and
principal in his opinion. He was very considerate to people around
him, he was very tolerant to other opinions even if they contradicts
his own. He was a very educated man in many areas in sciences,
music and art, however he never showed his superiority.

Boris Gnedenko possessed an unusual sense of humor. He could find
unexpected words in various situations. Once we walked through the
famous Arlington Military Cemetery, and I remember how he
pronounced with a soft and smile: “We are here at the meeting with
our future...”

I understand that I have an exceptional luckiness that I met and had
such a close relations with this Great Man.

San Diego, December 201 1.

*! Alexander Sergeievich Pushkin (1799 — 1837) was a Russian poet and writer who is considered by many to be the
greatest Russian poet and the founder of modern Russian literature.

** Vladimir Vladimirovich Mayakovsky (1893 —1930) was a Russian and Soviet poet and, among the foremost
representatives of early XX century Russian Futurism.

* Felix Mendelssohn (1809 — 1847) was a German composer, pianist and conductor.

10
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BOPUC BJAANMUPOBUY 'HEJAEHKO
(01.01.1912—27.12.1995)

Dmitry B. Gnedenko
[ ]
e-mail: dmitry@gnedenko.com

bopuc BnamumupoBuu I'negenko ponuncsi 1 siHBaps (mo HoBomy crtmimio) 1912 roma B
Cumbupcke (HpIHE YIIBSHOBCK).

Ero nen Bacwmmii KcenodontoBuu ['Henenko u 6a0ymka AHactacks M3oToBHa (00a mo
OTLIOBCKOW JHMHUU) — KpecTbsiHe llonTaBckoit ryOepHuu, mnepeOpaBIIMECS B CEMHUAECATHIX
rogax XIX Beka B KazaHnckyro ryOepHuIo, I1e OHM MOJIyYHIIN 3eMITIO B AepeBHe ba3apusie Martaku.
Oten — Brnagumup BacunbeBuu ['HeieHKO — 3aKOHYMI 3€MIIECTPOMUTENBHOE YUMITUINE U paboTal
3emsieMepoM. Mama — Mapus CrenanoBHa — pogwiack B KocTpome, 3akoHYMIIa NTPOTMMHA3UIO
(ceMusieTHEE YUWIMILE), B KOTOPOM TMOJYyYMJIa MY3bIKaJIbHYIO CHELUAIM3aLUI0 (Urpa Ha
(bopTenbsHO), JaBaBIIYIO IPABO MPENOAABATH MY3bIKY.

B 1915 rony cembs mepeexanma B Kazaub, rie OIHOBPEeMEHHO ¢ paboOTO#l 3eMiemepa
Bnanumup BacunbeBud ¢ ocenu 1916 rona cran cTyaeHTOM (PU3MKO-MaTeMaTHYeCcKoro (akyabTeTa
yHuBepcuteta. BecHoit 1918 rona no noxxHoMmy foHOCY 0JHOrO M3 KoJuier Bnagumup BacuinbeBuu
ObUI apecToBaH M MOJroja mpoBen B KoHIylarepe noja Kazawpio. Ero 3p0poBbe OBLIO CHIBHO
MOJIOPBaHO, M IO BO3BpAIlEHUH JOMOW oceHblo 1918 roma oH ObUT BBIHYXKIEH OCTAaBHTH
CTYIAEHUYECKYIO CKaMbIO.

Oroii xe ocenbto 1918 roga bopuc Bnagumuposuu (b.B.) noctynui B mkony. Kak on cam
MUIIET B CBOMX BOCMOMHUHaHMAX: «Bce Obl Xxopomo, ecnmu Obl He Obuto apupmeruku. S
JIEUCTBUTENFHO HE JIOOWI apu(METUKY, XOTS CKIAIbIBa], BBIYMTAN, YMHOXAJT U JEIUJI COBCEM
HEII0XO. Sl yBIIEKaCs 033UEH».

B cBs3u c cocTosiHMEM 310pOBbs OTHA ceMbs B 1922 romy mepeesxaer B ['amuuy, rae
Bnanmumup BacunbeBuu paboTaer crapmum 3emiieyctpouterneM. K npuesny cembu B ['anng Habop
B IIKOJIBI OB 3aKOHYEH, U 3TOT roJl ¢ bopucom u ero 6patom ['mebom 3anumaercs mama. «Mama
y3Hajla MporpaMMy M Hayaja 3aHUMaThbcsd C HaMH, YTOObI Mbl He oTcTaimu. Jloctamu y4eOHHK
rpammatuky, apupmeruky Kucenesa, yueOHuk reorpaduu MBanoBa. I ¢ 0cOObIM yIOBOJILCTBHEM
yuTan yueOHUK reorpaduu U y4usl IpaBuiia TpaMMAaTHKU PYCCKOTO SI3bIKaY.

B ampene 1925 rona cembs nepeesxkaer B CapaToB. 9T0 OBIJIO CBA3aHO C TEM, YTO POJIUTEIH
Hadainu OECIOKOMTHCS O JalbHEHIIeM OOpa3oBaHMM CBOMX JI€TeW, KOTOpble dYepe3 JBa Toja
JOJKHBI OBUTA 3aKOHYUThH LIKOJTY.

B CaparoBe Oparbst Obutn 3aumcieHbl B Ikody Ne 3, OblBiIee peanbHOE YUMIIHILE.
BbIsICHUIIOCH, UTO OHU CEphe3HO OTCTANU MO XMMUHU U MaTeMatuke. Ha oceHb MM ObLTM Ha3HAYEHBI
MIEPEIK3aMEHOBKH I10 3TUM IIpeIMeTaM. ITO 0Ka3aJI0Ch OYEHb MOJIE3HBIM. « MBI CyMenu IpoayMaTh
BECh MaTepuaj M0 MAaTeMATUKE U IO XMMMHM, IPOPELIATh 10 MHOTY JECATKOB 3a/ad, U OCEHBIO,
Omaromapst TOMy, Mepe3K3aMEeHOBKa Mpoluia OjaromnonydHo. boiee Toro, Xumusi 1 MaTeMaTuKa
CTaJM BOCIIPMHHUMATHCSI COBEPIIEHHO CBOOOHO, 3a/1a4i HE BBI3BIBAIM HUKAKUX TPYIHOCTEH, U 5
Hayajl pelaTh 3a7aud cpa3y B yMe, KakK TOJIbKO y3HaBail ycioBue. [lo MareMaTuke U XUMHH 4
BBIIBUHYJICS B YMCJIO TEPBBIX YUYCHHKOB Kiacca. OTHOKIACCHUKM CTall 00pamaThcss KO MHE 3a
OMOIIbI0. MaTemMaTHKa cTajla MHE HPaBUThCS... MHE HPaBWIIOCh YUUTHCS, JOMIOJHUTEIbHO YUTATh
KHUTH, pellaTh HECTaHIapTHBIE 3aJaul... 51 JocTaim COOPHUK KOHKYPCHBIX 3a1ad, MpeiaraBInxcs
Ha BCTYNHUTEIBHBIX 3K3aMeHax B IleTporpajickuii MHCTUTYT WH)KEHEpOB IyTell cooOmenus. Hu
OJlHA 3aJaya U3 ATOro cOOpHMKA HE BbI3BAJNa y MEHs 3aTpyJHEHHUH... Sl oTAaBan cebe OTUET B TOM,
YTO X0Uy YUYUTHCS Jaliblile U Oyay 10OMBaTHCS 3TOro Mpasa. S TIIATeNbHO N3YYHII IPaBUiIa IpHEMa
B BY3bl CTpaHbl U MOBCIOJly HAaTAJIKUBAJICS Ha OJHO TpeOOBaHHE, KOTOPOMY I HE YIIOBJIETBOPSII, —
MOCTYHAIOMIEMY JOJKHO HUCIIOJHUTHCS 17 jer, MHe ke OblIo Tosbko 15... BpaTt xoTen crath win
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MH)KEHEpOM, WIN (PU3MKOM, a s MedTan o KopabiectpoeHuu. S naxxe mocnan B JleHMHTrpaackuii
KOPaOJIECTPOUTEbHBII HMHCTUTYT IHCBMO C TPOCHOON JOMYCTUTH MEHS K BCTYINUTEIbHBIM
9K3aMEHaM B MOM ISTHAALATH JIET».

N3 ropona Ha Hee Ha 310 mucemo b.B. mosyumn orkas. Torga oH moceuiaeT mucbMo
HapoJHOMY KoMuccapy npocsenieHust A.B.JIynauapckoMy ¢ mpocs00ii pa3penuTb emy mocTynaTh
B CaparoBckuil yausepcuteT. K Hagamy BCTYNUTENBHBIX 9K3aMEHOB pa3pelieHne ObUIO MOJTyYeHO.

C ocenn 1927 rona b.B. — crynent ¢usuko-marematnueckoro ¢axynprera CapaTOBCKOTO
yauBepcutreta. «B mae 1930 rona Ham 0OBSBWIM, 4TO MBI OyJeM 3aHHMAThCs BCE JIETO, C TeM
4TOOBI B CEHTIOpE pa3bexarbCsi MO MecTaM paboThl. BbUIO pemieHo opraHu30BaTh YCKOPEHHBIN
BBIMTYCK... DK3aMeHbl ObUIM CIaHbl, U B CEpeJMHE aBrycTa HaM ObUIM BBIAAHBI JOKYMEHTHI 00
okoHuaHuu CapaTOBCKOro yHHMBEpcuTeTa. Sl HE MCHBITBIBAI OT 3TOr0 HU pajoCTH, HU
YIOBIIETBOPEHHS. 5] MOHMMAI, YTO MOJIyYEHO yIepOHOe 00pa30BaHUE U HYXHO MPUIIOKUTH MHOTO
COOCTBEHHBIX YCHIIUI, YTOOBI HCTIPABUTh MOJIOKEHUE JICI».

OnuH U3 yHuUBepcuTeTcKUX npenoaasareneit b.B. — mpodeccop I'eopruii IlerpoBuu boes —
B OTO BpeMs ObUI IpUIJAIlleH 3aBeloBaTh Kadeapoil MaTeMaTuku B opraHu3yemblii B MBaHOBO-
BosneceHcke TeKCTWIBHBIM WMHCTUTYT M, B CBOK ouepenb, npuriacuin b.B. Ha n0JDKHOCTB
acCHUCTEHTa 3TOH Kadeapsl.

B HBanoBo-Bo3Hecencke b.B. mpenogaBan v 3aHUMalCA BOIPOCAMU IIPUMEHEHUs
MaTeMaTUYECKUX METO/IOB B TEKCTHIBHOM JieJie. 3/1eCh UM ObUIM HAIMCAHBI €r0 MepBbIe pabOTHI MO
TEOPUH MAacCOBOTO OOcmyxuBaHHs, 37ech b.B. yBnekcs Teopuell BeposSTHOCTEH. DTOT HEpHOJ
JEATEIbHOCTH ChITPaj OTPOMHYIO POJIb B €ro (JOPMHUPOBAHUH KaK YUEHOTO U TeIarora.

[ToHnMass HEOOXOIUMOCTh YTIyOJIeHUs] CBOMX MaTemarudeckux 3HaHuid, 5.B. B 1934 roxy
MOCTYMAeT B AacHHUpPaHTYpy MeXaHHKO-MaTeMmaruueckoro daxynprera MIY. Ero HayuyHbIMH
pykoBoutensamu craHoBsTcs A.Sl. XuHunH u A.H.Konmoropos.

B acnupantype b.B. yBiekcs mnpenenbHbIMH TEOpEMaMM JUIsl CYMM HE3aBUCHUMBIX
cilydaiiHbIX BeIW4MH. 16 urons 1937 roga oH 3amMTUI KaHAMJATCKYIO AUCCEpTaLUIo Ha TeMy «O
HEKOTOPBIX PE3yNbTaTax 1o TeOPUU OE3rpaHUYHO JETUMBIX paclpeesieHui», 1 ¢ 1 ceHTs0ps 3Toro
K€ ToJla OH — MJIAAIINUN HaydHbIN cOTpyAHUK MHcTUTyTa MaTemaTtuku MI'Y.

B pabGorax A.Sl.Xunumna u ['.M.baBmu ObUIO YCTaHOBJIEHO, YTO KJacC BO3MOKHBIX
IIpEEIbHBIX PACHPEISICHUN JJI1 CyMM HE3aBUCHUMBIX CIIy4alHBIX BEJIMYMH COBIIAJAET C KJIACCOM
Oe3rpaHu4yHO JEeNUMBIX pachpeneneHuii. OcTaBaloch BBIICHUTh YCJIOBHS — CYILECTBOBAHUS
MIPEACIBHBIX PACHPENCICHUN U YCIOBUS CXOAMMOCTH K KaXXJOMy BO3MOKHOMY IIPENEIBHOMY
pacnpeneneHuio. 3aciayra NOCTaHOBKM M pEelIeHUs 3TUX 3aj1ay npuHaiexxkutr b.B.I'nenenko. s
pemieHust BO3HUKIINX mpobiem b.B. mpemioxun opuruHaibHBIM METOJ, MOJIYYMBIIWN Ha3BaHHE
METOJIa COMPOBOXKIAIOIINX OE3rPAaHUYHO JICIMMBIX 3aKOHOB (M€ METoJa MOSBUIIACh B OKTSOpe
1937 roma u omybnukoBana B "Jlokmamax AH CCCP" B 1938 roay). OH THO3BOJWI €IUHBIM
MIPUEMOM TOJYYUTh BCE paHee HaliIeHHbIE B 3TOM 00JIaCTH pe3yabTaThl, & TAKXKE U PsIJl HOBBIX.

B HOUb ¢ 5-r0 Ha 6-0¢ mekabps 1937 roma bopuc BnagumupoBuu Obu1 apectoBaH. Emy
NpEeIbIBUIN HaJyMaHHOE OOBHMHEHHE B KOHTPPEBOJIOIMOHHOW JAEATENILHOCTH M YYacTHH B
KOHTPPEBOJIIOIMOHHOM Tpyrmme, Bosriasisiemoit npodeccopom A.H.Kommoropossim. Ero Boannm
Ha JOINpPOCHI, BO BPEMsS OJHOIO M3 KOTOPBIX €My HE JABaJIM CIIaTb B TEYEHUE BOCBMH CYTOK.
TpeboBanu mnoxamucars Oymaru, HNOATBEpXkAarolre oOBuHeHUs. bopuc BnaaumupoBuu He
MOJNUCANl HUYEro, YTO MOTJI0 Obl OBITH MOCTaBlieHO B BuHYy emy, A.H.KoamoropoBy mim xomy-
mu6o apyromy. B konie mas 1938 roma ero ocBo6o1uiH.

C ocenn 1938 roma b.B. — nmoument kadenpbl TEOpHUH BEPOATHOCTEH MEXaHMKO-
MaTemarudeckoro gaxynbrera MI'Y, yuyenslit cekperaps Muctutyra marematuku MI'Y. K stomy
nepuoay otHocaTcs padorsl b.B.I'HepeHko, B KOTOpBIX JaHO pELICHHWE IBYX BAKHBIX 3aj1ad.
IlepBas U3 HUX Kacajlach MOCTPOECHUS ACUMITOTHYECKHX paCIpelelIeHU MaKCHMaJbHOTO 4JIEHA
BApPUALMOHHOTO PsAJia, BBIACHEHUS IIPUPOJIbI NMPEAEIbHBIX PACHPECICHUN U YCIOBHI CXOIUMOCTH
K HUM. BTopas 3agaua kacanach NOCTPOEHMS TEOPUH MOIPABOK K IMOKa3aHUAM CUETYMKOB [ elirepa-
Mrosepa, IPUMEHSAEMBIX BO MHOTHX 00J1acTAX (PU3UKU M TEXHUKH.
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B nauane urons 1941 roga b.B. 3amuTun JOKTOPCKYIO TUCCEPTALIMIO, COCTOSIIYIO U3 JIBYX
qyacTel: TEOpUU CYMMHUPOBAHMS U TEOPUU MAaKCUMAJIBHOTO WIEHA BapUALIMOHHOIO Psijia.

B roael Benukoit OteuectBeHHON BOMHBI b.B. nmpuHuMan akTuBHOE ydacTue B pELICHUH
MHOTOYHCIICHHBIX 3a71a4, CBSI3aHHBIX C 000POHOM CTpaHBI.

B ¢espane 1945 romga bopuc BnagumupoBuy mzbupaercs wieHoM-KoppecnoHaeHToM AH
YCCP u nampasnsercs llpesummymom AH YCCP Bo JIbBOB Ui BOCCTaHOBIIEHHSI PabOTHI
JIbBOBCKOTO YHUBEPCUTETA.

Bo JIeBoBe B.B. umtaer pa3HoOOpa3zHble KypCchl JIEKIMHA: MaTeMaTHUYEeCKUN aHaju3,
BApHALIMOHHOE HWCYUCIICHUE, TEOPHUI0 AHATUTHUYECKHX (YHKUUH, TEOpHIO BEpOSTHOCTEH,
MaTeMaTUYECKYI0 CTaTUCTHKY U Jp., B OKOHYATEIbHON (OPMYIMPOBKE JOKA3BIBACT JIOKAIBHYIO
IIPENEIbHYI0 TEOPEMY JJIsl HE3aBUCHMBIX, OJMHAKOBO DPACIPEAEICHHBIX PEIIETUATBIX CIaraeMbIX
(1948 r.), HauMHAET HUcCIeN0BaHUs N0 HEMapaMeTPUUECKUM MeToAaM cTaTUCTHKHU. Bo JIbBoBe M
ObUTH BOCHHTAHBI TanaHTiauBbie yueHukn — E.JI.PBaueBa (FOmenko), FO.I1.Ctynues, U.JI.KBur u
ap.

Kypc nexuuii mo teopumn BeposTHOCTEN nociyxui bopucy BraaumupoBuuy oCHOBOM Ass
Hanucanusi ydeOHuka «Kypc teopum BepositHocTed» (1949 r.). Drta KHUTa MHOTOKPAaTHO
U3aBajlaCh B PAa3HBIX CTPaHAX M SIBIAETCS OJHUM U3 OCHOBHBIX YYEOHHKOB IO TEOPHH
BEPOSITHOCTEN M B HalmM JHU. B 3TH ke roasl um coBMmectHO ¢ A.H.KonmoroposbiM HammcaHa
MoHorpadus «lIpenenbHble pacrpenesneHus Ui CyMM HE3aBUCHUMBIX CIIydailHbIX Benuuue» (1949
r.), 3a KoTopyto aBTopbl Obunu ymoctoensl mpemuun AH CCCP um. ILJL.YeGbrmesa (1951 r.).
CoBmMectHO ¢ A.S.XuHumHbIM B.B. numer «3neMeHTapHOE BBEIEHUE B TEOPUIO BEPOSITHOCTEI»
(1946 r.), koTOpPOE, B CBOIO OYependb, Bhiaepkano MHOkecTBo m3fganuii B CCCP u 3a pybGexom.
Kpome storo Bopucom BrnagumupoBuyem Obuta HamucaHa 3aMedarenbHas KHUTa «OdYepku 10
ucropun marematuku B Poccun» (1946 r.).

B 1948 rony b.B. uzbupaercs akanemukom AH YCCP, u B 1950 roay Ilpesunnym AH
YCCP nepeBoaut ero B Kue. 37ech OH BO3IJaBISIET TOJBKO 4TO co3fJaHHbIM B MHctutyre
matematuku AH YCCP otaen Teopuu BEpPOSATHOCTEM M OJHOBPEMEHHO HAUMHAET 3aBEIOBATh
Kagenpoii Teopun BeposaTHOCTEH U anredpsl B Kuesckom yHuBepcurere. O4eHb CKOPO OKOJIO HETO
oOpa3oBaiack rpymnmna MOJIOAEKH, 3aMHTEPECOBABIICHCS TeOpUEH BEPOSTHOCTEH U MaTeMaTUYeCKON
cratuctukoid. IlepBeiMu kueBckumu ydenukamu b.B. 6pum B.C.Kopomok, B.C.MuxaneBnu u
A.B.Ckopoxog.

B 310 Bpems b.B. yBiekcs caMm M yBIEK MHOTHX CBOMX YYEHHMKOB M KOJUIEI 3aJadyaMHu,
CBSI3aHHBIMH C TPOBEPKOW oaHOpoaHOCTH 1BYX BbIOOpoK. B.C.Kopoistok, B.C.Muxanesuy,
E.JI.PBaueBa (FOmenko), FO.I1.CtyaHeB u ap. HOTYYMIM CEPbE3HbIE PE3YIbTaThl B 3TOM 00JIACTH.

B xonme 1953 roma b.B.I'memenko Obin HampaBien B [JIP nns yreHus nekuwii B
yHuBepcurete uM. I'ymbomasara (bepnun). On nposen tam Bech 1954 roa. 3a sto Bpems b.B. cymen
3aMHTEPECOBaTh OOJBINYI0 TPYNIy MOJOAbIX HeMenkux maremaTtnkoB (M.Kepcran, K.Marrec,
J.Kénur, I'.-U.Poccbepr, B.Puxrep u np.) 3agadamMu TEOpUH BEPOSITHOCTEH M MaTeMaTHUECKOU
craructuku. [IpaButenscTBo I'/IP Harpaauno bopuca Bramumuposuua cepeOpsiHBIM OpJeHOM «3a
3aciyru nepes OTedecTBOM», a yHUBepcuTeT uM. ['ymOonbaTa n30pas ero. HOYeTHBIM JOKTOPOM.

Bepnysumince B koHue 1954 roma B Kues, b.B. nmo nopyuenunto Ilpesnguyma AH YCCP
BO3IJIaBMWJI pabOTy IO OpraHu3alid BBIYUCIUTENHHOTO LEHTpa. bBbUT CcO31aH KOJUIGKTHB, B
KOTOPBIMBOLIUIM  COTPYAHMKH Jlaboparopun akagemuka C.A.JleGeneBa, aBTOpa TmEpBOM B
KOHTUHEHTabHON EBpone OBM, nomyunBuieln HazBanne MOCM (maniass 31€KTpOHHAsl CUETHAs
MmamuHa). Jlaboparopusi K 3TOMY BpPEMEHHM BO3IVIABISIACh €€ CTapeHIIMMH COTPYAHUKAMHU —
E.A.IllkaGapoii u JI.H.Jamesckum, T.k. cam C.A.JIebeneB yxe nepeexasn B MOCKBY, re eMy Oblia
nopydyeHa oprasusanuss MHCTUTyTa TOYHOM MEXaHMKH W BBIYUCIMTEIBHONM TEXHUKUA. B 31OT
KOJUIEKTMB BOLIJIM M MAaTEMaTUKH, CpEeIud KOTOpPBIX B IMEPBYIO OYEpEIb HAAO0 Ha3BaTh
B.C.Kopomoka, E.JLIOmenko u W.B.Ilorpedsicckoro. Hauanace pabora 1mo NnpoeKTUPOBAHMIO
YHUBEpCAIbHOW MamuHbel «KueB» W cIeNuanu3upOBAaHHON MAIIMHBI Ul PEUIEHHUS CHCTEM
JMHEWHBIX aNreOpandecKux ypaBHEHHH.
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OpnnoBpemenHo b.B. Hayan uutate B yHHBEpCUTETE Kypc NporpammupoBanus aiasi OBM u
BO3IJIABMJI pabOTy [0 HANMCAHUIO YUeOHMKA IO MPOrpaMMHUpoBaHuio. ITOT Kypc (nepsas B CCCP
KHUTA N0 TPOTrPaMMHUPOBAHHIO B OTKPBITON mevyaTtu) OblT u3an B Mockse B 1961 roay (aBTopsl —
b.B.I'nenenxo, B.C.Kopomok, E.JI.FOmenko). B ato xe Bpemsa (1955 r.) Ilpesuauym AH YCCP
Bo3oxkun Ha b.B.I'Hegenko o6Gs3anHOCTH mupektopa Mucturyra marematuku AH YCCP u
npenceaarens 6ropo ¢puznko-maremaruueckoro oraenenus AH YCCP.

B stoT nepuon bopuc BnagumupoBuu HaumHaeT pa3pabaThiBaTh JBa HOBBIX HAINPaBIICHUS
MPUKIIAJHBIX HAYYHBIX MCCIEOBAHUN — TEOPHIO MaccoBoro oociyxusanus (TMO) u npumeneHue
MaTEMaTUYECKUX METOJIOB B METULIMHE.

K nepsomy on npusinex N.H.Kosanenko, T.Il.Mapesnosuua, H.B.Sposunkoro, C.M.bponun
u ap. b.B. npumenun merompr TMO k pacueTy dJIEKTPUYECKHX CETEH IMPOMBIIUIEHHBIX
npennpusatuii. B 1959 romy Obuim m3nanel «JIeknuu 1O TEOPUM MAacCOBOTO OOCITYKMBAHHS
(Beimyck 1), npountanusie b.B. B KBUPTY** B 1956-57 romax. 3aTeM MoCIefoBay BBITYCKHU 1-2
(1960 r.), Boinycku 1-3 (1963 r., coBmectHo ¢ W.H.KoBanenko). 9T KHUTU MOCTYKUJIA OCHOBOM
s MoHorpaduu «BBeneHue B Teopuio MaccoBoro oOcimyxuBaHus» (1966 r.), HamucaHHYIO
b.B.I'nenenxo u .H.KoBanenko.

Bropoe HampaBieHue CcBs3aHO € pPa3pabOTKOW BIEKTPOHHOTO JHArHOCTa CEpIEYHBIX
3aboneBanmii. Hax sToil mpobnemoit pabotamu b.B.I'menenxo, H.M.Amocos, E.A.lllkabGapa u
M.A . KynukoB. B mayane 1960 rona 6bl1a 3aBepieHa cOOpKa MepBoro B MUpe IMarHocTa.

ITepeexaB B utone 1960 roma MockBy, bopuc BramumupoBuu Bo300HOBISET paboTy Ha
MeXaHUKo-MaTeMaTudeckoM ¢axynprere MI'Y. PaboTa BHOBb MOJHOCTBIO 3aXBaTHJIA €r0: YTCHHUE
pa3zHO0Opa3HBIX JEKIIMOHHBIX KYpPCOB, HOBbIE YUEHUKHU, HOBbIE 0053aHHOCTH.

B 1961 rony b.B. Bmecte ¢ SI.M.Copunbim, FO.K.bensiebim, A.J[.ConoBbeBbiM, S1.B.11lopom
OpraHu3yeT CeMHMHap IO HAACKHOCTH MpH [loMUTEeXHHMYECKOM My3ee, KOTOpBIH S(PPEKTUBHO
paboTan B TedeHHE MHOTHUX JIeT. Bckope mosiBiseTcss HeoOXOAUMOCTh OPraHU3alUU OTIEIBHOTO
CEMHHapa CHENUAJIbHO II0 MAaTEeMaTHYEeCKMM METOJaM TEOPUM HAASKHOCTH. OTOT CEMHUHAp
HaunHaeT paboTaTh Ha MEXaHUKO-MareMaTuyeckoM ¢akyabrere MIY moa pykoBOACTBOM
b.B.I'nenenxo, A.Jl.ConosneBa, F0.K.bensera u .H.KoBanenko, KoTopslii B 3T0 Bpemst paboTai B
Mockse. CeMHHap MO MaTeMaTHYECKUM METOJaM B TEOPUHM HAJEKHOCTH PETYISIPHO padboTai 1o
KOHLIa BOCBMUAECATHIX I0J10B. OH MOMOr B HAyYHOM OTHOIIEHHWH BCTAaTh HA HOTM MHOTHMM CBOMM
YYaCTHHKaM, TEHeph IIUPOKO HM3BECTHHIM CIIELMAIUCTaM B 00JAacTH HAIEKHOCTH, TaKHUM Kak
E.}O.bap3unosuy, B.A.Kamrtanos, 1.A.YiakoB u ap. OTOT ceMuHap MOBIUSI, B CBOIO O4YEpENb, U
Ha cBoux pykoBoautened u noxaronkuyn b.B.I'menenko, FO.K.bensesa u A.Jl.ConoBneBa Kk
HAIMCAaHUIO IIMPOKO M3BECTHOW y HAc U 3a pyOexxoM MoHorpapuu «MaremaTHuecKre METOIbl B
Teopun HangexkHoctw» (1965 r.). 3a nukn pabor B obmactu HazexHocTH b.B. Bmecte ¢
Oy KANIIIMU CIIOIBMXKHUKAMU ObLT ynocToeH B 1979 rony ['ocynapcrBennoit npemun CCCP.

B cBa3u ¢ 3agadamu HanexxHOCTH b.B. BHOBB BEpHYJCS K HCCIIENOBAHUIO IIPEACIBHBIX
TEOPEM JI1 CyMM HE3aBHUCUMBIX CIy4dailHBIX BEJIMYMH, HO YyXe€ B cilydyaiiHoM uucie. K atomy
HanpasjeHuto uccienoBannii b.B. mpuBiekaeT MHOMX CBOMX Y4E€HHKOB. 3a 3TH pabotel B 1982
rojay eMy npucyxjaaercs npemus uMm. M.B.JlomoHocoBa niepBoii crenenu, a B 1986 rogy — npemust
Munsysa CCCP.

b.B. He mepecTtaBan MHTEpECOBATHCS BOIIPOCAMU MCTOPUM MATEMaTHKH, MOAKIIOUMB CBOMX
YYCHHMKOB U K TOMY HalpaBJICHUIO paboT. B pa3nu4HbIX OTEUECTBEHHBIX U 3apYOeKHBIX )KypHaIax
[1€4aTaJuCh €ro CTaThU 10 3TOMY HAIIPABJICHUIO UCCIEAOBaHMM, a ero "Odepk 1o UCTOPUH TEOPUH
BEpOATHOCTEH" naeT HanboIee MOTHOE MPEJICTaBIICHHE O €r0 B3IIIAIaX Ha UCTOPHIO 3TOW HAYKH.

ComectHo ¢ A.M.MapkymesuueM b.B. pykoBogmn paboToil cemuHapa 1o Bompocam
IpenojaBaHus B cpeaHel mkoje. OH TECHO COTPYIHUYAT C PEAAKLUAMH KypHaAJIOB «BecTHHK
BbICIIEH MKOJB» M «MaremMaTka B IIKOJIEe». B 3TUX M MHOIHX 3apyOeXHBIX XKypHajaX, B
cOopHuKax HaydHO-MeTonuueckoro coera MunByza CCCP um Obuio omyOnMkoBaHO O0JbIIOE

2 Kuepckoe BrIcIICE HWHXXCHCPHOC PAJUOTCXHUYCCKOC YIUIIUIIIC.
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YHUCJIO CTATEeW IO Pa3IMYHBIM acliekTaM npenoaasanus. [Io atum xxe Bonpocam b.B. Hanucan B atn
roJibl U HECKOJIBKO KHHT.

B smBape 1966 roma A.H.Kommoropos mepenan b.B.I'HegeHko pykoBoAcTBO Kadeapoit
TEOpPUH BEPOSITHOCTEH MeXaHHKO-MaTeMaTuueckoro ¢akymnbsrera MI'Y, kotopoit b.B. 3aBenoBan 1o
MIOCJICAHUX JHEN CBOEH KU3HU.

Eme pabGotas Bo JIbBoBe, b.B. MHOro Bpemenu u cui otgaBay paboTe B 0OIIeCTBe
«3nanuey. C 1949 roga oH mocnenoBateabHO U30Mpaics MpeaceaaTeneM 00JacTHOTO MpaBICHUs
o011ecTBa, BO3TJIABIISIT PECIYOIMKAHCKYIO (PU3UKO-MAaTEMATUYECKYIO CEKIMI0 OOIIecTBa, SBISIICS
yneHoM [Ipesuanyma mpaBienus BceecorozHoro obmiectBa «3HaHHe», MpejaceaareneM oOiecTBa
«3HaHue» MOCKOBCKOTO YHUBEPCUTETA.

b.B. Obl1 4ieHOM penKoJUIeTuil psiia OTEUECTBEHHBIX U 3apyOEKHBIX >KYPHAJIOB, SBIISIICS
yiienoM Koponesckoro Cratuctuueckoro O6mectBa (BenukoOpurtanus), Obl1 M30paH MOYETHBIM
IoKTOpoM bepiimHCcKoro yHuBEepcUTEeTa, MOYETHBIM JOKTOPOM A(UHCKOTO YHUBEPCUTETA.

B nocnenHue roasl )KU3HYU, 3Has CypOBBIN NIPUrOBOP Bpaudel, b.B. nmpoxomkaer pykoBOIUTh
Kaenpoil, BBIIBUTAaCT M OCYLIECTBISET HACI0 CO3JaHMS HAa MEXaHHKO-MaTeMaTHYeCKOM
(baxynbTeTe SKOHOMUYECKOH CHelMaNn3aliy U MOATOTOBKH B €€ paMKax CIEelHaInCTOB B 00JacTu
aKTyapHOU M (MHAHCOBOW MaTeMaTWKU. KpoMe 3TOro oH HaMe4aeT CHHCOK KHUT, KOTOpPbIE Hal0
yCcleTh HamucaTh 3a ocTaBluieecs Bpems. M oH mumer. OKOHYATENbHO OCIENHYB, AUKTYET, HO
BBITIOJIHSET HAMEUEHHOE.

27 nexabpst 1995 ronga bopuca BnagumupoBuya He crano. OH noxopoHeH Ha KyHIiieBckoM
k1anouie B Mockse.
b.B.I'negeHko ocTtaBmil MHOTO YdeHUKOB. Cpeam HHMX — aKaJeMUKH W 4YIEHBI-
KOPPECTIOH/ICHTHl Pa3UYHBIX aKaJeMuil, mpodeccopa U AOLEHTHL. B MX maMaTu coXpaHsioTcs
He3a0bIBaeMble JTHU MPUOOIICHUSI K HAyKe M CaMOCTOSTEIbHOMY TBOPYECTBY IOJ PYKOBOACTBOM
OOJIBIIIOTO YYEHOTO0 M IeAarora, 4achl HEMOCPEICTBEHHOTO oOmeHus ¢ YemoBekoMm O0bLION
SPYAMLIUU U BBICOKOH KYJIBTYpHI.
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B.B. THEJIEHKO: BUBJIMOT PADUS>

1933 rox

1. Mertoauka cocraBieHus smnupuyeckux ¢opmyn (coBMm. ¢ [.IL.boeBbim. bromrerens
NBHUTH, N3, 24-37; Ne 6, 46-65).

2. O cBa3u Kod(pPuIMEHTa HEPOBHOTHI C BapHALMOHHBIM Ko3(]duumeHToM (COBM. ¢

I'.Il.boeBwim. bromterens UBHUTU, N7, 48-53).

3. K Bompocy o pacnpenenennu oopatubix BenmuuH (bronnerens UBHUTU, Ne 8-9, 55 - 62).

4. O CcTaTuCTMYECKOM  pacrlpeieieHuu cTeneHHbIX ¢yHkuuid (COOpHMK  HAaydHO-
uccnenoBatensckux padbor MBHUTH, 18 - 22).

5. O HOpMUPOBAHUU METOJIOM cTaHK000x0/10B (coBM. ¢ I.B.CokonoBbiM. COOpHHK HAyYHO-
uccnenoBatensckux padbor MBHUTH, 157 - 182).

1934 ropn

6. K MeTonuke ¥ TeXHHKE YCTaHOBJICHHUS MOTEPh B MPOU3BOJUTEIHHOCTH 000pYJOBAHUS U3-
3a HeycrneBaemoctH (bromnerens UBHUTU, Ne 3-4, 114 -117).

7. Boruncnenue cpennero nepexona mexay crankamu (bromnerens UBHUTH, Ne 1-2, 117-
122).

8. O BBIUKCIEHMM CPEIHErO IEpexo/ia MEXIy CTaHKaMHM KOHEUHbIX pa3MepoB (bromnereHn
NBHUTH, Ne 10-12, 118-122)

0. O cpemHeM IPOCTOE CTAHKOB MIPH MHOTOCTAHOYHOM OOCTY)KUBAaHUU M3-32 HEYCIIEBAEMOCTH
pabouero (M3Bectus xiaomyaro-0OymaxkH. mpoMbinut., Ne 11, 15 - 18).

1936 rox

10. MeTtoauka cOCTaBJICHUS SMIIMPUYECKUX 3aBUCUMOCTEH U HOMOTPAaMM B TEKCTHIILHOM JIejie
(coBM. ¢ I'.IT.boeBriM u }O.C.Bunorpanossim. I'uznernpom, 1-128).

11. O © B popmyne Jlarpamxka (Matemaruueckoe npocsemenue, Ne 7, 31 - 35).

1937 rox

12. O eAMHCTBEHHOCTH CHUCTEMBl OPTOTOHANBHBIX (DYHKUIUN, WHBAPUAHTHON OTHOCHUTEIILHO
mipdepenunposanus (JJAH CCCP, 1.14, N4, 159 - 161).

13. OO0 0/1HOM XapaKTEepUCTUYECKOM CBOMCTBE OE3rpaHUYHO JICIUMBIX 3aKOHOB paclpe/IeieHus
(bromnerens MI'Y, Maremaruka u MexaHuka, T.1, Beim.S, 10-16).

14. O xapakrepuctuueckux pynknusx (bromnerens MI'Y, 1.1, Bbim. 5, 17 - 18).

» B 6uGmuorpapuio BKIIOUEHO BCE, YTO YNANOCh HAiiTH M3 HamucaHHOro b.B.'HeleHKO, HauMHAS C KHHT H
3aKaH4MBasl Ta3€THBIMU CTaThsMH. bubmuorpadus pa3dura mo rogam, M I KQKIOro roja MPEACTaBIeHO BCE, YTO
ITyOJIMKOBAJIOCH B TEYEHUE 3TOT'0 T0jia, BKIIIOYas epen3aanus. [Ipu 3ToM paboThI [UIs KaXI0ro roja pacioiararoTcst B
OJTHOM OIPEJEICHHOM IMOPSIKE: KHUTH, HAy4YHbIE CTAThbU, CTAThbH MO PA3JIMYHBIM aCIEKTaM MPENOoJaBaHus, PELEH3UH,
CTaThH M3 KYpHAJIOB OOILEro XxapakTepa, ra3eTHble myonukanuy. Eciu oHa 1 Ta ke cTaThs MyOJIMKOBajach B TCUCHNE
rofia B pa3HbIX MECTaX, TO OHA YKa3bIBAETCS MO OJAHUM HOMEPOM C IEPEUNCIICHUEM BBIXOIHBIX JaHHBIX BCEX M3JaHHI.
WHorna B TeueHHWe roja BCTPEYArOTCA CTaTbU C OJHMM M TEM JK€ Ha3BaHHEM, HO Pa3IMYHBIM cofepkaHueM. OHU
MEPEUUCIISIFOTCA O] Pa3HBIMA HOMEPAaMU, 110 BO3MOXKHOCTHU PSIIOM.
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1938 rox

15. O cxoaumocTu 3aKOHOB pacnpezeneHuss cyMM HezaBucuMbix ciaraemsix (JJAH CCCP, T.
18, Ne 4-5, 231 - 234).

1939 rox

16. O npenenbHBIX Teopemax aisg cyMMm HezaBucumbix ciaraembix (JJAH CCCP, 1. 22, Neo 2,
61 - 64).

17. K Teopun mpenenbHBIX TEOPEM JUIsl CyMM HE3aBUCUMBIX ciaydaiiHblx BenuuuH (M3B. AH
CCCP, cepus marematuy. Ne 2, 181-232).

18. K Teopunm mnpenenbHbIX TEOpeM Ui CYMM HE3aBHUCHMBIX CIy4YalHBIX BEJIMYUH
(ucnpaBnenus k crarbe noj tem ke HazBanuem) (M3s. AH CCCP, cepust matemaruu. Ne 6,
643-647).

19. 006 obnactsx nmpuTsHkeHus yeroiunBeix 3akoHOB (JJAH CCCP, 1. 24, Ne 7, 640 - 642).

20. K Teopun oGnacteil npuUTsSKEHUST YCTOMUMBBIX 3aKOHOB (Yuenblie 3anucku MI'Y, Boim. 30,
61 - 81).

21. O npenenbHbIX 3akoHax Teopun BepositHocTel (JJAH CCCP, 1. 23, Ne 9, 868 - 871).

22. O cX0IMMOCTH 3aKOHOB pacHpeleleHHs] HOPMUPOBAHHBIX CYMM HE3aBUCHUMBIX CIy4alHBIX
Benu4rH (coBM. ¢ A.B.I'pomeBbiM. MaTemaTrueckuii COOpHUK, T. 6, (48), Ne 3, 521 - 541).

23. O030p COBPEMEHHOTO COCTOSHHSI TEOPHH MPEAETbHBIX 3aKOHOB IJISi CYMM HE3aBUCHUMBIX
cnaraeMbix (YueHble 3anucku TIOMEHCKOTo MeAMHCTUTYTA, BhIIL. 1, 5 - 28).

24. Anpnpeit HukonaeBuu KonmoropoB (coBm. ¢ II.C.AnekcanaposeiMm, B.B.CremnanoBbiMm,

WN.I".ITerpoBckum, A.S.XununaeiM. CTaThsi HamedataHa mojn pyOpukoil «Kaunamnmatel B
neiicrButenpHble wieHbl Akanemun Hayk CCCPy»). («IlpaBga», 19 sHBaps).

1940 rox

25. Heckonpko Teopem o creneHsx GyHKIui pacnpenenenus. (Ydensle 3anucku MI'Y , BbIIL
45, 61 - 71).

1941 rox

26. K teopun cuerumnkos ['eiirep-Mromiepa (JKypHan sKkcriepuMeHT. U TeopeTud. (U3UKH, T.
11, Bemm. 1, 101 - 106).

27. IIpenenbHble TEOPEMBI A MakCUMajiabHOro uieHa BapuanuoHHoro psga (JAH CCCP, T.
32, Ne 1, 7-9).

28. 30Ha IeHCTBHS UCTpeOUTENI-TIepeXBaTUMKa (OTYET CAaH 3aKa3uHuKYy).

29. HccnenoBanue BIUSHUS BETpa HAa TPACKTOPHUIO CaMOJIETA, JIETSIIETO HAa PaAMOCTAHIIMIO C
IIOCTOSIHHBIM KYPCOBBIM YIJIOM U MOCTOSIHHON CKOPOCTBIO (OTYET CAaH 3aKa3UUKYy).

30. O HEKOTOPBIX 3a/1a4ax TEOPUH CTPEIHObI (OTUYET CAAH 3aKa3UHKY).

1942 rox

31. O nokanpHO ycToluMBbIX 3akoHax pacnpeaeneHus (JAH CCCP, 1.35, Ne 9, 295 -298).

32. JlokanbHo ycroiiuuBele 3akoHbl pacnpenenenus (MU3s. AH CCCP, cepust matemaruu., Ne 6,
291 - 308).

33. HccnenoBanue pocta OJHOPOAHBIX — CIYYaWHBIX IPOLIECCOB €  HE3aBHCHUMBIMHU

npupamenusimu (JAH CCCP, 1. 36, Ne 1, 3-4).

17



RT&A # 04 (23)

Dmitry B. Gnedenko - BOPHC BJIAZIMMUPOBHY THEJIEHKO (Vol.2) 2011, December

34. Cpennuii pacxoa CHapsiioB B clydae MOPaXKEHHUS LEIU OJHUM TomnajaHueM (OTYeT ClaH

3aKa34yMKYy).

1943 ropx

35. O pocTe OAHOPOAHBIX CIyYalHBIX MPOILECCOB C HE3aBHUCUMBIMU IPHUPAICHUSIMH
(U3B. AH CCCP, cepust Matemaruu., 1.7, 89 - 110).

36. Sur la distribution limite du terme maximume d'une serie aleatoire (Annals of Mathematics
v.44, Ne 3, 423-453).

37. O pocre OTHOPOJHBIX CIIyYaHBIX MPOLECCOB C HE3aBHUCUMBIMU OJHOTHITHBIMH
npupamenusimu (JAH CCCP, 1.11, Ne 3, 103-107).

38. O 3akoHe TMOBTOPHOrO Jorapupma A OJHOPOJIHBIX CIYYalHBIX MPOIECCOB C
HezaBucumbiMu nipupaiienusimu (JAH CCCP, 1. 11, Ne 7, 291 - 293).

39. Pemenue onHOM 3amaun Teopun OMIMOOK MEXaHHU3MOB OT TOPIEBOTO OMEHHUs (OTUYET ClaH
3aKa34yMKYy).

1944 rox

40. OneMeHThl Teopud (YHKUMN  pacmpeleNeHus —CIyd4ailHbIX BekTopoB  (Ycmexu
MaTeMaTHYECKHUX HaykK, T. X, 230 - 244).

41. [IpenenbHble 3aKOHBI 11 CYMM HE3aBUCUMBIX CIly4alHbIX BeduuuH (Ycmexu
MaTeMaTH4ECKHUX HaykK, T. X, 115 - 165).

42, Teopust ommbok oaHOrO a’pokaprorpaduyeckoro mpudopa (COBM. ¢ MHKEHEp-MaHopoM

BoptoKOBBIM; OTUYET CIaH 3aKa34UKY).

1946 ropx

43. DneMeHTapHOE BBEIEHUE B Teopuio BeposTHocTed (coBM. ¢ A.Sl. XunuumneiM. TUTTII,
1 - 128).

44. Ouepku 1o ucropun Mmarematuku B Poccun (F'MTTIL, 1 - 247).

45. Kpatkue Oecenpl o0 3apoxkiaeHun W pa3Butuun  Matematuku (M3n.  Axagemun
nenarornyeckux Hayk PCOCP, 1 - 40).

46. Bunatnuit marematuk (mo 145-pivyus 3 gus HapomukeHHs M.B. Octporpazacekoro) (3a
pansHcbKi kaapu, 14.X., Ne 29-30).

47. O pabote yHuBepcuTeTckoro uznarenbcrna (I'azera «MockoBckuilt YHuBepcute, 23.04).

1947 ropn

48. Kak maremaruka nsyqaer cinyqaiiusie ssnenus (M3a. AH YCCP, 1 - 75).

49. K Bompocy 06 ommbkax peryaxkaoro mantorpada (coem. ¢ M.IL.bopatokoBeiM. BecTHuk
Boenno-unxen. Akanemuu um. Kyiiosiimesa, 1. 48, BoiiL. 6, 68 - 79).

50. 006 s>nunconax paccenBaHus (Y4eHble 3amucku JIBBOBCKOTO YHUBEPCHTETA, T. 5, BHIML. 2,
116 - 120).

51. O ¢ysxnmsax ot cnyvaiiHbix BenuuuH (M3Bectus JIbBOBCKOTO yHUBEPCUTETA, T. S5, BHII. 2,
121 - 128).

52. Credan banax (Yuensle 3anucku JIbBOBCKOro yHUBEpCUTETA, T. 5, BhIIL. 1, 5 - 9).

1948 rox

53. 06 onnoii reopeme C.H.bepumreitna (U3B. AH CCCP, cepust maremar., 1. 12, 97 - 100).

18



RT&A # 04 (23)

Dmitry B. Gnedenko - BOPHC BJIAZIMMUPOBHY THEJIEHKO (Vol.2) 2011, December

54. K Teopun pocra OZHOPOAHBIX CIydalHBIX MPOLIECCOB C HE3aBUCHMBIMH NpUpPAILEHUSMU
(Tpyner u-ta matrematukun AH YCCP, Ne 10, 60 - 82).

55. [Ipo oaHy XapakTEpHCTUYHY BIIACTHBICTH HOPMAJIBHOTO 33aKOHY pO3MOALTY (COBM. C
E.JI.PBaueBoii. JIAH YPCP, Ne 3, 3 - 5).

56. OO0 0/1HOM XapaKTepUCTHUYECKOM CBOICTBE HOPMAJILHOTO 3aKOHA pacrpeseieHus (COBM. ¢
E.JI.PBaueBoii. Tpyast MH-Ta MatemaTuku AH YCCP, Ne 11, 36 - 42).

57. O noxanpHOU NpeaeNbHON TeEOpEME TEOPUH BEpOsITHOCTEH (Y clexu MaTeM. Hayk, T. 3, BBII
8, 187 - 194).

58. Pa3Butue teopun BepositHoctel B Poccun (Tpynst MH-Ta uctopumn ecrectBo3HaHus, T. 2,
390 - 425).

59. Pycckas mkona teopuu BepositHoctet (M.JI. U3n-Bo AH CCCP. Huctutyr ucropuu

ecTecTBO3HaHUA. "Tpylbl COBEIIAHUS TI0 UCTOPUU €CTECTBO3HAaHUA 24-26 nexabpst 1946 r.
Tesucer", 192 - 193).

60. Teopust BepositHocTel (coBM. ¢ A.H.Konmoroposeim. «Maremaruka B CCCP 3a 30 ner»,
lNocrexuznar, 701 — 727, 739-756).
61. Marematuka B MockoBckom yHuBepcutere B XX B (10 1940r) (coBm. c

I1.C.AnekcanapossiM u B.B.CtenanoBeiM. HMcTOpuko-MareMaTuueckue UCCieoBaHus, 1-1
cepus, BoIM. 1, 9 - 42).

62. Muxaun BacunseBuu Octporpaackuit (Coopuuk "Jlrogu pycckoit nayku", TUTTIL 1. 1,
99-104).

63. [Madpuytuit JIsBoBuu Yebpiuen (Coopuuk "Jlromu pycckoit nHayku", TUTTJL, 1. 1, 111-121).

64. Annpeit Auapeesud Mapkos (Coopuuk "JIroau pycckoit mayku", TUTTJL, 1. 1, 179-185).

65. Penensus nHa kuury I'. Kpamepa «Ciydalinble BEIMUHUHBI U PACTIPEAETIECHUS BEPOATHOCTEN»
(Ycnexu MareMaTH4eCKUX HayK, T. 3, BbII. 6, 220-221).
66. Peuensuss Ha kHury I. Kpamepa «MaTtemaTnueckue METOAbI CTAaTUCTUKKW» (Ycmexu

MaTeMaTHYeCKUX HayK, T. 3, BbII. 4, 184-186).

1949 rox

67. [IpenenbHble pacnpenencHuss UIsi CyMM HE3aBUCHMBIX CIIy4allHBIX BEJIMYHMH (COBM. C
A.H.Konmoropossim. TUTTIJIL, 1 - 264).

68. Kypc Teopii imoBipHocTel («PansHcbka mkonay, Kuis, JIeBi, 1949, 1-128).

69. O nokanbHOM TpenenbHOU Teopeme Uit ciydast 6eckoneunoil aucnepcun (Tpyast Mu-Ta
marematuku AH YCCP, Ne 12, 22 - 30).

70. O HEKOTOphIX CBOMCTBaxX MpPEAEIbHBIX pacHpeAeeHud JUIsi HOPMHPOBAHHBIX CYMM
(YkpauH. matem. xypHai, T.1, 3-8).

71. O nokanbHOM Teopeme aisi 00nacTel HOPMAIBHOTO NMPUTSDKEHHSI YCTOWYHMBBIX 3aKOHOB
(JAH CCCP, T1. 66, Ne 3, 325 - 326).

72. O 5okanbpHOM TeopeMe i MpelebHbIX YCTOWYUBBIX pacipeneneHuil (YKpauH. MaTemar.
KypHai, Ne 4, 3 - 15).

73. ITocnenosatenbHelil aHanu3 (Tpyasl 2-oro Beecoro3Horo copemanus o MaTeMaTHYECKON
cratuctuke, TamikeHt, 5 - 23).

74. O pabotax H.M.JlobaueBckoro mo Tteopuu BepostHocTeil (Mcropuko-maremarnyeckue

uccnenoBanus, 1-s cepus, Boim. 2, 129 - 136).

1950 rox

75. Kypc teopun Bepostaocteit (ITUTTJL, 1 - 360).

76. Kypc Teopii imoBipHocTeit («PansHcbka mkona», Kuis, JIbBiB, 1 - 387).

77. DneMeHTapHOe BBeJeHHE B Teopuio BeposiTHOCTEN (coBM. ¢ A S.Xunuuneim. ['TTU, 2-e

uznanue, 1 - 144).
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78. 006 ob6nactu nputshkeHus HopMmanbHoro 3akoHa (JJAH CCCP, 1.71, Ne 3, 425 - 428).

79. Heckonpko 3ameuaHuii K TEOpUH 00JacTell MPUTSHKEHUS YCTOWYMBBIX 3aKOHOB (COBM. C
B.C.Kopomokom. JIAH YPCP, Ne 4, 275 - 278).

80. Teopust BeposTHOCTEN M MO3HAHUE peanbHOro mupa (Ycmexu mareM. Hayk, T. 5, BBIIN 1,
3-23).

81. IIpo nesiki MuUTaHHS BUKJIAJaHHS MaTeMaTHKU B yHIBepcuTeTi (Tazera «3a paasHCBKI

Kagpu», 18 BepecHs).
82. «Apupmerukay Maruuipkoro (3ipka, 8.1., Ne 6).

1951 rox

83. Fuggetlen valosznusegi valtozok osszegeinek hatareloszlassi (es
A.N.Kolmogorov. Akademiai Kiado, Budapest,1-256).

84. Limit theorems for sums of independent random variables (American Mathematical
Society, 1 - 82). (Cm. 1944 1., Ne 38).

85. O MakCUMaJIbHOM DACXOXIEHUM [BYX OMIMPUYECKUX paclpenencHuil (COBM. C

B.C. Kopomtokom. JIAH CCCP, 1.80, Ne 4, 525 - 528).
86. [Tpo imoBipue Bimxwmienns (Honosini Akanemii Hayk YPCP, 1951, Ne 2).

87. Heckonbko 3aMeuaHuil O JOKAJIBbHOW TEOpPEME TEOPUM BEpOSATHOCTEW (YUeHbIE 3alMCKU
Kueckoro yn-1a, T. X, BbIT. 1, Marematudeckuii coopuuk Ne 5, 21 - 28).
88. O paborax M.B.Octporpaackoro mo teopuu BepositHOCTel (McToprko-mareMaTndeckue

uccnenoBanus, 1-s cepus, Boim. 4, 99 - 123).

89. M.B.Octporpaacekuii (coBm. ¢ E.fl.Pemes. Bict. AH YPCP, Ne 9, 61 - 70).

90. Muxaun BacunbeBuu Octporpanckuii (Ycrnexu MateM. Hayk, T.6, BbII. 5, 3 - 25).

91. [Tonepenne moBigomieHHs mnpo pykomucu M.B.Octporpaacbkoro (coBm. c¢ E.S.Pemes.
Bict. AH YPCP, Ne §, 52 - 63).

92. M.B.Octporpanckuii (YkpanHcKkuil MaTeM. xypHai, T.3, Ne 3, 235 - 239).

93. M.B.Octporpazackuii (OOIIECTBO MO paclpoCTpaHEHHIO NOMUT. u HayuH. 3HaHuil YCCP,
Kues, 1 - 41).

94. IcTopis MareMaTUkH SK JUCIHIUIIHA BUKJIAJAHHS 1 K MPEAMET HAYKOBOTO JOCIIKCHHS
(Merona. 30ipauk "MaTtemaruka B mkodi", BeI.S, 14 - 31).

9s. IIpo Gecimu 3 icTopii Hayku Ha ypokax marematuku (Kyph. "PansHcbka mkoma", Ne 3,
44 - 49).

96. M.B.Octporpazacekuii (razera "3a pansHcbki kagpu'", 28 BepecHs).

97. Bunatauii yuenwii i megaror (cosm. ¢ E.JI. PBaueBoii. KuiBcbka mpaBna, 23.08., Ne 189).

98. Mexaniko-MaremaTuuaauii (3a paasacbki kaapu, 11.06., Ne 15).

99 Boipatomuiicst yuensliit u nenaror (Yuutenbckas razera, 22.09., Ne 76).

100.  Beimaromuiics pycckuil yuensiii (Kpacnas 3se3na, 23.09., Ne 244).
1952 rox

101.  DnemeHTapHO€ BBeleHUE B TeopHio BeposiTHOcTeN (CoBM. ¢ A.Sl. Xununnbmm. [TUTTIL, 3-e
u3a., 144 ctp.).

102.  Elementy rachunku pravdopodobienstwa (coBm. ¢ A.Sl. XununnsiM. Warsawa, Panstwowe
wydawnictwo naukowe, 1 - 155).

103. M.B.Octporpanckuii (Ouepku kU3HU, HAYYHOU U niefgarorudeckoit nearensuoctu, [ UTTJI,
1-331).

104. 3 ictopii marematuku B Poccii (PagsgHcbka mkomna, 1-40).

105.  [lekinbka 3ayBakens o crareit O.A.Iustmenka i 71.1. Tixman (JAH YPCP, Ne 1, 10 - 12).
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106. OO0 oxHO¥ 3a7aye cpaBHEHMS JIBYX dMIMPUUECKUX pacnpeneneHuit (cosm. ¢ E.JI.PBaueBoii.
HAH CCCP, 1. 82, Ne 4, 513-516).

107.  HexoTopsle pe3ynbTaThl O MaKCUMaJbHOM PACXOKICHUU MEXIY JIBYMs SMIUPUYECKUMU
pacnpenenenusamu (JAH CCCP, 1. 82, No 5, 661 - 663).

108. O pacnpezneneHur YHcia BBIXOJOB OJHON AMIMPHUUECKONW (DYHKUIMHU pacrpeneseHust Haj
npyroit (coBMm. ¢ B.C. MuxanesuueMm. JIAH CCCP, t1. 82, Ne 6, 841 - 843).

109. JIBe TeopeMbl O TOBEIEGHUHM OSMIMPUYECKUX (YHKIMHA pacrpeneneHuss (COBM. ¢
B.C. Muxanesuuem. JIAH CCCP, 1. 85, Ne 1, 25 - 27).

110. TlopiBHsHHS 5()EKTUBHOCTI AEIKUX METOMIB TEPEBIPKH OJHOPITHOCTI CTATUCTUYHOTO
matepiany (coBMm. ¢ FO.IL.CrynueBsim. JJAH YPCP, Ne 5, 359 - 363).

111.  3aBUCMMOCTH HEPOBHOTHI HPSKU OT JIMHBI oOpasua (TekcTuinbHas TPOMBIILICHHOCTD,
Ne 3,27 - 31).

112 O moJNHBIX OPTOTOHAJIBHBIX CHUCTEMaX TPUTOHOMETpUYecKuX ¢yHkuui (Bompocs
2JIEMEHTApPHOMU U BBICHIEN MaTeMaTuKH, BbIM. 1, n3a. Xapek. ['oc. YHuB., 24 - 34).

113.  Beinatomuiics pycckuit yuensii M.B.Octporpanckuit (M31. oOmectBa "3nanue", Mocksa,
1 -24).

114.  Ilpo ¢inocoderbki npobieMn MaTeMaTUKU B 3B 3Ky 3 11 BUKIagaHHAM (Meton. 30ipHUK
"Maremaruka B mkoni", Bum.7, 7-23).

115.  Beimaromuiics pycckuit yuensiii (I'azera "3ammrauk Oteuectsa”, Ne 121, 26.5).

1953 rox

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

117. O poam MakCUMalbHOIO CJAaraéMoro IpM CYMMHUPOBAHHH HE3aBUCHUMBIX CIIy4alHBIX
BeIU4MH (YKpauHCKHUM MaTeM. kypHai, T. 5, Ne 3, 291 - 298).

118. O HekoTOpbIX CcBOMCTBax cpeauHHOro ykioHeHus (Tpynpl MHCTUTyTa MaTeMaTHUKU U
mexannku AH Y3CCP, Beim. 10, u. 1, 26-35).

119. OO0 opnuoit pabore II.JI.YUeOpimeBa, He Bomemeil B MOJHOE COOpaHHWE COUYMHEHHH
(Mcropuko-Maremar. UCCIENO0B., BbII. 6, 215-222).

120. JIBe nexuuu mo ¢uinocopckum Bompocam maremaTuku (Kuesckuii ['oc. YHuBepcurer,
Hayunsie 3anucku, 1. XII, Beim. VI, Marematudeckuii coopuuk Ne 7, 5 - 36).

121. 250 pokiB "Apudmeruxu" Marnuipkoro (coBm. ¢ WU.Bb.ITorpedsicckum. Bicnuk AH YPCP,
Ne 7,53 - 63).

122.  Ilpo GopoTsby Mmarepianizmy 3 igeanizMmom B Mmarematuili (Bichuk AH YPCP, Ne 11,
27 - 37).

123.  Pafnutij Lvovic Cebysev (Prelozeno z knihy  «Prehled dejin matematiky v
Ruskuy, str 112-125, a dodatek 3, str 232-239)( Casop. pestov. mat., 78, Ne 1, 89-103)

124.  Aleksandr Michajlovic Ljapunov (Prelozeno z knihy «Prehled dejin matematiky v
Ruskuy, str. 133-143)(Casop. pestov. mat., 78, Ne 1, 105-112)

125. Koamoropos A.H. (bCO, 1. 22, ctp. 13).

126.  Coertckas mkoia Teopud yncen. CoBerckas MKojaa Teopun BepostHocTeit (Mathematik,1,
3 - 68, Russische fachtexte fur den Hochschulunterricht, heft 6, Deutscher Verlag der
Wissenschaften, Berlin).

1954 rox
127.  Kypc teopun BepositHoctelt (ITUTTJI, 2-oe uzn., 1 - 411).

128. Limit Distributions for the Sums of Independent Random Variables (with
A.N. Kolmogorov. Addison-Wesley, USA, 1 - 264).
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129. 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)

130. Bevezetes a valoszinugszamitasba (coBm. ¢ A.fl. XunumneiM. Budapest, Mivelt nép
Konivkiado, 1 - 141).

131. Elementarny wstep do rachunku prawdopodobienstwa (coBm.c A.fl. XUHUHUHBIM.
Warszawa, PWN, 1 - 158).

132.  Elementarni uvod do theorie pravdepodobnosti (coBm. ¢ A.fl. XununnbiM. Praga, statni
naklad. technike liter., 1 - 115).

133. IlpenenbHble  TEOpeMbl  JUIsi  CyMM  HE3aBUCHMBIX  CllaraéMblXx W Lenei
MapxkoBa (YkpauHckuii MmaTeMm. xypHai, T. 6, Ne 1, 5 - 20).

134.  JlokanwHas npeaenbHas TeopeMa juist miotHoctelt (JAH CCCP, 1. 95, Ne 1, 5 - 7).

135. TlpoBepka HEM3MEHHOCTH paclpe/ieIeHUs] BEPOSATHOCTEH B JIBYX HE3aBHCHMBIX BBIOOpKaX
(c mob6asnenuem «Kriterien fur die Unveranderlichkeit derWahrscheinlichkeitsverteilung
von zwei unabhungigen Stichprobenreihen» (Mathematische Nachrichten, Band 12,
Heft 1/2, 29 - 66).

136. O noxaibHON MNpENENbHON TeopeMe i OJMHAKOBO pAaCHpPECIIEHHBIX HE3aBUCHMBIX
cmaraeMbix (Wissensch. Zeitschr. Humboldt Univ. zu Berlin, N.4, 287 - 293).

137.  PosButok Teopii iMoBipHOCTEH Ha YkpaiHi (coBm. ¢ U.W.I'mxmanowm. Ilpani KuiB. yH-Ta,
Ne 11, 59 - 94).

138. Wahrscheinlichkeitsrechnung und Mathematische Statistik (und L.Kalujnin. Das
Hochschul-wesen, Ne 8-9, 50 - 54).

139.  Uber die Formen der Kollektiven Wissenschaftlichen Arbeit in sowietischen
Hochschulwesen (Das Hochschulwesen, n. 3, 1 - 6).

140.  Uber den Kampf zwischen Materialismus und den Idealismus in der Mathematik (zusam.
L.A.Kalujnin. Wiss. Zeitschr. Technischen Hochschul. Drezden, B. 3, No 5, 631 - 638).

141.  Despre lupta dintre materialism si idealism in matematica (Anal Romino-Sovietice, matem.-
fizica, Ne 3, 68 - 80).

142. O maremaruueckoi xu3Hu B ['JIP (coBm. ¢ JI.A.KanyxHuneiM. Ycrexu MareMm. Hayk, T. 9,
BbIMN., 4, 133 - 154).

143.  IlogrotoBka MmareMaTtukoB B JIpe3neHCKOM BbIcHIed TexHuueckod 1mkoje (BecTHuk
BhICIICH 1IKoJIbI, No 11, 59 - 61).

144.  Peuensus Ha nmonHoe coOpanue counnenuit [1.J1.YeOpmea (YMH, 1.9, BT 4, 263 - 266).

145. Die  Wahrscheinlichkeitsrechnung  und  die  Erkenntnis der realen  Welt
(Naturwissenschaftliche Reiche, 22 oktober 1954, No 38, Wissenschaftliche Beilage des
Forum).

146.  Wahrscheinlichkeitsrechnung und ihre praktische Anwendung (Neues Deutschland, 24.X,
Ne 250).

147.  Wahrscheinlichkeitsrechnung und Produktion (Tagliche Rundschau, 16.X, Ne 240).

1955 rox

148.  Kypc Teopuu Bepositnoctelt (Ilexun, 1 - 426).

149.  IlpenenpHble pacnpeneneHuss s CYMM HE3aBUCHMBIX  CllaraéMblX (COBM. ¢
A.H.Konmoropossim. Ilekun, 1 - 280).

150. Elementare Einfurung in die Wahrscheinlichkeitsrechnung (mit A.Chintschin. Berlin,
Deut. Verlag der Wissen., 1 - 136).

151. O momynsapHBIX JEKIHIX 0 MaTeMaTHke u ee uctopun (Kues, obmectso "3nanue", 1 - 44).

152. AS.XunuuH (x 60-netuto co nus poxaenus) (YMH, 1.X, Bein.3, 197 - 212).

153. M.B.Octporpaackuii (bC3, 2-oe u3n., 1. 31, 346 - 347).
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154.  Uber die Ausbildung der Mathematik und Physiklehrer in der Sowietunion (Math. und
Physik in der Schule, Ne 11, 489 - 497).

155.  Walka migdzy materialismem a idealismem w matematyce (coBm.c JI.A.KamyxHHHBIM.
Matematika, Czasopismo dla nauczicieli, Ne 5-6, 1 - 18).

156.  byksu 3amictb nudp (3ipka, 08.04., Ne 15).

1956 rox

157.  Kypc Teopuu BeposiTHOCTEH (Tep. Ha KUTAHCKUM co 2-oro n3nanus, llexun, 1 - 449).

158.  Uber die Nachpriifung statistischer Hipotesen mit Hilfe der Variationsreihe (Bericht iiber
die Tagung Wahrscheinlichkeitsrechnung und die Mathem. Statistik, in Berlin, vom.19 bis
22 october 1954, 97 - 107, Deutscher Verlag der Wissenschaften, Berlin).

159. Hemnapamerpuueckue 3amaun  cratuctuku. (CoBmectHo ¢ M.M.I'uxmanom wu
H.B.CmupHoBbIM. Tpynbl 3-ro Beecoro3HOro MmaTeMaTudeckoro cbe3a, T. 2, 47-48).

160. The main stages in the history of the theory of probability (Actes du VIII-e Congress
International d'histoire des sciences Florence, 128 - 131).

161.  A.LLHincin (Analele Romino-Sovietice, Matematica-Fizica, 10, Ne 3, 115 - 124).

162. Masinele eclectronice de calculat (Analele Romino-Sovietice, Matemaatica-Fizica, Ne 4,
5-15).

163. O pa3Butuum maremaTuku Ha YkpauHe (coBM. ¢ M.B.ITorpeOsicckum. Mctopuko-maremarnd.
uccnenoBanus, 1-s cepus, BbIn.9, 403 - 426, Boin. 10, 766).

164.  Pas3Butue teopuu BeposAtHocTel Ha Ykpause (coBM. ¢ M.M.I'uxman. cTopuko-mMaremaTuy.
uccnenoBanus, 1-s cepus, BbIn.9, 477 - 536).

165. O paborax 'aycca nmo Teopun BepositHocte ("Kapn @punpux [aycc", cOopHuk crareit k
100-neruto co nua emeptu, Uzn. AH CCCP, 217 - 240).

166. O Hexkoropblx 3amayax ucropun Marematuku (Tpyznel Tpersero Bcecoro3Horo
MaTeMaTH4ecKoro che3na (uwoHb-uioab 1956 r., Mocksa), T.II, KpaTkoe conepkanue
0030pHBIX U CEKIIMOHHBIX N0KianoB, 100 - 101, Mocksa, uzn-so AH CCCP).

167.  Eprenwuii SIxoBneBuu Peme3 (coBM. ¢ U.b. [Torpedpicckum. YMIK, 1. 8, No 2, 218-222).

168. IIpemmcrmoBue k cOopHuKy « Wahrscheinlichkeitsrechnung und Mathematischestatistik»
(Deutsche Verlag der Wissenschaften, Berlin).

169.  Begrussungsansprache ("Ber. Tag. Wahr. und Math. Stat". Berlin, 3-5).

170.  CyuacHi mBHIKOII0Y1 oOuncIoBanbH1 Mamunu (ra3."Pagsaceka Yipaina", 19 nexaOps).

171. 20 000 obuucnens Ha cexkyHay (KypH. "Ykpaina", Ne 12).

172.  TI'ennanbnbiii MmaTemaTuk (Hayka u xutts, Ne 2, 29 - 30).

173.  Activitate stiinfifica legatd de practica (Scinteia, 11.05., Ne 3592).

1957 rox

174.  Kypc Teopun BeposiTHOcTeN (SnonHwus).

175.  Lehrbuch der Wahrscheinlichkeitsrechnung (Akademie-Verlag, Berlin, 1 - 387).

176. Rozklady graniczne sum zmiennych losowych niezaleznych (i A.Kolmogorov. PWN,
Warszawa, 1 - 262).

177.  DneMeHTapHOE BBeleHUE B Teopuio BeposiTHOcTeN (CoBM. ¢ A Sl. Xununnemm. [TUTTIL, 4-e
u3a., 144 ctp.).

178. O HekoTopblx 3amayax ucropun Marematuku (Tpyznel Tpersero Bcecoro3Horo
MaTeMaTU4eCcKoro chesna (uioHb-uionb 1956 1., Mocksa), T.III, 0030pHBIC HOKIABI,
CEeKLIMsI UICTOpUU MaTteMaTuku, 579 - 583, Mocksa, uzn-so AH CCCP).

179. O HekoTopbIX 3amadax uctopuu marematuku(coBMm.c W.B.IlorpeObicckum. YKp. marem.
KypH., T.IX, Ne 4, 359 - 368).
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180. O HekoTOphIX coBeTcKUX pabortax mo Teopuu uHpopmammu (Tpyasr I-oif I[lpaxckoii
KOH(pEpeHIIMH 10 Teopud HHPOpPMALUK, CTATUCTHUECKUM pEIIAlouUM (QYHKIUSIM U
ciydaiiHbIM npoieccam, [Ipara, 21-28).

181. O HekoTopbIxX 3ana4yax Teopuu BepositTHocTel (YMXK, 1.9, N4, 359 - 368).

182.  EnextponHi un¢posi mamuuu (coBM. ¢ B.M.I'nymkoBsmm. Bicauk AH YPCP, Ne 9, 3 - 10).

183.  Papsgnceka matematuka 3a copok pokiB (BAH YPCP, Ne 11, 29 - 41).

184. ILJI.YeGOnmmes (BCDO, 1. 47, 81 - 82).

185. Uber die Arbeiten von C.F.Gauss zur Wahrscheinlichkeitsrechnung (C.F.Gauss
Gedenkband, Teubner, Leipzig, 193 - 204).

186.  Mathematical Education in the USSR (Amer. Math. Monthly, v. 64, Ne 6, 389 - 408).

187. Despre formarea notiunilor matematice (Anallele Romino Sovietice, Matematica—
Fizica, No 1, 89 - 100).

188.  Ilepma napamga matemarukiB Ykpainu (BAH YPCP, Ne 10, 69 - 72).

189. IlepBoe coBemanue mareMatukoB YkpauHbl (Ycmexu wmareMm. Hayk, T. XII, BwIm.6,
215 - 220).

190.  JIBa cosemanus o teopuu uHGopmanuu (YMK, 1. IX, Ne 3, 345 - 347).

191.  Mecsan y matrematukoB Pymbinckoit Hapoanoit Pecniyonuku (YMXK, 1.9, Ne 1, 111 - 112).

192.  Bknan ykpaincbkux matemaTtukiB (Hayka i xutrs, Ne 8, 3-5).

193.  Ilyru ynmyumenus HayuHol pabotsl (IIpaBna Ykpaunsl, 24 anpens, Ne 97).

194.  Ilpo maremaruuny ocBity (Pansuceka Ocirta, 14 aBrycra, Ne 137).

195. 3a panpmuii po3BHUTOK MaTeMaTW4YHO! Hayku Ha YKpaiHi (coBmectHo ¢ M.®.TecneHko.
Pansuacbka Ocira, 20 uroms, Ne 29).

196.  Bbynymee nayku Heo6o3pumo (IIpaBna Ykpaunsl, 18 aBrycra, Ne 193).

197. Momub u 3penocts Hamel Hayku U TexHukH (IIpaBna Ykpaunsl, 17 okta0ps, Ne 244).

198.  VYcmixu ykpaincekux Matematukis (JlireparypHa rasera, 30 mumus, Ne 59).

199.  BuBwuaiite iHO3eMHi MOBH (coBM. ¢ JI.A. KanyxuunbsiM. 3a pagsHcbki kaapu, 26.01., Ne 7).

200.  Mup notpibHwmii ycim Haponaam (PansHcbka Ykpaina, 01.05., Ne 103).

1958 rox

201. DueMmeHTapHOE BBEJIEHUE B TeOopHio BeposTHOcTeH (coBM. ¢ A.S.XunHumHbM. [lekun,
132 ctp.).

202.  On limit theorems of the theory of probability (AH YCCP, Uactutyr Marematuku, Kues,
1 -35).

203. Ilpo oany 3amauy macoBoro obociyroByBanus (JJAH YPCP, Ne 5, 477 - 479).

204. Hemapamerpuueckue 3amaun ctaTuctuku (coBm. ¢ M.U. T'mxmanom u H.B.CmupHOBBIM.
Tpynst 3-ro Beecoro3Horo MaTeMaTuuecKoro cbesna, T. 3, 320 - 334).

205. O xpurepun Bunkoxcona cpaBHeHHs IByX BbIOOpOK (bromr. Ilonbckoit AxaemMuu Hayk,
cepus MaTeM., acTpoH. GU3uY. HayK, T.6, Ne 10, 611 - 614).

206.  Education Cientifico-Matematica, en la Union de Republicas Socialistas Sovieticas (Nueva
Education, Peru, 23-30).

207. O nekterych ukolech historie matematiky (a I.B. Pogrebysskiy. Pokroku matematiky, Fisiky
a astronomie, t.3, N5, 526- 535).

208. O HekoTOpbIX 3aaauax ucropuu mareMatuku (MMU, 1-s cepus, Beim. 11, 47 - 62).

209. OO0 ucropuu MaTeMaTHKUd W €€ 3HAYEHUHU Ui MAaTEeMAaTUKU U JPYrUX HayK (COBM. C
N.B.ITorpedsicckum, UMU, 1-s cepus, Boim. 11, 441-460).

210. O paGorax JIL.Diimepa mO TEOpUH BEPOSTHOCTEH, TEOpHH OOpPabOTKM HAONIONCHHIA,

nemorpaduu u crpaxopanuto (Coopuuk "JI.Oinep, 250-netue co aus poxxaenus", U3n-Bo
AH CCCP, 184 - 209).
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211.  Ouepk  XU3HHM, HAYYHOTO  TBOpPUECTBA W  MEJArOrMYECKOM  JESITEIBbHOCTH

M.B.Octporpaackoro (coBm. ¢ W.A.Maponom, B kHure «/30paHHble TpYIbI
M.B. Octporpaackoro», U3a. AH CCCP, 380 - 457).

212.  Jlecsathb JIeT "Ucropuko-MaTeMaTUYeCKuX uccienoBaHuin" (coBMECTHO v
N.B.ITorpedsicckum. YMIK, T.X, Ne 2, 229 - 230).
213.  Jlecsarts JIeT "Ucropuko-mMaTeMaTUIeCKUX uccienoBaHun" (coBMeCTHO c

N.B.ITorpedpicckum. YMH, T. 13, Ne 5, 229 - 233).

214. Ilpo mixHaponHi 3B's3ku [HcTUTyTy Marematuku AH YCCP (coBm. c¢ B.T. I'aBpumiok,.
BAH VYPCP, Ne 3, 66 - 67).

215. PecnybOnukaHckas KOH(epeHLuss IO BOMPOCAM CTATUCTMYECKMX METOJOB aHalu3a H
koHTpoist mpousBojictBa (AH CCCP, YMXK, 1.X, Ne 1).

216. Peuensus Ha kuury JLIlIMerrepep «BBeneHne B MareMaTHdecKyro cTaTUCTHKY» (AH
CCCP, "Teopus BepositHocTel u ee npumenenue", T.111, Boim. 1, 118 - 120; «HoBble kHUTH
3a pyoexxom», cepust A, Ne 9, 13 — 15).

217. Peuensus Ha kHury O.OHunuecky, I".Muxok, U.Monecky Tynbua "Teopust BEpOSITHOCTEN U
ee npunoxenusa" (AH CCCP, "Teopust BepositHocTtelh u ee npumenenue", T.1II, Bem. 1,
117 - 118; «HoBble kHHUTH 3a pyOexxom», cepust A, Ne 8, 20 — 23).

218. Peuensus Ha kHury A.Penpun "Hcuucnenue BepostHocTeil" (AH CCCP, "Teopus
BeposTHOCTEN U ee npuMeHenue", T.I1L, Beim. 1, 115 - 116).

219. Penen3us Ha kHury Y.I'pemannep u M.PoszenGmar "CrartucTuueckuil —aHanmm3
CTaIllMOHAPHBIX BpeMeHHBIX psioB" (coBM. co H.IT. Cno6onentokom) (AH CCCP, "Teopus
BeposiTHOCTe u ee mpumeHenue", T.I11, Beim.4, 475 - 477, «HoBbie KHUTH 332 PyOEKOM»,
cepust A, Ne 8, 24 — 27).

220. Penen3uss Ha kuury Saunders L., Fleming R. «Martematuka u cTaTucTHKa JUist
¢bapmareBTOB, 610JI0rOB ¥ XUMUKOB («HOBBIE KHUTH 32 pyOeskom», cepust A, Ne 10, 9 — 10).

221. Peuensus Ha kHUTY Myslivec V. «CraTtuctudeckne METOIbl B CEIbCKOXO3SHCTBEHHBIX W
JIECOBOIYECKUX HccienoBaHusax» («HoBble KHUTH 3a pyOexom», cepust A, Ne 10, 11).

222. Hayka, sixa TBopuTb uyneca (IliBnenna npasna, 14 utons, Ne 117).

223.  Maremaruueckasi CTaTUCTUKA U pou3BoAcTBO (M3Bectus, 18 utomns, Ne 145).

224. K wuroram Bcecoro3HOro coBelIaHus [0 TEOPUHM BEPOSTHOCTEH M MaTeMaTU4YECKOU
craructuke (Kommynucr, 30 centsops, Ne 230, EpeBan).

225. Marematudeckoe oopazoBanue (M3Bectus, 21 nexadps, Ne 303).

226. Ilocnanen apyxOs! (IlpaBna Ykpaunsl, 17.05., Ne 114).

1959 rox

227.  Jlekuuu no teopuu MaccoBoro oocmyxuBanus (Uzn. KBUPTY, Beim. I, 1 - 104).

228.  Lehrbuch der Wahrscheinlichkeitstheorie (Academy Verlag, Berlin, 2 auflage).

229.  Granzverteilungen von Summen unabhengiger Zufallsgrossen (und A.Kolmogorov.
Academie Verlag, 1 - 279).

230. Ilpo oxne y3aranpHeHHs Gpopmyn Epmanra (IAH YPCP, Ne 4, 347 - 360).

231. Marematuueckas craructuka (coBMm. ¢ M.M.I'mxmanom. Marematuka 3a 40 net, T UOMII,
T. 1, 797 - 808).

232. O MeToauKe ONpEeENEeHUs] paCUE€THBIX HArpy30K IPOMBIIIIEHHBIX IPEINPUITHH (COBM. C
b.C. Memenem. DnexkrpuuectBo, Ne 2, 13 — 15).

233. O6 omenke H(PPEKTUBHOCTH  YTOYHEHHS  PACUETOB  DJICKTPUUECKUX  HArpy30K
npomsiiuieHHbIX ceTelt (coBM. ¢ b.C. Memenem. DnekrpuuectBo, Ne 11, 70 - 72).

234.  Heckonbko 3aMevanuii k aym pabotam Jl.bappepa (Buletinul Institutului Politehnic, din
iasi, seria noua, t.5(9), fas.1-2, 111 - 118).

235.  Maremaruka (MCD, 1. 5, 1018 - 1024).
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O nekterych ulohach teorie pravdopodobnesti (Pokroky matematiky, fisiky a astronomie IV,
Ne 1, 1 - 12, Ceskoslovenska Akademie VED).

HccnenoBanus no TEOpUH BEPOATHOCTEM M MAaTeMaTHYECKOM craTUcTHKe B cucreMe AH
YCCP (YMX, 1.II, Ne 2, 123 - 136).

O pabortax A.M.JIsmynoBa no Teopuu BepositHocteit (MMU, Bbin. 12, 135 - 160).

Po3Butox Teopii HmoBipHOCTEH Yy poOotax O.M.JIsnmynoBa (AH VYPCP, IM3, Nel,
133 - 139).

ITIpo nocnmimkenus JI.Einepa 3 Teopil KWMoBipHOCTEH, Teopii 0OpOOKM CIIOCTEpPEKEHb,
nemorpadii ta crpaxysanns (AH YPCP, IM3, Ne 1, 71 - 76).

O historii matematyki i jej znaczeniu dla matematyki i innych nauk (i I.Pogrebyski. Roczn.
Polsk. Towarz. Mat., ser. II, Wiadomosti matematyczne, t.3, Ne 1, 49 - 64).

O poim MareMaTHYeCKUX METOJO0B B Ouonormueckux wuccienoBanusx (AH CCCP,
Bompocsr punocodun, Ne 1, 85 - 97).

Ponp wmarematuku B Ouonormueckux wuccienoBaHusx ("®dunocodckue mpoOIeMsl
cOoBpeMeHHOTro ecTtecTBo3HaHuA", Tpynsl BcecorozHoro cosemanus 1o ¢GuiIocopcKum
Borpocam matematuku, u3a-so AH CCCP, 494 - 498).

O wmaremaTHuecKoM O0Opa30BaHMU B BBICIIMX BOEHHO-Y4eOHBIX 3aBelneHHMsX (BecTtHuk
MIPOTHBOBO3AYIIHOI 0060poHbL, Ne 12, 14 - 19).

Sur I'enseignement superieur des mathematiques (Portugal, Gaseta de Matematica, v.XX,
N. 76-77, 15-25).

The formation of mathematical concept (Actes IX Congr. internat. Histoire Scinces,
Barcelona-Madrid, 1-7 Sept. 1959, p. 472).

"Marepuanusm u  smnupuokputnumiMm" B.M.Jlennna wu  Qunocodckue  BOmpocs
matematuku (30ipHuK «[eHiampHuil ¢inocoderkuit TBip. B.lJlenuna», U3n. AH YPCP,
300 - 318).

IIpo oO’ekTuBHUN Xapakrep MaTemMatuyHuX MOHATH (30ipHuk «Teoperuuna 30post
KOMYHI3MY», [lepaBHe BUJAaBHUITBO MOJIITHYHOT Jiteparypu YPCP, 249- 271).

"Despre lupta dintre materialism si idealism in matematica (coBm. ¢ JI.A. KanyXHUHBIM,
Gaseta matematica si fisica, seria A, vol.XI, Ne 7, 1959, Byxapecr).

Penensus na xkuury T.B.Annepcona «BBeeHre B MHOTOMEPHBII CTATUCTUYECKUI aHAIIN3)
(AH CCCP, "Teopus BepositHocTel u ee npumenenus", 1.1V, Bein.2, 247 - 248; «HoBble
KHUTH 32 pyOexom», cepust A, Ne 4, 14 — 16).

Penensuss Ha xHury M.@um "Teopus BeposTHOCTEM M MaTeMaTHuyecKas CTaTHCTHUKA"
(AH CCCP, "Teopust BepositHocTel u ee npumenenus", 1.1V, Bein.3, 365 - 367; «HoBblie
KHUTH 32 pyOexom», cepust A, Ne 2, 16 — 20).

Penensus na kaury McCarthy P.J. «BBenenue B cratuctuueckue paccyxaeHus» («Hosbie
KHUTH 32 pyOexom», cepust A, Ne 4, 17— 19).

Penensus Ha kuury Quenoille M.A. «OcHOBa cTaTuCTHUECKUX paccyxaeHuin» («Hobie
KHUTH 32 pyOexom», cepust A, Ne 5, 17 — 18).

Penensust Ha kHury Vincze Istvan «CtaTucTHUecKuil KOHTPOJb KadecTBa» (COBM. C
M.T". ®apunuuem, «HoBble KHUTH 3a pyoexom», cepus A, Ne 6, 35 -37).

Peuen3us Ha kuury lonescu H.M. «Dnementsl maremartuyeckoi craTucTuku» («HoBbie
KHUTH 32 pyOexom», cepust A, Ne 7, 8 -9).

Penensust Ha kHuUry Sahleanu V. «MaremMarudeckue METOABI B MEIUKO—OHOIOTHYECKHIX
uccnenoBanusx («Hobie kHUTH 3a pyOexom», cepust A, Ne 7, 9 — 11).

Penensus Ha xaury Gumbel E.J. «Cratuctuka kpaiiHux» («HoBbIe KHUTH 32 pyOexom»,
cepust A, Ne 9, 14 — 15).

Penensus na xuury Dugué D. «TpakraT mo TeopeTHueckoil M NPUKIAAHON CTATUCTHKE
(«HoBble kHHTH 3a pyOexom», cepus A, Ne 9, 19 —21).

Peniensust Ha kaury Mises R.V. «BeposTHOCTD, cTaTncTKa U uCTUHAY (2-0€ u3a.) («HoBbie
KHUTH 3a pyoexom», cepus A, Ne 10, 3 —4).
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260. Penensus na kHury Pollaczek F. «Croxactuyeckue mnpoOneMbl, BO3HHKAIOLIUE TpU
u3yueHHHn (HOPMUPOBAHUS OYepen y KacChl M aHAIOTMYHBIX siBIeHUI» («HoBBIe KHUTH 32
pyoexxom», cepust A, Ne 11, 8 - 10).

261. Marematuka y npupoaosHascTsi ("Hayka i xurtsa", Ne 4, 17 - 19).

262.  Mpis crana giiicuictio ("Hayka ixutta”, Ne 10, 5).

263. Kibepueruka (coBm. ¢ E.A. IlIkabapa. "Hayxka i xutts", Ne 12, 9 - 11).

264. Dtoro Tpebyer cepane (coBM. ¢ H.M.AmocoBsiM 1 M.BemnpuniieBsiMm. KomcoMoubckas
npaBja, 5 anpens).

265. OO6wennatu 3yccuiis (Beuipniit Kuis, 3 mons, Ne 129).

266. BcecorsHoe coBemanue mo Teopuu BepostHocTel (CoBerckoe 3akapmarbe, 8 OKTAOpS,
Ne 237).

267. Bikonomua moxist (Beuipwiit Kuis, 14.08., Ne 217).

268. Ha Gmaro naponos (IIpaBna Ykpaunsi, 21.10., Ne 245).

1960 rox

269. Introduction a la theorie des probabilites (coBm. ¢ A.Sl. XunuunsiM. Dunod, Paris, 1 - 157).

270.  Elementare Einfuhrung in die Wahrscheinlichkeitsrechnung (mit A.Chintschin. 2 verb.
Aufl. Berlin, Otsch. Verl. Wiss.)

271.  Jlekuuu no teopuu MaccoBoro oocmyxkuBanust (KBUPTY Beimn.1- 2, 1 - 207).

272. O mnpenenbHBIX Teopemax Teopun BepositHocTeil (Proceedings of Intern. Congress of
Mathemat., 14 - 21 August, 1958; 518 — 528. Cambridge Univ. Press, New Jork).

273.  Uber einige Aspekte der Entwiklung der Warteschlangen (Mathematik, Technik,
Wirtschaft, Heft 4, 162 - 166).

274. OO0 onno#t 3amaue maccoBoro obcmyxuBanus (Tpyzael 2-oro IIpakckoro coBelIaHus MO
TEOpUH MH(POPMAIIUH, CTATUCTUYECKUM PEIIAIOMUM (QYHKIHUAM U CIy4alHBIM IPOLIECCaM,
Ilpara, 177 - 183).

275. O HeKOTOpBIX 3ajavyax Teopuu MaccoBoro obOcmyxuBanus (Tpynst Bcecoro3Horo
COBEILlaHUsl 10 TEOPUM BEpOSTHOCTEM M Maremarud. crarucrtuke, Msg. AH Apm.CCP,
Epesan, 15 - 24).

276. O HEKOTOPBIX acrmexkrTax pa3BuUTUA TEOPUU MacCOBOI0
obcnyxuBanusi (Mathematic Technic Wirtschaft, b.7)

277. K npoekry "pyKoBOOAIIMX ~yKa3zaHUH" 1O pacueTy dJIEKTPUYECKHMX Harpy3ok
IIPOMBIIITIEHHBIX TpeanpusiTiil (coBM. ¢ b.C.Memenem. IIpomeiiennas suepretuka, Ne 3,
41 - 44).

278. O MaremMaTHYeCKHUX METOJlaX B AKOHOMHUYECKHX HcclienoBaHUAX (DxoHoMHKa COBETCKOM
VYkpaunsbl, Ne 4, 74 - 81).

279. O HEKOTOpbIX pa3fenax TEOPUH BEPOSATHOCTEHN, UMEIOIKUX HENOCPEICTBEHHOE OTHOLIEHHUE
K mpobiemam Ouonoruu u MenuiuHsl (IIpuMeHeHHs MaTeMaTHYecKHMX METOJO0B B
ounosorun, M3a. JII'Y. 6 - 16).

280. Maremartudeckas craructuka u 3anaun npaktuku (Bect. AH CCCP, Ne 2, 38 - 43; Analele
Romino-Sovietice, Ne 3, 43 - 49).

281. The teaching of probability theory and mathematical statistics (Report of 2 conf. on
mathem.educ. in South Asia, Tata inst. of Fundamental Research, Bombay, 1 - 32).

282. O paborax H.B.Cmupnosa (cosm. ¢ A.H.Konmoropossim 1 j1p. Teopust BeposiTHOCTEH 1 ee
npuMeHeHus, T. V, BoIIl. 4, 437 - 440).

283.  buorpaduueckuii oyepk u kommeHTapuu B KHure E.E.Cuynxuit «V30paHHBIE TpYABI»
(Mocksa, u3a-so AH CCCP, 5 - 11, 283 - 286).

284. A . .XunuuH (coBm. c¢ A.H.KonmoropoBbiM. Ycmexu MareM. Hayk, T.XV, BbIl. 4,

97 - 110).
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A 5. XunuuH (Teopus BeposITHOCTEN U ee mpuMeHeHus, T.V, BolIL. 1, 3 - 6).

286. TI'.Il.boeB (coBM. ¢ H.UynakoBeim, M3Bectust BY30B, Matematuka, Ne 1(14), 245 - 246).

287. Ilpemucnosue x kuure J[.S1.Crpoiika "Kopotka icropis matemaruku" (PansHchka mikoa,
Kuis, 5 - 7).

288.  Penensus na xuury "Marematuka B CCCP 3a copok net" (coBm. ¢ U.b. ITorpedbicckum.
YMH, 1.XV, BbIN.5, 235 - 236).

289. Penensus Ha kHury Zemanek Heinz «OnementapHas teopus undopmarun» («HoBbie
KHUTH 3a pyOexom», cepus A, Ne 2, 17).

290. Penensus Ha kaury Borel E. «Kypc Teopun BepositHocTeit», T. I, Boim. 1 («HoBble kHUTH 3a
pyoexxom», cepust A, Ne 3, 11 —12).

291. Penensus Ha kuury Mittenecker E. «IlmaHupoBaHue SKCIEPUMEHTOB M CTATHCTUYECKHE
BBIBOJIBI M3 HUX», (U31. 2) («HoBbIe KHUTH 32 pyOexkom», cepust A, Ne 3, 12).

292.  Penensus Ha kHury Lindgren B.W., McElrath G.W. «BBenenue B TeOpHio BEPOSTHOCTEH U
cratucTuky» («HoBble kHUTH 32 pyOesxom», cepust A, Ne 5, 15 — 16).

293. Penensus Ha kuury Lukacs E. «Xapakrepuctuueckue ¢ynkuun» («HoBble KHUTH 3a
pyoexxom», cepust A, Ne 11, 8 — 10).

294. Penens3us Ha kHUry Derman C., Klein M. «Teopusi BeposSTHOCTEH M CTAaTHCTUYECKHE
BBIBO/IBI U151 HHXKEHEPOB» («HoBbIe KHUTH 32 pyOexom», cepust A, Ne 12, 9).

295. Maremaruka i cydacHicTh (razera «Pagsuaceka OcBiray, 18 urons).

296.  Mpii cratots gilicHicTio (PagsHcbka Ykpaina, 17 tpaBus, Ne 113).

297.  Ilpo xubepueruxy (coBm. ¢ E.A.Illkabapa. xxypH. "uinpo", Ne 4, 138 - 142).

298.  Kurrsa i marematuka (JlitepaTypHa razera, 8 utons, Ne 54).

299. OO0 roHomeckux MaTeMatndeckux Imkosax (coBm. ¢ K.M.IlIBernoBeiM. razera «PagasHchka
Ocsitay, 20 deBpans).

300. Yynoso (Beuipniit Kuis, 23.01., Ne 19).

1961 rox

301. Dnementsl nporpammupoBanus (coBmectHo ¢ B.C.Kopomtokom u E.JL.}FOmenko. Mockaa,
duzmarrus).

302.  Kypc teopun BepositHoctel (Pusmarrus, Uzn. 3-e, 1-406).

303. DneMeHTapHOE BBEICHHE B TEOpUIO BepoATHOCTEW (CoBM. ¢ A.S.XunumnbiM. TMOMII,
u3a. S5-oe, 1 - 144).

304.  An Elementary introduction to the theorie of probability (and A.Khintchin. S.Francisco and
London, Freeman and Co., 1 - 139).

305. DOxtumoiuap He3apuscHUIaH OONUIAHTHY MabIyMOTIap (COBM. ¢ XHWHUYMHBIM. TalllKeHT,
1-126).

306. TeopeTuKO-BEpPOATHOCTHBIE OCHOBBI CTATHUCTUYECKOTO METOJA pacyeTa 3JIEKTPUUYECKUX
Harpy3ok npomsliuieHHbIX npeanpustui (M3s. BY3oB, Onekrpomexanuka, Ne 1, 90 - 99).

307. O cCTaTUCTUYECKHMX METOJAX pacdeTa U HCCIENOBAaHUS DJIEKTPUUECKUX HArpys3okK
IIPOMBIIITIEHHBIX Npeanpusatuil (coBM. ¢ b.C. MemeneM. Dnextpuuectso, Ne 2, 81 - 85).

308. O crarucTuuecKkoil OlEHKE PEKUMOB CETe HaceaeHHBIX MyHKTOB (coBM. ¢ b.C. Memmenem.
OnektpuuecTtBo, Ne 6, 71 - 74).

309. Teopus BeposTHOCTEH U HEKOTOpBIE ee mpuMeHeHus: (Mopckoii coopruk, Ne 9, 31 - 41).

310. Hexoropsie Bompocsl kubepHeTuku u cratuctuku (CoopHHK «KuOepHeTHKy - Ha ciyxOy
KOMMYHM3MY», T.I, 55 - 70).

311.  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).
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MaremaTHueckiue mapameTpbl YHHMBEpPCAJIbHOW NHM(POBOH aBTOMATHUECKOW MAIIMHBI
"Kue" (coBm. ¢ B.M.I'mymkoBeiM u E.JLIOmenko. COOpH. TpyJOB MO BBIYHUCIL
MaTeMaTHuKe U TexH., Bl 2, 3a. AH YCCP, 7 - 14).

313.  Imogipuocreit Teopis (YPE, 1. 5,396-397).

314. Maremaruyeckas CTaTHUCTHKA - MOIIIHOE Opyaue B paboTe 3aBOACKON JabopaTopuu
(3aBoxckas nmaboparopust, Ne 10, 1251 - 1253).

315. Kaxnomy cnenualucTy HY)KHO 3HaTh MaTeMaTHYECKYI0 CTaTUCTUKY (BecTHuHK Bbicuiei
mkoJtbl, Ne 12, 29 - 30).

316.  A.S.Xunuun (Maremaruueckoe npocseuieHue, Ne 6, 3 - 6).

317. O crarbe A.S.XunumnHa "YacroTHass Teopuss P.Museca u COBpeMEHHBIE HAEH TEOPUU
BepostHocTel" (Bompocs! ¢punocoduu, Ne 1, 91 - 92).

318.  A.la.Khinchin (Proceedings of the Fourth Berkeley Symposium on Mathematical Statistics
and Probability, v. 2, 1 - 15).

319. Muxaun BacunseBuu Octporpaackuil («JIromu pycckoir Haykm», MockBa, ®dusmarrus,
104 - 110).

320. ITaduytuii JIbBoBuy Yebnites («JIroau pycckoit Hayku», MockBa, @usmarrusz, 129 - 140).

321.  Amnpgpeit Auapeesnu Mapkos («JIrogu pycckoit Haykn», Mocksa, @usmatrus, 193 - 199).

322.  Kommenrapuum Kk paboram  M.B. OcTporpackoro 1Ho TEOpUH  BEPOSITHOCTEH
(M.B. Octporpaznckuii «IlomHoe coOpanue TpymaoB», U3A-BO AKaJeMHUH HayK YKpaumHCKOM
CCP, Kues, 343-344, 347-348, 365, 371-372).

323. Hexkoropsle 5K0OHOMUYECKHEe mpobiembl TexHuyeckoro mporpecca ("Kommynuct", Ne 10,
23 - 34).

324.  Yro Takoe Teopus HaaexxkHocTu? (MaremaTuka B mkonue, Ne 6, 8 - 14).

325. IIpo maTeMaTH4Hy OCBITY B paAsHCBHKI{ mKkom (BukiaganHs MaTeMaTvku B LIKOJI, BUIL.],
3. "PansHcbka mkoia", S - 12).

326. IlpemucnoBue k 3-my wuzganuto kHurn A.S.Xunumna "llemnbie apo6u". (Mocksa,
duzmarrus).

327. Peuensus Ha kuury lO.B.JIlunnuka "PaznoxeHus BepoaTHOCTHbIX 3akoHOB" (AH CCCP,
Teopus BeposTHOCTEN U €€ IpUMEHEHMS, T. V], BbI. 2).

328.  Peuensus Ha kaury Lehmann E. «IIpoBepka craructuueckux runores» («HoBble KHUTH 32
pyoexxom», cepust A, Ne 1, 11).

329. Peuensus Ha kHury Avondo Bodini G., Brambilla F. «Teopusi ouepeneit» (uacts l.
Cratuctuka) («HoBble KHUTH 3a pyOexxom», cepust A, Ne 2, 6 — 8).

330. Peuensus Ha kaury Diamond S. «Mudopmarus n ommbka» («HoBbie KHUTH 32 pyOeskom»,
cepust A, Ne 2, 8 —9).

331.  Peuensus Ha kuury Scheffit H. «/lucnepcuonnsiii anam3» («HoBble KHUTH 32 pyOeskom»,
cepust A, Ne 3, 22).

332.  Oto HyxHO BHeApATh (O NpPHUMEHEHMM MaTEMaTUYECKUX METONOB IIpU pELICHUU
MIPO3BOJICTBEHHO-IKOHOMHUYECKUX mpobiem) (Hayka u xu3nb, Ne 9, 26-29).

1962 rox

333.  The theory of probability (USA, Chelsea publ. Co., 1 - 459).

334.  Kypc teopun BepositHocTel («Giao trinh ly thuyet xac suat») (Hanoi, 1 - 389).

335. Lehrbuch der Wahrscheinlichkeitsrechnung (Academie-Verlag, Berlin, 3 erweiterte
Auflage, 1 - 393).

336. 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)
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337.  An elementary introduction to the theory of probability (and A.Khinchin. New York, Dover
Publications, Inc., 1 - 130).

338. O nonstuu HapexHoctu (coBM. ¢ FO.K.bensesbim. Bonpock! pagnosnexkTponuky, cepus 12,
BoIm. 13,3 - 11).

339.  OcHOBHbIE HaNpaBJICHUS HCCICIOBAHHA B TEOPHUH MACCOBOTO OOCITYXHBaHHsS (COBM. C
10.K.bensieeim 1 U.H.KoBanenko. Tpynbl 6-ro Bcecoro3H. coBelll. 0 TEOpUU BEPOATH. U
MarteM. cTaTuctuke, BunbHioc, 341 - 355).

340. Maremaruka(YPE, 1.8, 536-537).

341. Maremaruyna cratuctuka(YPE, 1.8, 537-538).

342. Maremarnuni mamuau ta npunaau (YPE, 1.8, 538-539).

343,  S3pikoM marematuku (MU3n. «3nanuer, IX cepusi, ®uznka u xumus, Ne 7, 1 - 30).

344. Einige Fragen der Kybernetik und Statistik (Sowietwissenschaft, Verlag Kultur und
Fortschritt, 10, 1071 - 1090).

345. IlpumeHeHHE MaTeMaTHYECKUX METOJOB INpH 00pabOTKE pe3ylbTaTOB OHOJOTMYECKHX
Habmonennii (copm. ¢ C.B.®omuabiM u S.UW.Xyprunemm. CoOopauk "buonorudeckue
acriektsl kubepuetuku", U3a. AH CCCP, 103 - 111).

346. Ponp mareMaTuku B pa3BUTHM TEXHUKU M INpousBojacTBa (MaremaTtuka B mikosie, Ne 1,
25 - 35).

347. 3ameuanusa k crarbe C.M.IleryxoBa "Pemenue onHONH 3amadd TEOPHUM MacCOBOIO
oOciyxuBanus" (Mopckoit coopauk, Ne 2, 44 - 47).

348. A.N.®etucos (coBM. ¢ A..SI.Maprynucom. Maremaruka B mikoiie, Ne 1, 76 - 77).

349.  IlpekpacHblii MaMIATHUK BbIIAIOIIEMYCS yueHOMY U nenarory (Maremartuka B mikose, Ne 3,
87).

350.  Peuensus Ha kHury «Tpynsl Bropoii Ilpakckoil koH(pepeHIun Mo Teopuu HHGOPMAIUH,
CTaTUCTHYECKUM PEIIAIONINM (DYHKIMAM U TEOPHHU CIIydalHbIX mporeccoBy» («HoBble KHUTH
3a pyoexxom», cepust A, Ne 1, 10 — 12).

351. Peuensus Ha kHuUry «BeposTHOCTP M craTucTHKa» (TOM, mnocBsiieHHbI . Kpamepy)
(«HoBble kHHTH 3a pyOexom», cepus A, Ne 4, 9 —11).

352.  Peuensus nHa kuury Mosteller F., Rourke R.E.K., Thomas G.B. «Teopusi BeposTHOCTH ¢
NPUIIOKEHUSIMU K cTaTuCTUKe» («HoBbIe KHUTH 32 pyOexxom», cepust A, Ne 5, 8 — 10).

353.  Peuensus Ha kaury Plackett R.L. «I[Ipuniuns! perpeccuonsoro ananusa» («HoBble KHUTH
3a pyoesxkom», cepust A, Ne 7, 12 — 13).

354. Peuensus Ha kHury Rashevsky N. «MaremaTnueckue NpUHIUNBI B OHOJOTHH M HX
npumeHeHus» («HoBbie kHUTH 32 pyOesxkom», cepust A, Ne 11, 18 — 20).

355. CoBpemeHHass MaTeMaTUKa U CTPOUTENLCTBO kKoMMyHH3Ma (Hapoanoe oOpazoBanue, Ne 5,
24 - 28).

356. Marematuka Bokpyr Hac (Hayka u yenoseuectso, 1.1, 106 - 117).

357. Marematuka Bokpyr Hac (Hayka u xu3nb, Ne 8, 18 - 23).

358.  CnoBo Teopun BepostHOCTeH (3HaHue - cuna, Ne 5, 14 - 15).

359. Maremaruka u HaaexxkHOCTh (MockoBckas npasaa, 13 utons, Ne 137).

360. Ha yposne XIX Beka (Yuutennckas razera, 21 utons, Ne 73).

361. MaremaTuka Bropraercs B )ku3Hb (MocKoBckHii komcomoutell, 18 oktsaopsi, Ne 229).

362. Ilarpuapx pycckoii Matematuku (Boctouno-cubupckas Ipasna, 04.01., Ne 3).

363. Kadenpa nameuaer miuansl (MockoBckuil yauBepcurert, 13.02.).

364. Kuwmxnble nonaku Hayku (coBM. ¢ bananaunsim, PeyroBeim u np. Hepens, 25.11-1.12.).

1963 rox

365.  The theory of probability (New York, Chelsea publ. Co., 1 - 471).
366. EnemeHTapHO BBBEIEHUE B TEOPUSTA HA BEPOATHOCTUTE (COBM. ¢ A.fl.XuHuUMHBIM. Manka
MaTemaTudecka oubnuoreka, Codus, uzn-so "Texnuka", 1 - 128).
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Elementarny wstep do rachunku prawdopodobienstwa (coBm. c¢ A.Sl. XUHYMHBIM.
Warszawa, PWN, 1 - 199).

Teoria de las probabilidades (coBm. ¢ A.Sl. Xunuunbsim. Buenos - Aires, 1 - 153).

Jlexiuu mo Teopuu MaccoBoro obcmyxkuBanusi (com. ¢ W.H.Kopanenko. Bbim. 1 -3,
KBUPTY, 1 - 316).

Onementsl nporpammupoBanus (coBm. ¢ B.C.Kopomrokom n E.JL.IOmenko. 2-oe wusn.,
®duszmarrus, 1 - 348).

M.B.Octporpazackuii. XXKusup u padora. HayuHoe u menarorndeckoe HacieICTBO (COBM. C
N.B. TTorpedsicckum. Mocksa, uza-so AH CCCP, 5-270).

Niektore zagadnienia cybernetyki 1 statystyki (Roczniki Polskiego Towarzystwa
Matematycznego, seria II: Wiadomosci Matematyczne VII, 65 - 85).

Hanexnocte (coBM. ¢ S.b.Illopom. cmnpaBouHuk "ABTOMaTu3auus NIPOU3BOJACTBA U
IpoMbIIIIeHHas 3nekTpoHuka”, M3a. bCO, 1. 2, 348-353).

O mpo6nemax ucropun matrematuku B Poccun u CCCP u o pabotax B 3T0il oOmactu 3a
1956 - 1961 rr. (coBM. ¢ W.b. ITorpedsicckum, 1.3. IlItokano u A.Il. FOmkeBuuem. MU,
1-s1 cepus, BbIm. 15, 11 - 36).

[Ipobnembl WCTOpUM MaTeMaTHKH HOBOro BpeMeHH (coBM. ¢ K.A.PbIOHMKOBBIM H
H.U.CumonoseiMm. UMMU, 1-5 cepus, Boim. 15, 73 - 96).

O pab6orax A.H.Konmoroposa o teopun BepositHocTeit (YMH, 1. 18, BbIm. 5, 5 - 11).

O pabotax A.H.Kommoroposa mo Teopun BepositHocteil (coBM. ¢ H.B.CmupnoBeiM. AH
CCCP, Teop. BeposTH. u ee npumenenus, 1. VIII, Ne 2, 167 - 174).

A.H.KonmoropoB kak mnemaror (coBMm. c¢ II.C.AnekcanaposiM. YMH, 1. 18, BbIN. 5,
115 - 120).

A.H.Konmoropos (MatemaTuka B mikoJie, Ne 2, 67 - 68).

IlepBbie maru B pazsutuu cuera (Maremaruka B mkoie, Ne 4, 5 - 10).

Jlekiuu o uctopun mareMatuku. Beognas nexuus (Maremaruka B mkoiie, Ne 1, 3 - 13).
Maremaruka 1peBHUX Hapo10B JBypeubs (Marematuka B mkoiie, Ne 6, 3 - 12).
Maremaruka B 6nosioruu v meaunuHe (buostorus B mkose, Ne 5, 73-79).

O nporpammupoBanHOM o0ydeHuu (Mopckoit cooprauk, Ne 9, 13 - 20).

[IpenucnoBue pemakropa U 3aKiIlOYuTeNbHas cratbss B KHuUre A XunumHa
«ITemarornueckue cratbu» (M31-Bo Akaa. nen. nayk PCOCP, 3 - 12, 180 - 203).
[IpenucnoBue pegakTopa M 3aKiIr0UUTENbHAS cTaThd «O HEKOTOPBIX MMOCTAHOBKAX 3a7ad U
pe3yibTaTax TEOpUH MaccoBOro oOciyxkuBaHus» B KHure A.Sl.XunumHa "PaGoTbl 1O
TEOPUHU MacCOBOTo oOcmyxuBanus" (Pusmarrus, 4 - 7, 221 - 235).

3a Oopbata Mexay MaTepualu3Ma M HJeadu3Ma B MaTeMarukata (COBM. C
JLA. Kanyxxuunbim, Matematuka u ¢usuka, Ne 1,1 -9, Ne 2, 1 - 5, Codus).

[IpenucnoBue k kuure B.A.Bsimenckoro, M.M.fAnpenko "30ipHUK 3aqad Al YYaCHUKIB
MatemaTuaHux onimmian" (Kues, u3a-so "PansHchka mkona").

IIpenucnosue k kaure A.M.Kongparosa "Yucna BMecto untynnun" (n3a-so "3nanue", IX-
as cepus "®dusnka u xumus", Ne 8).

[Tpenucnosue k kuure P.X.3apumnosa "KubepHeruka u my3bika" (u3n-so "3nanue", [X-as
cepus "®dusuka u xumus", Ne 18).

Penensus na kaury Cox D.R. «Teopusi Boccranosnenus» («HoBble KHUTH 3a pyOexoM»,
cepust A, Ne 4, 14 — 17).

Penensust Ha kuury Saaty Th.L. «3nementsl Teopum ouepeneit» («HoBble kHuUTH 3a
pyoesxxom», cepust A, Ne 7, 15 — 18).

Penensust Ha kuwury Parratt L.G. «BeposTHOCTh M 3KCIIEPUMEHTAIbHbIE OIIMOKH B
ecrecTBo3HaHUN» («HoBBIE KHUTH 3a pyOexxom», cepus A, Ne 8, 25 —27).

Penensuss Ha kHury Benesb J. «Craructuueckas IMHaAMUKa TEOPUHU PETYINPOBAHUS»
(«HoBble kHHTH 32 pyoexom», cepust A, Ne 10, 15 —17).
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395. Peuensus Ha xuury Bailey N.T. «BBegeHue B MaTeMaTHUECKyI0 TEOPHIO T'€HETHYECKOTO
cuerienus» («HoBele kHuTH 32 pydeskom», cepust B, Ne 10, 18 — 19).

396.  Peuensus Ha kuury Rosenblutt M. «Crnyuaiinbie npoueccs» («HoBble KHUTH 32 pyOe:kom»,
cepust A, Ne 11, 27 —30).

397. HanexHocTs - ko4 aBTomatuzauuu (U3Bectus, 24 anpens, Ne 157).

398.  KiroueBas npo6iemMa COBpEMEHHOM TeXHUKH (YuuTenbckas rasera, 1 oktsops, Ne 116).

399.  Beiparomuiics matemaTuk coBpeMenHoctu (M3sectus, 24.04., Ne 98).

400. Pwucosars kaptunsl Oyaymero ("HckycctBo kuno", Ne 6, 108-116).

1964 ropn

401. DieMeHTapHOE BBEAECHHE B TEOPHUIO BeposTHOCTEW (CoBM. ¢ A.Sl.XMHUMHBIM. H3-BO
«Haykay, uzg. 6-e, 1 - 146).

402. Elementen der programmirung (mit Koroluk und Justenko, Teubner, Leipzig, 1 - 327).

403. Bevezetes a programozasba (Koroluk und Juscenko, Budapest, v.1 und v.2, 1-228,
1 -204).

404. O xpurepuu 3HaKoB ([loxnanel bonrapckoit AH, 1.17, Ne 9, 793 - 796).

405. O wuenarpyxenHom payonupoBannu (M3sectuss AH CCCP, Texnudeckas KuOEpHETHKA,
Ne 4,3 -12).

406. O nmybmupoBanuu ¢ BocctaHoBneHueMm (M3sectuss AH CCCP, Texnuueckas KuOepHETHKA,
Ne5,111-118).

407. OO0 ompexneneHUH ONTUMAIBLHOTO YHcia npuyanoB (coBM. ¢ M.H. 3yOkoBeiM. «Mopckoii
coopaHK», Ne 6, 30 - 39).

408. Craructuueckue wmetoabl B Teopun HaaexxkHoctu (Cranpaprtuzauus, Ne 6, 16 -23;
u31-BO «3HaHUEY, 1-25).

409. Ponp MareMaTMKH B pa3BUTHH COBpeMEHHOro ectecTBo3HaHus (COopH. "/lnanmexThka B
Haykax o HeskuBoM npupoje", U3n. «Msiciaby, 45 - 85).

410. CraTuCTHUYECKHM METOAU B TeOpHsl Ha curypHocrra (Pu3mko-MareMaTH4ecKoe CIUCaHUE,
1.7, BBIIL 2, 120 - 134).

411. 1lo e Teopus Ha MacoBoTO oOciyxkBaHe (DPU3UKO-MAaTEMATHUECKOE CIIMCAHUE, T.7, BBIIL3,
200 - 211).

412. 3a moarotoBka Ha yuutens mo maremaruka (Maremaruka u usuka, Codus, Ne 4, 4 - 11,
Ne5,1-9).

413. MareMaTudyecku CTpaHM Ha TeopusTa Ha curypHocrra (HoBoctu B aBTOMaTtukara u
TeneMexaHukara, kd. 4, Codus, 5 - 34).

414. W3 uctopus Ha marematukata (Marematuka, Ne 2, 6 - 9, Cocus).

415. Mathematik in Biologie und Medizin (Biologie in der Schule, B.13, H.3, 107 - 111).

416. B03MOXXHOCTH U HYX[bl MOJIOJON Hayku (kypH. "Hayuno-texn. obmecta CCCP", Ne 12,
2-5).

417. O teopuu maccoBoro oociyxuBanus (MaremaTuka B mkoiue, Ne 3, 10 - 20).

418. Hayka o ciyuaiinom (/leTckas sHuMknonenus, 2-oe usg., 452 - 461).

419. O MareMaTHYeCcKUX METOJaX TEOpuu HaAexkHocTHu (JleTckas sHUUKIONEaus, 2-0€ H3/l.,
461 - 465).

420. O BocnuTaHuu yuutens matematuku (Maremaruka B mkose, Ne 6, 8 - 20).

421. TIlpemucnoBue k xkHure OMmuis bopens "BepositHocTs M nocroBepHOCTH" (M3a. 2-0e, M.
"Hayxa").

422.  Peunensus Ha kHury M.Rosenblutt "Random Processes" (Annals of Mathematical Statistics,
v.35,n0.4, 1832 - 1833).

423. Penensuss Ha kuury Walsh J.E. «CnpaBouHuk mo HemapamMeTpHUECKHUM CTAaTHCTHKAM

(«HoBble kHHTH 3a pyOexom», cepus A, Ne 1, 18 — 20).
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424. Penen3us Ha kHHTY «MaremaTuueckue MpoOiieMbl B OHOJOTHYECKHX HayKax» (Mo
penakiueit R.E. Bellman) (coBm. ¢ 3aropckoit U.b.. «HoBble kHUTH 32 pyOexom», cepust A,
Ne 3,24 - 28).

425. Penensuss nHa kuury TakOcs L. «BBemenue B Teopuio odepeneit» («HoBble KHHMTH 3a
pyoesxxom», cepust A, Ne 4, 15 — 18).

426. Peuensus na kuury Freeman H. «BBenenue B Teopuio ctaTuCTUUECKHX BbIBOJIOB» («HOBBIE
KHUTH 3a pyoexom», cepus A, Ne 10, 14 —17).

427.  Penensus Ha kaury Bodion G. «/lnanextuueckas Teopus BEpOSTHOCTEH, BKIIOUAIOLIas e
KJIaCCUYECKOe M KBaHTOBO€ wucuucienue» (coBMm. ¢ [.A.3aiiueBbiM. «HoBble kHHUTH 3a
pyoexxom», cepust A, Ne 12, 9 — 11).

428. Peuensus Ha kHury «McciaemoBaHus 1O NOPSAOKOBBIM — CTaTHUCTUKaM»  (IIOA
penakiueit A.E. Sarhan u B.G. Greenberg) («HoBbie kHuru 3a pydexom», cepust A, Ne 12,
11-13).

429. Crangapt Bbicokoro kauectBa (coBM. ¢ A.W.beprom, A.M.Copunsim u S.b.1lopom.
W3Bectus, 9 suBaps, Ne §).

430.  Benukuii peinaps Hayku (Kpacuas 3Be3na, 13 despais, Ne 39).

431. Hanexnocts 1 Matematuka (Henemns, 10 - 16 mas 1964, Ne 20).

432.  KauectBoM MOHO ynpaBisTh (coBM. ¢ SI.M.Copunbim. N3Bectus, 20 nrons, Ne 172).

433.  Ilo HAKOH B MpPOCH Ha YUYMJIMIIHOTO oOpazoBanue (Yuurenabcko neno, Codus, 23 oxTsaops,
Ne 84).

434.  Ckonbko crout Harnerarens? (Henens, 5-11.07).

435. BosmoxxHoctu W HyXAbl Moiyonoi Hayku (Kypuan «HaydHo-texHudeckue oOmIecTBa
CCCPy», Ne 12, 2-5).

1965 rox

436.  Kypc teopun Beposarnocreit (Hayka, uzn. 4-oe, 1 - 400).

437. Marematuueckue MeToapl B Teopuu HaaexkHocTH (coBM. ¢ FO.K. benseBeim u
A 1. ConoBbeBbIM. u3a. Hayka, 1 - 524).

438.  Lehrbuch der Wahrscheinlichkeitsrechnung (Academie-Verlag, Berlin, 4 Auflage).

439. OO0 oxaHoif 3anaue Teopun ayonuposanus (Mopckoil coopruk, Ne 1, 14 - 23).

440. OO0 oxHOM acriekTe MpodseMbl onepaTtop-MainHa (Bompockl paguosneKTpoHUKY, BhIIL 25,
cepus 12,3 -11).

441. Maremaruka (YPE, 1. 17, 465-468).

442. OOecrnieueHHEe KadyecTBa, HANSKHOCTH U JIOJITOBEYHOCTH MAacCOBOM TPOAYKIUU H
cTaTUCTUYeCcKue MeTo bl uccneaoanus (Crangapruzanus, Ne 5, 4 - 6).

443. K Bompocy HAJEKHOCTU CEIbCKOXO3AUCTBEHHOW TexHUKU (coBM. ¢ B.ILIlonoBeim.
Tpaktopsl u cenbxo3. MamuHbl, Ne 6, 21 - 24).

444. O teorii obslugi («Matematika», czasopismo dla nauczycieli, Warszawa, Ne 1(85), 1 -9,
Ne 2(86), 50 - 54).

445. llpemucnoBue k kuure T.Caatu "DieMEHTH TEOPUHM MAacCOBOTO OOCIYXHBaHHS U €€
npunoxenus" (U3n-so "Cos. Paguo", 5 - 14).

446.  Uber Bednungstheorie (Math. in der Schule, Ne 5, 325 - 340).

447.  C e3uka Ha maremarukara (Hapoana npocsera, Codus, 1 - 47).

448. Maremarukata Ha ApeBHUTE Hapoau oT Mecomoromust (Marematuka, BHP, Ne 2, 1 -4,
Ne 3, 6-10).

449. MaremaTHuecKkiue MOJETH M TNporpaMMupoBaHHOe oOydeHue (coBM. ¢ FO.M.Bepuiko.
Cogerckas nenaroruka, Ne 10, 140 - 142).

450.  CuMBOJI NpPOTPECCUBHBIX HaeH U MeTo10B B neaaroruke (BectHuk Boicmeit Ikomsl, Ne 5,
13 - 20).

451. O mepcmekTHUBax MareMaTtudeckoro oopazoBanus (Maremaruka B mkoise, Ne 6, 2- 11).
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452.  Perspektiven der mathematischen Ausbildung (Band "Problem des Mathematikunterrichts",
Berlin, 28 - 59).

453.  Meine Idealvorstellung vom Mathematiklehrer (Band "Problem des
Mathematikunterrichts", Berlin, 88 - 104).

454.  Mathematical education in the USSR (The Australian Mathematics Teacher, v.21, Ne 3,
49 - 59).

455. Hrorm OTKpBHITOTO KOHKypca Ha y4yeOHMKM 1o MmaTemaruke (coBM. ¢ M.C.IleTpakoBbIM.
Marematuka B mkose, Ne 2, 4 - 9).

456. K cromernro MOCKOBCKOrO MaremaTHdeckoro ooOmiectBa (Maremaruka B Imkose, Ne 2,
95 - 96).

457. llpemucnoBue k kuure 3. I'ymbenp «CraTucTHKa 3KCTpeMalbHBIX 3HaueHUi» (Mockaa,
Mup, 5-7).

458. Peuensus Ha kHUry XpuctoB Bi. «OCHOBBI Teopuum BEpOSATHOCTEH M MaTEMaTUYECKOU
CTaTUCTHKH C TMPHJIOKEHUSMH B TEXHHKE M SKOHOMHUKe» («HoBble KHHIM 3a pyOexom»,
cepust A, Ne 2, 15 — 18).

459.  Peuensus Ha kHury Bergstrum H. «IIpenensasie Teopemsl i cBepTok» («HoBbIE KHUTH 32
pyoesxxom», cepust A, Ne 8, 20 — 22).

460. Penensus Ha kuury Spitzer F. «[Ipunuumns! cnyyaitHoro Omyxnanus» («HoBble KHHTH 3a
pyoesxxom», cepust A, Ne 9, 32 — 33).

461. Penensus Ha kuury «Konuenuus nHdopManuu B COBpeMEHHbIX Haykax» («HoBble KHUTH
3a pyoexom», cepust A, Ne 11, 5 7).

462. Teopus maccoBoro oociyxuBanus (DKkoHoOMHYecKas razera, 3 ¢espais, Ne 5).

463. Cnaraemple HagexxHocTd MamMH (coBM. ¢ A.bamkupuesiM u B.IlonossiM. IlpaBma, 25
despais, Ne 56).

464. Cratuctuueckue mMetoasl B nmpomsbiiuieHoct (coBM. S.b.Illopom. M3Bectus, 14 ampens,
Ne 88).

465. TIpobnemsl noBeImeHus HagexHOOCTH (Tpyn, 2 urons 1965, Ne 153).

466. O nHekoTopsIx Bonpocax kubepHetuku (CoBerckas Amkapus, | ceHTs0ps, Ne 171).

467. UYenosek. Bpems. Hapexnocts. (MockoBckas npasaa, 21 sHBaps).

468. bpak B comuaHbix oOmoxkax (coBMm. ¢ A.H. KoamoropossiM, A.A. JIOpOJHHIIBIHBIM,
A. Baiinmreitnom. M3Bectus, 23.01., Ne 19).

1966 rox

469.  The theory of probability (Chelsea publ., New York, 1 - 479).

470. Bsenenue B Teopuro maccoBoro oOcmyxuBaHus (coBMm. ¢ W.H.KoBanenko. Hayka, 431
CTp.).

471. Marematuueckas TEOpusi HAJEKHOCTH M €€ NPUMEHEHHs B MamMHOCTpoeHuH (Tpyabl
KoH(pepeH1K "Hane:kHOCTh M IOArOBEYHOCTh MalINH U ipubopoB", BeI. 1, 73 - 80).

472. Maremaruueckue BOMpoCckl Teopuu HagexxHoctw (coBm. ¢ HO.K.benseBpiM 1
N.H.KoBanenko. Utorn nayku, BUHUTU, 7 - 53).

473. OO0 5(deKTUBHOCTH BOCCTaHOBJIECHHUS pe3epBHBIX ycTpoicTB (Coopuuk "IlpenenvHbie
teopembl U crat. BeiBOJBI", AH Y3CCP, Unctutyr matemaruku um. B.M. PomanoBckoro.
N3n-Bo «®an», TamkeHt, 44 - 59).

474. O HEKOTOpbIX NIPEIENbHBIX TEOpEMax B TEOPUM PE3EPBUPOBAHMUS C BOCCTAHOBJICHHEM
(Bompocs! panno3nexkTpoHuky, cep.12, Bpim. 13, 3 - 15).

475.  Ponb uctopun pU3MKO-MaTEMaTUIECKUX HAYK B pa3BUTHUU coBpeMeHHOH Hayku ("Mcropus
Y METOJ0JIOTHs ecTecTBeHHBIX Hayk", M3n. MI'Y, BeILS, 5 - 14).

476. OO0 anropuTMHYECKOM Moaxojae K o0ydeHuro (coBM. ¢ b.B.BuprOKOBBIM. MpenucioBue K

kuaure JI.H.JIanna "Anropurmusanus B o0yuenun", m3a. [IpocBemenue, 11 - 33).
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477. O Meronax KOMOWHATOPHKH B TEOPHM BEPOSTHOCTEW M MAaTEeMaTUYeCKON CTaTHCTUKE
(Marematuka B mkoiie, Ne 5, 18 - 21).

478. O maremaTudeckux mMojensix B nefaroruke (Bectuuk Beicmi. mkombl, Ne 9, 25 - 31).

479.  Mathematik rund um uns (Wissenschaft und Menschheit, 78 - 89).

480. T.A.CapeimcakoB (YMH, 1.XXI, Bbim.3, 248 - 253).

481.  A.ILYOmkeBuu (coBm. ¢ .I'.bammakoBoii, MaremaTtuka B 1mikoJie, Ne 4, 84 - 85).

482. O BcrynutenbHbIX 3k3amMeHax B MI'Y B 1966 r. (coBm. ¢ M.K.IlotanoBsiM. MaTemartuka B
mikouie, Ne 6, 37 - 49).

483. IlpemucnoBue k kHure K. Mot «Cratuctuueckue TMpEeABUIECHUS U PEIICHUS Ha
npeanpustun» (Mocksa, [Iporpecc, 5-9).

484. IlpemucnoBue k xkHure b.A. KosznoBa nu M. A. YmakoBa «KpaTkuil cipaBo4HHUK IO TEOPUU
HAJE)KHOCTH paauo3IeKTpoHHOM annapatypsl» (Mocksa, CoBerckoe Panno, 3-4).

485. Peuensus Ha «McTopuko-mMareMaTnyeckue uccienoBanus», Bein. 16 (YMH, 1.XXI, Bbin.3,
262 - 264).

486. Penensus Ha xaury Drooyan J., Hadel W. «lIporpammupoBaHHOE BBEJICHHE B YHCIIOBBIC
cuctemb» («HoBbIe KHUTH 32 pyOeskom», cepust A, Ne 2, 6).

487. Penensus na xuury Barlow R.E., Proschan F. «Maremartndeckas TeopHsi HaJEKHOCTH»
(«HoBble kHHTH 3a pyOexom», cepus A, Ne 8, 24 — 26).

488. IlocrakoBuuy — 60 net (CoBerckast My3bika, Ne 9, 15).

489.  Anrebpa mporpecca (MockoBckas mpasaa, 20 amperns, Ne 92).

490. T'enepanbHas 3agaua (I'opbroBckuii paboumnii, 9 utons, Ne 133).

491. Marematuka u coBpeMeHHocTh (KpacHas 3Be3na, 16 aBrycra).

492. Monoai — MaTeMaTHYHUA ~ KypHAJ (coBM. c M.YHalikoBCKUM, M. Anpenxo,
A.Kondoposuuem, I'.Cakosuuem. PagsHcbka ocBira, 15 okTsaops, Ne 83).

1967 rox

493.  The Theory of Probability (Chelsea Publishing Company, New York, 1 - 529).

494.  On some stochastic problems of reliability theory (together Yu.Beliaev and A.Soloviev.
Proc. of the 5-th Berkeley symp. on math. statistics and probabil., v.3, 259 - 270).

495.  Some theorems on standbys (Proc. of the 5-th Berkeley symp. on math. statistics and pro-
babil., v. 3, 285 - 291).

496. O cBsA3M TEOPUH CYMMHPOBAHHs HE3aBUCHMBIX CIy4alHBIX BEUYMH C 33JjayaMH TEOPHH
MaccoBoro oOciyxuBaHuss M Teopuu HanexxHocTd (Revue Roumaine de Math. pures et
appliquees, t.XII, Ne 9, 1243 - 1253).

497. O HEKOTOPBIX 33aadax TEOPUH MaccoBoro oocmyxuBanus (coBMm. ¢ M.H.KoBanenko. 13B.
AH CCCP, Texuuueckas kubeprneruka, Ne 5, 88 - 100).

498. AcumnroTMyeckue METOAbl B BOINpOcax HccienoBaHus onepauuid (Matepuansl
cumnosuyma "HMccnenoBanue onepauuii 1 ananu3 passutus Hayku', U3n. AH CCCP, 4.2,
23 -37).

499. O HangexXHOCTH ollepaTropa B cHcTeMe 4enoBek - MamuHa (Marepuansl koHd. "Hayun. u
IpaKT. mpobiaeMbl Oonbiux cuctem", co. 2, 76 - 80).

500. IIpumeHeHHWE TEOPUHM MACCOBOTO OOCTY)XHBAHHUS K 3aJa4aM OOJIBIIUX CHCTEM (COBM. C
W.H.KoBanenko. HayuHsle u npaxT. mpo6iaemMsbl OOJIBIINX cUCTEM, 54 - 55).

501. Teopusa BeposATHOCTEW M 3amaun cta”paprusauuu (Cranmaprtsl U kadectBo, Ne 1, 75 - 77;
No2,72-75;Ned, 76 -T8,;Ne5,77-T79; Ne7,31-34).

502.  Cranpaptuzanus u Mmaremaruka (CtaHgapThbl U KauecTBo, Ne 6, 86 - 92).

503. Pas3Butue teopum BeposTtHOocTe B MockoBckoM yHuBepcurere (Bectaux MI'Y, Cepus
«Matematuka», Ne 6, 30 - 51).

504. Maremaruka B CCCP 3a 50 ner (MaremaTuka B mkoJie, Ne 6, 5 - 13).
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505. O mnpobrnemax WIKOJBHOTO MareMaTH4eckoro ooOpa3zoBaHus (DHU3MKO - MATEMATHIECKO
criicanue, T. X, kB. 4, 311 - 324).

506. O xuwure b.E.bepanuesckoro "OrneHka HaiexKHOCTU annaparypsl aBToMaTuku" (CTaHzapThl
1 kadecTBO, Ne 8, 59).

507. Ilpeaucnosue k kuure J.Hukonay "Beenenue B kubepHetuky" (u3a-so "Mup").

508. IlpemucnoBue k kHure Jl.denukca "DnemeHTapHas MareMaTMKa B COBPEMEHHOM
m3noxenun" (u3a-so "l[lpoceemenue").

509. IlpemucnoBue k kuure Jhx.bykan, D.Kenurcoepr «HayuHoe ympaBiieHHE 3aracamin
(Mocksa, Hayka, 6-7).

510. Peuensus Ha kuury Walsh J.E. «CnpaBouHUK 1O HemapaMeTpUYECKHM CTaTHCTHKAM»
(rom II) («HoBble kHHTH 32 pyOexxom», cepust A, Ne 5,29 —31).

511. Peunensus nHa xkHury Atkinson R.C.,Bower G.H., Grothers E.J. «BBenenue B
MaTeMaTHU4ecKylo Teopuro oOydeHus» («HoBbie kHUTH 3a pyOexom», cepust A, Ne 6, 34 —
36).

512.  Peuensus Ha kaury Lamperti J. «Probability» («HoBble kauru 3a pyoexom», cepus A, Ne 7,
12 - 14).

513. Peunensus Ha kuury Schmetterer L. «BBeneHre B MaTeMaTU4ecKyr0 CTaTUCTUKY» (HW31. 2)
(«HoBble kHHTH 3a pyOexom», cepus A, Ne 8, 34 —36).

514. Peunensus Ha kHury Richter H. «Teopus BepositHocrei» (u3n. 2) («HoBwle kHUTH 32
pyoexom», cepust A, Ne 10, 20 - 22).

515. IlpoGmembr Oompmux cuctem (coBM. ¢ JL HynkuaeiMm  u  b. KopoOoukuHBIM.
DxoHOMHUYECcKas razera, Ne 48).

516. Ha t'pceuntute n'ts k'm 3Hanueto (Crynenrcka tpuOyHa, 6p. 2 (542), ron. XIX, Codus, 3
OKTSIODST).

517. Maremaruka. Kubepueruka (Kumxaoe 0603penue, 10.06.).

518. A nBoeunuk cnokoeH (coBMmM. ¢ H. BunenkunsiM, H. Po3oBeiM, A. Xanamaiizepom.
Jlutepatyphas rasera, Ne 33).

519.  Teopwus cTaHOBUTCS KHU3HBIO (razera «MoCKOBCKUN yHUBEpcuTeT». 21 deBpans, Ne 11).

1968 rox

520. Limit Distributions for the Sums of Independent Random Variables (with
A.N.Kolmogorov. 2-nd rev. ed. — Reading, MA: Addison-Wesley, USA, ix + 293 p.)

521.  Lehrbuch der Wahrscheinlichkeitsrechnung (Academy Verlag, Berlin, 5 erweiterte Auflage,
1-399).

522.  Osnovi teorije vjerojatnosti (coBm.c A.fl. XunuunbsiM. Zagreb, Technicka kniga, 1 - 114).

523. Introduccion a la teoria de las probabilidades (coBm.c A.fl. XunuuneiM. Barcelona,
Montaner y Simon, S.A., 1 - 182).

524.  The theory of probability (Chelsea Publishing Company, New York).

525. Metode matematice in teoria sigurantei (coBm.c FO.K.benseBbiM, A./l.ConT0BbEBBIM.
Bucuresti, 1 - 560).

526. Metody matematiczne w teorii nezavodnosci (coBm. ¢ FO.K.bensieBbm, A.Jl.COOBBEBBIM.
Warszawa, 1 - 484).

527.  Introduction to Queuing theorie (with I.N.Kovalenko. lerusalem, 1 - 281).

528. Mathematische Methoden der Zuverldssigkeitstheorie (mit Beljaev und Solovjev. Berlin,
Academie-Verlag, B.1, 1 - 222, B.2, 1 - 262).

529.  Becensl 0 MaTemMaTH4eCKO# cratucTuke (3HaHue, Marematuka u kuoepHetuka, Ne 6, 1-48).

530. IIpumenenue BeposATHOCTHBIX MeTon0B (coBM. ¢ E.FO.Bap3unosuuem u E.B.YUenypunsim.
N3B. AH CCCP, Texuuueckas kubepHeTuka, Ne 6, 27 - 40).

531.  AcuMNTOTHMYECKHE METOJbI B Teopuu HazexHocTH (CtanaapTsl U kadecTBo, Ne 2, 63 - 64).
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O HeHarpy)xeHHOM pE3epBUPOBaHMM C BoccTaHoBieHHeM (coBM. c¢ HO.Hacpowm.
ABToMaruka u Tenemexanuka, Ne 7, 105 - 111).

533.  Hayka, npaktuka, Hage:xxHocTb (Hayunas mbicnb, Becthuk AITH, 28 - 37).

534. O maTeMaTHYecKUX METOJaxX B 3/IPABOOXPAHEHHH W MEIUIIMHCKOM MPHOOPOCTPOCHUU
(HoBoctu mpubopoctpoenus, MockBa, BHUU men. mpubopoctpoenus, 5 - 7).

535. Bompocsl MaTeMaTu3anuu COBpeMEHHOTO ectecTBo3HaHus (COopHuK "/lnanekt. maTepuan.
U coBpeMeHHoe ecTecTBo3Hanue", u3a. Hayka, 171 - 206).

536. Die Mathematik in der USSR wahrend der letzen 50 Jhare (Math. in der Schule, J.6, N.7,
483 - 495).

537.  CoBpemeHHast MaTeMaTuka U Oyaymuii nHxenep (BectHuk Bricieit mikomnsr, Ne 1, 45 - 53).

538. 3agaum cranpaptuzauuu u Matematuka (COOpHHUK «AKTyallbHbIE MPOOJIEMBI CTaHIapTH3a-
uum», u3a. "Crangaptel”, 16 - 31).

539. O matematickom obrazovanju (Prilog broju, 68, 1 - 4, FOrocnasus).

540. Craructuyeckoe MBIIUIEHHE U LIKOJBHOE MaTeMaTthdyeckoe oOpasoBanue (MaremaTtuka B
mkoste, Ne 1, 8 - 15).

541. Teopus BeposTHOCTeH u komOuHaTtopuka (coBm. ¢ N.E.XKypbenko. MaTemaruka B IIKOJIE,
Ne 2,72 -84, Ne 3, 30 - 49).

542. O MmecTe pUTOPUKH B IpenojaBaHuu mareMatuku (MaTtemaruka B mkose, Ne 3, 89).

543. IlpemucnoBue u 3akimrountenvHas craths K kHHre A.Ya.Khinchin "The Teaching of
Mathematics" (The English Universities Press LTD, London, p. IX - XX, 102 - 107, 113,
115-116).

544. IlpemucnoBue k kuure "[IporpamMmmupoBaHHOe o0OyueHHe 3a pyoOexxom" (CoBM. ¢
N.N. TuxoHoBBIM. U311-BO «BpIciias mkonan, 5 - 19).

545. Peuensus Ha kuury Chakravarti [.V., Laha R.G.,Roy J. «CnpaBouHuk mno wmeroaam
NPUKIAAHON cTaTUCTUKW» (B 2-X ToMax) («HoBwle kHuTH 3a pyOexxom», cepust A, Ne 5,
29-31).

546. Peuensus Ha kuury «M30panusie padotsl Orona I[Iupcona» («HoBble KHUTH 32 pyOeskoM»,
cepust A, Ne 6, 21-22).

547.  Peuensus Ha xHury Moran P.A.P. «Beenenue B Teoputo BepositHocTel» («HoBbIE KHUTH 32
pyoexxom», cepust A, Ne 8, 25-27).

1969 rox

548.  Kypc Teopuu Bepositnoctedt (M3a. Hayka, uzza. 5-oe, 1 - 400).

549.  The theory of probability (MIR publishers, 1 - 405).

550. DneMeHTapHOE€ BBeJeHUE B Teopuio BeposTHocTed (coBM. ¢ A S.XunumabiMm. Ilep. na
ssmoHckui, Tokuo, 6 - 161).

551. DneMeHTapHOE BBEAECHHE B TEOpUIO BeposTHOcTeH (coBM. ¢ A.Sl.XunuunbIM. Ilep. Ha
apabckuit, u31-Bo «Mupy, 1 - 202).

552.  Mathematical methods of reliability theory (with Beljaev and Solovyev. Academic Press,
New York, 1 - 506).

553. Elements de programmation sur ordinateurs (avec Koroliouk et Iouchtchenko. Dunod,
Paris, 1 - 362).

554.  OG6 oxHnoit Teopeme niepenoca (coBM. ¢ X.@axumom. JJAH CCCP, T. 187, Ne 1, 15 - 17).

555. PesepBupoBaHuE€ C BOCCTAaHOBJIICHHMEM U CYMMHPOBAHHE CIIy4allHOIO YHUCJIA CIaraeMbIX
(Benrpus, Tpyas! coBemanus o TEOpUH HaAexKHOCTH B Tuxanu, 16 — 19 centsdps 1969 r.,
1-9)

556. O cBsA3M 3ajayd CYMMHMPOBAaHHS CIIydallHbIX BEJIMYMH C TEOPUEH pe3epBUPOBAHUS
(CoopHuk Hay4yHbIX cTaTel, B Ne 4, PBBUAY um. Ankchuca, Pura, 23 - 34).

557. O craructuyeckux Merogax B Teopuu HaaexHOCTH (COopHHK "OCHOBHBIE BOIPOCHI

HaJIe)KHOCTH U JoJIroBeuyHOoCTH MatH, MATU, 22 - 42).
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OO0 OCHOBHBIX HAIPaBJICHUSIX MaTEMaTHYECKHX HCCICIOBAaHWA B TEOPHH HAJCKHOCTH
(Tpynel coBemanus o MaTeM. TEOpUM HaxexHocT, TamkeHT, usg. AH Y3CCP, 3 - 18).

O cratucruueckux 3agadax Teopuu HaaexHocTH (coBM. ¢ FO.K.bensesbim. Tpynsl
COBEIIaHUs IO MaTeM. TeOpuu HaaexxHocTH, TamkenT, uza. AH V3CCP, 19 - 25).

O npuMeHEeHHH HOPMAaJILHOTO pacIpeesieHust mpu 00paboTKe ONBITHBIX JaHHBIX (BecTHuk
MamuHoctpoeHus, Ne 2, 12 - 13).

O ponu U MecTe TEOPUH HAAEKHOCTU B IIPOLECCE CO3/IaHUS CIOXKHBIX CUCTEM (COBM. C
N.A.YmakoBbiM, b.A.Ko3noBbim. CoopHUK «Teopusi HaIeKHOCTH U MAacCOBOE 00CITYKHBa-
Huey, u3a. «Haykay, 14 - 32, [IpeaucnoBue, 7 - 13).

Bcecroponne pas3BuBath Hayky o HajuexHocTd (coBM. ¢ .M. CopunbiM. W31-BO
CrannaproB, cOopHUK «Hane:kHOCTh U KOHTPOJIb KauecTBay, Ne 1, 3-9).

MaremaTruueckue METOABI—OCHOBA KOHTPOJS KauyecTBa M HAJEKHOCTH ITPOMBILIIECHHON
npoaykuuu (HanexHocTs U KOHTpOJb KauecTBa, Ne 2, 3 - 13).

Random processes and their application to demography and Insurance (8-th ASTIN
Colloquium, Sopot, Sept. 1969).

Some remarks concerning the reports presented by P. Thyrion, H. Bithlmann and R. Buzzi
(8-th ASTIN Colloquium, Sopot, Sept. 1969).

Heckonbko 3ameuanuit k onuoit reopeme M.H.KoBanenko (coBm. ¢ b.®paiiepom. JIuTos.
MaTeM. COOpHUK, T. IX, Ne 3, 463 - 470).

Bomnpocel Teopuu wucnelTaHU H3AENMI Ha KadecTBO M HaAeKHOCThb (CTaHAapThl M
KadecTBO, Ne 5).

O cratbe S1.M.Copuna "3amaun cinyx0 HaJe:KHOCTH Ha coBpeMeHHoM dtamne” (CTaHmapTsl
u kadecTBO, Ne 9, 52 - 53).

OO0 onHOM MaTeMaTHYeCKOW MOJENU B 3ajayax MH)KEHEpHOW mcuxoioruu (Zastosowania
matematyki, roouneitusiit Tom, nocssimeHasii Xyro Llreitnxaycy, v. X).

Maremaruueckue wmeroAsl B crangaptuzauuu (coBMm. ¢ S.b. lllopom. Cranpaptel u
kadecTBO, Ne 1, 8 — 13).

Methody matematiczne w normalizacji (Normalizacja, Ne 4, 181 - 184).
Wahrscheinlichkeitsrechnung und Kombinatorik (zus. Schurbenko. Mathem. in der Schule,
Ne 3,170 - 210, Ne 4, 284 - 295).

O mpenojmaBanuu OWOJIOTUHM W MaTemarwdeckoil craructuku (buonorus B mikoie, Ne 5,
42 - 43).

O6 oOpa3oBaHMM MaTeMaTHMYeCKHX TMOHATHHA («MaremMaTuka B COBPEMEHHOM MHUPE»,
W3n. «3nanuey, cepus «MaTtemaruka u kubepuetuka», Ne 9, 3 - 10).

O nponaranne maremarnueckux 3HaHu# (Cinoso nekropa, Ne 1, 92 - 95).

O ¢opmupany nacraBHuKa MaTtematuke (Nastava matematike 1 fizike, serija B,
XVII - XVIII).

O maremaruke Bo BTY3e (Coopuuk HaydH. crateii, Ne 4, PBBUAY um. Ankchuca, Pura,
5-16).

JlennHckas Teopusi NO3HAHUS U BOIPOCHI MaTEMATU3allMU COBPEMEHHOIro 3HaHus (BecTHuk
AH CCCP, Ne 5, 53 - 60).

JleonTnit Maruunkuit u ero «Apugpmeruka» (cosm. ¢ M.B.ITorpe6sicckum. MaremaTika B
mikoJie, Ne 6, 78 - 82).

Cepreit HaranoBuu bepniureiin (coBm. ¢ A.H.KonmoropossiMm. Teopust BeposTHOCTEN U €€
npuMeHenus, 1.12, Boin.3, 532-535).

Bukrop Hocudosuu JleBun (coBm. ¢ A.Sl.Maprynucom. MaremaTuka B 1mkode, Ne6, 65).
[IpenucnoBue k cOopHuKy «Teopus HAAEKHOCTH U MaccoBoe oOciykuBanue» (Mockaa,
Hayxa, 7 — 13).

IIpenucnosue x kuure bapioy, IIpoman "MareM. teopust HazexHoctu" (Mocksa, U3n.
«CoBeTcKoe paauno»).
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IIpenucnoBue u npuMeuaHuss penakropa Kk kHure O.bopens «BepostHocTs u
noctoBepHocTh» (Mocksa, Hayka, 5-6, 105-110).

585.  IIpeaucnosue k kuure A.Penbn "nanoru o maremaruke" (u3a-Bo «Mup», 5 - 19).

586. IlpemucnoBue k kuure C.C.JdemumoBa «IIpoGnemsr ['mnsbepra» (MockBa, H3I-BO
«3HaHUEY).

587. Peuensus Ha kHury A.ILIOmkeBnua «Mcropus marematuxku B Poccum» (coBM. ¢
N.T". bammmakoBoii. MaTemaruka B mkose, Ne 4, 86 —87).

588. Penensus na kamry Pal Revesz «The laws of large numbers» (Ycnexu matemaTHdeckux
Hayk, T. XXIV, Beim. 2, 260 —261).

589.  TexHuueckuii mporpecc u mMaremaTuueckoe oOpazoBanue (CounanuctTuueckass HHIYCTpus,
1 aBrycra, Ne 28).

1970 rox

590. DneMeHTapHOE BBEIEHUE B TEOpPUI0 BeposiTHOCTEH (COBM. ¢ A.Sl.XMHYMHBIM. H31-BO
«Hayxa», nza. 7-e).

591.  Lehrbuch der Wahrscheinlichkeitsrechnung (Academie-Verlag, Berlin, 6 Auflage).

592. A megbizhatosagelmelet —matematikai modszerei (coBM. ¢ FO.K.benseBbiMm u
A.J1.ConoBreBbiM. Miiszaki kdnyvkiad6, Budapest).

593. O HeKOTOphIX HEPELICHHBIX 3aJadyax Teopuu MaccoBoro oOcuyxuBanus (Tpyasr VI
MexayHapoaHoro KoHrpecca mno Tenerpapduxky, MionxeH, 9-15 cenrsadps 1970,
227/1 - 227/17).

594.  Craructuueckue Meroasl B Teopun HaaexHoctu (BHUUIITMAII, Tpyasl. HanexHoctsb
IOABEMHO-TPAHCIIOPTHBIX MalluH, BbII. 1(96), 6 - 12).

595. O MaremMaTH4eCKMX MeTOJax B TeopuM HajaexxHocTu (Benrpus, Tpynsl coBemianus mno
Teopun HaZe)KHOCTH B Tuxanu, 14 - 19 centsaops 1970).

596.  IlpoGnemsl HagexxHocTH (TexHuka u Boopyxenue, Ne 4, 38 - 39).

597. Pa3BuTue NpUKIAAHBIX METOJAOB Teopuu BeposTHocTedl (McTopuss oteuecTBEHHOU
Marematuku, Kues, 1.4, kaura 2, 7 - 13, 52 - 62).

598. Hroru auckyccuu no noBoxay crated [1.C. CyxaHoBa «O06 0JTHOM IPOTHUBOPEYHH CHUCTEMBI
npeanouTuTensHbix uucen» (coBMm. ¢ C.B. Kpelitepom. Cranpgaptel u KkadecTBo, Ne §,
25 -27).

599. IlpoGmeMbl MaTeMaTH3allMM COBpeMEHHOro ectecTBo3HaHUs (COOpHMK «J/luanekTnka M
COBPEMEHHOE eCTeCTBO3HaHuEey», 3. «Haykay, 82 - 102).

600. HayuHo-TexHu4eckuil mporpecc u maremaTtuka (u3n. «3HaHue», cepus «Marematuka u
kubepHeTuka», Ne 10, 3 - 17).

601. O Oynymem mnpuknagHoii marematuku (COopuuk "Bymymee Hayku", BbII. 3, U3
«3HaHuey, 82 - 102), (Hayka u xxu3nb, Ne 1, 42 47, 71).

602. Nauczanie a efektiwno$¢ badan naukowych (Zagadnenia naukoznawstwa, 3 (23), 70 - 78).

603. IIpemucnosue k Opomrtope A.Pernn "Ilucema o BepostHoctu" (M3a. «Mupy, 5 - 15).

604. B.U.Jlenun u pazButue marematuku B CoBerckom Coro3e (MaremaTtuka B mikoje, Ne 1,
4 -12).

605. B.M.Jlenmn u MeTomojOTHYecKHe TMpoOJIeMbl MaTeMaTHuKu (M34. «3HaHue», cepus
«MaremaTu-Kka u kuoepHeTrkay, Ne 1, 1 - 32).

606. B.M.Jlenun u merogosiornueckue Bonpocsl matematuku (YMH, 1. 25, Boim. 2, 5 - 14).

607. JleHWHCKas Teopwsl MMO3HAHUS M MaTeMaTHUecKoe oOpa3oBaHue (BecTHHUK BBICIICH IIKOJIBI,
Ne 4,77 - 81).

608. Lenin a matematyka w Zwianzku Radzieckim (Zagadnenia naukoznawstwa, 2 (22), 3 - 31).

609.  ®punpux Enrenc 3a ¢punocodekure nmpodnemu Ha Matemarukara (bparapcka Axkagemus Ha

HaykuTe, OU3MKO MaTeMaTU4YeCKO crnucanue, ToMm 13(46), k. 4, 296 — 3006).
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610. Peuensus nHa xuury Beard R.T., Pentikminen T., Pesonen E. «Teopus pucka» («Hossie
KHUTH 32 pyOexom», cepust A, Ne 4, 31 — 33).

611. Peuensus Ha kHury Szaby A. «Hawanma rpedeckoii MaTeMaTukm» (COBM. C
N.b. TTorpedsicckuM, «HoBble KHUTH 3a pyOexkom», cepust A, Ne5,5 —6).

612.  Peuensus Ha kHury Onicescu O. «Teopus BeposTHOCTe u ee mpumeHeHus» («Hoswie
KHUTH 32 pyOexom», cepust A, Ne 6, 17— 19).

613. Peuensus Ha kuury Weinberg F. «OCHOBBI Te€OpHH BEpOSTHOCTEH M CTAaTUCTHKH U HX
pUMEHEHHe K HccienoBanuio omnepanuii» («HoBele kHUTH 32 pyOexom», cepus A, Ne 6,
19 -21).

614.  Peuensus Ha kaury Hojek J. «Kypc nmo Hemapamerpuueckoii cratuctuke» («HoBble KHUTH
3a pyoexxom», cepust A, Ne 7, 16 — 17).

615. Ipakrtuunocts abctpakuuu (Henmens, 18 - 24 mas, Ne 21).

616.  Cuer Bpems O6epexer (M3Bectus, 13 utomns 1970).

1971 rox

617. Einfuhrung in die Bedienungstheorie (zus. I.N.Kovalenko. Berlin, Academie-Verlag,
1 - 450).

618. Marematnueckue MeTtoael B Teopun HagexkHoctu (coBMm. ¢ HO.K.benseBsiM n
A.J1.ConoBséBbIM. T. 1, SAnoHus).

619. Wstep do teorii obslugi masowej (coBm. ¢ M.H. KoBanenko. Warszawa, Panstwowe
Wydawnictwo Naukowe).

620.  Kypc teopun BepositHocTel (Anonus, 1.1).

621. Jlexuuu 1o TEOPUM CyMMMPOBAHHUs CIIy4allHOTO yKclla HE3aBUCUMBIX BenuuuH (Bapiuasa,
U3J]1-BO YHUBEPCUTETA, | - 42).

622. IIlpuMeHEHHE TEOPUH MACCOBOTO OOCTY)XKMBAHHS K 3a/adyaM OOJIBIIMX CHUCTEM (COBM. C
N.H.KoBanenko. «boiblmime cucTeMbl, TEOpHUs, METOJOJOTHS, MOJICIUPOBAHUEY;
m3a. «Hayxkan, 7 -9, 105 - 122).

623.  Theorie und Praxis der Productionssicherheit (Ideen des exakten Wissens, Ne 6, 411 —414).

624.  CBolcTBa pellIeHUH 3a/1a4M C OTEPSMU B Cllyyae NEPUOJUYHOCTH UHTEHCUBHOCTEHN (COBM.
c MWN.II. MakapoBsiM. [luddepenumansupie ypaBHenus, T. VI, Ne 9, 1696 — 1698,
m3a. «Hayka u Texnuka», MUHCK).

625. becempt 3a MaremarudeckaTa craructuka (Manka MaremaTudecka OMONIHOTEKa,
u3n. «Texnukay, Codus, 5-61).

626. 3a Owpaemero Ha nmpuioxHaTa maremaruka (Codus, Maremaruka, ronuHa X, KHUXKKa 5, 5 —
9).

627. Coo6menue Ha 3aceqannu HTC (Te3uck noknanos, kKoH(epeHIHiA 1 coBenaHmii, MOCKBa,
[MHUM wunpopMamuu u TEXHHUKO-IKOHOMHYECKHX HCCIEIOBAaHUNA PBHIOHOTO XO35iCTBA,
BhIM. 3, 28 — 30).

628. OO0 ucrouynukax HoBoro B marematuke (benrpan, «Dijalektikay, broj. 3, godina VI).

629. IlpeaucnoBue | TMOCIECIOBHE cocTaBuTens cOopHuKa «lIpoOieMbl coBpeMeHHON
MatemaTukm» (MockBa, 3Hanue, cepusi «KMaremarnka u kuoepHeTrkay, Ne 10, 3, 45 — 48).

630. O ponu MaTeMaTHKU B YCKOPEHHH TEMIIOB Hay4YHO-TEXHUYECKOIro nporpecca (MaremaTtuka
B mkose, Ne 5,4 —11).

631. Mathematik und Leben (Berlin, Wissenschaft und fortschritt, Ne 6, 256 — 259).

632.  ®.Ourensc o unocodckux npodiaemax marematuku (BectHux MI'Y (dumnocodus), Ne 2,
20 - 27; Marematuka B mkoJsie, No 1,4 —11).

633. Topmocts oteuectBeHHOUW Hayku. K 150-metuto co nmusa poxaenus [1.JI.UeObimesa.
(BectHuk BbIcHIel mikobl, Ne 5, 76 - 80).

634.  Iladuyruii JIbBoBuy YeOnies (3nanue—cuina, Ne 10, 22 — 23).

635. Hocud benenukrosud [lorpedricckuii (Marematuka B mkone, Ne 6, 91 — 92).
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636.  BcrynuTenbHbIE 3K3aMEHBI Ha ecTecTBeHHbIe (hakynbTeTsl MI'Y (MaTemaruka B ILIKOJIE,
Ne 1, 50 - 55).

637. Peuensus Ha kaury «Mcropus maremaruku» (T. [) (Bectauk AH CCCP Ne 10, 123 — 124).

638. Peuensus Ha  «DpaHuy3cko—pycckuil  MaTemaTHMueckui  cinoBapb»  (Ycmexu
MaTeMaTH4eckux Hayk, T. XX VI, Boim. 3, 249 —251).

639. Peuensus Ha xuury Broad C.D. «MHaykuus, BepOATHOCTh W NPHYUHHOCTH» (COBM. C
N.b. TTorpedsicckuM, «HoBble KHUTH 3a pyOexxom», cepust A, Ne3 ,5 —6).

640. Penensus Ha xuury Stirmer H. «IlomymapkoBckue mporecchl ¢ KOHEYHBIM MHOXKECTBOM
coctostHui («HoBble KHUTH 32 pyOexkom», cepust A, Ne 4, 24 —25).

641. Maremaruka u Texuuueckuii nporpecc (Ilpuokckas npasaa, 29 centsops, Ne 231).

1972 rox

642. Marematnueckue MeToAasl B Teopun HaaexHoct (coBM. ¢ FO.K. benseBeiM u
A.J1. ConoBréBbIM. SAnonus, 1.11).

643.  Kypc Teopun BepositHocTelt (Anonus, T.11).

644. Methodes Mathematiques en Theorie de la Fiabilite (coBm.c HO.K. benseBbim u
A 1. ConoBréBeiM. M. U3n-Bo «Mup»)

645. O 3apmauax teopuu maccoBoro obcmyxuanus (MI'Y, Coopuuk tpynos II Bceecoroznoro
COBEIIAHUA-IIKOJIBI [0 TEOPUH MACCOBOTO 00cmyxuBanus, Jummwkan, 41 - 51).

646.  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. II, 537 - 549).

647. AcumrnrToTHdyeckue MeETOIBl B  Bompocax wuccienoBaHus — omeparuii  (COopHUK
"UccnenoBanue onepaunit. Merogonornueckue acnektol", MockBa, Hayka, 29 - 42).

648. O cratuctuueckux Meroaax B conuanbHbix Haykax (AH CCCP, MaremaTu3zanus HaydHOTO
3HaHus, BeIN.V, 50 - 60).

649. O HEKOTOpPBIX BOINPOCAX HAAEKHOCTH KAK IpEeaMeTa HCCIEAOBAHMS M IPENOJaBAHUS
(HanmexHOCTh U IOATOBEYHOCTH MAIIMH ¥ 000pyaoBanus, 62 - 71).

650. becenu BBpxy Teopus Ha BeposiTHOcTUTe W KoMmOumHatopuka (Codus, «MaTtemarukay,
BhbIM. 4, 2 - &; BBIIL 5, 1 - 6).

651. MaremaTka MHOTOHAIMOHAJIBHOM COBETCKOM CTPAaHbl M HAyYHO-TEXHHUYECKUH IpoOrpecc
(U3a-Bo "3manme", cOopHuK "MaremaTtuka W Hay4YHO-TEXHUYECKHH Tmporpecc”, cepus
"Maremaruka, kubepHeruka', Ne 11, 29 - 58).

652. MaremaTuka - Hayka JpeBHsSA U MoJIoAast («APXUTEKTypa MaTEMaTUKW, U3/1-BO «3HAHUE,
cepus «Marematuka, kuoepueruka» Ne 1, 19 - 32).

653. Hocud benenukroud [lorpedricckuii (YMH, T. XXVII, Boim. 1, 227 - 235).

654. Teopruii ®epopoBuu PriOkuH (coBM. ¢ I1.C.AnekcannpossiM, A.H.Kommoropossim,
A N .MapkymesuueM u ap. YMH, 1.27, Bein.S, 223-225).

655.  XIII MexnyHapoaHblii KOHrpecc o uctopuu Hayku (Maremaruka B mkousie, Ne 1, 94 - 96,
coBM. ¢ C.C. [leMus1oBbIm).

656. O maremaruxe B CCCP 3a 50 ner ero cymecrtBoBanusi (MaremaTtuka B mikoJie, Ne 6, 5 — 12).

657. Marematuka u HayuHo-TexHHueckuil mporpecc (M3n-Bo "Ilpocsemienue", cOOpHHUK
«IxompaukamM 0 XXIV cweszne KIICCy, 110 - 119).

658. Texamueckuid mporpecc M MaTemarmueckoe oOpazoBanume (M3a-Bo "Beicmmas mikomna',
COOpHUK HAYYHO-METOIMYECKUX CTaTel 0 MaTeMaTHKe, BbII. 2, 22 - 27).

659. MaremaTu3aius HayKu ¥ MaTeMatuueckoe oOpazoBanue (BecTHuk Bbicmiel mikouibl, No 1,
40 — 45).

660. CrarucTuueckoe MBIIIJICHUE U IIKOJbHBIA Kypc maremaTuku (M3n-Bo "3Hanue", cOOpHUK

«HoBoe B mikoipHOM MaTemaTuke», 165 - 180).
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661. OO030p crarelf, NOCBSLICHHBIX (AKYJIBTATUBHOMY KypCy TEOPUHM BEPOSTHOCTEH
(Marematuka B mikoiie, Ne 2, 47 — 48).

662.  Craructuuecko obpa3oBaHue B yuwiuiiara u yauBepcuretute (bbarapcka Axkanemus Ha
HaykuTe, ODU3MKO MaTEMaTUYECKO CIIUCaHue, T. 15, kH. 4, 321 - 327).

663. Hame BceoOmiee noctosiHue (k 25-netuto Beecorosnoro obOmectBa "3uanue") ("3Hanwue-
cuna", Ne 6, 1-2).

664. B enuHcTBe K cBeTy (razera « MOCKOBCKUI YHUBEPCUTET», 7 MapTa).

665. Cyuacna mkosa. 31i0HOCTI i minroroBka A0 camoctiiiHoi npani (Pagsaceka Ykpaina, 16
saHBaps, Ne 13).

1973 ropn

666.  The theory of probability (Mir publishers, Moscow, Second Printing).

667. becensl 0 Teopum maccoBoro obcmyxuBanus (M3a-Bo «3Hanue», cepus "Matemaruka,
kubepueruka", Ne 9, 3 - 63).

668. IIpuoputeTHbie cucTeMbl oOCTyXuBaHuUs (CoBM. ¢ D.A. JlanuensHoM, b.H. lumutpoBsiM 1
np. N31-B0 MOCKOBCKOTO YHUBEpPCUTETA, 3 - 447).

669. Elementare Einfuhrung in die Wahrscheinlichkeitsrechnung (und A.J. Chintschin. Berlin,
1-174).

670. O paborax MO TPHUOPUTETHHIM cHCTeMaM OOcTykuBaHUS (COBM. ¢ D.A.JlaHHENSHOM.
Hononuenune k kaure H./xeiicyon "Ouepenu ¢ npuoputeramu", M3a-so "Mup",255 - 271,).

671. Asymptotic Problems in Queueing Theory (Proceedings of the Prague symposium on
asymptotic statistics, 107 - 125).

672.  Uber einige neue Probleme der Bedienungstheorie (Urania, Leipzig, h. 4, 72 —75; h. 5,
72 - 75).

673. OO0 ycnoBHsX CyIIeCTBOBaHMs (PHMHAIBHBIX BEPOATHOCTEH Y MapKOBCKOTO mporecca (COBM.
¢ A.Jl.ConoBbeBbiM. Math. Operationsforsch. u. Statist., 4, h.5, 379 - 390).

674.  Statistical Problems in Teletraffic Theory (with M.A. Schneps-Schneppe. Stockholm,
Seventh International Teletraffic Congress, VI, p. 141/1 — 141/6).

675. MaremMaTuKO-CTaTUCTHYECKHE METOAbl Ha ChoykOy CTaHZapTH3allMd W  KOHTPOJIS
kadgectBa (MuHck, Te3ucel noknanoB koHdpepeHunu «IIpobaemMbl TOArOTOBKU U MOBBIIICHUS
KBTM(DUKAIMH CTICIIUATICTOB B 00JacTH cTaHAapTH3auny, 32 - 35).

676. MaremaTuka U coBpeMeHHOE ecTecTBo3HaHuE (CHMHTE3 COBPEMEHHOIO HAy4HOTO 3HAHMS,
Mocksa, Hayka, 143 - 158).

677. IlonBeka coBeTckoil MaTeMaruueckoi Hayku (CioBo Jiekropa, 3HaHue, No 1, 38 —44; No 2,
32 - 38).

678. Maremarukara B CCCP 3a 50 roguau ot HeroBoTo chuiectByBaHe (Codus, Dusnxo
MaTeMaTU4eCKo Criicanue, T. 16, kd. 1, 3 - 14).

679. Mathematik und Ausbildung von Ingenieuren (Wissenschaftliche Zeitschrift der
Technischen Universitat Dresden, 22, h.5).

680. Hexoropele mnpoOiieMbl TpernoAaBaHus TeOpHH TeneTpapduka M CTaTUCTHUYECKOTO
Mozenupoanus (coBM. ¢ I'.IT.bamapunsiM. "Onekrpocssasp”, Ne 9, 73 - 78).

681. becenu BBEpxy Teopus Ha BeposTHOCTHTE M KombOuHatopuka (Codwus, «Maremarukay,
KH. 1, 6 - 14).

682. Merononoruueckue  MPEANOCBHIIKA  IPUMEHEHUs  KOJMYECTBEHHBIX  METOJOB B
neparornueckux ucciaepoBaHusax (Tesucbl nokmanoB k  cemuHapy «OOBEKTHBHBIE
XapaKTePUCTUKH, KPUTEPHH, OLICHKU U U3MEPEHUS Mearorn4ecKux sSBICHUH U IPOIIECCOBY,
3-4).

683.  Koamoropos A.H. (bCO, 1. 12, ctp. 437).

684.  Amunnpeit Hukomnaesuu Koamoropos. K 70-netuto co aus poxnaenus (YMH, 1. XXVIIL, Beim.

5,5-15).
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VYuensii u negaror. K 70-netuto A.H. Konmoroposa (>kypHan "MaremaTuka B mIKoie",
Ne 2, 88 - 89).

686.  Annpeit Hukonaesuu Konmoropos (Codust, PU3MKO MaTeMaTUYeCKO CIUCaHue, T. 16, KH.
3,226 - 228).

687. Maremaruk (o TBopueckomM mnytu A.H.Kommoroposa) ("MockoBckuii komcomolien'",
6.05.1973).

688.  MaremaTnka 1 COBpeMEHHOCTH (TazeTa «MOCKOBCKMM YHUBEPCUTET, 27 amnpers).

689.  Hayxku o ciayuaitHoM (razera «MOCKOBCKUI yHUBEpcUTET», 13 deBpais).

1974 ron

690. O paboTax MO CTATUCTHYECKHUM METOJAaM TEOPUH HAJECKHOCTH M TEOPUU MAaCCOBOTO
obocnyxuBanusi B AH CCCP (cosm. ¢ FO.K.bemnsieoim. M3Bectust AH CCCP, Texauueckas
kubepHeTuka, Ne 3, 19 -23).

691. OO uccnenoanusx no teopuu uHpopmaimu B cucreme AH CCCP (M3Bectus AH CCCP,
Texuuueckast kubepHeTka, Ne 3, 24-26).

692. O wmaremaruyeckod Teopuu HazgexHocTH (COopuuk "MaremaThka B Hamed >Xu3HHU'",
MockBa, u31-Bo «3HaHUe», cepus «MaremaTuka, kubepueruka», Ne 10, 43 - 62).

693. HoBure 3amaunm Ha TeopuATra Ha MacoBoTo obcayxBaHe (Codwus, IlpoGmemu Ha
ChbBpPEMEHHATa MaTeMaTuka, T. 2, 179 - 185).

694. becenu BbpXxy Teopus Ha BeposTHocTuTe U KomOmHaropuka (Codus, Marematuka, Ne 1,
S5—13;Ne2,4—-11;Ne3,10-19; Ne 4,6-11).

695. O nepununuju marematuke (Beograd, Nastava Matematike, Ne 1, 81 - 84).

696. OO0 wuccrenoBaHUSAX MO HCTOpPUM MaTematwku, mpoBojsamuxcs B Coerckom Coroze
(Bankysep, Tpyasl Mexaynaponnoro Konrpecca MaremaTukos, 549 - 560).

697. 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).

698. Brums II.JI.UeOumoBa Ha po3BUTOK Teopii HMmoBipHocTedt (KuiB, Hapucu 3 icrtopii
pUpo03HaBCTBA 1 TexHiku, Bum. XVIII, 13 - 23)

699.  Akanemus Hayk u nporpecc matematuku (Kpant, No 4,3 —11; Ne 5, 18 - 25).

700.  Axanemus Hayk U pa3BuTHe MareMatuku (Maremartuka B mkose, Ne 1,4 - 11).

701.  AxanemMuss Hayk U pa3BuTHe MaremMatudeckoro mnpocsemenuss B CCCP (Marematuka B
mkoste, Ne 2, 7 - 14).

702. IlpukinanHble acmekThl mnpemnofaBaHus Matematuku (COopHUK "MaTtemarnieckoe
obpazoBanue ceromus", Ne 6, 30 - 52).

703.  3aBenyromuii kadenpoit (BectHuk Beicmieit mkomsl, Ne 3, 51 - 59).

704.  HyxHsbl cnenuann3upoBaHHble rpymnibl (BectHuk Beicuieit mkomsl, Ne 8, 57 -58).

705.  IlonurexHUUYECKHE aclEKThl PENOJaBaHNU MaTEMATUKH B cpeaHel mkosie (Maremaruka B
mikosie, Ne 6, 18 - 24).

706.  IIpuoOmienue k mbiuieHuto (CoopHUK "DTIOABI 0 NeKkTopax", u3a-Bo «3HaHuey, 204 - 211).

707.  HayuHo-TexHudeckuil mnporpecc M MaremaTtuka (CTeHorpamMma KHHO3AaIHMCH JIEKLHH,
u31 - Bo «3HaHHe», 3 - 18).

708.  MexayHapoHbli KOHIpecc MaTeMaTUKoB (BecTHuk Bbiciiel mkouiel, Ne 12, 45 - 48).

709.  JleB ApkanbeBuu Kanyxuun (YMH, 1. XXIX, B4, 193 - 197).

710.  Anexkcanap SAxosneBud Maprymuc (Maremaruka B mkoie, Ne 1, 84).

711.  IlpemucnoBue (COopHuk "Martematudyeckoe oOpa3oBaHue ceroans", MockBa, H3I-BO
«3Hanuey, cepust «MaremaTuka, KubepHeTuka», Ne 6, 3 - 4).

712.  Ipemucnosue (Coopauk "MaTemarnka B Hamieil xku3Hu", MoCKBa, H31-BO «3HAHHEY, CEPUS

«MaremaTuka, kubepueruka», Ne 10, 3 - 4).
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713.  IlocnecnoBue k crarbe Iluuypuna JIL.®. "IlIkonpHas MareMaTuka W BY30BCKOE
npenogaBanue" (BectHuk Boicuiel mkoubl, Ne 7, 25-27).

1975 rox

714. O HageXXHOCTH JyOTMPOBAHHON CHCTEMBI C BOCCTAHOBICHHMEM H MPOQHIAKTUYECKUM
obcnyxuBanueM (coBM. ¢ M.Jluamu, FO.Hacpom. M3Bectuss AH CCCP, Texnuueckas
kubepHeTuka, Ne 1, 66 — 71).

715.  IlpubnwxeHHas Mozenb oAHOM ¢(usmueckor 3amaum (CapaHck, cOopHuK "YmpaBieHue,
HaJIe)KHOCTh, HaBuranus'", Beim. 3, 125 - 127).

716. O HEKOTOpPBIX BOINpOCAX YIpaBIECHHUS HaydHbIMU HccienoBaHusMu (Te3ucsl nOkmagoB K
cemuHapy "Bomnpocs! neneBoro ynpasnenus”, 9-10 nexalps, 5 - 7).

717. OO0 ucrouHukax HoBoro B MaTemaruke («CoBpeMeHHas! KyabTypa U MaTeMaTHKay, U3Jl - BO
«3Hanue», cepus "MaremaTtuka, kuOepHeruka', Ne 8, 35-51), (Codwus, Ilopenuma
"Maremaruka, pusuka, xumus", Ne 1, 32 - 46).

718.  IIpoGnembl coBpeMeHHOM MaTeMaTHku («Marepuassl B TOMOILb JIEKTOPY, BBICTYMAIOLIEMY
1o npo6iaemMaM (pU3MKKU U MaTeMaTUKW», U311-BO «3HaHUEY, 5 - 10).

719. O maremaruszanuu HayuHoro 3HaHus ("Kommynuct", Ne 5, 73 - 80).

720. HayuHo-TexHum4eckuil mnporpecc M Marematuka («MaTepuansl B IOMOIIb JEKTOPY,
BBICTYyIAIOLIEMY 110 TipoOieMaM (GU3MKK U MaTEMaTUKW», U31-BO «3HaHue», 11 - 16).

721.  Die Wahrscheinlichkeitsrechnung und der wissenschaftlich-technische Fortschritt (Berlin,
Alpha, Ne 1, 1 -2, 24).

722.  HayuHo-TexHudeckuil nporpecc u Marematuka (CinoBo sekropa, Ne 7, 57 - 64).

723.  UT0OBI Jydlle TOTOBUTh MaTEMAaTUKOB B YHUBepcuTeTax (BecTtHuk Beicuiel mikossl, Ne 9,
54 - 57).

724. Tlone3Has ¢opma MOBBIIICHUS KBaIM(UKAIMM MaTeMaTWKoB (BeCTHHMK BBICIIEH MIKOJIBI,
N7, 84 - 87).

725. O HEKOTOpBIX BOIPOCAX MPENOJAaBaHHs MAaTEMAaTUKH B CPEIHUX CHEIHMAIbHBIX Yy4eOHBIX
3aBefeHusAX (Meroauyeckue peKOMEHAalMM Mo maremaTuke, "Bbicmias mkona", Bbi.l,
5-12), (Codus, c6. "OcpBpeMeHnsiBaHe Ha 00ydyeHneTo no maremaruka', 4.1, 151 - 162).

726. OO uccnenoBaHusx no ucropun maremMatuku B Coserckom Coroze (MaremaTHka B LIKOJIE,
Ne 6, 8 - 16).

727.  Teopus orpaxenus u mareMaruka (Maremaruka B mkose, Ne 4, 4 - 12).

728.  Anexceit [JmurpueBuu CemymnH (coBM. c¢ A..Maprymucom, I'.IMacnoBoii.
«Maremartuka B 1mkojie», Ne 1, 89).

729. IlpemucnoBue k kHure "Craructuueckue 3agadd oOpabOTKM cuCTeM W TaONHIBl st
YHUCJIOBBIX pacueToB Mokasarenen HagexHocTH" (MockBa, "Beicias mkosna'").

730. IlpemucnoBue k kHure b. KoszmoBa um M.A. VmakoBa «CHnpaBo4HMK IO pacyeTy
HagexHocT» (MockBa, «CoBETCKOE pauoy)

731.  GruPschreiben von Prof. Dr. B.Gnedenko (Leipzig, Tagung der Konferenz der
Mathematikmethodiker, 25 - 26 September, 5 - 6).

1976 rox

732.  The Theory of Probability (Mir Publishers, Moscow, third Printing).

733.  DneMeHTapHOE BBEIEHHE B TEOPUIO BeposiTHOCTEN (coBM. ¢ A.Sl. XunHumuHbiM. "Hayka", 8-
oe u3., 5 - 167).

734. O pnutenbHOCTH 0€30TKa3HOW pabOThI TyONUPOBAHHON CHUCTEMBI C BOCCTAHOBIICHHEM WU
npodunaktukoir (coBm. ¢ W.M.Maxmymom. W3Bectus AH CCCP, Texnuueckas
kubepHetuka, Ne 3, 86 - 91).
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735.  IlpubnwxeHHas MoJenb OJHOM ¢u3uueckoi 3amaun (CapaHck. MeXBY30BCKUM COOPHHK
HAy4YHBIX paboT «YTIpaBieHHe, HAJIS)KHOCTh U HABUTALUS», BhIM. 3, 125-127).

736. IlpencnoBue x kuure Ileppore A.M. "Bompocbl HaAeKHOCTH paguOIEKTPOHHON
annapatypsl (M. "Coerckoe Pagno").

737. Tammyxamen AnueBud CapbIMCakoB (K IIECTHAECITHIIETUIO CO JIHA POXKIEHUS) (COBM. C
I1.C.AnekcanapossiM, A.H.Kosoropossim, FHO.B.IlpoxopoBeim. YMH, 1. XXXI, BbIN. 2,
241-246).

738. Bcecoio3Hoe — COBEIIaHME-CEMUHAp  3aBEAYIOIIMX  MaTeMaTHYeCKUMH  Kaderpamu
yHuBepcuteToB (coBM. ¢ b.P.Baitn6eprom u ap. YMH, 1. XXXI, BbII 2, 247 — 253).

739. O wMaremaruyeckoM OOpa30BaHMU B WTANbIHCKON MmKoine (coBM. ¢ M.Knepuxo.
Marematuka B mkoJie, Ne 5, 90 - 93).

740. O HEKOTOpBIX BOIPOCAX MPEINOJABAaHHUs MAaTEMAaTUKH B CPEIHUX CHEIHMAIbHBIX Y4eOHBIX
3aBefieHUAX (MMHHCTEpCTBO BBICIIETO M CpeaHero cmernuaibHoro obpazoBanus CCCP.
«Metonyueckrue pekoMeH1aluu 1o matematuke». Boimyck Ne 1, ctp. 5 —12)

741. O pa3BUTUM MBILIUIEHUS M peun Ha ypokax marematuku (Maremaruka B mikosie, Ne 3,
8 -13).

742.  BaxHble acnekTsl IpobieMbl kauecTBa oOyuenus (Marematuka B mkone, Ne 1, 6 - 10).

743.  Uro genatb ¢ «HecmocoOHBIMU»? (Ta3eTra «CoBeTcKas KyabTypay, 14 ceHTa0ps).

1977 ron

744. O pa3BUTHH TEOpUU MaccoBoro obOcmyxuBaHus u teopun HamexHoctd B CCCP (coBM. ¢
HO.K. bensesbim, M. A. YmakoBeim. M3Bectuss AH CCCP, Texuuueckas kudepueruka, No 5,
69 - 87).

745.  Becensl 0 Teopuu maccoBoro odcmyxuBaHus (Amonus, I'sHpait - cyraky, Ne 10, 11 —16;
No 11,72 —77; Ne 12, 55 - 58, Ha SITIOHCKOM SI3bIKE).

746. HayuHo-TeXxHHMYeCKHIl mporpecc U MaremaTtusauus 3HaHui (MockBa, u31 - BO «3HaHHUEY,
3-61)

747.  MaremaTuka - HapogHOMY X034KcTBY (MockBa, U3z - Bo «3HaHue», 3 - 63. IlepeBeneHa Ha
JATCKU sI3bIK U onyOnukoBaHa B Jlanuu B 1978 romy).

748. 3a coBeToM B mpupoay (3aMETKH O HAJEKHOCTU B TEXHHMKE M >KUBOM MHUpPE) (COBM. C
AM. CopunsiM, M.b. CriaBunbsiM. MockBa, U311 - BO «3HaHue», 3 - 128).

749. I'maBHOe HampaBlieHHE HAy4HO-TeXHUYecKoro nporpecca (Cioso snekropa, Ne 7, 31 - 39).

750. Maremaruka: Moma wnu HeoOxoaumocth? («IIpocto o croxHOMY», Marepuanbs
Bcecoro3noii HaydHO-MeToin4deckoit koHdeperu, Mocksa, 3uanue, 80 - 83).

751.  Beicuiee matemarudeckoe oOpazoBanue B CCCP Ha coBpemenHoM starne (Kues, cOopHHK
"ITpoGnembl BeIcIIEH MKOMBI", M3/1-BO «Buila mkomnay, Beim. 28, 8 - 9).

752. O pa3Butum MaremaTuku B Hamiei ctpane 3a 60 ner CoBerckoit Binactu (MaTemaruka B
mkone, Ne 5, 12 - 19), (cokpaiiennsiit Bapuant, KBant, Ne 11, 18 —26).

753.  Beicmiee marematuueckoe oOpazoBanume 3a 60 sner Coerckoil Bmactu (MaremaTuka B
mikouie, Ne 3, 8 - 16).

754. O maremaruxe Ctpanbl CoBeroB ("KBant", Ne 11, 19-26).

755.  EcrectBennsie (akynpTeTsl MockoBckoro yHuBepcutera (Maremaruka B mikomne, No 1,
47 - 51).

756.  Current Studies in the history of mathematics in the Soviet Union (Amer. Math. Soc.
Transl, v. 109, 119 - 129).

757. MHcciaenoBaHus o HUCTOPUHU MaTeMaTUKU B CoBeTcKOM Coroze
("Hapwucwu icTopii mpupoao3HaBcTBa i TeXHiKK", BbI. 23, 3-13).

758. Ilbep Cumon Jlammac (bwarapcka Axagemuss Ha HaykuTe, PU3NKO MaTeMaTHYECKO
criucanue, T. 20, kH. 3, 252 - 259).

759.  Abbildtheorie und Mathematik (Berlin, Mathematik in der Schule, Ne 9, 449 - 456).
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760. O BoCHMTaHMM HAYYHOTO MUPOBO33pEHUS Ha ypokax MareMaTuku (Maremaruka B LIKOJIE,
Ne 4,13 - 19).

761.  3a pa3BUTHETO HAa MUCIMHETO U peuTa rpH ypouure no marematuka (Codus, "O0yunHnero
o maremartuka", Ne 5, 6 - 12).

762. Peuensus Ha xHury "XpecromaTtus no ucropun MaremMatuku' mox pena. A.Il. FOmkeBuua
(coBm. ¢ C.C. [Terposoit. YMH, 1. XXXII, Beim. 1, 249 - 251).

763.  HyxeH skcniepumeHT (razera «MOCKOBCKUI YHUBEPCUTET», 18 MapTa).

1978 rox

764.  The Theory of Probability (Mir Publishers, Moscow, fourth printing).

765.  Lehrbuch der Wahrscheinlichkeitsrechnung (Academy Verlag, Berlin, 7 Auflage, 3 - 399).

766.  Teoria della probabilita (Roma, traduzione dal ruso, 5 - 391).

767. MaremaTuka U KOHTpOJb KauecTBa npoaykuuu (M3n-Bo «3HaHue», cepusa "Maremaruka,
kubepuetuka", Ne 11, 3 - 64).

768.  Matematikkens forhold til samfundsokonomien (Tekst nr 7, Tekster fra IMFUFA, 1 - 77).

769. O wmeromax Teopunm MaccoBoro oobcmyxkuBaus («KubepHetnka u aumanektuka», Hayka,
116 - 140).

770. O maremaTHyecKMX MeTOJax KuOepHeTuku. Teopust MmaccoBoro oOcmyxuBanus (COOpHHUK
"KubepHeTuky - Ha cinyx0y KoMMyHu3My", MockBa, «Heprusi», 1. 9, 11 - 27).

771.  On some problems in queueing theory (Hungary, Colloguia mathematica societatis janos
bolyai, 85 - 92).

772. K Bompocy o mpodunaktuke TexHudeckmx cucreM (CapaHCK, cOopHUK '"YmpaBieHue,
HaJIe)KHOCTh, HaBHUranus", Beim. 4, 97 - 100).

773.  bBecensl o Teopun MaccoBoro oocnmyxkuBanus (SAmonus, ['sHmail - cyraky, Ne 2, 74 - 76, Ha
SITOHCKOM S$I3BIKE).

774.  La mathematisation de la sciece (Alap-Paris, Novosti Moscou, «La Science au 20-¢ siecley,
t. 5,99 - 127).

775. Marematuka 1 HaykoBo-TexHiuHud mporpec (Kui, 3nannsa, 3-48, coBM. ¢
B.C. Conory6om).

776. HayuHo-TexHu4eckuil mporpecc u MaremMatuka (MwuHCK, «Bplmeiimas mKoJay,
XpecToMarus 1o JEKTOPCKOMY MacTepeTBy, 122 - 131).

777. Teopust BepositHocTed (coBM. ¢ O.b. llleitnunbiM. "Marematuka XIX Beka", Mocksa,
"Hayka", 184 - 240).

778. O Bcecoro3HOM COBELIAHWU-CEMUHAPE 3aBEAYIOLIUX MaTeMaTHYeCKUMHU Kadeapamu
MEXaHMKO-MaTEeMaTUYeCKUX M (DU3UKO-MaTeMaTHYecKuX (DaKyJIbTETOB YHUBEPCUTETOB
(COopHUK HAyYHO-METOANYECKUX cTaTel o Matemaruke, 120-123).

779.  Maremaru3anuus 3HaHUN 1 ocoOeHHOCTH ee mpomnarans! (CioBo nekropa, Ne 11, 41 - 46).

780. Maremaruka u obopoHa crpansl (MaremaTuka B mkose, N2, 56 - 61).

781. O maremarudyeckoM OOpa30BaHUHM B By3aX B MEPUOJ HAYYHO-TEXHHYECKOTO Iporpecca
(COopHHK HAyYHO-METOIMYECKUX CTaTel 0 MaTeMaTHKe, BBII. 7, 3-9).

782.  HaydHO-TeXHHYECKHMH MpOrpecc M MaTeMaruieckoe oOpazoBaHue Bo BTy3ax (COOpHHK
Hay4HO-METOJMYECKUX CTaTel 1Mo MareMartuke, Boill. 8, 6 - 11), (Mocksa, Briciias mikona).

783.  Wybrane problemy nauczania matematyki w szkolach wyzszych (Warszawa, Zycie szkoly
wyzszeli, 27 - 42).

784.  CoBeplilleHCTBOBaTh MacTEPCTBO npemnoaanaTens (BectHuk Beicuien mkomnsl, Ne 3, 57 -61).
785.  Craructuueckoe MBIIIJICHHE U IIKOJIbHOE MareMaThueckoe oOpazoBanue (COopuuk «Ha
MyTSAX OOHOBJICHHUS ILIKOJIBHOTO Kypca MareMaTHkim» Mocksa, [IpocBemnienue, 56 - 68).

786.  IlonuTexHWYECKHE acleKThl MPEToaBaHusl MaTeMaTHKH B cpeaneit mkone (Coopuuk «Ha

MyTSAX OOHOBJICHUS ILIKOJIBHOTO Kypca MareMaTukm», Mocksa, [Ipocsemenue, 121 - 132).
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787.  Mmuenue kadenpsl Teopun BepostHocted MI'Y um. M.B. JlomoHocoBa 00 yueOHUKAX s
CpellHel MIKOJIbl o MateMatuke (Maremartuka B mkose, Ne 5, 26 - 27).

788.  IlpemucnoBue k yeTBepToMy M3faHuio KHUTH A.Sl. Xunumna "lenusie npo6u" (Mocksa,
Hayxka, 3 - 4).

789.  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).

790.  Ywuensli, negaror, pepopmarop (Matemaruka B mkose, Ne 2, 93-94).

791.  Komcomon u pa3BuTHe coBeTCKOM Maremaruku (MaTtemaTuka B mkoiie, Ne 5, 22 - 24).

792. Ilamsaru Padauna Camoitnosuua I'yrepa (coBm. ¢ W.B. UyBuno u np. COOpHHK Hay4dHO-
METOJMYECKUX CTaTel Mo MaTeMaTuke, Bl 8, 112 — 113).

793.  MaremaTuka Ha Kaxablil AeHb (rasera «lIpaBna», 4 suBaps. [lepeBeneHa Ha NaTCKUM S3bIK
u omybnukoBaHa B [lannu B 1978 rony).

1979 ropn

794.  Elementare Einfuhrung in die Wahrscheinlichkeitsrechnung (zum A.J. Chintschin. Berlin,
Veb Deutscher Verlag der Wissenschaften, 3 - 174).

795.  Teopus Ha BepositHOcTUTE (COBM. ¢ A.A. ['emieBpim. [lnoBauB, 3 - 219).

796.  Beposrtnocreit Teopus (YCO, 1. 2, 191).

797. Zum sechsten Hilbertschen Problem (Leipzig, Ostwalds Klassiker der exakten
Wissenschaften, b. 252, 145 - 150).

798.  Mathematics in Sceintific Research and Education (B xuure «Computers in the life
sceincesy, printed in Great Britain, by Biddles Ltd.Guildford, Surrey, Croom Helm London,
23 —25).

799.  Popularisation of Mathematics, Mathematical Ideas and Results in the USSR (Denmark,
Tekster fra IMFUFA, nr. 18, 60 - 62).

800. O maremarmueckoM oOpa3oBaHuu maremaruka (BectHuk Beiciei mkomer, Ne 10, 21 - 24).

801. The Mathematical Education of Engineers (coBm.c Z. Khalil. Educational Studies in
Mathematics, 10 (1979), 71 - 83, D. Reidel Publishing Co., Dordrecht, Holland, and Boston,
USA).

802. Ilemaror, KOJIEKTUB W BOCIHUTaHUE TBOpUeCcKHX Hayan (BecTHuk Beiciiel mkomsl, Ne 4,
38 -41).

803. Kak noaroroButh TBOpueckoro cnemuanucra? (Martepuansl "kpyrioro crona", BecTHuk
BBICIICH 1IKOJIBI, No 3, 11).

804. O maremaruueckoM TBopuecTBe (MaTtemaTuka B mkoJjie, Ne 6, 16 - 22).

805.  IlIxonpHBIN Kypc MaTEMaTHUKU U BOCIIUTaHUE MUPOBO33peHus (MaTtemaruka B mikose, Ne 3,
3-6).

806. IIpemucnoBue k xkuure X.Kpamepa "llosBeka ¢ Teopueil BeposTHOCTEH: HaOPOCKH
BocriomuHanui" (U31-Bo «3Hanuey, cepus "Matemarnka, kuoepHeTuka', Ne 2, 3 - 4).

807. IIpemucnosue k kuure W.I'. bammmakoBoit "CranoBnenue anreOpsr" (M3a-Bo «3HaHUEY,
cepust «MaremaTtuka, kubepueruka», Ne 9, 3 - 7).

808.  IIpemucnoBue k kaure A.f. Maprynuca "Cepust "Maremartuka, kuoepaeruka" 3a 12 ner"
(131 - Bo «3Hanmey, cepus "Martematnka, kuoepHetuka', Ne 10, 3 - 8).

809. Anexkceil MBanoBuu MapkymeBuu (coBM. ¢ A.H. KoamoropossiM u ap. Maremaruka B
mikoute, Ne 5, 77 — 78).

810. Ilerp CepreeBuu MopenoB (coBM. ¢ A.I'. CBemHukoBeiM. MaTematuka B 1mikoje, No 1,
79 - 80).

811. Peuensus Ha kHury "Xpectomarus no ucropuu marematuku' nojn pexa. A.Il. FOmkesuua
(coBm. ¢ C.C. IlerpoBoit. YMH, 1. 34, Beim. 1, 262 - 264).

812.  Pamoctb TBOpuecTBa («YuuTenbCcKas razera», 10 mapra).
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1980 rox

813.

Marematuueckue METO/Ibl yIpaBieHUs kadecTBOM npoaykuuu (U3n-Bo «3Hanuer, 4 - 32).

814. Maremaruka B coBpeMeHHOM Mupe (Mocksa, IIpocsemenue, 3 - 128).

815. Teoperuueckass W MNpUKIAAHAs MaTeMaTuka (M34-BO «3HaHHE», cepus "MaremaTuka,
kubepueruka", Ne 10, 50 - 62).

816. Maremaruka B MockoBckoMm YHusepcutere 3a nepsele 100 set ("MaTemarnueckas Hayka B
MI'Y", u3n-Bo «3HanHuey, cepust "MartemaTuka, kuoepHetuka', Ne 4, 5 - 20).

817.  Maremaruka B MockoBckoM ['ocynapctBenHoM yHuBepcutere (KBant, Ne 2, 2 - 9).

818. MockoBckuil yHUBEpCUTET U MaTemMaTuueckoe rnpocsemnieHue (Maremaruka B mkose, No 2,
14 - 19).

819. O MOCKOBCKOHM WIKOJIE TEOPUH BEPOSATHOCTEH (M3-BO «3HaHue», cepus "Martemaruka,
kubepuetuka", Ne 4, 30 - 44).

820. Pa3BuTHe MareMaTHKH W MaTeMaTUYeCKOTO oOpazoBaHus (Maremaruka B 1ikoie, Ne 6,
3-28).

821. HTII u marematuueckoe oOpazoBanue ("BectHuk Bbicmieit mkoisr", No 9, 52 - 54).

822.  Kadenpa u noaroroBka TBopueckoit cmensl! ('BectHuk Beiciiei mikonsl", Ne 3, 43 - 47).

823. Bwo3nuraBaHe Ha HaydeH Muporyiea B ypouute mo marematuka (Codwus, uzn. «Haponna
MpocBeTa», COOPHUK cTaTel «3a HAKOU BBIIPOCH Ha OOYYMHUETO M0 MaTeMaTukay, 5-18).

824. BbpxXy pa3BUTHETO Ha MHUCIMHETO M peuyTa B ypouute no Mmaremaruka (Codwus, w3
«Haponna mpocBera», cOOpHHMK cTareii «3a HIKOM BBIPOCH HAa OOYYHHHUETO IO
Maremarukay, 18 - 28).

825. EnemenTH oT McTOpHsATa Ha Haykara B ypouurte no marematuka (Codus, mzn. «Haponna
MPOCBETa», COOPHUK CTaTeH «3a HIKOU BBIIPOCH Ha OOYUMHHUETO 10 MaTeMaThkay, 28 - 41).

826. Jlenun u matematuka (Maremaruka B mkoie, Ne 1, 3 - 8).

827. IlpenucnoBue k cOopHHMKY «Marematuka Kak mpodeccus» (U3a-Bo «3Hanue», Cepus
"Maremaruka, kubepHetuka'", Ne 6, 3 - 23).

828.  IIpenucnosue k kHure A. Pensu "Tpunorus o marematuke" (Mocksa, Mup, 5 - 16).

829. IIpemucnoBue k kHure H.A. Ilnoxunckoro, "Anroputmel Ouomerpun" (M31-BO
MOCKOBCKOTO YHUBEPCUTETA, 3 - 4).

830. IIpemucnoBue k kuure H.b. BaccoeBmua u nap. "KoadduuumeHt panroroii koppemnsuuu
Cnupmena" (u31-B0 MOCKOBCKOTO YHUBEPCUTETA, 3).

831. Haym fAxoBneBuu Bunenkun. K 60-netuto co aus poxnaenus (cosm. ¢ C.U. IlIBapidypaom,
A.l'. MopakoBuueM. Matemaruka B 1ikosie, Ne 6, 63 - 64).

832. O cepuu Opourntop "Matemaruka, kubepueruka" (Maremaruka B mkodie, Ne 5, 76 - 77).

833. O kuure "buorpaduueckuii cioBapb nesrencii B obmactu marematuku" (MaTemaTtnka B
mikosie, Ne 4, 64 - 65).

834. Maremaruk (K 1000-neturo co ausa poxaerus A0y Amu MOH Cunbl) («KomcoMoibckas
nmpasaay», 21 aBrycra).

1981 rox

835. U3 ucrtopum Hayku o ciydaitHoMm (M31-Bo «3Hanme», cepus "MaremaTHka, kubepHeTHKa'",
Ne 6, 3 - 64).

836. Maremaruueckoe oOpazoBanue B By3ax (MockBa, Bricmas mkomna, 3 - 173).

837. IlpenenbHble TEOPEMBI AJS CYMM CIIY4allHOIO YHClIa CIy4alHBIX CIAaraeMbIX (COBM. C
JI.b. 'nenenko. MBaHoBckuii I'Y, MexBy30Bckuil cOopHHUK "AnreOpandeckue CUCTEMBI',
78 - 88).

838. O dopmynax Dprnanra mns cucteM ¢ norepsmu (coBM. ¢ O. AHHaopa3oBbiM. M3B.

AH Typxmenckoit CCP, cepusi pU3HKO-TEXHHUECKUX, XMMUYECKUX U T€0JIOTHYECKUX HAYK,
Ne 6, 99-100).
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839. Maremaruka B MockoBckoMm yHuBepcutere (COOpHHK HAy4YHO-METOAMYECKHX CTaTeH Mo
MartemaTtuke, Bl 9, 124 - 136, Mocksa, Breiciias mikona).

840. O wMecte Jekuuu B MaremMarudeckoM oOpasoBaHuu (COOpHUK HAyYHO-METOAUYECKUX
cTaTel mo mareMaruke, Boil. 9, 25 - 37, MockBa, Beiciias mikosa).

841. O npusBanum yuurens (Maremaruka B mkoise, Ne 5, 5 - 11).

842. Ponp maremaTuku B (OPMHPOBAHMHU Yy y4alluxcs HayyHoro mupoBo3penus (Cypran
Xymyyxyynard, Ne 1, 35 - 45).

843. O BocnuUTaHMM HAyYHOTO MHPOBO33pEHUS Ha 3aHATUAX 1o MaremaTtuke (MBanoBckmii I'Y,
MEXBY30BCKUI cOopHHK "AnreOpandeckue cucreMsl", 10 - 18).

844. Cmomo, 3axwurawpmee cepana (Coopuuk "KuBoe crmoBo Hayku", u3A-BO «3HAHHEY,
184 - 189).

845. Koncrantun IlerpoBuu Cuxopckuit. K 85-meturo co 1HS poxaeHuss (COBM. C
P.C. YepkacoseiMm, H.A. KyparomoBsiM. Maremaruka B mkoiie, Ne 5, 66).

846. Cumeon Jlenu Ilyaccon (Marematuka B 1mikose, Ne3, 64 - 67; bonrapus, "®uzuko-
Martematudeckoe criicanue', 23, kH.3).

847. IIpenucnosue k xHure A.H. Koamoropoa u np. "®usmko-mareMaruyeckas LIKOJIA MpU
MI'Y" (U3n-Bo «3Hanmey, cepus "MartemaTnka, kuoepuetuka", Ne 5, 3 - 7).

848. IIpemucnosue k kaure JI.H. Jlamesckoro, E.A. [llkabapa "Kak 310 HaunHanocs" (M31-Bo
«3Hanuey, cepus "MaremaTnka, kudepuetuka", Ne 1, 3 -6).

849. Beemenue k cObopHuky "Tpymbl Bcecoro3Hoil mikombl-cemuHapa. Teopusi MaccoBOro
oOciyxxuBanus. baky. 1978" (Mocksa, BHUNCH, 3).

850.  Hcropuko-maTeMaTHYeCKUE HCCIIEI0BAHUSA (x BbIXO1y XXV TOMA) (Ycnexu
MaTeMaTHYeCKUX HayK, T. 36, BbII. 4, 242-243).

851. WMzabemna I'puropneBna bammakoBa. K 60-netuto co aus poxxaenus (coBM. ¢ YMH, Ne
36, 5(221), 211-214).

852.  Mzabenna I'puropreBHa bammakosa (coBM. ¢ I1.C.Anexcanapoeim, A.H.Koamoropossim u
ap. "Marematuka B mkosie", No 1, 73-74).

853.  Anexceil MBanoBuu Mapkymesuu (coBM. ¢ I1.C.AnekcannpossiM, A.H.Konmoropossim u
np. bonrapus, "®usuko-marematuueckoe cnucanue", 23(56), Ne2, 150-152).

854.  Cargpl XacanoBuu CupaxanHoB (coBM. ¢ A.H.Konmoropossim u ap. YMH, 1. XXXVI, Ne
1, 73-74).

855. Mopnayxait Mouceesuu BaitnOepr (MaTtematuka B mkose, Ne 1, 80).

1982 rox

856.  The Theory of Probability (Translated from the Russian, Mir, fifth printing).

857. DOnemeHTapHOE€ BBEAECHHE B TEOpUIO BepoATHOCTEH (coBM. ¢ A.f. XunuunbeiM. U371-BO
«Hayxka», 9-oe u3n., 3 - 156).

858.  Marematuka u Teopust HajiexHOCTH (coBM. ¢ A.J[. ConoBbeBbiM. U31-BO «3HaHuUE», cepus
"Maremaruka, kubepHetruka', Ne 10, 3 - 63,).

859. ®dopmupoBaHHE MUPOBO33PEHUS yYaIIUXCs B Mpolecce oOydeHus matematnke (Mocksa,
IIpocBemienue, 3 - 145).

860. MaremaTnueckue MOJENH CTAPEHUS MOJIMMEPHBIX H30JSLUOHHBIX MAaTEPUAIOB (COBM. C
P.II. Bparunckum, C.A. MomuanoBsim 1 11ip. JTAH CCCP, 1. 268, Ne 2, 281 - 284,

861. OO0 onHOM CBOWCTBE HPEACTbHBIX paclpeaeieHui Uil MaKCUMAIBHOTO U MUHHMAJIHHOTO
yieHoB BapualmoHHoro psna (cosm. c JI. Cenycu-bepekcu. JJAH CCCP, T. 267, Ne 5,
1039 - 1040).

862. OO0 oxHOM cBoiicTBe JNorucTHueckoro pacrpeneneHus (cosm. ¢ JI. Cenycu-bepekcu. JJAH
CCCP, 1. 267, Ne 6, 1293 - 1295).

863. O pacnpenenenusx Jlamnaca ¥ JOTMCTUYECKOM Kak IMPENEIbHBIX B TEOPUM BEPOSTHOCTEN

(coBm. ¢ JI.b. I'negenko. Cepanka, bparapcko MareMaruuecko cnucanue, T. 8, 229 - 234).
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864. Teopus nagexsnoctu (coBMm. ¢ HO.K. benseBbim. Maremaruueckas suuuknonenus, T. I,
854 - 858).

865.  CTaTUCTHUYECKH METOJM 3a KOHTPOJ Ha Ka4eCTBOTO HAa MacoBaTa MPOMHUIIIEHA MPOLYKIIHS
(Codus, "Maremaruka", Ne 7, 2 - 9).

866. Maremarnueckoe obpaszoBanue u maremaruka B CCCP 3a 60 ner (MaTemaTHka B IIKOJIC,
Ne 6,6 - 10).

867. Crarba B.U. Jlenuna "O 3HaueHMM BOMHCTBYIOLIETO MaTepHaln3Ma’’ U MaTeMaTHYECKOE
obpazoBanue (MaTtemaruka B mkoie, Ne 4, 5 - 8).

868.  MockoBckuii rocyiapcTBeHHbIN yHuBepceuteT (Maremaruka B mkosne, Ne 2, 57 - 59).

869. Kaxb TpsiOBa na ObJe yueOHHKBT 1o MaTemaruka 3a yueHui (Codus, "OOyueHHeTo 1o
maremartuka", Ne 1, 10 - 18).

870.  Maremaruka B coBpeMeHHOM Mupe (Beuepnss cpennss mkona, Ne 1, 30 - 33).

871. O maTemaTHuYeCKUX CIOCOOHOCTSX U UX pa3Butuu (Marematuka B mkoie, Ne 1, 31 - 34).

872.  Marematuka B CCCP (KBant, Ne 11, 2 - 4).

873.  Muxaun BacunseBuu Octporpaackuii (Ksant, Ne 10, 5 - 10).

874.  Anexcanap SxosneBud Maprymuc (Maremaruka B mkose, Ne 1, 80).

875. IlpenucnoBue k kuure M.A. fcrpeGenenxuit Hanesxxnocts TexHudeckux cpeacts B ACY
TEXHOJIOTHYECKUMH Tpoiieccamu. - MockBa, JHeprousaar, 1982

1983 rox

876. IIpemucnosue (coBMm. ¢ JI. Kéuurom) u rnasa I B "Handbuch der Bedienungstheorie 1"
(Academie - Verlag, Berlin, 7-9, 19-38).

877. Elementare Einfuhrung in die Wahrscheinlichkeitsrechnung (und A.J. Chintschin. VEB
Deutcher Verlag der Wissenschften, Berlin, 3 - 174).

878.  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).

879. On some stability theorems (Proceedings of the 6th International Seminar "Stability
Problems for Stochastic Models", april 1982, Springer-Verlag, Berlin, 24 - 31).

880. O cBolicTBE NPOAOKMUMOCTH IPENENbHBIX PACIPEACIECHUN UIsI MAaKCHUMaJbHOTO YJIEHA
nocsenoBarenbHocTH (coBM. ¢ JI. Cenycu-bepekcu. BectHuk MockoBckoro yHuBepcureTa,
cepus 1, "Martematuka. Mexanuka", Ne 3, 11 - 20).

881.  IIpenenbHble TeOpeMbl A KpaHUX YJICHOB BapUalMOHHOTO psna (coBM. ¢ A. Illepudom.
JHAH CCCP, 1. 270, Ne 3, 523 - 525).

882. A characteristic property of one class of limit distributions (and S. Janjic. Math. Nachr. Bd.,
113, 145 - 149).

883.  Teopembl yCTOMYMBOCTH JUISl MPENENIBHBIX paclpe/eieHuii YJICHOB BapHUallMOHHOTO psizia
(TBull, T. 28, BbIm. 4, 809-810).

884.  MaremaTnueckue MOJENNU CTAPEHUS MOJIMMEPHBIX H30JSLUOHHBIX MAaTE€pHAIOB (COBM. C
P.I1. bparunckum u ap. JIAH CCCP, 1. 268, Ne 2, 281 - 284).

885. O maremaTHuUecKUX 3aJadax TEOPUH MACCOBOTO OOCIY)XKMBAHHS M HaJEKHOCTH (COBM. C
HO.K. bensesbim, M. A. Ymakoeim. M3Bectuss AH CCCP, Texuuueckas kubepHetuka, Ne 6,
3-12).

886. Yuer mepuoAMYHOCTH TpU OlEeHKe Kod(duuumeHTa 3arpy3ku aucrerdepa (coBm. ¢ JLI.
AdanaceeBoii u H.A. posmoswim. II Bececoroznass koHdepeHIHS 1O  yIpaBIICHUIO
BO3AYIIHBIM aBMKeHUeM. Tesuckl noknanos. AH CCCP. M. 51 — 53)

887. Teopus BeposTHOCTEW U MaremMaTudeckas craructuka (B cO0. "Ouepku pa3BUTHS
matemaTtuku B CCCP". Kues, "HaykoBa nymka", 500-513).

888.  Maremarnka u HayuHoe no3Hanue (M3a-Bo «3Hanuey, cepust "MaremaTtuka, kubepHeTuka',

Ne 7,3 - 64).
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O nmpenomaBaHWM TPEIMETOB TEOPETUKO-MATEPUATHCTHUECKOTO MHUPOBO33PEHUS B
Mpolecce mpernoaBanusl MaTeMaTUku B By3e (COOpPHUK Hay9HO-METOJUYECKUX CTaTeil Mo
Marematuke, B, 10, 187-189).

890. O wmarematnueckux crnocoOHocTsaX (COOpPHHK HAy4YHO-METOJIMYECKUX CTaredl 1o
Marematuke, Boim. 10, 154-163).

891.  Komnoc u mammna ("HM3o6perartens u parpoHanuzatop”, Ne 6, 6 - 7).

892. O npo10BOIBCTBEHHOM Iporpamme u matremaTuke (Maremaruka B 1mkose, Ne 2, 4 - 9).

893.  Marematuka u npousBoactso (Kant, Ne 1,3 -6, 11).

894. Kapn Mapkc u marematukata (Codus, Pu3nko-MaTeMaTHIECKO CIHUCaHUE, T. 25, BBHII. 4,
267 - 276).

895. Amngpeit HuxomaeBuu Konmoropos. K 80-nmetnio co gHsS poxxaeHus. (COBM. ¢
H.H. Boronto6oBeiM, C.JI. CobonebiM. YMH, T1. 38, BbIIL 4, 11 - 23).

896.  Amnppeii Hukonaesuu Koamoropos (Matemaruka B mkosne, Ne 2, 76 — 78).

897. IlaBen CepreeBuu AnexcaniapoB (coBM. ¢ A.H. KoimmoropossimM. Maremaruka B IIKOJIE,
Ne 1, 47 - 48).

898. MBan ®Penoposuu Tecnenko (coBM. ¢ M.U. bypna, P.C. UepkacoBeiM. MaTtemaTnka B
mikoute, Ne 2, 78 — 79).

899. IIpenucnosue k kuure E.}O. bap3unoBuua u np. "Bompocsl maremarnueckoil Teopuu
HanexxHocTu" (MockBa, Paguo u cBsi3b, 3 - 8).

900. TIpemucnoBue k kHure «['eomeTpust THILOEPTOBA MPOCTPAHCTBA W TPH IPUHIKIIA
¢dbyHkmonansHoro ananmmza» (M3n-Bo «3HaHue», cepus "Maremaruka, kuoepHeTnka'", Ne 6,
3).

901. O knure A.4. Xanamaiizepa "Martemaruka rapantupyeT Boiurpsim” (Maremaruka B 1IKOJIE,
Ne 6, 69).

902.  opory ocunut uayuui (razera «MOCKOBCKUI YHUBEPCUTET», 14 anperns).

1984 ropn

903. Teopus Ha BEepOATHOCTHTE M MaTeMarnuecka crtaTuctuka (coBm. ¢ A.A. I'emeBbim. Codus,
n3n. «Hayka u uskycto», 3 - 229).

904. Matematika siuolaikiniame pasaulyje (MaremaTuka B coBpemenHoM mupe) (Kaunas, Sviesa,
4 -102).

905.  Service systems with the time-dependent input and service intensities (Moscow,Proceedings
of'the Third International Seminar on Teletraffic Theory, june 20-26, 142 - 146).

906. Mathematical problems in queueing and reliability theory (with Y.K.Belyaev and
[.A.Ushakov. "Engrg. Cybernetics", Ne 6, 62-69).

907. IlpuHIMIIBI aHAJIUTHYECKOTO MOJCITUPOBAHUS JHCIIETYEPA B CEKTOpPE YIPABICHUS
BO3MyImIHBIM jaBWKeHHeM (coBM. ¢ JLI. AdanaceeBoit. Ilepmb, Tesucbl HOKIAI0OB
Bcecoro3Hoii HayuHO-TexHHYecKOH KoH(pepeHuuu "lIpuMeHeHne cTaTUCTUYECKUX METO/I0B
B IIPOMU3BOJICTBE U ynpasieHun", 31 mas - 2 utons, 101 - 102).

908. Ocobennoctu aHanu3a 3PPEKTUBHOCTH KPUOTEHHBIX CHCTEM U YCTAHOBOK C PE3epBHBIMU
pexxumamu pabotsl (coBM. ¢ M.B. KosnossiM u ap. Jlenunrpan, MexBy30BCKHi COOpHUK
Hay4yHbIX TpynoB "KpHoreHHas TEXHUKA U KOHIUIMOHUpOoBaHue", 3 — 8).

909. O pacnpenenenun  Menuanel  (coBm. ¢ C. CtomaroBuuem, A. Illykpu. BectHux
MockoBcKOro yHUBEpcUTETa, cepus "Marematuka. Mexanuka'", Ne 2, 59 - 63).

910. 3a ympaBieHHETO Ha KauyecTBOTO Ha mpomunuieHara npoaykius (Codus, «CoumamHo
ynpasieHue», Ne 1, 3 - 10).

911. K ucropuu moHsTHSA BEpOSTHOCTU ciydaiiHoro coobrtus (coBm. ¢ M.T. Ilepec. AH CCCP,

Bompocel ucropun ectecTBo3HaHus U TeXHUKH, Ne 1, 71 - 75).
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912. MexayHapoaHblii MareMaTuyeckuil koHrpecc B BapmaBe (MaremaTtuka B mkose, Ne 4,
67 - 69).

913. Maremaruyeckoe TBOPUECTBO U oOmecTBeHHbIH mporpecc (KBant, Ne 2, 2 - 5).

914. BocnuraHue MOpanbHbIX IPUHIMIOB U MaTeMaTuka (MaTtemaruka B 1mkoie, Ne 5, 6 - 10).

915. Maremaruyeckue pykonucu K.Mapkca u BONpochl MaTeMaTHYecKoro oOpa3oBaHUs
(Marematuka B mkoie, Ne 2, 7 - 12).

916. CnoBo, 3axwuratomee cepana (M3n-Bo «3uanue», cepusi "Martemaruka, KuOepHeTHKA',
Ne 10, 52 - 57).

917. Muxaun BacunseBuu Octporpanckuii (M3g-Bo  «3Hanume», cepus "Marematuka,
kubepuetuka", Ne 5, 3 - 63).

918.  Esrenwmit EBrenbeBuu Cnynkuii (Kues, "V cBiri maTemaTtuku', Boim. 15, ctp. 40).

919. IlpemucnoBue k kuure «Handbuch der Bedienungstheorie II» (und D. Konig.
Academie-Verlag, Berlin, 7 - 8).

920. Kakumm ObiTh X-XI kmaccam?  (KOJUIGKTHBHOE IIMCBMO  JCBATH  aKaJICMHKOB C
MPEUI0KEHUEM K MPpoeKTy pedopm mkosl) (M3Bectus, 26 ssHBaps).

921. Bropas rpamotHocTh XX Beka (M3Bectus, 18 nexadps).

922. MaremMaruka ¥ Xu3Hb (YUHUTeNIbCKas ra3era, 5 UioJs).

923.  Yrto MoxeT cratucTtuka (3Be3na, 23 utons) ([lepmp).

924. O uennocru 3Hanuii (IlpaBna, 27 despas).

1985 rox

925. MaremaTuka ¥ KOHTpOJIb KayecTBa MPOAYKLUMHU (Ha MOHIOJIBCKOM s3bIKe, YnaH-bartop,
Vieein XaBmanuiin ["azap, Ymaanbaatop, 3-69).

926. MaremaTnka ¥ MareMarudeckoe oOpazoBaHue B coBpeMeHHOM Mupe (M31-Bo
«IIpocBemenuer, 3-191).

927. O npoAoKUMOCTH IPEAEIBbHBIX COBMECTHBIX PACIIPEAEICHUHN AJIs WIEHOB BapUalllOHHOTO
psana (coBm. ¢ bapkar X., Xemuna C. loki. AH CCCP, 1. 284, 789 — 790)

928. BeposSTHOCTHO-CTaTUCTHUYECKOE MOJEINPOBAHUE YIPABICHUSI BO3AYIIHBIM JABH)KEHHUEM

(coBm. ¢ JLI. AdanaceeBoii. Tapty, Tesucwsl mokmamoB III Bcecoro3noit HaydHO-
TexHu4eckoi koH¢pepeniun "lIpuMeHeHHEe MHOTOMEPHOTO CTAaTHCTHYECKOTO aHajh3a B
HSKOHOMMKE U OLIEHKE KadecTBa npoaykuuu', 17-18.09, 134 - 144).

929. O HEKOTOPBIX aKTyallbHBIX MpobiemMax HagesxxkHocTH (coBM. ¢ E.1O. bapsunosuuem. COOopHUK

"ITpo6nemMbl Ha/Ie)KHOCTH JIeTaTeNbHBIX anmaparoB', M31-Bo «MamuHocTpoenuey, 4 — 9).

930. U ue Tonbko B 6monoruu (BectHuk Beictiei mkoubl, Ne 10, 31 - 32).

931. Ilpemucnosue, crateu: «BepostHocThY», «BepostHocTell Teopus», «MaremaTudeckas
CTaTUCTUKa», «Maremaruka» (DHUUKIONEIUYECKAN CIOBAph IOHOTO MaTeMaTHKa)
(Mockasa, [lenaroruka, 5 — 7, 36 — 40, 172 — 180, 183 — 184).

932. Ilporpamma mnenaroru4eckMx BY30B [0 HMCTOPHMM MAaTE€MaTHUKU (COCTaBJI€HA COBM. C.
Marematuka B mkosie, Ne 3, 57-60).

933. O nByx coBemnanusax B bonrapuu no Bormpocam mikoigsHoro oopazosanus ("MupopmaTika n
BBIYUCIIUTENbHAS TEXHUKA", 68).

934. Maremaruka u mateMatuku B Benukoii OreuectBenHnoi Boiine (KBant, Ne 5, 9 -15).

935. O namewm ToBapuile (razera «MOCKOBCUI YHUBEPCUTET», | ampers).

1986 rox

936. ®opmupaHe HA MUPOTJIE/ y YYSHULIUTE TpH 00yunHueTo no marematuka (Codus, 2 - 156).

937. IlpenenpHble TEOpPEMBI I WIEHOB BapuanuoHHoro psaa (Ilepseiii BcemupHbIil KOHrpece

OOmiecTBa MaTeMaTUYECKON CTAaTUCTHKH M TEOPUH BeposiTHOCTeH uM. bepuymmu. Te3ucsl.
M. "Hayka", 1. 1. 194).
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938. Maremaruyeckue OCHOBBI uccienoBanus (HanexxHocts M 3((EKTUBHOCTE B TEXHUKE,
CnpaBounuk 1.1, MockBa, MamuHoctpoenue, 54 - 58).

939. Mecto MareMaTH4eCKOW CTaTUCTUKM B HAay4YHO-TEXHHYECKOM mporpecce ("3aBoackas
nabopatopus", Ne 12, 1 - 2).

940. Brtopas rpamotHOCTb Beka (M31-Bo «3Hanue», Cinoo nekropa, Ne 3, 14 - 18).

941. K wucrtopum OCHOBHBIX MNOHATHUH Teopuu BepositHocted (McTtopus u  MeronmoJsiorus
€CTECTBEHHBIX Hayk, BbINl. XXXII, 81 - 88).

942. W3 ucropum HavaJgbHOrO Iepuoja uctopuu teopun BepostHocted (IlepBbiii BecemupHslii
KoHTpecc OOmecTBa MaTeMaTUYECKOW CTaTUCTUKU M TEOPHH BEPOSTHOCTEH MM. bepHymu.
Tesucsl. M. "Hayxka", 1. 2, 939).

943. Teopuss BeposrHocreii u S bepuymnmu (coBM. ¢ C.X. CupaxauHoBeiM. COOpHHK
«bepHynnu ydensle u oOmectBo bepHymin», MpOU3BOACTBEHHO-U3IATEIBCKHI KOMOWHAT
BUHUTW, 24 - 37).

944. MaremaTH4ecKOl NOArOTOBKE - MPUKIIAAHYIO HANpaBiIeHHOCTh (BecTHUK BbICIIEH IIKOJIBI,
Ne 9,49 - 52).

945. Maremaru3anus 3HaHUS U BOMPOCHI MaTeMaruieckoro obOpazoBanus (COOpPHHK TPYHOB
"MaremaTH3anus COBpEeMEHHON HayKH: MPEANOChUIKH, IPOOIeMBbl, IepcreKTuBhl'", 23 - 32).

946. Maremarukata ¥ H3y4aBaHEeTO Ha 3ao0Oukamsmara HU AedcTBuTenHocT (Codus,
"IIpobnemMu Ha y4eHUYECKOTO TeXHHUUECKO TBopuecTBO", Ne 3, 25 - 29).

947.  Beunust crpemex KbM oTKpuTHs (Codust, "Hayka u Texnuka 3a muagexTta”, Ne 3, 14 - 18).

948. O nByx copemanusx B bonrapuu mo BompocaM MIKOJIBHOTO oOpa3zoBanus (MaTtemaTuka B
mkosie, Ne 1, 68 - 69).

949. OO0 ympaxnenusx mo marematuke (coBM. ¢ M.B. Tlororkum. CO. HAy9HO-METOTUIECKHIX
crarei mo matemaruke. M. "Bpicmias mkomna", Beim. 13, 6-15).

950. OO0 wuccnenoBaHMM TO HMCTOPUHM IIKOJBHOTO MaTeMaTHYeCKOro oOpa30BaHUS B Hallel
ctpane, npoBoaumoM B SAnonun (coBM. ¢ P.C. UepkacoBbiM. Maremaruka B mkoie, Ne 4,
75 - 76).

951. W13 Bocnomunanuii o B.B. I'ony0ese ("T'ony6eB Binagumup BacunbeBuu. K 100-neturo co
nus poxkaenus”. M. U3a-so BBUA um. H.E. XKXykosckoro, 60-61).

952. Benukuil pycckuil yueHbl M mpocBetuTenb Muxann BacunbeBud JIoMOHOCOB (COBM. ¢
H.II. XKunkoBeiM. MaTematuka B mkose, Ne 5, 49 - 54).

953.  Anonbd ITaBnoBuy FOmkeuu ( ¢ bammakosoit N.I'. u ap. "Matemaruka B mkomue", No 4,
72-74).

1987 rox

954.  Baeaenue B Teopuio MaccoBoro oocmyxuBanus (coBMm. ¢ M.H. KoBanenko. «Haykay», 2-e
u31., mepepad. u 1omomH., 336 ctp.).

955.  Lehrbuch der Wahrscheinlichkeitsrechnung (eighth edition. Academie-Verlag, Berlin).

956. CoBpeMeHHbIE 3aJaud TEOPUU UM NPAKTUKU HaaexkHocTH (HagesxHocTh M KOHTpOJIB
kavecTtBa, Ne 11, 3 - 10).

957.  Pabotsl akanemuka A.A.MapkoBa no Teopuu BepositHocTelt (C.SA.I'ponzenckuit "Anapeit
Anpnpeesnu Mapkos", Mocksa, "Hayka", ctp. 223-237).

958. B enunctBe Teopuu u npaktuku (coBM. ¢ J.b. 'negenko. BectHuk Bhiciiei mkoubl, Ne 4,
48 — 50).

959.  YHuBepcuTeThl M Hay4yHO-TexHHYeckuid mporpecc (M3n-Bo «Beicmas mikoisiay, cOOpHHUK
Hay4YHO-METOJMYECKUX CTAaTel 10 MaTeMartuke, Boi. 14, 3 - 11).

960. TIloceB HayuHbI - )xaTBe HapoaHoi (COopuuk crareit "OkTsa0pp, Hayka, mporpecc',
108 - 117, uzn-Bo «CoBetrckas Poccusi»).

961. Meura u HTP (CnoBo nekropa, Ne 9, 63 - 64).

962. O maremaruxe Ctpanbl CoBeroB (KBant, Ne 11, 3 - 8).
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963. Pa3BuTHe HIKOJBHOTO MaTemaTtuueckoro obOpaszoBanus B CoBerckom Coroze 3a 70 ner
(coBm. ¢ I'.I'. Macnogoii, P.C. UepkacoBeiM. MatemaTuka B mkoje, Ne 6, 6 - 14).

964. Maremaruka u mMaTemaruueckoe oopaszoBanue B Crpane CoseroB (MaTemaruka B IIKOJE,
Nod 6-12; Ne5,3-7).

965. K Bompocy o coaepkaHuH (pakylibTaTHBa 110 TEOPUU BeposATHOCTeH (MaTteMaTHka B IIKOJIE,
Ne 3, 24 -25).

966. O menaroruuecko JAeATENbHOCTH  Kadeapbl TEOpUM  BEpOSTHOCTEH  MOCKOBCKOTO
yHuBepcuteta (BectHuk MockoBckoro yHuepcurera, cep. 1, Maremaruka. MexaHuka;
Ne 2,91 - 94).

967. Ilo moBomy mepBoro Bcemmphoro kourpecca OoOmectBa um. S. bepHymnu (coBM. ¢
M.A. Mup3axmenossiM, X.I1. ApunossiM. Maremaruka B mkoine, Ne 1, 75 - 76).

968. Hroru pabotel mnpuioxenus «HangexxHOCTh W KOHTpONb KadecTBa» 3a 1987 ron
(HagexxHOCTh U KOHTPOJIb KauecTBa, No 12, 3 - 6).

969. IlpemucnosBue penakropa k kHure C..I'pomzenckoro "Anzapeit Anapeesny Mapkos"
(Mocksa, "Hayka", ctp. 5-10).

970.  Peuensus Ha kHUTYy «CHpaBOYHUK IO HAJEKHOCTH TeXHHYeCKuX cuctem» (HanexHocts n
KOHTpOJIb KauecTBa, Ne 3, 57 — 58).

971. Peuensus Ha kHury «HapexHocts cucrem nsHepretukn» (HaaekHOCTH M KOHTpOJIb
kadecTBa, Ne 9, 60).

972. Peuensus Ha xypHan "Bompocbl UCTOpUM e€cTecTBO3HAHMsI M TexHUKU" (Maremaruka B
mkoute, Ne 3, 73 - 74).

973. O paByx cOOpHMKax TpyAOB N0 (MIOCOPCKUM BOINpPOCAM MaTeMaTHKH (COBM. C
B.H. IlonomapeBsiM, A.A. I'puropsHom. Matemaruka B mkose, Ne 5, 74 - 75).

974. Marematuka u 3koHOMuKa (coBM. ¢ E.B. MoposossiM. ['azera «JleHuHckass mnpaBnay,
Ilerpo3aBoick, 22 ceHTsps).

975.  Bocnuranue TBOp4YeCTBOM (YuuTENbCKas ra3era, 8 aBrycra).

1988 rox

976.  Kypc teopun BepositHocTelt (M3a-Bo «Haykay, uzn. 6-e, mepepal. v JOTOJH. ).

977.  The theory of probability (Moscow, Mir Publishers, sixth printing).

978.  OcoOGeHHOCTH MEPKOJIALUOHHON MOAETH cTapeHus moaumepoB (coBM. ¢ P.I1. Bparunckum,
B.B. Manynossim u ap. IAH CCCP, 1. 303, Ne 3, 535 — 537).

979. Teopernueckoe M CTAaTUCTHYECKOE HCCIIEAOBAaHUE JE€PEKTHOTO MHOXKECTBA B 3Majlb-
JIAKOBBIX IEKTPOU30JISLIMOHHBIX NOKPBITUAX (coBM. ¢ P.II. bparunckum u np. JAH CCCP,
T. 303, Ne 2, 270-274).

980. HopmupoBanue HajaexxHocTH H 'mepecTpoiika" B3rasgoB (coBM. ¢ HM.A. YiakoBbIM.
CrannapTsl u kauectBo, Ne 7, 35 - 38).

981.  CoBeplieHCTBOBaHHE MaTeMaTHYeCKoro oopa3oBanus B yHuBepcurere (CapaHck, COOpHHUK
"CoBepIICHCTBOBAaHHE COJICPKaHHMsI MaTeMaThdeckoro oOpas3oBaHusi B Imkoie u BY3e",
13 - 19).

982. O cmeuumanbHbIX Kypcax U CEMHHApax €CTECTBEHHOHAYYHOTO M IPHUKIAJHOTO XapakTepa
(M3n-Bo «BeIcmiast mkosiay, COOPHUK HaAyYHO-METOJIUYECKUX CTaTeil MO0 MaTeMaTuKe, BBII.
15,4-9).

983. O HEKOTOpBIX BOIpPOCAX MEPECTPOUKH MATEeMAaTHUYECKOTO OOpa3oBaHMs B YHHBEPCHTETaX
(coBm. ¢ JI.b. I'negenko. CoBpemenHas Boiciias mmkosa, Ne 3, 81 - 90).

984. Ponp maTemaTMuecKMX METOAOB HCCIEIOBAaHUS B KapAMHAJIbHOM YCKOPEHUM HAy4HO-
TeXHH4YecKoro mporpecca (coBM. ¢ A.U. OpnossiM. 3aBojckas tabopatopust, Ne 1).

985. O kypce maremaruku B mkonax Anonun (coBm. ¢ P.C. YepkacoBbiM. Maremaruka B

mikoute, Ne 5, 72 — 76).
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986.  OrcrauBas wuccienoBarenbckuii mouck (M3a-so «Hayka», coopuuk «Ilyre B OGoublryro
HayKy: akazeMuk Akcenb bepr», 147 - 150).

1989 rox

987.  The Theory of Probability (Chelsea Publishing Company, New York).

988.  Kypc teopun BepositHocteilt (Erumer, Ha apaOCKOM SI3BIKE, COBM. ¢ U31-0M «MHpPY).

989. Introduction to Queueing Theory (and I.N. Kovalenko. Birkhduser, Boston, 2nd edition,
revised and supplemented, 315 p.).

990. OO0 omueHKe HEM3BECTHBIX MApaMETPOB pACHpEACICHUs NpU CIydalHOM YuCIle
He3aBUCUMBIX  Habmiogenuit  (Axamemuss Hayk ['CCP, Tpymst  TOummcckoro
MaTeMaTH4YeCKOT0 MHCTUTYTA, T. 92, 146-150).

991. O paborax kadeIpbl TEOPHH BEPOSITHOCTEH IO MaTeMaTHMYeCKOW TEOPHH HAaJeKHOCTU
(coBM. ¢ IO.K. bensesbim, A.J[. ConoBbeBbIM. Teopusi BEpOSTHOCTEN U €€ NPUMEHEHUS, T.
XXXV, Boim. 1, 191 — 196).

992. Kadenpa teopun BepositHocTeld MockoBckoro yHuBepcurera (Teopusi BeposSTHOCTEH 1 ee
npuMenenus, T. XXXIV, Boim. 1, 119 - 127).

993. IlpemucnoBue u crathu: «BepoaTrHocTs», «BepostHocTeil Teopus», «MaremaTuueckas
CTaTUCTUKa», «MareMartuka» (DHIMKIONEINYECKUN CJIOBapb IOHOTO MaTeMaTHKa, 2-0€
u3., uctp. u nonoiH.) (Mocksa, [legaroruxka, 5 - 7, 35 - 40, 172 - 178, 183 - 184).

994. OO0 obOpa3oBaHMM TpeNoOAaBaTENsd MAaTeMAaTUKU cpenHeil mkoibl (MaremaTuka B IIKOJE,
Ne 3,19 - 22).

995. MaremaTuka Kak opyaue Tmemaroruyeckoro wuccienoBanus (CBEpUIOBCK, COOPHUK
"[IlpumMenenre mMatemMaTHYeCcKUX MeToJloB U OBM B menarornueckux uccienoBaHUsX',
6 -22).

996. O pomu maremMaTuku B (OPMUPOBAHMM Y YyYAIIUXCS HAYYHOTO MHPOBO33PEHUS U
HpaBCTBEHHBbIX NpuHIMNOB (MaTtemaruka B mkoine, Ne 5, 19 - 26).

1990 r.

997.  Teopus BepostHocTel (Kues, «Buia mkonay, 3-328, copm. ¢ U.H. KoBanienko).

998. Ilpemucnosue k kHure B.M.Kpyrmosa u B.}O.Koponésa "IIpenenbHble Teopemsl yis
ciydaiiHeix cyMM" (Mocksa, n3z-so MI'Y).

999.  Bnauane Owu10 crioBo (BectHuk Beicmiei mkoisl, Ne 1, 23 - 27).

1000.  Yuensrii, yuurens, rpaxaanun (MaremaTuka B mkose, Ne 5, 56 - 59).

1001. Bocnomunanusi o BsauecnaBe BacunbeBuue Crenanose (K 100-neturo co aHS poXICHUs)
(YMH, 1.45, BBII. 6, 165 - 169).

1002. Cogerckas mkoJsia u B.W. Jlenun (Marematuka B mikosie, Ne 3, 3 - 8).

1991 roxg

1003. Einfuhrung in die Wahrscheinlichkeitstheorie (Academy Verlag, Berlin, 9 Auflage, 475 p.).

1004. Bgenenue B cnennaibHOCTh, MaTeMatuka (Mocksa, Hayka, 3 - 237).

1005. TIIaBen CepreeBuu AnekcanapoB (coBM. ¢ A.H.KommoropoBeim. CoopHHK "MaTemaTnka B
e€ ucropuueckoM passutun', u3a-so "Hayka", 125-130).

1006. MaremaTnka B COBPEMEHHOM MHpE M MaTeMaruieckoe oOpazoBanue (MaTemaruka B
mkoJie, Ne 1, 2 - 4).

1007. Pa3BuTHEe MBIIUIEHUS W peud NpU U3ydeHHH MareMatuku (Martematuka B mikosue, Ne 4,

3-9).
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roj
Probability Theory (coBm.c O.b. HleitanapiM. «Mathematics in the 19th Centuryy,
Birkhduser, Boston).
Beenenne (COopuuk "lIppumMeHeHHE BEpOSTHOCTHBIX METOJIOB  pEIICHHs  3ajad
TEXHUYECKOTO OOeCreueHns arpolpOMBIIUIEHHOT0 MpousBoacTBa”, 4-10, coBM. ¢
B.U. Auuckunbim) (HUW Mexanu3anuu cenbCKoro X03siicTa).
MaremaTika W TpoONeMbl HaJIEKHOCTH M OE30IaCHOCTH COBPEMEHHOM TEXHUKHU
(Marematuka B mkoJie, Ne 1, 3 - 7).
Maremaruka B MockoBckoMm yHuBepcurere (1755 -1933) (coBm. ¢ O.b. JlymaHoBbiM,
K.A. Poi6HuKOBBIM. M31-B0 MOCKOBCKOTO yHHMBepcHuTeTa, cOopHUK '"Maremaruka B
MockoBckoM yHuBepcurere', 3 - 19).
Kagpenpa teopum BeposrHocteit (M31-B0 MOCKOBCKOTO yHUBEpCHUTETa, COOpPHUK
"Maremaruka B MockoBckoM yHuBepcutere', 217 - 237).
Poctucinap CemenoBuu YepkacoB. K 80-metmro co gHsS poxzaeHus. (COBM. C
JI.C. Aranacsnom, W.I'. BammakoBoit u ap. MaTtematuka B mikoJie, Ne 4 - 5, 42 — 43).
roj
Enementapuu yBon y Teopujy BepoBatHohe (coBm. ¢ A.Sl. Xunuunsim. beorpan, 7-168).
O mpouutom u Oyaymem (Teopis iMOBipHOCTEH Ta MaTeMaTW4yHa cTaTHUCTHKaA, 49, 3-26,
Yuautens u apyr (Coopuuk "KommoropoB B BocmomuHanusix", M3patenbckas ¢upma
«Pu3uko-Marematuueckas aureparypa» BO «Hayka», 173 - 208).
[Menarormueckue B3rasapl  H.U. JloGaueBckoro. K 200-meturo co JHS  pOKICHUS
(Marematuka B mkoJie, Ne 1, 2 - 5).
3HaHME UCTOPUU HAyKHU - IpenogaBaTelto mKoibl (Matemaruka B mkose, Ne 3, 30 - 32).
roj
Crannmapt oOpasoBanusi — B3rjsin B Oynymiee (coBm. ¢ JI.b. 'nmenenko. Martemartuka B
mkoJie, Ne 3, 2 - 3).
Abak, necsiTUYHast MO3ULIMOHHAS CUCTEMA CUUCIICHUS U AecATHUHbIe Ipodu (Maremaruka B
mkoute, Ne 1, 75 — 77).
Opna pycckast HapoaHas 3ana4a (MaTtemaruka B mkode, Ne 2, 65).
Anekcannp SxoBneBuu XuHuuH (MaTtemaTuka B mkoJe, Ne 4, 70 - 73).
Anekcannp SxosneBuy XunuuH (KBant, Ne 6, 2-6).
JlobayeBckuii Kak memaror u mpocsetutens (BectHuk MockoBckoro yHuBepcurera, cep. 1,
Marematuka. Mexanuka, Ne 2, 15 - 23).
Preface to American edition («Handbook of Reliability Engineeringy», John Wiley, New
York, XIX - XXI).
[TocnecnoBue k myOnukanmun «Eprenuit Hermuukun» (kypHan «HoBoe nutepaTypHOe
obo3penuey», Ne 6, 182).
roj
Probabilistic Reliability Engineering (and I. Ushakov. John Wiley, New York, 518 p.).
O cinydaliHBIX BeIMYMHAX, OOYCIOBICHHBIX CyMMaMHU HE3aBUCHUMBIX CIIyYaiHBIX BETUYHUH
(coBMm. ¢ 3.M. KynnaeBbiM. Bectauk MockoBckoro 'oc. Yausepcurera, Ne 5, 23 — 31,
. [IpenucnoBue u xae cratbu B kHHMre A.Sl. XunuumHa «M30paHHBIE TpPYABl 1O TEOPUH

BepositHocTei» (MockBa, Hayunoe uza-so TBII, VII - [X, XTI - XTIV, XXI - XXXVIII).
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1030. Pacckaz—Bocnomunanue B kuure b.H.PynakoBa «Mnoro ner mponecnocsk...» (M3a-Bo
MockoBckoro yHuBepcurera, 132 - 136).

1996 rox

1031. Random summation: limit theorems and applications (and V.Y. Korolev. New York, CRC
Press Boca Raton, 1 — 267).

1032. Theoria de las Probabilidades (Madrid, Rubinos — 1860, Moscu, Euro — Omega).

1033. TIlaBen Cepreesnu AnekcanapoB. K 100-meturo co 1HS poxaeHus (COBM. cC
A.H. KonmoropossiM. MaremaTuka B mkoge, Ne 2, 2 - 4).

1034. O npenojaBaHMM MaTeMaTUKU B IpexacrosieM ToicsyeneTuu (coBm. ¢ P.C. UepkacoBbIM.
Marematuka B mikosie, Ne 1, 52 - 54).

1997 roa

1035. Lehrbuch der Wahrscheinlichkeitstheorie (Verlag Harri Deutsch, 10 korrigierte Auflage,
469p.).

1036. PasButue Teopum BeposTHOCTEM («OuUepku MO HMCTOPUM MaTeMaTukw», u3g-so MI'Y,
247 - 338).

1037. Moi yHiBepcuTeTChKi poku (Y CBITI MaTeMaTHKH, T. 3, BUIL 2, 73 - 82).
1038. BwuknamanHs i TBOpUICTH (Y CBiTi MaTeMaTHKH, T. 3, BUIlL 2, 95 - 100).

1998 rox

1039. Theory of Probability (Gordon and Breach Science Publishers, New York, sixth ed., 497 p.).
1040. Diinep uYkpauna ("Y cBiri maremaTtuku', 1.4, B. 4, 32).

1999 rox

1041. The Theory of Probability and the Elements of Statistics (Chelsea Publishing Company,
New York).

1042. Statistical Reliability Engineering (coBm.c W.B.IlaBnoBeiMm u M.A. YmakossiM. John
Wiley, New York, 3-499).

1043. CraTtucTudeckoe MBIIIJICHHE U IIKOJIbHOE MareMaTHueckoe oOpa3oBanue (Marematuka B
mikosie, Ne 6, 2 — 6).

1044. VYwuurtenr» B MaTeMaTuke, Y4uTelnb B JKM3HU («SIBneHue upesBblyaiiHoe. KHura o
Koamoropose» MockBa, usa-sa «®aszuc» u «Mupocy, 40 — 48).

2000 rox

1045. Maremaruka u xu3Hb (B kaure «O marematuke», Mocka, uzn-so «Eauropuan YPCCy,
8 - 85).

1046. OO6 oOyueHMM MaTeMaTHKE B YHHUBEPCUTETaxX W IeJBY3aX Ha pyOeke JABYX ThICSUETCTUH
(coBm. ¢ [I.b. 'nenenxo. B knure «O maremarukey», Mocksa, u3a-so «Enuropuan YPCCy,
88 —207).

2001 rox

1047. Kypc Teopun Beposraocreit (Mocksa, uzn-so «Enutopuan YPCCy», 7-e uzn.).
1048. Ouepk o uctopuu Teopun Bepostnocteit (Mocksa, uzn-so «Equropuan YPCCy).
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2002 rox

1049. Maremaruka u xu3nb (B kaure «O marematuke», Mocka, uzn-so «Eauropuan YPCCy,
u3a. 2-e, 8-85).
1050. OO6 obOyueHnMM MaTeMaTHKE B YHHUBEPCUTETaX W Ie/BY3aX Ha pyOeke JABYX ThICSUETICTUH

(coBm. ¢ [I.b. 'nenenxo. B knure «O maremaruke», Mocksa, u3a-so «Enuropuan YPCCy,
3. 2-e, 88 —207).

2003 rox

1051. DnemeHTapHOE BBeIeHUE B TeopHio BeposiTHOocTed (coBM. ¢ A.f. XunumHbIM. MockBa,
n3n-Bo «Exuropuan YPCCy», 10-oe u3n.).

1052. becenpl 0 MaremaTHKe, MaTeMaTHKax U MexaHuKo-MaTemMaTndeckoMm ¢akynsrere (Mocksa,
N3parensctBo lleHTpa NpHUKIAIHBIX HCCIECNOBAaHUN IpU  MeXaHMKO-MaTeMaTHYEeCKOM
daxynbrere MI'Y, 3-149).

2004 rox

1053. Kypc teopuu BepositHoctelt (Cepust  "Knaccuyeckuid ~ yHMBEPCUTETCKUH — ydeOHHK'.
MockBa, wu3a-so "Enuropuan YPCC", 8-e uzn.).

1054. Awnpgpeit Hukonaesuu  KonmoropoB (B kuHure "MareMaTuku M MEXaHUKH  --
pexkTopbl  MOCKOBCKOTO  yHHMBEpCUTETA M J€KaHbl MEXaHUKO-MaTEMaTHUYECKOTO
¢dakynprera MI'Y") (M3n-Bo LleHTpa mpukmagHbIX uccieoBaHuil npu Mex-mar ¢ak-Te
MI'Y, 101-102).

1055. TIlpenucnoBue pegakTopa M 3aKIrOYUTENbHAsE cTaThs "O HEKOTOPBIX MOCTAHOBKAX 3ajad
U pe3yabTaTrax TEOPUU MaccoBOro oobciyxuBanus" B kaure A.Sl. XunumHa "PaGoTel 1o
MaTeMaTH4eckoil Teopun MmaccoBoro obcmyxkuBanus" (MockBa, u3a-so "Eauropuman
YPCC", 2-ewusn.).

1056. IlpemucnoBue k xkuHure A. Penbum "Jluamorm o wmarematuke" (MockBa, H31-BO
"Equtopuan  YPCC", 2-e u3z., 5-19).

1057.  IlpemucnoBue « kuure A.Sl. Xwununmna '"llemueie papobu" (MockBa, U3I-BO
"Enutopuan YPCC", 5-e uzz.).

2005 rox

1058. Bsenenne B Teoputo maccoBoro odcmyxuBanus (coBm. ¢ M.H. KoBanenko. Mocksa, u3f-
Bo KowmKHnura, 3-e u3a., ucnpaBieHHOE U JOTIOJHEHHOE).

1059. Ouepku no ucropuum marematuku B Poccum (Mocksa, usn-so KomKnura, 2-e usg.,
HCIIPABJIEHHOE U JIONIOJIHEHHOE).

2006 rox

1060. Maremaruka u xu3nb (MockBa, uzn-so KomKnura, 3-e usn.).

1061. OO0 oOyueHunm MaTeMaTHKE B YHUBEPCUTETax M TMeABY3ax Ha pyOexe IByX
teicsuenieTuii  (coBMm. ¢ JI.b. 'Henenko. MockBa, u3a-so KomKuura, 3-e usm.).

1062. Anexcanap SxosneBnd XunuuH. (B kuure A.Sl. Xunumna "H30paHHblE TpPyasl IO
TEOpUH gucen", ctp. VII-XX. Mocksa, u3zg-so MIIHMO) (B kuure A.f. Xunumna
"[lenaroruueckue crarbu', ctp.180-196. Mocksa, uzn-so KomKuura, 2-e usn.).
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2007 rox

1063. Kypc teopun BepositTHocTeil (Mocksa, uza-so JIKH, 9-e usn.).

1064. Bsenenue B Teopuro maccoBoro odcmyxuBanus (coBm. ¢ M.H. KoBanenko. Mocksa, u3f-
Bo JIKW, 4-e uzn., ucnpas.).

1065. Ouepxu no uctopun mareMatuku B Poccun (Mocksa, uza-so JIKU, 3-e usa., ucnpas.).

1066. MaremaTuka U KOHTPOJIb KadecTBa npoaykuuu (Mocksa, nzn-so JIKU, 2-e uszn.).

2009 rox

1067. becenpt o maremarnueckoit craructuke (MockBa. Kumxubii nom «JIMBPOKOM»y. 2-e
U3]., UCTIPAB.)

1068. becenst o Teopun maccoBoro obcimyxuBanusi (MockBa. Kamxubiii tom « IMBPOKOM»y. 2-
€ U3/, UCIIPaB.)

1069. Ouepku no ucropun maremMatuku B Poccun (MockBa. Kumxnsiii 1om «JIMBPOKOM». 4-¢
u31.).

1070. becempl 0 MaTeMaTuke, MaTeMaTHKax U MeXaHHKO-MaTeMaTHUecKoM (aKyiIbTeTe
MI'Y (MockBa. Kumxnbiit jom «JIMBPOKOM». 2-0e u3n.)

2010 rox

1071. Bgenenue B Teopuio MaccoBoro oociyxkuBanus (coeM. ¢ .H. KoBanenko. Mocksa, u3z-Bo
JIKW, 5-e u3zn., ucnpas.).

1072. Kypc teopun BepositHocTer (MockBa. Kumxubiit 1om «JIubpokomy», robuneitnoe 10-e usm.,
HCIIPAB., JONIOJHEHHOE).

1073. TIlpenucnoBue k kuure T.JI.Caatn «OJeMEHTHI TEOPUHM MACCOBOTO OOCIYKHUBAaHUS U €€
npuioxeHus» (Mocksa. Kunxusiii oM «JIMUBPOKOM». 2-e u3n.).

1074. Kypc teopii iimoBiprocTeit (Kues. M3n-Bo KueBckoro yHuBepcureTa).
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LOAD PROFILES SIMULATION FOR EVALUATION ENERGGY LOSSES IN
DISTRIBUTION NETWORKS

Balametov A.B., Halilov, E.D.
[ ]
e-mail: balametov.azniie@gmail.com

Introduction. When calculating the energy losses in distribution networks using performance
load profiles. Known methods of calculating energy losses in electric networks [1] are based on
normal operating conditions and functioning of the electrical network, uninterrupted electricity
supply to consumers.

Methods of calculating the losses of electricity use charts on duration. Earlier load profiles
have stable characteristics and allow you to calculate the energy loss to adapt to these conditions,
the simplified formulas. Currently, load profiles feeders 6-10 kV are many different forms, there
were changes in the structure of energy consumption. Transition economies characterized by: non-
uniformity in the daily load profiles; disconnection associated with non-payment for electricity;
limitations associated with the overload of network elements, etc.

Most informative are the load profiles of individual groups of consumers for whom the known
types of graphics. Load profiles of feeder formed of different consumer groups. The combination of
load profiles generated total schedule feeder. Information about the probabilistic characteristics of
load profiles is generally little known.

Calculation of energy losses by the method of medium loads is the use of expressions with the
form factor. A calculation of the form factor reduces to obtaining the expressions having a clear and
simple for hand calculation of the form. This is largely possible in a simple way to explain the
patterns of influence on the profile, load losses of electricity. However, the pace of development of
computer technology with great potential and their application in all spheres of government allow
the use of complex computational algorithms, more flexible and accurate simulation. At the same
time with this to some extent this may lose the simplicity and clarity of representation formulas for
calculating the load losses.

Deterministic methods of calculation do not take into account the inaccuracy of initial data for
plotting load. To overcome these deficiencies have developed methods for calculating the energy
loss, based on the probabilistic representation of the graphs of electrical loads. These methods can
be divided into: methods of submission of the load as a random variable and regression methods for
calculating the losses.

Staging. Energy loss in the elements of an electric network is a function of the characteristics
of load profiles. For the calculation of load losses in distribution networks using the method of
average loads

AW, =AP k7T ,
and the method of the number of hours the greatest losses
AW, =AP 7,

where AP,, - loss of power in the network at an average load of nodes (or networks in general) for
the time T; k’; - a square form factor graphics power or current; AP, - loss of power in the
network at maximum loads of nodes; t - the number of hours the maximum losses.

Key indicators of load profiles in the calculation of loss are: the number of hours of peak load
Tmax, the fill factor loading schedule. Another important characteristic of load is the ratio of
minimum load to maximum Kpin=Ppmin/Pmax. In the calculations of energy losses characterize the
shape of load profiles parameters: the number of hours of the greatest losses t and form factor
graphics power k*:. The most accurate values of T and k’; can be identified by well-known load
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profiles. Research aimed at obtaining a more accurate dependency on the parameters characterizing
K%t load profiles led to a set of design formulas. With unknown load schedule k*; value can be
determined using various empirical formulas [1].

The most commonly used in technical literature are the following calculation formula K
depending on two parameters, kz and ki, [3]:

r : when A <1;
(2 - kﬁll - kmin )kﬁll
-k, )k, —k )
k§:1+(1 Z”)( 52 ’Z;) when A>1, (1)
( + fill min) fill
where Z:M .
l_kﬁll

In [1] based on approximations performed alternative calculations for all possible
configurations of the load duration profile in increments of 0.1 in both axes (t and kgy), a formula
for the average expected value

1+ 2k
ky=——% )
3k

The error in the formula (1) using two parameters (kan and kmin) is estimated [1] is about
10.8%, and the error formula (2) uses only one parameter, kg is about 13%.

Assuming that the specification obtained by the two small parameters, in [1] proposed to use
the formula (2). In this case, also noted that ki, has less credibility.

In [4] the error of the known empirical expression of certain k’;, as well as the formula (1).
Accuracy in determining k*f can increase the input except used two parameters kay and Kpin,
additional parameters characterizing the load profiles. As an additional parameter that can be taken
during the duration of the maximum and minimum load graphics, etc. For example, the duration of
the off-peak schedule is one of the parameters characterizing the performance load profiles.
Normally, advance information on the duration of the minimum load can be obtained. Since the
total load profile is formed from the sum of standard load profiles, we can evaluate the length of the
minimum load. As an additional parameter taken during the duration of treatment with minimal
impact - Tiin OF in relative units Kimin.

It is known that more significantly affect the parameters are taken into account in determining
k?, the greater accuracy of simulation can be achieved. Thus, the load profile is proposed to
characterize the three parameters kg1, Kmin and Kimin.

In connection with the foregoing, the article examines the issues of error estimation k2f taking
into account the dependence on two parameters, kay and kpin and three ks, kmin and Kemin

To assess the calculation errors k’ in this article are considered: the use of simulation
modeling of discrete possible configurations load duration profile and simulation load profiles
analytical dependences in time.

Load profiles on duration are smoothly varying. In this regard, following the technique of
estimating the loss of electricity distribution networks performance load duration profile as a
continuously decreasing function of time. Calculations of energy losses are usually made on the PC.
Therefore, excessive efforts to simplify the formulas for calculating k2f in modern conditions of
development of computer technology due to the loss of accuracy unreasonable.

Simulation discrete simulation of the possible configurations of the load duration profile.
Modeling of possible configurations of the load duration profile is reduced to the equivalent
problem of simulation, a combination of levels of the columns of n * n and solving the following
integral equations with inequalities.
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Formed equation for specified values kgj and ki, in the form of equation
I +I,+1I,---1 =n-k,. 3)
where ;- the current value or the power corresponding n-th stage of load profile.
Sets values of the first and the n-th column
I =n, I =n-k_. 4)
Formed by inequalities of the form
LL<1,L<1L,-1 <I .. (5)
Solution of equations (3), (4) and (5) are integer variables I, + I,.;. Search all the options for
given values of kg and kuin 18 produced by changing the values in columns (a decrease by one unit)
from the load profile corresponding to the maximum k*f toward its reduction. With respect to the
discrete change of stress level Ay=1/n and the time duration of the Axr=1/n discrete step changes in
the level kg has a value of AAKﬁ11=l/n2.
In accordance with the algorithm (3), (4) and (5) developed a mathematical model and simulation
program for the possible configurations of the load duration profile. For example, Fig. 1 shows a
histogram k% when n=10, A=0.01 and 340 possible choice of load profiles when kg =0.4, Kinin=0.1
and its comparison with the normal distribution profile.

3
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' '
o Histogram

— Normal distribution

Fig. 1. Histogram k’for load profiles kg=0.4, kunin=0.1.

The results of processing histograms k’r at different steps of discreteness show that the choice
of the step discontinuity, having a sufficient number of possible load profiles, which allows to
reliably determine characteristics of the distribution k* have parameters close to the normal law. As
shown in Fig.1 case, a normal law with mean 1,609 and standard deviation of 0.127.

Table 1 shows the average k’; for possible configurations of load profiles for the duration in
increments of 0.1 according to the kay and Kpin.

Analysis of the results shows that the use of formula (1) and (2) is associated with large
systematic errors. Analysis of the results of the discrete simulation of characteristics of load profiles
for various kg, depending on kmin shows the possibility of increasing the accuracy by obtaining
appropriate and adequate dependency formulas.

Equation (2), obtained by averaging the form factor k’ all possible load profiles, can not
completely eliminate the error. For example, for values of kyin = 0.1 (1) and (2) have a negative
error k*. For values of Kpin = 0.2 and kmin = 0.3, (1) is negative, and (2) positive systematic errors.
For kan = 0.4, kmin = 0.1, (1) has a systematic error reaches up to -35.2%, and (2) to - 19.82%.
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Using discrete simulation with kpin> 0.1 with a limited step Ax=0.1 leads to a systematic error
modeling. For a preliminary comparative evaluation of the error histograms of the distribution k.
For example, if k;=0.19 and kix=0.1 with a step of discreteness Ay=0.1 and the time duration of the
Axr=0.1 there is a possibility k* =3.02, then kmiz=0.1 and a discrete step ¢ Ax=0.05, Axr=0.05,
n=400, a step change in the level of discreteness k; Aakan=0.0025, we have over 300 options with an

average k% =2.22. Thus, the average value, as determined in step discrete 0.1 in this case has an
error of 36%.

Table 1. Results comparing the values K% by (1) and (2), depending on the ks at kyin = 0.1.

Ne Results of the load profiles simulation Results of the calculation according to the formulas
The fill Number of | Form factor, By By formule Error of formula %
factor, kg, variants k2f formule 2) (1) 2)
(1
1 0.4 340 1.58 1.45 1.50
2 0.39 298 1.60 1.47 1.52 -8.36 -5.14
3 0.38 253 1.63 1.49 1.54 -8.59 -5.31
4 0.37 218 1.66 1.51 1.57 -8.81 -5.44
5 0.36 186 1.68 1.53 1.59 -8.8 -5.29
6 0.35 155 1.71 1.56 1.62 -8.94 -5.27
7 0.34 127 1.75 1.58 1.65 -9.53 -5.68
8 0.33 104 1.78 1.60 1.68 -9.9 -5.80
9 0.32 82 1.82 1.63 1.71 -10.47 -6.1
10 0.31 66 1.86 1.65 1.74 -11.02 -6.31
11 0.3 50 1.91 1.68 1.78 -11.8 -6.69
12 0.29 39 1.95 1.71 1.82 -12.54 -6.97
13 0.28 29 2.02 1.74 1.86 -13.96 -7.89

To ensure the adequacy of the discrete simulation problem arises of selecting a rational step,
discrete, depending on the values of kg and kmin. For example to load profiles with kz <0.3 0.1
acceptance of discreteness step is coarse, in terms of number of charting options in terms of
compliance with the normal distribution law.

Reduction of discrete steps increases the accuracy of the simulation. However, the sharply
rising number of possible loads profiles. In this regard, along with a complete discrete simulation of
characteristics of production load profiles according to the algorithm (3), (4) and (5) with a
selectable discrete steps suggested below, the proposed use of a simplified simulation algorithm,
which is based on the assumption that the distribution of k*; possible load profiles for the normal
law.

Discrete simulation graphs of electrical loads for the duration of the choice of discrete steps,
depending on the kg and kmin and receive library approximated by improving the accuracy of
modeling technical energy losses in distribution networks.

Load profiles on duration are smoothly varying. Using the full discrete model leads to a
systematic error and the relatively time-consuming to model. Therefore, further consider the use of
simulation load profiles analytic functions, which has certain advantages dimension of the task,
speed and visibility, and can explain the causes of systematic error in formula (1) and their
elimination.

In this regard, following the technique of estimating the loss of electricity distribution
networks performance load profiles on duration as a continuously decreasing function and obtaining
the necessary characteristics of the graph by direct integration.

Method of determining k* simulation load profiles analytical dependences in time. Energy
losses in the elements of an electric network are a function of the characteristics of load

63



RT&A # 04 (23)

Balametov A.B., Halilov, E.D. - LOAD PROFILES SIMULATION FOR EVALUATION ENERGGY LOSSES IN DISTRIBUTION NETWORKS
(Vol.2) 2011, December

profiles. Load profiles on duration can be expressed in different functions: parabolic when
kan>0.7; linear at kq=0.5+0.7; exponential with kay =0.25+0.5; hyperbolic linear at kay < 0.25
etc. [2].

Equation (1) obtained an approximation of load profiles for the duration of the following
analytical dependences in time:

I

A
Imax - (Imax - Imin )(;‘\] HpH 7\‘ > 1 (6)

1
2
I = Imin + (Imax - Imin )(1 - ;j HpH 7\‘ S 1 (7)

where - Imax, Imin Values of maximum and minimum currents for the settlement period of time T.
Auxiliary factor A determined as follows:

I -1
i: av min
Imax_[av

In deriving (1) the following assumptions [3]: load profiles the load as a random variable has
a beta - distribution; load profiles on duration represented by analytical dependences in time form
(6) and (7). Given the fact that the analytical dependence (6) and (7) are inferable, the parameters
for the beta - the distribution and, accordingly, (1).

Approximation load profiles analytical dependences of the form (6) and (7), although much
more accurate simulation of energy loss, but does not completely eliminate the systematic errors
[1]. In this regard, in [4, 5], attempts were made to obtain empirical relationships that eliminate
these shortcomings. In [5], the choice of approximating functions load profiles different analytical
dependences.

Next, we consider obtaining empirical approximation for k*load profiles exponential
dependence of the form

I=1_+(I_ -1

max min

)-e (8)
Here, a and p - zoom options, determined by approximation.
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Fig. 2. Family load profiles with kay=0.4 , I,;y=0.1 and A=0.5 represented by a power
function of the form (8) and the exponential form (7) for different p and a.
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Improving the accuracy of modeling the energy loss and reduction of systematic errors can be
achieved by selecting the type of approximating dependence (p and a) production load profiles.
Modeling load profiles exponential form (8) by choosing p and o gives a family of graphs and kf
are close to the real (Fig. 2).

Formulation of the problem of modeling the characteristics of production load profiles
for the duration. Define the parameters o and p approximation load profiles dependence (8), which
are also an implicit function of the parameters load profiles kgn , kmin and Kmin -

kfill = J(Imin + (Imax - Imin) ) ei(at)p )dt (9)
0

Dispersion for the given load profiles is determinates by expression

o (10)

L 2
D, = J(Imin (L =1 ) e ) di—kj
0
To calculate the definite integral (9) and (10) used numerical integration methods, in
particular, Simpson method by selecting the corresponding o and p. In general, the load profiles ken
= const have many solutions a; and p; and different dispersions.
Selection coefficients o; and pi, providing multiple solutions is a solution of the problem of
minimizing the function

2
|:Ilmln + (Imax - Imin) ’ ei(at)pdt - kﬁlli| -0 (1 1)

subject to the restrictions on ki, and kimin as

0<k. . <L

0<k <1.

tmin

Direct integration of expression (9, 10) is not possible and therefore requires the use of
numerical methods.

When setting p is the minimization of (11) by selecting the value o, which provides a given
value of keay (9)? In the case where for a given p can not provide appropriate value of kg, the
change in p (increase) seek the solution set pi and ai.

Ranges of a and p depend on the shape of load profiles kg and kmin. Modeling the load profile
corresponding to given values of parameters kay and ki, is not always possible to provide. For
example, setting the parameter a <2 often does not provide specified kz, kmin and kimin by choosing
Q.

As a preliminary criterion for complete selection of options appropriate approximation of (9)
proposed to use the condition

(L = L) - <5, (12)
Here is invited g =0.0005.

If condition (12) holds, then we can assume that (8) provides an approximation having an
acceptable error.

The start time of minimum load graphics in the program is determined by the condition

_ t)pl
(Imax Imm) (@ - kt min = 8ktmm (13)

The condition of precision search kmin invited to take within ggmin =0.001 + 0.01

Simulation modeling of load profiles family to determine the ranges of shape factor.
Simulation marginal production schedules by the condition of obtaining the lowest and

highest values for k*:. Technique for modeling load schedule (8) with kgy (9) reduces to the problem
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of finding the parameters a and p from (k, — kan)® ~ min. For this purpose, using quadratic
interpolation functions (11) for values of a for a given p in three different locations
f(a)=a+ba+a’ (14)

Algorithm for simulation of load profiles based on an iterative coordinate descent method and
the method of quadratic interpolation. To find the minimum of the method of quadratic
interpolation.

Programming. A program for simulation of load profiles (Fig. 3). The initial data inputs are:
the filling factor of load profile kg, the ratio of minimum load to maximum kmin, the relative
duration of the off-peak schedule - kimin, defined as the ratio of the length of the minimum load for
the duration of the billing period. Simulation modeling of a family of load profiles by specifying
parameters Ken, Kmin, Kimin. In this case, determined by a and kemin. Provides lower and upper limits
of change p and pitch changes Ap. Usually for 10-40 iterations can be obtained practically
acceptable approximation for a load profile using a quadratic interpolation.

Entering the initial information about the parameters of load
characteristics kfill. kmin. k

:

Calculation of the parameters of load curves by the coordinate
descent

}

Organization modelling parameters load curves (kfill-kcalc) = 0 for

the choice p kimin

Organization optimisations [d for a given ktmin -

!

Optimising the objective function by quadratic interpolation

!

Block calculate a definite integral by Simpson's

;

Accuracy optimisation AK < ¢ b -
No
1 Yes
Calculation of the parameters of load curves
Simulation performed on all 0.5<p <30
No

1 Yes

Derivation of the simulation results of load curves

Fig. 3. Flow chart of load profiles simulation.
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Recommended values of o and p depending on the load shape. Below are the
recommended values of a and p to approximateload profiles function of the form (8) in duration,
depending on the k7. For a given kg and kmin and relative growth p increases the dispersion and the
value of a. When o = const and increasing p, ksy decreases. An increase in o and p variance
increases. To obtain relatively large kz must specify a relatively large value of p. To obtain profiles
with longer duration load minimum kimin necessary to increase the value of a. To obtain profiles
with longer duration of maximum load is also necessary to increase the value of a. Ranges of the
dispersion of production schedules with the specified kg defined by setting p 0of 0.5 <p <30 and a
step change in Ap 0.1 < Ap < 1, the choice of a corresponding to the set parameters and kg and Kin.

Numerical experiment. Simulation results for the load profile with kg = 0.4, kyin = 0.1 are
shown in Table 2.

Table 2. Parameters of the simulation load profile.

Numbe Coefficient of Results of
r formula (8) simulation (9-13)
(051 Pi sz ktmin ktmax

1 2.666 1.8 1.587

2 2.661 1.9 1.61 0.17 0.08
3 2.658 2 1.631 0.2 0.08
4 2.679 3 1.777 0.38 0.14
5 2.719 4 1.857 0.46 0.17
6 2.755 5 1.907 0.5 0.2
7 2.783 6 1.941 0.53 0.22
8 2.806 7 1.966 0.55 0.23
9 2.825 8 1.985 0.57 0.24
10 2.841 9 2.0 0.58 0.25
11 2.854 10 2.012 0.59 0.26
12 2.865 11 2.022 0.59 0.26
13 2.875 12 2.03 0.6 0.27
14 2.883 13 2.037 0.61 0.27
15 2.891 14 2.043 0.61 0.28
16 2.897 15 2.049 0.61 0.28
17 2.903 16 2.053 0.62 0.28
18 2.908 17 2.058 0.62 0.29
19 2.906 18 2.059 0.62 0.29

Dependence of the squared form factor, the resulting simulation of load profiles for the values
of kau = 0.4, kmin = 0.1 shows that for the same values of the kg, value k% varies within 1.587 +
2.059. The average value is set to ks, =1.823. Limits k* deviations from the average amount
+13%. The relative duration of minimum load varies in kmin = 0.13 + 0.62.

Simulation modeling of load profiles as we obtain the limit profiles for ks appropriate
minimum, taking Kmin = 0.25 * kg, and maximize, taking kpyi, = 0.6 * kg algorithm (6-14), whose
results are shown in Figure 4.
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Fig. 4. Profiles of variation squared form factor of the ky to the possible load profiles.

Dependence of the squared form factor, the resulting simulation schedules (Table 2) and (Fig.
4) shows that for the same values of the kz and ki, time duration of treatment with minimal impact
kmin and the corresponding values K vary widely. In the presence of advance information about
ktmin available to assess k2f depending on three parameters: Kay, Kmin and kimin, allowing more
accurate simulation.

Comparison of calculation results of simulation program schedules with the most
commonly used empirical formulas.

Produced by comparing the results of the calculation k¢ based on simulation graphs of
electrical loads for the duration of the algorithms (3) - (5) and (6-14) (Table 3).

Table 3. The results of comparison ks for kyin = 0.1 and p = 2 by simulation load profiles
by function of the form (11) and (3) - (5)

Filling Results of simulation Results of Error of simulation
coefficient, (10) discrete 5)-(7), %
ks simulation
(04 szn szd (szu' szn)* 100\ szn
0.250 5.317 2.167 2.198 1.43
0.300 3.988 1.970 1.905 -3.30
0.350 3.190 1.789 1.709 -4.47
0.400 2.658 1.631 1.582 -3.00

Produced by comparing the results of the calculation for the average k*f formula (1) and
simulation plots of electrical loads for the duration of the algorithm (6-14) for load profiles,
depending on the kz and kuyn, taking kpyin = v * Kan. v = 0.666, 0.5, 0.25, 0.125. The calculation
results k*s shown in Table 4.
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Table 4. Calculation errors k¢ formula (1) for small values of kg

Ne Filling Minimum Model estimated value k’s | Error of k% by

coefficient, | of graph, by formula (1)

Ken ke formula algorithm
(1) (8-13)

1 0.5 0.3333 1.143 1.236 -7.52
2 0.25 1.2 1.366 -12.15
3 0.125 1.273 1.592 -20.04
4 0.0625 1.304 1.684 -22.57
5 0.4 0.2666 1.225 1.355 -9.59
6 0.2 1.321 1.585 -16.66
7 0.1 1.45 1.823 -20.46
8 0.05 1.508 1.971 -23.49
9 0.3 0.2 1.363 1.522 -10.45
10 0.15 1.527 1.792 -14.79
11 0.075 1.754 2.213 -20.74
12 0.0375 1.86 2.457 -24.30
13 0.2 0.1333 1.64 1.909 -14.09
14 0.1 1.941 2.344 -17.19
15 0.05 2.371 2.991 -20.73
16 0.025 2.577 3.371 -23.55

Empirical formula (1) has negative systematic inaccuracy, and (3) has a positive systematic
inaccuracy in ks compared with the average values obtained by the technique (6-14). The values of
the systematic inaccuracy k’¢ vary in the range (7 + 45%) depending on the k.

2.6

2.4

f

2.2 1

2

2 |
1.8 -
1.6 -

Average value of

1.4 ]
1.2

kmin

1

0 0.05 0.1 0.15 0.2

=— By formula (1) —— By simulation

Fig. 5. Depending on the results k’; simulation load profiles (6-14) and
by (1) kﬁll = 0.3 from kmm.
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The errors increase with decreasing ks from 0.5 in the direction of small values.

kay = 0.5 for the values of the errors in k¢ vary in the range (7 + 15%), for kg = 0.4 in the
range (10 + 17%), for kay = 0.3 in the range (16 +24%) and ks = 0.2, range (22 + 45%).

Depending on the results k% simulation load profiles (6-14) and by (1) kay = 0.3 from kpin
shown in Fig. 5.

Dependence of the error in ks by (1) kg = 0.3 from Kuiy is shown in Fig. 6.

0 T T T kmln
0.05 0}1 0.15 0.2 0.25
-5 A
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<
>
&b
= -20
>
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-25 1
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Fig. 6. Dependence of the error in k*¢ by (1) kz = 0.3 from Ky .

A comparison of shape factor family of load profiles on duration as a power function (7) and
expression (8) show that, depending on the value of tm.x approximation coefficients a and pload
profiles take different values. k’; value varies in the range 1.631 + 1.856.

Approximation load profiles dependence (7) compared with (8) and algorithm (9) - (13) has a
negative error of the estimated 7-30% depending on the kg; and kuin.

The reasons for the growth of systematic errors (1) for small values of the fill factor due to the
use for the approximation of production schedules depending on the form (7), which in this case,
the forms chart from almost zero to a maximum load.

Using simulation diagrams of electrical loads according to the algorithm (6) - (14) allows
more flexible modelling k*s and meets the additional desired parameters: the duration of the
minimum and maximum loads.

Thus, the use of simulation load profiles exponential dependence of the form (8) differs from
the known fact that is based on close to real load profiles and, accordingly, improves the accuracy
of simulation k.
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Conclusions

1. The technique of simulation load profiles of possible schedules for the duration of the electrical
loads in the form of a continuous function approximation schedules exponentially.

2. Produced by comparison of the calculated form factor k’ with the results used in practice,
empirical formulas, and establishes the presence of significant systematic errors at small values of
the fill factor to 30%.

3. The proposed technique for modelling the characteristics of load profiles duration as a continuous
function of improving the accuracy and flexibility of modelling k*¢ and losses in distribution
networks.
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A model of fuzzy inference to risk assessment of offenses in control. The useage of models
provides an opportunity: the use of quality indicators, taking into account inaccurate, approximate
information, using knowledge of experts, which are given in the form of fuzzy rules. The
complexity of constructing fuzzy model conclusion is solved by a hierarchical system of opinion
and knowledge bases.

Topicality. One of the improvements in management of departments and agencies of the State
Border (SB) is to increase the speed and quality [1]. Range of tasks in such an environment
significantly increases, most of them are weakly-formalized and unformalized nature, the conditions
of their solution is continuously deteriorating. The need for new methods of management bodies of
control SB are evident during profiling (assessment) risk [2]. The most critical issue is risk
assessment of offenses relative in control on SB.

Formulation of the problem. Performances of the mathematical problem of risk assessment
as a feasible nonlinear object with the set of input variables X={x;} and one output variable y:

VX1, X250y Xi) (1)

How to choose the signs of input variables (risk indicators) offense in control. Output variable
v is an indicator of the degree of possible violations of security control on SB.

To automate the risk assessment at the State Border Guard Service of Ukraine (SBGSU) is
established subsystem "RISK" [3]. Analysis of its application shows that worked through the issue
of automation of storage and delivery on request relevant information. Question analysis
(processing) of this information remains the prerogative of the SBGSU personnel on the basis of his
experience, intuition, subjective perceptions. Schengen information system (Schengen Information
System - SIS) is designed to provide common external borders and integration into a single system,
necessary for the Schengen Convention [4]. SIS contains data on individuals, yaks crossed the
common border of the European Union (EU), illegal immigrants, lost and false travel documents,
persons missing more. Risk assessment of involvement with offenders is not made.

That is, the existing information and telecommunication systems SBGSU and the EU is
unable to make sufficient timely and quality support decisions on risk and need further
improvement.

Analysis of recent research and publications. For risk assessment should be applied not
only qualitative judgments about these risks, but also various methods of quantitative analysis.

In [5] presented research aimed at automating the distribution of capabilities in the protection
of control on SB based on optimization methods. However, the tasks of risk assessment is given
insufficient attention. In [6] proposed a model that is based on a binary interpretation of signs (risk
indicators) describing the site. Analysis of this model showed that this interpretation is not suitable
for assessing the majority of risk indicators that are qualitative in nature.

In other subject areas for risk assessment is most often used device of probability theory and
mathematical statistics [7, 8]. However, given that decisions on the basis of risk assessment areas,
occurs in an environment where: events do not occur with enough frequency, most signs are good
quality and presented in natural-language descriptions, and their rating is based on vague opinions
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and estimates of experts, information the main parameters are incomplete and unclear, etc. - use
probabilistic methods is impossible.

One of the promising areas of modern high-tech simulation is unclear, due to increasing trend
of complexity and formal mathematical models of real systems and management processes
associated with the desire to improve their adequacy and to consider a set of different factors that
influence decision-making processes.

The question of risk of crossing the state border with the use of fuzzy inference models
considered in [9], based on 3-5 features describing the object of research. The study of more
complex models of risk assessment of offenses with a lot of signs according to the method [10] (see
Table 1) is carried out.

Table 1. The tasks of analysis and risk assessment of offenses in SB

Ne | Name of task Signs of description Risk estimation Leading
i/o (entrances variables) actions
1 Estimation of | x; - is a volume: the volume of display of offence, Degree of Adjustment
risk of which causes a disturbance, is estimated possibility of problems of
offence on How the x; - implementation: the level of realization of border
SB offense reacting of organization is estimated on offence dresses,
with other offence Border Guard
— fficers an
factors —y; X3 - is tendencies: it is estimated, degree gor((;ercon?rol
of disturbance by the tendency of
change of display of offence
The level | x,- is a seriousness: the level of
of concern | disturbance of organization is estimated
about the | inrelation to the display of offence
offense —y; X5 - is priority: the level of disturbance
of government is estimated in relation to
the display of offence
Xs - is the disturbance of society: the
level of disturbance of public is
estimated in relation to the display of
offence
How the | x; - is a generator: the level of
offense disturbance of influencing of offence is
with other | cstimated on other offences
factors — y; x; - - STEPPYUEH: the level of
disturbance of external factors which
influence on activity of service is
estimated.

The purpose of the article - a methodological study using the apparatus of fuzzy logic and
presentation of the analysis automation tools for incoming data on violations of control.

The content. The authors suggest the use of fuzzy inference model for evaluation of crime
control, according to the mathematical formulation of problem (1). Fuzzy logical conclusion - this
approximation of "inputs-outputs" depends on the basis of linguistic expression <IF- THEN>. For
example, drug smuggling, has a high volume, trends and have a high level, the degree of possibility
of'its occurrence in SB is high.

Structure of the fuzzy conclusion includes the following modules [12]:

fuzzy factor that converts a fixed vector of input variables (factors affecting) (X) in the vector
of fuzzy sets that are needed for fuzzy inference;
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fuzzy knowledge base, consisting of: base rules, which contains information about the
dependence Y=f(X) in the form of linguistic rules <IF-THEN> and intended for formal presentation
of empirical knowledge, or knowledge of experts in a subject area, a database that contains
parameters of membership functions and the coefficients of the importance of rules;

membership function that is used to represent linguistic terms as fuzzy sets;

fuzzy inference machine, which is rules-based knowledge base determines the value of output

variable in a set ¥ of corresponding fuzzy values of input variables (AN’ );

defazzytikator that converts output fuzzy sets in a clear number Y.

Content interpretation of fuzzy model involves the selection and specification of input and
output variables of the fuzzy system output. Each sign, see. Table. Formalized as a level of
compliance with offenses. For example, the volume: measured by the fact whether the offense
generates concern - x;: Obviously, the higher the score, the more can be carried out illegal activity.

In our case, 8 input variables. To clarify the model in the future may apply additional
indicators.

Output variable is the level of the degree of possibility of offense - D: transportation of
contraband, weapons, drugs, etc. on a specific area (checkpoint control on SB).

In the fuzzy model of risk of illegal activity all variables are presented as linguistic, universal
set of which U={uy, u,,..., u,} is measured in points in the interval of real numbers from 1 to 5 staff
based on their knowledge and experience.

As a term-set of variables we will use the set L; = {"low", "medium", "high" level}.

Building a membership function terms "low", "medium", "high" that are used for evaluation
of linguistic variables may be achieved through the method of statistical processing of expert
information that is presented in [12].

The next step - building a fuzzy knowledge base. Description of the problem areas of risk
control requires a large number of rules (see Table 1). When a large number of parameters of the
construction of expression "input-output" becomes quite complicated. This is because in the
memory of man also held up to 7 &= 2 concepts of tag [11]. In complex systems, a condition which is
characterized by many features, there is a problem of completeness of knowledge base. It is known
that the number of rules needed to describe the n input variables whose values are determined using
m terms, equal to R=m" [12]. For example, in our case, n = 8, m = 3, then the number of rules R =
83 =512.

Thus, the number of rules increases exponentially with increasing number of input variables,
resulting in increased time and complexity of the output logical decision. Knowledge base
containing a large number of rules are complex in perception, editing and use. But decision-making
process requires, however, full understanding of the particular situation. This contradiction is solved
by constructing a hierarchical knowledge base [13]. This approach corresponds to the hierarchical
structure of the SBGSU process in special situations. In this regard, to hold the hierarchical
classification of the parameters on it and build a tree report that will determine the system of nested
into each other expression-knowledge of lower dimension. An example of such a tree to 8 input
variables (see Table 1) Shown in Fig. 1. From the example shows that knowledge of the type
D=f5(x1,x2,...,xs) the relationship of inputs x1-x8 with the release of D, replaced by a sequence of
relationships: D=f5(x1,v1,2), vi = f1(x2,X3), 2 =f2(x4X5,X6), V3 = f3(x7,Xs), z = f4(y2,y3), Where y;,y2,V3,Z -
intermediate linguistic variables.
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Figure 1. Hierarchical tree report

Thus the number of rules R = 33 +32 +33 +32 +32 =27 +9 +27 +9 +9 = 81, significantly less
compared with the usual conclusion.

Due to the principle of hierarchy can be considered a significant number of parameters that
affect the overall assessment. Feasibility porivnevoho representation of expert knowledge is due not
only to the natural hierarchy of objects of evaluation, but also the need to take account of additional
parameters as the accumulation of knowledge about the object.

Based on the expert survey constructed fuzzy knowledge base of fuzzy systems D=fs5(x;,y,,z),
V1 =f1(x2,X3), Y2 =f2(X4,X5,X5), V3 = [f3(x7,Xs), z = f4(y2,y3), which are given in Table. 2.

The method of activation will be min. Since all the rules as a logical connection to pidumov
only applies fuzzy conjunction (the operation "AND"). As a method of aggregation will use the
min-conjunction operation. For accumulation endings rules will use the max-disjunction. As
defazzytikatsiyi method will use the center of gravity method.

Feature of fuzzy inference in the hierarchical knowledge base is the lack of procedures and
defazzytikatsiyi fazzyfikatsiyi for intermediate variables (y;, ¥, 3 and z in Fig. 1). The result of
inference in a fuzzy set directly transmitted to the machine fuzzy logical deduction the next level of
hierarchy. Therefore, to describe the intermediate variables in the hierarchical fuzzy knowledge
bases of a set only term-set, no definition of membership functions.

Table 2. Fuzzy Knowledge Bases

Fuzzy knowledge base on Fuzzy knowledge base on
Vi = fo(X2,X3) V2 =f3(X4,X5,X6)

Low Low Low Low Low Low Low
Middle Low Low Low Middle Middle Middle
Middle High Middle Middle High Middle Middle

High Middle Middle Middle Middle High Middle

High High High High High High High

Fuzzy knowledge base on Fuzzy knowledge base on
V3 = fa(x7,xs) z = [5(2.y3)
Middle Low Low Low Middle Low

Low Middle Middle Low Low Low
Middle Low Middle Middle Low Low
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Middle Middle Middle Middle Middle Middle
Middle High High High Middle Middle
High High High High High High

Fuzzy knowledge base on

D=fi(x1,y1,2)

Low Middle Low Low
Low Low Middle Low
Middle Middle Low Middle
Middle Middle Middle Middle
High Middle Middle Middle
High Middle High High

The implementation model of fuzzy inference by using the package fuzzyTech [14]. It found
the original value of variable D, for given input variables:

X7 X2 X3 X4 X5 X6 X7 X8
5 4 4 3 4 3 1 2 4,2
1 4 3 2 3 3,3

Figure 2. shows the hierarchical scheme of fuzzy inference constructed in the environment
fuzzyTech 5.8.
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Figure 2. Hierarchical scheme of fuzzy inference

The calculated results coincide with those obtained experimentally.

Operationalize the model implemented as a software module "Risk assessment offense",
which proposed to include subsystem "RISK".

Check the adequacy of the developed model of fuzzy inference made by the experiment. The
experiment was conducted at the department of integrated border management of the National
Academy of SBGSU. For the experiment, were selected data on offenses that were used for illegal
activity through the control on SB at different times in different parts of the border service.

The experiment involved three study groups: two control and one experimental (20 students in
each). During the experiment, each listener provided information about 30 descriptions of possible
situations of control, and 15 of each category (high risk and low risk). The task of the inspectors
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first control group consisted of assess the situation and take it to one of two categories (high and
low degree of involvement in illegal activities) without the use of automation. The task of students
second control group consisted of assess the situation and take it to one of two categories of
application software module based on the model [6].

The task of inspectors experimental group was to assess situations and refer them to one of
two categories with the use of automation (software module developed by the author of "Risk
assessment offense"). After entering the last parameter is risk assessment in points. If it is within 5.4
points, the situation is evaluated highly the possibility of offense.

The researchers evaluated the following parameters: time spent on assessment of the situation,
the quality of decision - evaluation coincides with the existing offenses (correct decision), the
assessment does not match (wrong decision). Experimental results, which are shown in Fig. 3.a - on
time for assessment of offenses in Figure 3.b - the quality of the decisions indicate that application
of the developed software module based on the model of hierarchical fuzzy inference "Risk
assessment offense" allows you to: reduce the time to assess the offense, 1,7 times compared with
the risk assessment without automation, increase the number of correct solutions in 1,8 times
compared with the risk assessment without automation and 1,2 times compared with the known
approach.
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Figure 3. Results of experimental verification

Conclusions

Thus, the paper presents a model of fuzzy inference of risk offense to control illegal activity
and by its experimental verification. Application of this model, unlike the existing offers an
opportunity: the use of quality indicators, taking into account inaccurate, approximate information
about important features, the usage of knowledge of experts from the Border Guard Service -
experts who served in the form of fuzzy rules of inference, a more qualitative assessment of the
object under research during profiling risks. The complexity of constructing fuzzy model
conclusion is solved by a hierarchical system of opinion and knowledge bases. Implementation of
this model within the software and algorithmic provision of information and telecommunications
systems will enable SBGSU to reduce time for risk profiling and improve the quality of decisions
made.

The proposed approach requires the development of formalization of knowledge and
experience, which were accumulated by experts (staff officers, heads of departments (agencies,
departments, administration, supervisors), teachers of educational institutions, developers of an
integrated information system, "Hart", which is the prospect for further research in this direction.
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ABSTRACT

The largest spacing of a sample is suggested as a possible test-statistic to detect serial dependence (correlation)
among the data. A possible application is in testing the quality of random number generators, which are so important in
the study of systems reliability. We compare its performance to the Kolmogorov-Smirnov test because of their similar
nature — one is based on extreme distance between order statistics, the second on extreme discrepancy between the
empirical distribution function and the theoretical one. The tests are applied to several models with serial dependence.
Special attention is given to an autoregressive model. Based on Monte Carlo simulations, the largest spacing is more
powerful for moderately large sample size, over 50, say. A surprising connection to extreme values is discovered,
namely, that the likelihood-ratio test, which is most powerful under the autoregressive alternative, is based on lower
extremes.

Keywords: Autoregressive model, Binomial model, Kolmogorov-Smirnov test, Largest spacing, Likelihood-
ratio test, Monte Carlo methods, Moving-max model.

1 INTRODUCTION AND MOTIVATION

Suppose we have a sample X, X>, . . . X, from some continuous distribution function F0. Suppose
further that FO is the uniform distribution over the unit interval [0, 1] (if not, we replace the Xi by
Fo(X;)). Under ideal conditions we expect that the sample is an iid sample, but we suspect that the
data at hand exhibit some serial correlation among consecutive observations and we want to put it
under a statistical test.

So, let HO denote the null hypothesis of "iid-uniform". If the alternative is "not iid-uniform",
then, as J.E. Gentle says, "this alternative is uncountably composite and there cannot be a most
powerful test. We need a suite of statistical tests. Even so, of course, not all alternatives can be
addressed" (Gentle (2003), page 71). In the context of random number generation L'Ecuyer &
Simard (2007) offer a comprehensive battery of tests called TestUO1. The authors state on page 4
that "the number of different tests that can be defined is infinite and these tests detect different
problems." Our aim in this paper is to attack a narrower problem, namely the existence of serial
correlation. There are many possible models which possess serial correlation. To be specific, we
start with the autoregressive model

Xi=pXiit(1-pU (1<i<n 0<p<l), (1)

where {U, :i> 0} isa U [0,1]-iid sequence and X, =U,. In this setting, the problem is to test
Hy:p=0vs. H:p>0. (2)

In Section 6 we deal with the binomial model and the moving-max model.
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Back to Equation (1), a plot of consecutive pairs, Xi+1 vs. Xi, is very useful here. For
instance, on the left plot of Figure 1, we have n = 2000 pairs with p = 0 and on the right, the same
with p = 0.1. In the latter, the slopes below and above the data are quite visible. But as p decreases
to 0, detection of existence of a serial correlation by the human eye becomes more and more
difficult.

n=2000, rho=0.0 n=2000, rho=0.1
o o
S — o, S
oo oo boolng
o @ '..'l'I::‘ .‘-.-.
RS N 2T TR
Tty e TR P 12
© o _| A Y 25 v
o T o
o o
S T S T
s
< ] X < _|
o [ o
3
3
o~ N
S 7] S ]
o o
o o T
I I I I I I I I I I I I
00 02 04 06 08 1.0 0.0 0.2 0.4 0.6 0.8 1.0

Figure 1. Pairs of Successive Numbers, X1 vs. X;

This paper evolved as a result of the author's empirical observation that the largest spacing
(LS) of a sample (see a formal definition in Section 2) is quite effective in detecting serial
correlation in the sample (see Onn and Weissman (2011)). In order to study its performance with
respect to other test statistics, we compare it to the Kolmogorov-Smirnov (KS) test. The KS test is
chosen not only because it is so widely used as a goodness of fit test, but also because of its similar
nature to LS. That is, while KS distance is the extreme vertical distance between the empirical
distribution and the uniform distribution, LS is the extreme horizontal distance between consecutive
order statistics. We also compare the two tests to the performance of the sample serial correlation
(SSC), the least squares estimator of p. Under normality the latter is the natural one to use and it
would be interesting to compare the performance of the first two tests to the performance of SSC
under the present set-up. The comparisons in terms of power are presented in Section 3.

We then ask what is a most powerful test for the null hypothesis (2). It is somehow surprising
that the answer is again an extreme statistics. In Section 4 we define the transformed data {7;: 1 <i
< n}, which are iid, and show that the likelihood-ratio test (LRT) (which is most powerful) is based
on min;<;<, 71;. In Section 5 we discuss similar issues under the autoregressive model of order k.
Two more models which exhibit serial dependence are introduced in Section 6 and the performance
of'the LS and KS tests applied to these models are discussed.

Remark 1. The {X;} as defined by (1) are marginally not U [0, 1]-distributed if p > 0. But if
the {U;} are discrete uniform (rather than continuous uniform), the {X;} can be uniform too:
Suppose Y; and Y, are both U [0, 1]-distributed and the error term ¢ is a random variable,
independent of Y;. Suppose further that for some p > 0 one has

80



RT&A # 04 (23)

Ishay Weissman - TESTING FOR SERIAL CORRELATION BY MEANS OF EXTREME VALUES (Vol.2) 2011, December

Y2=pY1 +(1—p)8.

What are the conditions on p and ¢ for this to hold? Lawrance (1992) proves that p = k' for
some integer k > 2 and ¢ must be uniform over the set {0, 1, ..., kK — 1}/k — 1). Hence, for very
large k, ¢ is also (approximately) U [0, 1]-distributed. In fact, computer generated "random
numbers" are of ¢ -type.

2  ASYMPTOTIC BACKGROUND

Largest spacing. Let Y, < ¥» < ... < Y, be the order statistics of {X;,X>, ... , X,} and Yo, Y,+1 be
given by 0, 1 respectively. Define the sample spacings V=Y, — Y1 (i =1, 2, ... , n + 1). Darling
(1953) studies properties of the sample spacings (under Hp) in the context of a random partition of
an interval. In particular he gives the exact joint distribution of (Viuin, Vinax),

ol (n+1
PV 2 5, VmaXSy}aZ(—l)f( ; j{(l—(nﬂ—j)x—jym".

Putting x = 0 we obtain the Whitworth (1897) result

a (n+1
P, Sy}=_2(—1>f( ; j{(l—jyh}”. (3)
and putting y = 1, we get
P{Vain>x} ={1—(n+ Dx}" O <x<1An+1).

Darling gives also the asymptotic joint distribution

i ’ max — =X _x_eiy x>0, — << yY<O)., 4
n—o (l’l+1)2 min l’l+1 } p( ) ( y ) ( )

lim P{ ¥ oy |y rtlosntD

We learn from this equation that Vmax is asymptotically Gumbel distributed and Vmin is
asymptotically exponential. In the notation of Gnedenko (1943), the asymptotic distribution
functions of V. and V., are, respectively, A(x) and 1-Wy(x) with a = 1. These results can be

explained by the well known fact, that if £, E,, ... , Ey+ are independent unit-exponential and 75+
is their sum, then
Vo Ve s Vo 2(E1, E,, .., E.) _ n+l (E, E,, .., E,m)’
T T n+l

n+l n+l

independent of 7,+;. Since T,,+1/(n + 1) — 1 a.s., the limit in (4) follows.

Weiss (1959, 1960) writes that the statistics R, = Viyax — Vinin and S, = Vipaxr=Vumin have been
proposed to test Hy when the alternative is that the {X;} are iid from some df F' (# F). He then
shows that (asymptotically) the test based on S, is equivalent to the test based on V,,;, alone, and the
test based on R, is equivalent to the one based on V,,,, alone (small values of V,,;, are critical, large
values of V. are critical). He farther shows that the test based on V,,;, is not consistent while the
one based on V., is admissible and consistent under any fixed alternative. This is a good reason to
check how well V,,,, performs at the present set-up in comparison to other possible tests.
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In all the tests that follow, the significance level is a = .05. In particular, the LST rejects Hy
when Ve > va(.95), where v,(p) is the p-quantile of V., determined by (3). Since our study
includes small values of n, we do not rely on the asymptotic distribution.

Kolmogorov-Smirnov distance. One of the most popular tests of the null hypothesis is the
Kolmogorov-Smirnov test (KST). Given a sample, we define the empirical cumulative distribution
function F, by

F;(x):%znll{)(i <x} (0£x<1),

where /{A4} is the indicator of the event 4. The Kolmogorov-Smirnov distance is defined by

D, =sup |Fn(x) —x|.

0<x<1

The KST rejects the null hypothesis with significance level a = .05 if D, > d,(.95), where
d.(p) 1s the p-quantile of D,. The exact distribution function of D, is too complicated to write in a
closed form. The asymptotic distribution is given by

limP{nD, 2 x} =23 (-1 exp(-2i*x?).
n—»o0 -

The quantiles d,(.95) are well tabulated for n < 50. For larger n, it is suggested to use the
approximation d, (.95) ~ 1.36/+/n. However, we prefer to use estimators of d,(.95) based on Monte
Carlo simulations of 10° replications of samples of size n. They give more accurate

1.0

0.8
|

0.6
|

Fn

0.4

0.2

0.0 0.2 0.4 0.6 0.8 1.0

Figure 2. Example of F},, n=16

results, in the sense that the empirical powers under H,, are closer to the nominal level of 5%.

Sample serial correlation. As mentioned above, the SSC is the least squares estimator of p.
Under normality it is also the maximum likelihood estimator (MLE) of p (the MLE in our set-up,
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with uniform errors, is given in Section 4). The exact distribution is not known but by White (1961),
SSC is asymptotically normally distributed with mean (1 — 2" + 4n *)p and variance equal to n~
"1 = p*) + n*(10p* — 1), (ignoring terms of order n ). Based on SSC, Hj is rejected when SSC>
5,(.95), the .95-quantile. As in the case of KS, the quantiles were estimated by N = 10° replications
of samples of size n. It turns out that the asymptotic approximations are quite good (relative error <
1%) when n > 5000.

3 POWER COMPARISONS

In this section we present the Monte Carlo results (using the software R) concerning the power of
each test. For each selected n and p, we generated 10° samples of size n according to the
autoregressive model (1). The empirical power reported is the proportion of samples for which H,

His rejected. At an early stage of our study we thought that LS and KS distance might be highly

correlated, because if LS is large, so must be at least one of the adjacent vertical distances, either at
the right or at the left of the largest spacing as seen in Figure 2.

Table 1 shows the results for » = 100 and 1000. We also included the relative frequency of
simultaneous rejection by LST and KST (under Both) and their correlation (under »(V,D)). It
appears that they are indeed quite positively dependent. For n = 100 the LST is superior to the KST,
inferior to the SSC test. For n = 1000, LST 1s by far superior to the other two tests. To strengthen
the impression that as » increases, the superiority of LST becomes more and more apparent, we ran
similar simulations for several sample sizes (again 10’ replications for each pair (1, p)). The results
are given in tables which appear in the Appendix. Based on these tables, we produced Figure 3. The
blue graphs correspond to the likelihood ratio test, which is obviously most powerful (discussed in
detail in Section 4). The other three are ad hoc tests applied to a particular model. The trend is clear
— for n =10, 20 the order (in terms of power) is SSC, KST, LST. For n = 50, 100 the order is SSC,
LST, KST. For n > 200 the order is LST, SSC, KST. Moreover, the LST power function, for large
n, tends to be very steep and approaches 1 very fast.

Table 1. Empirical Powers, o = .05, n =100, 1000

n=100 n = 1000

p | SSC| Vias | Du | Both |[{(V,D)| p | SSC | Viax | Du | Both | 1(V.D)
0 |.050[.050|.050 | .006 | .221 | O |.050 |.050 |.050 | .003 | .055
.05 |.123|.044 | .059 | .006 | .246 | .01|.091 |.061|.052|.003 | .058
10|.250 | .145 [ .092 | .020 | .308 |.02|.153|.233|.061 | .013 | .066
15| .436|.302 | .160 | .072 | .356 |.03|.244 | .471|.078 | .035 | .082
20|.625|.592 | 354 | 221 | 412 |.04|.347|.676|.111|.071 | .104
25|.802|.749 | .612 | .500 | .424 | .05|.474 | .816|.171 | .133 | .129
30|.912|.914 | .878 | .777 | .446 | .06|.596 | .904 | 288 | 248 | .147
351.962|.968 |.972 | .928 | .464 | .07|.712|.955|.497 | 455 | .153
40|.989|.985(.994 | .982 | .484 |.08|.807 |.978|.768 | .728 | .167
.09 | .884 | .993 | .940 | .921 | .187
.10 .934 | .997 | .992 | .986 | .180
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Figure 3. Power Functions, Autoregressive Model, LRT (blue),
LST (black), KST (red), SSC (green)
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We can confidently infer that the LST is superior to the KST in the presence of serial
correlation. However, under a departure from uniformity, preserving the independence, the KST
might be superior to the LST. For example, we took samples of iid A(y, 1), namely X; = U;"". Again,
for each pair (#, y), we generated 10° samples of size n with the proper y. The empirical powers are
shown in Figure 4. The superiority of the KST over the LST is evident. The KST is quite close to
the most powerful test (the blue graph). The latter is the LRT for this model, namely, reject "y = 1"

when -2 X log X; < y; (.05) if the alternative is y > 1, or when —2 X logX; > ¥, (.95) if the

alternative is "y < 1". The power of the LRT is computed directly from the y*-distribution, no need
for simulations.
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Figure 4. Power Functions, Beta Model, LRT (blue), LST (black), KST (red)

4 LIKELIHOOD-RATIO TEST

In the previous section we presented some evidence in favor of the largest spacing when the
alternative is the autoregressive model. However, what is the most powerful test for this alternative?
By the Neyman-Pearson theory, the answer is the likelihood-ratio test (LRT).

Let X = (Xi, X, ..., X,) be defined by Equation (1). In order to compute the joint density
function of X, conditioned on Uy = X, = x¢, we express U = (U}, U, ...,U,) in terms of X, namely

Ui=Xi—pXi) (1-p) ' (1<i<n).

The Jacobian of this transformation is (1 — p) . Since 0 < U; < 1 for all i, one has for x in [0, 1]"
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Sr(x)= (1 _p)in I, Hpx,  <x, <px_ +1-p}

: —x, (%)
= (l—p)”l{p <min__, min {i, =% }}
o X 1- Xi
Let
T, = min i’ -4 (lSiSI’Z, Tlmin:minT]i) R
X, 1-X_, 1<i<n

then the following facts follow from Equation (5):
Fact 1. The {T};} are iid uniform on [p, 1].

Fact 2. The likelihood function is given by

Lip)=1—p)"I{p < Timiny (0<p<1). (6)

Fact 3. The statistic Timin is sufficient with respect to p and it is the maximum likelihood estimator
(MLE) of p.

For testing
Hy:p=0vs.Hi:p>0,

the likelihood function is also the likelihood-ratio. A most powerful a-level test rejects HO when

Tlmin > Cq = 1- al/n (7)
and the power is given by
a
n lf‘p S Ca’
1-p)
7, (P) =
1 if p<c,.

So, in fact, the LRT is based on the minimum of 2n ratios. The blue graphs in Figure 3
represent the power of the LRT. No doubt the LRT is superior to all other tests, but we note its close
proximity to the LST graph for large n.

If one desires 7, (p) = 1 for p > po, one needs

loga

Table 2 presents the (smallest) required sample size for o = .05.
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Table 2. Sample Size Required for Power 1, a = .05

Po nz
1 29
.01 299
.001 2995
o™ 3 x

10™

Since nc, = —log a + O(n™"), for large n, 7,(p) = 1 for p > (—log a)=n.

5 AUTOREGRESSIVE MODEL OF ORDER k

Suppose we want to protect ourselves against serial correlation of higher order. For this purpose we
assume that the data have been generated by an autoregressive model of order &, namely

Xi=piXir+pXio+ .+ pXig + Ui (1 <i<n), )

where {U,:i>—k+ 1} isa U(0, 1)-iid sequence and
k
Xi=U, fori<0, pj>0, 0<p=1-> p <L
Jj=1
The goal is to test whether pj = 0 for all j vs. the alternative that pj > 0 for at least one j, namely,
H,:maxp, =0 vs. H :maxp, >0.
J ’ J ’

The joint density function of X = (X3, X, ..., X)) atx € [0, 1]", conditioned on
{X, =x:—k+1<i<0} is given by

ot 1
fe(x)=n"TI {Z_I;:Ip_/xi—_/ X< Z_I;=1/3_/xi—_/ 1 } : (10
i=1

Unfortunately, a sufficient statistic of low dimension, as in the case £ = 1, does not exist. However,

if we define
. X 1-X.
T, =min{-—L, Lt o(A<isn), T,
Xifj 1_‘Xifj

=min,, Tji >

Then, with probability 1, p; < T;

min fOT1<j<k.

Hence, it is reasonable to use 7" = max;<< Tjmn as a test statistic, i.c., to reject HO when
T°>C, =t, (1-a)- quantile of 7" under Hy. We note that under Hy, within each vector T ; = (T},
sy Tj), the T are 11d U (0, 1) random variables. Moreover, Tj; and T}; are independent, except in
the case where i = i’, implying that the 7},,, are dependent. This is why the derivation of ¢, in a
closed form is too complicated and we must resort to Monte Carlo methods. However, once we
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determine ¢, for given k and n, we can guarantee power 1 for all alternatives with max p; > ¢,. In
order to compute c s we generated 10° samples for each combination of n = 100, 1000, 10000 and k&
=1, 2,..., 10. Here we report, in Table 3, the asymptotic values of nc s with 3 significant digits.

Table 3. Asymptotic Values of nc s

k| ncos | k| ncos
1]13.00(6 4.40
213547 |451
313858 4.62
4140819 4.72
51424110 | 4.79

For instance, suppose we plan to run a Monte-Carlo method based on random numbers
generated by a specific software. Suppose further that we want to be sure that there is no positive
serial correlation up to lag k = 8 and that we can tolerate correlations below po = 10~ Then, we
have to generate a sample of size n > 4.62/py = 46200 in order that max;<is p; > 107 will be
detected with probability 1.

Remark 2. The resources required to carry out this kind of a test are (almost) free. For
instance, in S-PLUS or R, one command does the job: "x=runif(46200)" and it takes a fraction of a
second.

Remark 3. A special case of our model is when it is known that p; = 0 for 1 <j <k -1 for some
k and we want to test whether p; = 0. Then a test based on Ty, has all the properties as the test
based on 7, discussed in Section 3.

Although it is hard to compete with 7", we still wish to explore the performance of the tests
considered in Section 2. Here, instead of the sample serial correlation SSC, we use the sum of
squares for regression (SSREQG) as the test statistic. Namely, X = (Xj,..., X,) is the dependent
variable and X; = (X1, ..., X,), 1 <j <k are the regressors. In Table 4 we present some Monte
Carlo results for k = 2, based on 10° replications of samples of size n = 100.

The conclusion is similar to the one of the case £ = 1. Beside the clear dominance of T *, we
note that the performance of SSREG is very poor. The reason could be that the deviates from the
model are uniform rather than normal. The largest spacing test performs better than the other two.

Table 4. Empirical Powers, k=2, a =.05, n =100

£3

SSREG | Vyax | Dy T

P | P,
0 0 .050 |.050 | .050 | .050
.025 0 .049 |.042 | .055 | .468

0 .025 .049 |.042 | .056 | .459
.025 | .025 .047 | .045 | .063 | .990
.050 | .050 .056 | .171 | .090 | 1.000
.075 0 .061 |.072|.070 | 1.000

0 .075 .070 | .072 | .070 | 1.000
.075 | .075 .076 | .565 | .171 | 1.000
.100 0 .079 | .146 | .090 | 1.000

0 .100 .090 | .150 | .091 | 1.000
.100 | .100 107 | .848 | .379 | 1.000
125 0 JA11 | .245 | L1121 | 1.000

0 125 113 1.250 | 121 | 1.000
125 125 .146 | .960 | .738 | 1.000
150 | 150 197 1.993 1.953 | 1.000
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6 TWO MORE MODELS

We wish we could claim that the LST is a powerful test to detect dependence in general. For this,
one has to examine its performance against all kinds of dependencies — an impossible mission. We
have experimented with several models with serial dependence and the conclusion is similar —
except for very small sample sizes, LST is more powerful than KST. Here are two examples.

Binomial model. Let Uy, U;, U,, ... be iid uniform as before and let B, B, ... be a Bernoulli
sequence with parameter p, independent of the U-sequence. The binomial sequence Y is defined by
Yi=BY1 + (1 -B)U; (i > 1, Yy = Up). The marginal distribution of each Y¥; is U [0, 1], the first
serial correlation is p and so is P{Y; = Y1} = p. Clusters of equal neighbors are of random
(geometric) length (see Figure 5 for a scatter points (7, 17)).

Moving-max model. Let &, &, ... be a sequence of iid f(k”', 1) random variables, where £ is a
fixed positive integer. Let Z; = max{¢;, i1, ..., w1} (i > 1). The Z-sequence is called a moving-
max sequence of order k. For each i, Z; is U [0, 1]-distributed but neighboring values are dependent.
Upper extreme values appear in clusters of size k, which imply that the extremal index is equal to
k! Fork= 2, the first serial correlation is 3/7 and P{Z; = Z;,} = 1/3.

The two plots in Figure 5 look very similar. In both cases, the experienced practitioner will
reject the independence hypothesis just on the basis of the fact that for continuous random variables,
the probability of a tie is 0. We brought these cases to see how well the LST and the KST detect the
dependence.

1.0

0.8

0.6

Binomial, p=.333

1.0

0.8

0.6

Moving—Max(2)

04
04
'

0.2

0.0

] 20 40 60 80 100 ] 20 40 60 80 100

Figure 5. Scatter plot for the two models

Figure 6 shows the (empirical) power functions of the two tests applied to the moving-max
models of order £ = 2 and k = 3. The superiority of LST over KST is evident, moreover, LST is
even not consistent in this case. A similar Monte Carlo study was carried out on the binomial
model. The results are shown in the Appendix. The conclusion is very similar to the conclusion
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regarding the autoregressive model, i.e., for n > 100, LST is superior to the KST, and as n increases,
it becomes more and more so.

WO oo
I

00204 06 08 1
I

Figure 6. Power Functions, Moving-Max Model (logarithmic scale), LST (black), KST (red)

Remark 4. The binomial model has some resemblance to the autoregressive model (where p is
replaced by a random variable with mean p). Suppose we apply the LRT of the autoregressive
model to a sample from the binomial model with some p > 0. Then, for all i such that B; = 0, the 77;
are (as in Section 4) iid uniform on [0, 1]. For all i such that B; = 1, one has 7j; = 1. Hence, given

S=¥!(1-8,).

1
P{Timin > 1— 0"} = o™,

Since S/n — g =1 — p a.s. as n — oo, the power tends to /(= .0675 for & = .05 and p = .1).
Applying the same test to data from the moving-max model yields even lower power.

7 CONCLUSIONS

The main theme of the paper is to show that the largest spacing of a sample is sensitive to
serial correlation and is quite powerful in detecting it, more powerful than the Kolmogorov-
Smirnov distance. The opposite is true under independence but the true distribution is dioerent from
the null distribution. Of course, when the data are generated by a specific (known) parametric
model, and there exists a most powerful test, one should use that test. We went into detail in
Sections 4 and 5 because we found it interesting to learn (for the first time in the statistical
literature, to the best of our knowledge) that the MLE of a serial correlation is a (lower) sample
extreme, and a test based on it is most powerful. The overall message is clear. if you worry about
serial dependence in your data and you cannot assume a particular model, the LST is a reasonable
test to use.
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APPENDIX

The empirical powers of the Monte Carlo simulations for the autoregressive model are given below.
Each entry is a result of 10° replications. The graphs in Figure 3 are based on Table 5.

Table 5. Empirical Powers, Autoregressive Model

n=10 n=20
p SSC Vinax D, p SSC Vinax D,
0.00 | 0.05133 | 0.04975 | 0.05037 | 0.00 | 0.05051 | 0.04971 | 0.05038
0.05 | 0.07103 | 0.05769 | 0.06590 | 0.05 | 0.07656 | 0.04728 | 0.05602
0.10 | 0.08995 | 0.04648 | 0.06801 | 0.10 | 0.11030 | 0.03834 | 0.05934
0.15]0.11316 | 0.03983 | 0.07153 | 0.15 | 0.15607 | 0.03559 | 0.06609
0.20 | 0.14359 | 0.03763 | 0.07762 | 0.20 | 0.21530 | 0.04134 | 0.07790
0.25]0.17958 | 0.04137 | 0.08681 | 0.25 | 0.28692 | 0.05967 | 0.09602
0.30 | 0.22447 | 0.0499 | 0.09939| 0.30 | 0.37274 | 0.09604 | 0.12600
0.35]0.27866 | 0.06514 | 0.11846 | 0.35 | 0.47051 | 0.15446 | 0.17001
0.40 | 0.34355 | 0.08843 | 0.14538 | 0.40 | 0.57579 | 0.23172 | 0.23157

n=>50 n=100
p SSC Vinax D, p SSC Vinax D,
0.00 | 0.05043 | 0.04969 | 0.05023 | 0.00 | 0.04979 | 0.05106 | 0.04822
0.05 ] 0.09709 | 0.04166 | 0.05470 | 0.05 | 0.12491 | 0.04251 | 0.05587
0.10 | 0.17079 | 0.04192 | 0.06556 | 0.10 | 0.25663 | 0.10982 | 0.07755
0.15]0.27259 | 0.07875 | 0.08652 | 0.15 | 0.43726 | 0.29966 | 0.13949
0.20 | 0.40277 | 0.17347 | 0.12812 | 0.20 | 0.63583 | 0.53433 | 0.29601
0.25]0.54738 | 0.31108 | 0.21007 | 0.25 | 0.80235 | 0.74673 | 0.57287
0.30 | 0.68625 | 0.47260 | 0.34568 | 0.30 | 0.91155 | 0.89186 | 0.82717
0.35] 0.80513 | 0.64069 | 0.52163 | 0.35 | 0.96809 | 0.96080 | 0.95418
0.40 | 0.89275 | 0.78542 | 0.69733 | 0.40 | 0.99113 | 0.98766 | 0.99162
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n =200

n =500

S§5C

Vm ax

D,

S§5C

Vm ax

D

p
0.00
0.05
0.10
0.15
0.20
0.25
0.30
0.35
0.40

0.04640
0.16710
0.40150
0.66820
0.87580
0.96790
0.99340
0.99930
0.99990

0.04720
0.08130
0.39340
0.71950
0.91640
0.98460
0.99730
0.99980
0.99990

0.04740
0.06220
0.12790
0.38950
0.82570
0.98410
0.99890
1.00000
1.00000

p
0.00
0.01
0.02
0.03
0.04
0.05
0.06
0.07
0.08
0.09
0.10
0.15
0.20

0.04912
0.07674
0.11337
0.16028
0.22103
0.29361
0.37480
0.46123
0.54949
0.63764
0.71659
0.95492
0.99754

0.05077
0.04870
0.06056
0.13689
0.26020
0.39809
0.53170
0.65072
0.74919
0.82675
0.88551
0.99416
0.99950

0.05007
0.05142
0.05484
0.06191
0.07383
0.09249
0.11984
0.16376
0.23214
0.33809
0.48909
0.99432
1.00000

n=

1000

n=

2000

S§5C

Vm ax

D,

S§5C

Vm ax

D,

0.00
0.01
0.02
0.03
0.04
0.05
0.06
0.07
0.08
0.09
0.10
0.15

0.05050
0.09250
0.15840
0.24100
0.34580
0.46370
0.58670
0.70690
0.80440
0.88040
0.93130
0.99780

0.04840
0.05280
0.19390
0.43230
0.63770
0.79240
0.88840
0.94400
0.97450
0.98900
0.99680
0.99990

0.04750
0.05080
0.05910
0.07820
0.10970
0.17040
0.28550
0.48920
0.76100
0.93690
0.99170
1.00000

0.000
0.005
0.010
0.015
0.020
0.030
0.040
0.050

0.070
0.080
0.090
0.100

.060

0.05111
0.07938
0.11750
0.16819
0.22958
0.38317
0.55600
0.72345
0.85195
0.93184
0.97397
0.99178
0.99759

0.04949
0.05189
0.15014
0.34179
0.53729
0.80883
0.93420
0.98030
0.99537
0.99915
0.99976
0.99998
1.00000

0.04976
0.05127
0.05435
0.06163
0.07315
0.11937
0.23348
0.51278
0.88792
0.99573
0.99998
1.00000
1.00000

n = 5000

n = 10000

S§C

Vm ax

S§C

Vm ax

D,

0.0000
0.0025
0.0050
0.0075
0.0100
0.0125
0.0150
0.0175
0.0200
0.0300
0.0400
0.0500
0.0600
0.0700

0.074

0.0509

0.0994
0.1356
0.1782
0.2204
0.2794
0.3406
0.4131
0.6922
0.8838
0.9744
0.9961
0.9997

0.0489
1]0.0589
0.1694
0.3035
0.5778
0.6239
0.8338
0.8456
0.9411
0.9949
0.9999
1.0000
1.0000
1.0000

0.0548
0.0515
0.0554
0.0578
0.0661
0.0724
0.0907
0.1070
0.1350
0.4299
0.9754
1.0000
1.0000
1.0000

0.0000
0.0025
0.0050
0.0075
0.0100
0.0125
0.0150
0.0175
0.0200
0.0300
0.0400
0.0500

0.0471
0.0800
0.1235
0.1810
0.2580
0.3382
0.4434
0.5470
0.6345
0.9093
0.9908
0.9997

0.0468
0.1566
0.4980
0.6642
0.9067
0.9331
0.9888
0.9908
0.9988
1.0000
1.0000
1.0000

0.0481
0.0519
0.0567
0.0654
0.0827
0.1044
0.1505
0.2182
0.3466
0.9982
1.0000
1.0000

RT&A # 04 (23)

(Vol.2) 2011, December

92



Ishay Weissman - TESTING FOR SERIAL CORRELATION BY MEANS OF EXTREME VALUES

RT&A # 04 (23)

(Vol.2) 2011, December

The following plots show the empirical powers of the Binomial Model, based on 10*
replications for each pair (n, p).
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Figure 7. Power Functions, Binomial Model, LST (black), KST (red)
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ABSTRACT

Features of the application of standards for evaluation (predict) the reliability of mechanical
and electromechanical devices and systems are considered. The main characteristics of the models
of operational failure rate of mechanical components and provides recommendations for their use
are given. The use of software tools that implement the methods for calculating reliability, can
cause significant difficulties with the reliability of initial data.

1. INTRODUCTION

Handbook “Reliability ERP* is the main source for the calculation of reliability indices of
elements of sensors, devices and systems at the present time in Russia. The handbook is an official
document of the Ministry of Defence of Russian Federation in accordance with standard (RDV
319.01.20-98 1998). Mathematical models of the operational failure rate electro-radio-products
(ERP) and the numerical values of the coefficients are given in it. The survey provides data not only
for performance reliability of electronic devices, such as integrated circuits, semiconductor devices,
etc., and of electromechanical components (such as electrical machines of small capacity) and the
purely mechanical components (connections, circuit boards, etc.).

Since the range of such elements is limited, so in practical calculations the reliability of the
elements that are missing in the Handbook “Reliability ERP*, not included and considers them an
“absolutely reliable*. However, this approach can lead (and leads) to a significant overestimation of
the reliability of systems (Markin et al. 2010), primarily of test containing primary transducers
(sensors). Evaluation of reliability of such systems requires taking into account not only the
reliability of the electronic devices, but also a wide class of mechanical components (connections,
details, etc.).

2. MODELS RELIABILITY OF MECHANICAL COMPONENTS

Mathematical models of operational failure rates are given in article (Shavykin & Petruhin
2006) for the following classes of mechanical connections, components, assemblies and equipment
manufactured in Russia:

Non-demountable fasteners
Threaded fasteners
Demountable fasteners

Nodes of transmission of motion
Bearings

Seals and Gaskets

Bellows and tubular springs
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Impeller flow sensors

Membrane

Pressure Gauges

Vacuum gauges with tubular springs

Springs, couplings, watch mechanisms
All these models are as follows:

1
/13 = ﬂO .Hai
i=1

where: Ay = operational failure rates of seals; Ao = base failure rate of seals; a; = multiplying factors
which considers the effect on the base failure rate; I = number of multiplying factors.

In addition to mathematical models (formulas) in article (Shavykin & Petruhin 2006) also
shows a table containing the numerical values of their coefficients. The possibility of using these
models due to the fact that they are full copies of the “Procedure...” (Shavykin et al. 1998) in terms
of mechanical parts, which at present applies to ROSATOM.

As an example we will consider class “Seals and Gaskets”. For this class in article (Shaykin &
Petrukhin 2006) the following mathematical model of operational failure rate is resulted:

A= 0, a, (1)
where: A5 = operational failure rate of seals; Ay = base failure rate of seals; o; = multiplying factor
which considers the effect of service conditions and etc. on the base failure rate; o, = multiplying
factor which considers the effect of type of a material on the base failure rate.

In turn, the multiplying factor a; pays off on model:

ay =k ky -k ky ks, ()
where: ki; = multiplying factor which considers the effect of service conditions, vibrating loadings
and amortization on the base failure rate; ki = multiplying factor which considers the effect of
service conditions, shock loadings and amortization on the base failure rate; k;3 = multiplying factor
which considers the effect of type of a climate, presence of the conditioner, heating and premise
hermetic sealing on the base failure rate; k;4 = multiplying factor which considers the effect of a
kind of equipment and quality of service on the base failure rate; k;s = multiplying factor which
considers the effect of a kind of equipment and quality of manufacturing on the base failure rate.

Numerical values multiplying factors kj;-k;s are given in tables. Due to the limited size of the
article yourself a table full list here are not going to give only their fragments (see Table 1-4).

Table 1. Values of multiplying factors k;; and k>

Ky (vibration) ks (strikes)
Operating conditions not amortised not amortised
amortized amortized

Lab, instrument-making  enterprises, 1,0 1,0 1,0 1,0
assembly plants

Marine conditions 3,0 1,0 1,2 1,0
The equipment of rolling mills, forging 10,0 3,0 15,0 5,0
hammers, presses

Table 2. Values of multiplying factor ki3

Heated room Not heated room
Climate air conditioning sealed not sealed not

sealed sealed
Cold 1,0 1,0 1,2 1,2 2,0
Moderate, middle band 1,0 1,0 1,2 1,0 1,3
marine subtropical 1,1 - - 1,5 2,0
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Table 3. Values of multiplying factors kj4 and ks

Equipment k14 (service) kys (production)
Household 5,0 2,0
Management of individual units 1,0 1,0
Process control 0,8 0,5

Table 4. Values of multiplying factor o,
Material Temperature
20 °C 40°C 60 °C 80°C | 100°C

Organic fibrous 1,0 1,5 2,0 4,0 8,0
Rubber 1,0 1,2 1,5 2,5 4,0
Fluoroplastic 1,0 1,0 1,0 1,0 1,2

Even a simple analysis of Tables 1-4 shows that the model (1) is of little use to solve practical
problems of reliability. Indeed, the failure rate of the seals does not depend on their size, nor on the
quantitative characteristics of the physical and mechanical properties of materials, etc.

For example, in the standard (TU 38 005 1166-98 1998) is defined more than 50 brands of
rubber compounds with different physic-chemical properties and the calculation of the model (1)
for all of them give the same failure rate (see Table 5)!

Fragment of the table the standard (TU 38 005 1166-98 1998) are as follows (see Table 5).

Table 5. Characteristics of rubber compounds

Mark Relative tensile | Elonga | Hardn
rubber Operating conditions The main purpose of strength, tion at ess,
compound n/m break, | Shore

environment T, °C MPa | kgs/sm® | % n/m | unit
Air -45...+100 | Molded rubber and
B-14 HTA Oil AMI-10 | -60...+100 | rubber  parts  and | 10,8 110 160 | 72-92
Ethanol -60...+70 | immobile joints
operating under a static
strain
Air -45...+100 | Molded Rubber and
B-14-1 HTA rubber parts and | 11,8 120 150 78-85
Ethanol -60...+70 | immobile joints
operating under a static
strain
Air -70...+250 | Shaped syringe electrical
Air with high | -76...+125 | parts operating in the
ozone unstressed state,
HPIT-1354 The electric | -60...+250 | Amortisseur, 54 55 280 54-66
HTA field Molded and non-sealing
Lubrication parts (rings, gaskets, etc.)
BHHH HIT- | -60...+150 | for fixed joints
279

In other words, if the resulting failure rate calculations seals (or any other elements) will be
high, the number of possible ways to enhance their security in the use of model (1) is limited, and,
consequently, the possibility of implementation of relevant activities is unlikely or will require a
large material costs.

And the “Procedure...” (Shavykin et al. 1998), and the standard TU 38 005 1166-98 were
published in the same year. But the data presented in “Procedure...” (Shavykin et al. 1998) almost
entirely with the data of the Recommendation (RM 25 446-87 1987). From this it follows that the
conduct of the calculation is based on data from 20-years old ago.
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From this point of view of greater interest are the models listed in the American standard
(NSWC-98/LE1 1998), developed by experts Naval Surface Warfare Center, or rather, its latest
edition (NSWC-06/LE10 2006).

The standard includes mathematical models of operational failure rate for the following
classes of mechanical equipment:

e Seals and Gaskets
Springs
Solenoids
Contactors
Valve assembilies,
Bearings
Gears and Splines
Actuators
Pumps
Fluid Filters
Brakes and Clutches
Compressors
Electric Motors
Accumulators, Reservoirs
Threaded Fasteners
mecanical Couplings
Slider cranks mechanisms
Sensors and Transducers.
Shafts
Belt and chain drivers
Fluid conductors

To give an idea of the mathematical models of operational failure rates present a model for
the class “Seals and Gaskets*:
/Il‘SE=/1SE,B'CP'CQ'CDL'CH'CF'CV'CT'CN’ 3)

where: Asg = failure rate of seals in failures/million hours; Asg g = base failure rate of seals, 2,4
failures/million hours; Cp = multiplying factor which considers the effect of pressure on the base
failure rate; Cq = multiplying factor which considers the effect of allowable leakage on the base
failure rate; Cpr = multiplying factor which considers the effect of seal size on the base failure rate;
Cy = multiplying factor which considers the effect of contact stress and seal hardness on the base
failure rate; Cr = multiplying factor which considers the effect of seat smoothness on the base
failure rate; C, = multiplying factor which considers the effect of fluid viscosity on the base failure
rate; Cr = multiplying factor which considers the effect of temperature on the base failure rate; Cr =
multiplying factor which considers the effect of contaminants on the base failure rate.

Even simple comparison of models (2) and (3) shows that models of standard (NSWC-
06/LE10 2006) more exact, than resulted in article (Shavykin & Petruhin 2006). Besides, factors of
these models also represent functions of the geometrical sizes, physic mechanical properties of
materials, etc. For example, the formula for calculating the factor Cy is shown below:

43
M ,

C, = /C 4)
0,55

where: M = Meyer hardness, Ibs/ in%; C = contact pressure, 1bs/ in’.
It is obvious that application of models of standard (NSWC-06/LE10 2006) essentially
increases labor input of “manual” calculations in comparison with article (Shavykin & Petruhin
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2006). Therefore along with formulas for calculation of factors in it corresponding monograms
(Figure 1 see) are resulted.

100.0

10.0

Factor, Cy

1.0

0.1 /

M/C Multiplying
N

/

0.1 02 03 04 05 06 07 08 09 10 11 12 13 14 15

0.0

Meyer Hardness/Contract Pressure, M/C

Figure 1. NSWC-06/LE10: Dependence of multiplying factor Cy on relation M/C.

These monograms may be helpful in justifying the choice of measures aimed at improving the
reliability, because give a clear idea of the effect of each option on the magnitude of the coefficients
and, consequently, the operational failure rate in general. However, these monograms rather to the
tradition of information in handbooks on reliability than a means to facilitate the calculations, since
with a large number of elements the complexity of calculations, even for simple models of article
(Shavykin & Petruhin 2006) increases significantly.

Another feature of the standard (NSWC-06/LE10 2006) is that some elements are considered
as a system. For example, the calculation of the failure rate of the electric motor is carried out
according to the model:

Ay = A + Ay + Agg + A + Agr + A 5

where: Ay = total failure rate of motor system, failures/million hours; Agg = failure rate of bearings,
failures/million hours; Aw; = failure rate of electric motor windings, failures/million hours; Ags =
failure rate of brushes, failures/million hours; Axs = failure rate of the armature shaft,
failures/million hours; Ast = failure rate of the stator housing, failures/million hours; Agr = failure
rate of gears, failures/million hours.

As follows from (5), the calculation of the electric motor, you must first calculate the failure
rate of the bearings and gears.

2. SOFTWARE FOR THE CALCULATION OF RELIABILITY

To automate the calculation of reliability of mechanical connections, parts, components and
devices on models of article (Shavykin & Petruhin 2006) can be used system ASONIKA-K-ME,
which is part of the software complex ASONIKA-K (Zhadnov et al. 2011). The main form of the
interface of the user of system is resulted on Figure 2.
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Figure 2. System ASONIKA-K-ME: the Interface of the user.

To automate the calculation of reliability of mechanical equipment on the models standard
(NSWC-06/LE10 2006) developers provide a computer program MechReal (see Figure 3).

T Mechiel - CliserVALER 5551G-N3 35 Deskton 121 mch [
Fie fde  Amembly [AddFat) Took Help

alalula ecumlater Bl ol

eapsctud | Basing Provect liama ==
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Figure 3. Program MechReal: the Interface of the user.

It is natural that models of this standard are included and into structure of software (modules
of Reliability Prediction) well-known manufacturers, such as PTC Corporate Headquarters (Relex
visual studio), ReliaSoft Corporation (Lambda predict), ALD Ltd. (RAM Commander), Etc.
(Stroganov et al. 2007). And, many are constructed of them in such a manner that allow to consider
in one calculation as electronic devices, and mechanical elements, unlike system ASONIKA-K-ME
and programs MechReal.

On Figure 4 is shown the interface of the user of program Lambda Predict of company
ReliaSoft Corporation.

But practical application of these programs causes considerable difficulties that is connected
not only (and not so much) with the English-speaking interface (Figure 3, 4 see), how many with
search of the initial information. Therefore in standard (NSWC-06/LE10 2006) tables with “typical”
values of parameters are resulted.

For example, a fragment of the table “typical” values of is maximum-admissible working
temperatures (Tr) of materials of Seal is shown below (see Table 6).
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Figure 4. Program Lambda Predict: the Interface of the user.

Table 6. Typical values of is maximum-admissible working temperatures of materials of seal

Seal material Tr, ('F)
Natural rubber 160
Ethylene propylene 250
Impregnated poromeric material 250

Comparing the first columns of Table 4 and 6 it is easy to notice that search of values is
carried out not to concrete marks of materials, and to the more general classification signs. Since
these tables are standard (NSWC-06/LE10 2006) and placed in modules “Prediction of Reliability*,
as stated above, it is clear that, despite the adequacy of the model, calculations with the this data
source will be little different from the calculations on model article (Shavykin and Petrukhin, 2006)
for accuracy

Therefore for maintenance of accuracy of calculations creation of the database containing all
necessary help given (characteristics of materials, maximum-permissible operating modes etc.) is
necessary. For the decision of this problem in structure of a help part of a database of the system
ASONIKA-K-SCh such database has been added. On Figure 5 as an example the model of the data
for a class “Bearings®, created in Sybase PowerDesigner is resulted.

Feature of the developed base is that are stored in it not only numerical values, but also
codes of mathematical models (formulas) on which calculation is carried out. In addition, the
database stores brand materials and their characteristics are necessary for the calculation of the
coefficients of models standard (NSWC-06/LE10 2006). For work with this database the system has
been modified ASONIKA-K-SCh.

Feature of the developed database is that are stored in it not only numerical values, but also
codes of mathematical models (formulas) on which calculation is carried out. In addition, the
database stores brand materials and their characteristics are necessary for the calculation of the
coefficients of models standard (NSWC-06/LE10 2006). For work with this database has been
modified the system ASONIKA-K-SCh. On Figure 6 is shown the interface of the user of system
which allows to carry out calculations of the products containing electronic devices and mechanical
elements.

In addition, in the system ASONIKA-K-SCh were added to the model, listed in article
(Shavykin and Petrukhin, 2006). Thus, the new version of system ASONIKA-K-SCh allows the do
calculation of mechanical elements on models of standard (NSWC-06/LE10 2006) and article
(Shavykin and Petrukhin, 2006).
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3. CONCLUSION

In the conclusion it is necessary to note the following. Even creation of a database doesn't
remove all problems with the initial information for calculations. In the model standard (NSWC-
06/LE10 2006) enter the variable parameters, depending on the application (allowable leakage, size
of gasket, the pressure on the gasket, etc.). Already in itself calculation of these parameters is not a
trivial problem and, despite an abundance of software of modeling physical process (mechanical,
hydraulic, etc.), that under force only to professionals in area of mechanics, resistance of materials,
etc.

In other words, calculation of reliability of such products can be hardly spent one expert.
However program realization of system ASONIKA-K-SCh in technology “client-server” allows to
carry out calculation of one product from different workstations (i.e. to involve in calculations so
much experts, how many it is necessary) that will help to remove the specified problem partly.
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“All the results presented in the paper would not be
possible to develop without Gnedenko’s origin
result on limit distributions of minimum and
maximum statistics”’

1 INTRODUCTION

The paper is concerned with the application of limit reliability functions to the reliability evaluation
of large complex systems. Two-state and multi-state ageing large complex systems composed of
independent components are considered.

Many technical systems belong to the class of complex systems as a result of the large
number of components they are built of and their complicated operating processes. This complexity
very often causes evaluation of system reliability and safety to become difficult. As a rule these are
series systems composed of large number of components. Sometimes the series systems have either
components or subsystems reserved and then they become parallel-series or series-parallel
reliability structures. We meet large series systems, for instance, in piping transportation of water,
gas, oil and various chemical substances. Large systems of these kinds are also used in electrical
energy distribution. A city bus transportation system composed of a number of communication lines
each serviced by one bus may be a model series system, if we treat it as not failed, when all its lines
are able to transport passengers. If the communication lines have at their disposal several buses we
may consider it as either a parallel-series system or an “m out of n” system. The simplest example
of a parallel system or an “m out of n” system may be an electrical cable composed of a number of
wires, which are its basic components, whereas the transmitting electrical network may be either a
parallel-series system or an “m out of n”-series system. Large systems of these types are also used
in telecommunication, in rope transportation and in transport using belt conveyers and elevators.
Rope transportation systems like port elevators and ship-rope elevators used in shipyards during
ship docking and undocking are model examples of series-parallel and parallel-series systems.

Taking into account the importance of the safety and operating process effectiveness of such
systems it seems reasonable to expand the two-state approach to multi-state approach in their
reliability analysis. The assumption that the systems are composed of multi-state components with
reliability states degrading in time gives the possibility for more precise analysis of their reliability,
safety and operational processes’ effectiveness. This assumption allows us to distinguish a system
reliability critical state to exceed which is either dangerous for the environment or does not assure
the necessary level of its operational process effectiveness. Then, an important system reliability
characteristic is the time to the moment of exceeding the system reliability critical state and its
distribution, which is called the system risk function. This distribution is strictly related to the
system multi-state reliability function that is a basic characteristic of the multi-state system.

In the case of large systems, the determination of the exact reliability functions of the
systems and the system risk functions leads us to very complicated formulae that are often useless
for reliability practitioners. One of the important techniques in this situation is the asymptotic
approach to system reliability evaluation. In this approach, instead of the preliminary complex
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formula for the system reliability function, after assuming that the number of system components
tends to infinity and finding the limit reliability of the system, we obtain its simplified form.

The mathematical methods used in the asymptotic approach to the system reliability analysis
of large systems are based on limit theorems on order statistics distributions considered in very
wide literature (Barndorff-Nielsen 1963, Berman 1962, Berman 1964, Fisher, Tippett 1928, Frechet
1927, Galambos 1975, Gniedenko 1943, Gumbel 1935, Gumbel 1962, Leadbetter 1974, Von Mises
1936). These theorems have generated the investigation concerned with limit reliability functions of
the systems composed of two-state components. The main and fundamental results on this subject
that determine the three-element classes of limit reliability functions for homogeneous series
systems and for homogeneous parallel systems have been established by Gniedenko in (Gniedenko
1943). These results are also presented, sometimes with different proofs, for instance in subsequent
works (Barlow, Proschan 1975, Castillo 1988, Chernoff, Teicher 1965, De Haan 1970,
Kotowrocki 1993c). The generalizations of these results for homogeneous “m out of n” systems
have been formulated and proved by Smirnow in (Smirnow 1949), where the seven-element class
of possible limit reliability functions for these systems has been fixed. Some partial results obtained
by Smirnow may be found in (Kotowrocki 2001b). As it has been done for homogeneous series and
parallel systems classes of limit reliability functions have been fixed by Chernoff and Teicher in
(Chernoff, Teicher 1965) for homogeneous series-parallel and parallel-series systems. Their results
were concerned with so-called “quadratic” systems only. They have fixed limit reliability functions
for the homogeneous series-parallel systems with the number of series subsystems equal to the
number of components in these subsystems, and for the homogeneous parallel-series systems with
the number of parallel subsystems equal to the number of components in these subsystems. These
results may also be found for instance in later works (Barlow, Proschan 1975) and (Kotowrocki
19934d).

All the results so far described have been obtained under the linear normalization of the
system lifetimes. Of course, there is a possibility to look for limit reliability functions of large
systems under other than linear standardization of their lifetimes. In this context, the results
obtained by (Pantcheval984) and (Cichocki 2001) are exemplary. Pantcheva in (Pantcheva 1984)
has fixed the seven-element classes of limit reliability functions of homogeneous series and parallel
systems under power standardization for their lifetimes. Cichocki in (Cichocki 2001) has
generalized Pantcheva’s results to hierarchical series-parallel and parallel-series systems of any
order.

The paper contains the results described above and their newest generalizations for large
two-state systems and their exemplary developments for multi-state systems’ asymptotic reliability
analysis under the linear standardization of the system lifetimes and the system sojourn times in the
state subsets, respectively.

Generalizations presented here of the results on limit reliability functions of two-state
homogeneous series, and parallel systems for these systems in case they are non-homogeneous, are
mostly taken from (Kolowrocki 1994c) and (Kotowrocki 2001b). A more general problem is
concerned with fixing the classes of possible limit reliability functions for so-called “rectangular”
series-parallel and parallel-series systems. This problem for homogeneous series-parallel and
parallel-series systems of any shapes, with different number of subsystems and numbers of
components in these subsystems, has been progressively solved in (Kotowrocki 1993a,b,c,d),
(Kotowrocki 1994c) and (Kotowrocki 1994¢). The main and new result of these works was the
determination of seven new limit reliability functions for homogeneous series-parallel systems as
well as for parallel-series systems. This way, new ten-element classes of all possible limit reliability
functions for these systems have been fixed. Moreover, in these works it has been pointed out that
the type of the system limit reliability function strongly depends on the system shape. These results
allow us to evaluate reliability characteristics of homogeneous series-parallel and parallel-series
systems with regular reliability structures, i.e. systems composed of subsystems having the same
numbers of components. The extensions of these results for non-homogeneous series-parallel and
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parallel-series systems have been formulated and proved successively in (Kolowrocki 1993d),
(Kotowrocki 1994d,e, Kotowrocki 1995a,b) and (Kotowrocki 2001b). These generalizations
additionally allow us to evaluate reliability characteristics of the series-parallel and parallel-series
systems with non-regular structures, i.e. systems with subsystems having different numbers of
components. In some of the cited works, as well as the theoretical considerations and solutions,
numerous practical applications of the asymptotic approach to real technical system reliability
evaluation may also be found (Daniels 1945), (Harlow, Phoenix 1991, Harlow 1997, Harris 1970,
Kaufman, Dugan , Johnson 1999, Kotowrocki 1994a, Kotowrocki 1995a, Kotowrocki 1998, Smith
1982, Smith 1983, Soszynska 2006a, Watherhold 1987).

More general and practically important complex systems composed of multi-state and
degrading in time components are considered among others in (Xue 1985, 1995a,b). An especially
important role they play in the evaluation of technical systems reliability and safety and their
operating process effectiveness is defined in the paper for large multi-state systems with degrading
components. The most important results regarding generalizations of the results on limit reliability
functions of two-state systems dependent on transferring them to multi-state systems with degrading
components are given in (Kolowrocki 1999a,b, Kotowrocki 2000a,b,c, Kotowrocki 2001a,b,c,
Kotowrocki 2003a,b). Some of these publications also contain practical applications of the
asymptotic approach to the reliability evaluation of various technical systems (Kotowrocki 1999a,b,
Kotowrocki 2000a,b,c, Kotowrocki 2001a,b, Kotowrocki 2003a,b).

The results concerned with the asymptotic approach to system reliability analysis have

become the basis for the investigation concerned with domains of attraction for the limit reliability
functions of the considered systems (Kotowrocki 2004). In a natural way they have led to
investigation of the speed of convergence of the system reliability function sequences to their limit
reliability functions (Kotowrocki 2004). These results have also initiated the investigation of limit
reliability functions of “m out of n”-series, series-“m out of n” systems and systems with
hierarchical reliability structures as well as investigations on the problems of the system reliability
improvement and optimization (Cichocki 2001, Kotowrocki 2004, Soszynska 2007).
The aim of the paper is to present the state of art on the method of asymptotic approach to reliability
evaluation for as wide as possible a range of large systems. The paper describes current theoretical
results of the asymptotic approach to reliability evaluation of large two-state and multi-state
systems. Additionally, some recent partial results on the asymptotic approach to reliability
evaluation of large systems reliability analysis in their operation processes called complex technical
systems are presented in the paper (Kotowrocki, Soszynska 2009, Kotowrocki, Soszynska 2010a,b,
Kotowrocki, Soszynska-Budny 2011, Soszynska 2004a,b, Soszynska 2006a,b,c, Soszynska 2007,
Soszynska 2008, Soszynska 2010).

2 BASIC NOTIONS

Considering the reliability of two-state systems we assume that the distributions of the component
and the system lifetimes 7 do not necessarily have to be concentrated in the interval <0,c0). It means
that a reliability function

R(@t)=P(T > 1), t €(—oo,),
does not have to satisfy the usually demanded condition
R(f)=1 for t € (-:,0).

This is a generalisation of the normally used concept of a reliability function. This generalisation is
convenient in the theoretical considerations. At the same time, from the achieved results on the
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generalised reliability functions, for particular cases, the same properties of the normally used

reliability functions appear.

From that assumption it follows that between a reliability function R(¢) and a distribution function
F(t)=P(T <t),t € (—o0,0),

there exists a relationship given by
R(t)=1-F(¢t) for t € (—o0,0).

Thus, the following corollary is obvious.

Corollary 2.1
A reliability function R(¥) is non-increasing, right-continuous and moreover
R(—)=1, R(+0) =0.

Definition 2.1
A reliability function R(7) is called degenerate if there exists #, € (—»,), such that

Let<t
R(t)= X

0,¢t>1,.
The asymptotic approach to the reliability of two-state systems depends on the investigation of limit
distributions of a standardised random variable

(r-s5,)/a,,
where T is the lifetime of a system and a, > 0, b, € (—©,0), are suitably chosen numbers called
normalising constants.
Since
P((T-b,)/a, >t)=P(T>a,t+b,) =R.(a,t + b,),

where R,(¢) is a reliability function of a system composed of n components, then the following
definition becomes natural.

Definition 2.2

A reliability function #(¢) is called a limit reliability function or an asymptotic reliability function
of a system having a reliability function R,(7) if there exist normalising constants a, > 0, b, €
(—0,0), such that

lim Ry(ant + b,) = $H(¢) for t € Cg. (2.1)

Thus, if the asymptotic reliability function #(¢) of a system is known, then for sufficiently large n,
the approximate formula

R.(t) = (¢ - bn)/ay), t € (—0,0). (2.2)
may be used instead of the system exact reliability function R, (t).
From the condition
}1_{2 Ru(a.t +b,) = ) for t € Cg,

it follows that setting
Oy = adn, Pn = bay + by,

where a > 0 and 5 € (-, %), we get
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lim R,(ot + ) =1lim R,(a,(at + b) + b,) = Hat + b) for t € Cy.

Hence, if #(¢) is the limit reliability function of a system, then $at + b) with arbitrary a > 0 and
b e (—o,0) 1s also its limit reliability function. That fact, in a natural way, yields the concept of a

type of limit reliability function.

Definition 2.3
The limit reliability functions $%(7) and $4(¢) are said to be of the same type if there exist numbers a
> (0 and b e (—», ) such that

I(t) = Hat + b) for t e (—0,x).

3 RELIABILITY OF LARGE TWO-STATE SYSTEMS
3.1 RELIABILITY EVALUATION OF TWO-STATE SERIES SYSTEMS

The investigations of limit reliability functions of homogeneous two-state series systems are based
on the following auxiliary theorem.

Lemma 3.1
If

(i) #(t) =exp[-V (¢)] is a non-degenerate reliability function,

(i) R, (¢) is the reliability function of a homogeneous two-state series system defined by (2.1)
(Kotowrocki 2004)

(1) a, >0, b, €(—0,0),

then
lim R, (aut +b,) =9 (t) fort e C,;

if and only if
lim nF(ayt + b,) =V () fort € C;

Lemma 3.1 is an essential tool in finding limit reliability functions of two-state series systems.
Its various proofs may be found in (Barlow, Proschan 1975, Gniedenko 1943) and (Kotowrocki
1993d). It also is the basis for fixing the class of all possible limit reliability functions of these
systems. This class is determined by the following theorem proved in (Barlow, Proschan 1975,
Gniedenko 1943) and (Kotowrocki 1993d).

Theorem 3.1
The only non-degenerate limit reliability functions of the homogeneous two-state series system are:

F,(t) = exp[—(~t)“] fort<0, F,(t)=0fort>0, a>0,
#,(t) =1fort<0, %,(t) = exp[-t*] fort>0, a>0,

.9_?3(t)= exp[—exp[t]] for t € (—o0,0).
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The next auxiliary theorem is an extension of Lemma 3.1 to non-homogeneous two-state series
systems.

Lemma 3.2
If

(i) #'(t)=exp[—V"(¢)] is a non-degenerate reliability function,

(i) R' (¢) is the reliability function of a non-homogeneous two-state series system defined by
(2.8) (Kotowrocki 2004a),

(1) a, >0, b, €(—o0,0),

then
lim R', (aut + by) =%'(t) fort e C,

Hn—0

if and only if
limn$ q,F " (a,i+b,) =V'(t) forte C,..

|

The proof of Lemma 3.2 is given in (Kotowrocki 1993d). From the latest lemma, as a particular
case, it is possible to derive the next auxiliary theorem that is a more convenient tool than Lemma
3.2 for finding limit reliability functions of non-homogeneous series systems and the starting point
for fixing limit reliability functions for these systems.

Lemma 3.3
If

() F'(t)=exp[—V"'(¢)] is a non-degenerate reliability function,

(i) R', (¢ is the reliability function of a non-homogeneous two-state series system defined by
(2.8) (Kotowrocki 2004a),

(1) a,>0, b, €(—o0,0),

(iv) F(¢) is one of the distribution functions F'(¢), F2(1).,...,F*)(¢) defined by (2.7) (Kotowrocki
2004a), such that

(v) ANV n>N F(ant+ b,)=0fort<tyand F(a,t + b,) # 0 for t > 1,
where ¢, e<—o0,0),

F (i)
(i) TimT— @+ 0,)

<lfort=>t,i=1,2,..,a,
e F(at+b,))

and moreover there exists a non-decreasing function
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B 0 fort<t,
vii) d(t)= « - 3.1
(viD) d(2) lim} q.d (a,t+b,) fort=t, -1

n—0 j_| '

where

_ ()
(i) d.(at+b )= L (GlTh) (3.2)

F(a,t+b,)
then
lim R, (ant + b,) =9'(¢) fort e Cy,

if and only if

lim nF(a,t+b,)d(t)=7"@) fort e C,..

On the basis of Theorem 3.1 and Lemma 3.3 in (Kolowrocki 1993d), the class of limit
reliability functions for non-homogeneous two-state series systems has been fixed. The members of
this class are specified in the following theorem (Kotowrocki 1993d).

Theorem 3.2

The only non-degenerate limit reliability functions of the non-homogeneous two-state series system,
under the assumptions of Lemma 3.3, are:

' (1) = exp[-d(t)(—t) ] for <0, F', (f) =0fort>0, a> 0,
' (H)=1fort<0, K, () = exp[-d (£)t“]for >0, a> 0,
', (1) = exp[-d (¢) explt]] for ¢ € (o0, 00),

where d(f) is a non-decreasing function dependent on the reliability functions of particular system
components and their fractions in the system defined by (3.1)-(3.2).

3.2 RELIABILITY EVALUATION OF TWO-STATE PARALLEL SYSTEMS

The class of limit reliability functions for homogeneous two-state parallel systems may be
determined on the basis of the following auxiliary theorem proved for instance in (Barlow,
Proschan 1975, Gniedenko 1943) and (Kotowrocki 1993d).

Lemma 3.4
If #(¢) is the limit reliability function of a homogeneous two-state series system with reliability

functions of particular components R(z), then

R =1-F(~t)fort e Cy

is the limit reliability function of a homogeneous two-state parallel system with reliability functions
of particular components
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R(t)=1-R(-t)forteC,.

At the same time, if (a,,b,) is a pair of normalising constants in the first case, then (a,,-b,) is such
a pair in the second case.

Applying the above lemma it is possible to prove an equivalent of Lemma 3.1 that allows us to
justify facts on limit reliability functions for homogeneous parallel systems. Its form is as follows
(Barlow, Proschan 1975, Gniedenko 1943, Kotowrocki 1993d).

Lemma 3.5
If

(1) #(¢) = 1—exp[-V(¢)] is a non-degenerate reliability function,

(i) R,(?) is the reliability function of a homogeneous two-state parallel system defined
by (2.2) [42],

(1) a, >0, b, €(—0,00),
then

lim R,(ant + b,) = J¢) fort e Cy,,

if and only if

lim nR(axt + by,) = V(¢t) fort € C, .

n—>0

By applying Lemma 3.5 and proceeding in an analogous way to the case of homogeneous
series systems it is possible to fix the class of limit reliability functions for homogeneous two-state
parallel systems. However, it is easier to obtain this result using Lemma 3.4 and Theorem 3.1. Their
application immediately results in the following issue.

Theorem 3.3
The only non-degenerate limit reliability functions of the homogeneous parallel system are:

JF(H)=1fort<0, #i(t) =1 —exp[—t “] fort>0, >0,
I6(H) =1 — exp[—(-1)*] for 1< 0, F2(t) =0 for >0, > 0,
I5(f) = 1 — exp[—exp[—£]] for t € (—o0,0).

The next lemma is a slight modification of Lemma 3.5 proved in (Kotowrocki 1993d). It is
also a particular case of Lemma 2, which is proved in (Kofowrocki 1995a).

Lemma 3.6
If 92'(r)is the limit reliability function of a non-homogeneous two-state series system with
reliability functions of particular components
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R, i=1.2,..a,

then
R(t)=1-5"(-t) fort e C,

is the limit reliability function of a non-homogeneous two-state parallel system with reliability
functions of particular components

R(l)(t) — 1 _ 15(1) (—t) for te CE(I-) , l: 1,2,...,a-

At the same time, if (a,,b,) is a pair of normalising constants in the first case, then (a,,-b,) is such
a pair in the second case.

Applying the above lemma and Theorem 3.2 it is possible to arrive at the next result
(Kotowrocki 1993d, Kotowrocki 1995b).

Lemma 3.7
If

(1) #'(1)= 1—exp[-V"'(¢)] is a non-degenerate reliability function,

(i) R’ (¢) is the reliability function of a non-homogeneous two-state parallel system
defined by (2.10) (Kotowrocki 2004a),

(iii) a, >0, b, € (—o0,0),
then

lim R', (a,t+b,)= #'(t) fort € Cy,
if and only if

limny g R (at+b ) =V'(t) fort € Cp.

n—o ;-]

The next lemma motivated in (Kotowrocki 1993d) that is useful in practical applications is a
particular case of Lemma 3 proved in (Kotowrocki 1995b).

Lemma 3.8
If
(i) #'(r)= 1—exp[-V"'(?)] is a non-degenerate reliability function,

(1) R' (#) is the reliability function of a non-homogeneous two-state parallel
system defined by (2.10) (Kotowrocki 2004a),
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(iii) a, >0, b, € (—o0,0),

(iv) R(f) is one of the reliability functions R"(¢), RA(?),...,R“X(¢) defined by (2.9) (Kolowrocki
2004a), such that

(v) ANV n>N R(a,t+ b,)#0 for t<t,and R(a,t + b,) =0 for ¢ > ¢,
where #y) € (—00,00>,

- . R%at+b
(vi) hm(a”—”)él fort<ty, i=12,.,a,

e R(a,t+b,)

and moreover there exists a non-increasing function

lim¥ gq.d (at+b ) fort<t,
(vii) d@)=:"""" (3.3)

0 fort=t,,
where

RV (a,t+b,)

viil) diayt+b,) = :
(vitd) - dd @t + bn) R(ai+b,)

(3.4)

then

lim R', (a,t +b,)= R'(t) fort € Cy,

if and only if

lim nR(a,t+b,)d(t)=V'(t) fort e C,..

Starting from this lemma it is possible to fix the class of possible limit reliability for non-
homogeneous two-state parallel systems (Kotowrocki 1993d, Kotowrocki 1995b).

Theorem 3.4
The only non-degenerate limit reliability functions of the non-homogeneous two-state parallel
system, under the assumptions of Lemma 3.8, are:
R ()=1fort<0, K (t)=1—-exp[-d()f “] fort>0, &> 0,
K, (1)=1—exp[-d()( )] for <0, H', (£)=0for >0, o> 0,
', (1)=1—exp[—d(t)exp[—t]] for t € (—o0,00),

where d(7) is a non-increasing function dependent on the reliability functions of particular system
components and their fractions in the system defined by (3.3)-(3.4).
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3.3 RELIABILITY EVALUATION OF TWO-STATE “M OUT OF N” SYSTEMS

The class of limit reliability function for homogeneous two-state “m out of n” systems may be
established by applying the auxiliary theorems proved in (Smirnow 1949) and (Kotowrocki 1993d).
The applications of these lemmas allow us to establish the class of possible limit reliability
functions for homogeneous two-state “m out of n” systems pointed out in the following theorem
(Kotowrocki 1993d, Smirnow 1949).

Theorem 3.5
The only non-degenerate limit reliability functions of the homogeneous two-state
system are:

13

m out of n”

Case 1. m = constant(m/n —>0 as n—> o).

-1
Zt " exp[—t “] fort>0, a> 0,
iz !

FO(t) =1fort<0, )= 1

m—1(— io
972(0)(1‘):1—2( t') exp[—(—£)“] for t< 0, FV()=0fort>0, a> 0,
il

i=0

exp[ it]

7" ()= z

exp[—exp[—t]] for ¢ € (—o0,0).

Case 2. m/n:y+o(l/\/;), 0<u<l, (m/n— p as n—> o).

2
a% _r

[ e 2dx fort>0,c>0,a>0,

1
N2 o

@) =1fort<0, @) =1-

2
-
RO =1-— j e 2dx for1<0, R (t)=0"fort>0, ¢>0,a>0,
27w
1 all® R
RO =1-—= [ e *dx fort<0, ¢,>0,a>0,
2r =
Xz
1 =

ROH)=—-— j e 2dx fort>0, c,>0,a>0,
0

27

N | =

R (1)=1 for £ <—1, B ()= % for —1<7 <1, B (r) =0 for 1> 0.

Case 3. n—m= m=constant (m/n—>1 as n—> o).

§ (= )*“’

1—0

2@ = exp[—(—t) ] fort <0, # (£)=0fort>0, a>0,
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RO =1fort<0, R (t)= i%exp[—t“] fort>0, a>0,

i=0 1

”79(1) ()= %&'[it]exp[— exp[¢]] for t € (—o0,0).
L

i=0

3.4 RELIABILITY EVALUATION OF TWO-STATE SERIES-PARALLEL SYSTEMS

Prior to the formulation of the overall results for the classes of limit reliability functions for two-
state regular series-parallel systems we should introduce some assumptions for all cases of the
considered systems shapes. These assumptions distinguish all possible relationships between the
number of their series subsystems k, and the number of components /, in these subsystems
(Assumption 4.1, (Kotowrocki 2004)).

The proofs of the theorems on limit reliability functions for homogeneous regular series-parallel
systems and methods of finding such functions for individual systems are based on the lemma given
in (Kotowrocki 1993a) and (Kotowrocki 1993d). The results achieved in (Kotowrocki 1993a,b,c.d,
Kotowrocki 1994c) and based on those lemmas may be formulated in the form of the following
theorem (Kotowrocki 1993b, Kotowrocki 1994a, Kotowrocki 1995b).

Theorem 3.6
The only non-degenerate limit reliability functions of the homogeneous regular two-state series-
parallel system are:

Case l. k,=n, |[l,—clogn | >> s, s> 0, c>0 (under Assumption 4.1 (Kotowrocki 2004)).
F@)=1fort<0, H(H)=1—-exp[—t “]fort>0, a>0,
() =1—exp[- (-)*] for <0, #h() =0 for >0, a> 0,

I5(t) = 1 — exp[—exp[—7]] for t € (—o0,0),

Case 2. ky=n,l,—clogn=s,s € (—o0,0), c>0.

Ju()=1"fort<0, () =1 - exp[—exp[—t“ —s/c]] fort >0, a >0,
I5() = 1 — exp[—exp[(—1)* — s/c]] for t <0, Hs(1) =0 for t >0, &> 0,
He() = 1 — exp[—exp[f(—1)* — s/c]] for 1 <0,
He(t) = 1 — exp[—exp[—* — s/c]] fort >0, >0, >0,
()= 1fort<t, () = 1 — exp[—exp[—s/c]] for ) <t <t,,
H(H)=0fort>t, t <,
Case3. k, >k, k>0,1, > .

F(H)=1—-[1—exp[-(-)*]]* for 1 <0, F(H)=0fort>0, &> 0,
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Fy(1)=1for1<0, fo(f)=1 —[1 —exp[-1*]]" for 1> 0, a> 0,
Hio(H)=1-[1—exp[—exp t]]k for ¢t € (—o0,).

The proofs of the facts concerned with limit reliability functions of non-homogeneous two-state
series-parallel systems are based on the auxiliary theorems formulated and proved in (Kotowrocki
1993d, Kotowrocki 1994c) and (Kotowrocki 1995b). Theorem 3.6 and those lemmas determine the
class of limit reliability functions for non-homogeneous regular series-parallel systems whose
members are pointed out in the following theorem (Kolowrocki 1993d, Kotowrocki 1994a,
Kotowrocki 1994d).

Theorem 3.7
The only non-degenerate limit reliability functions of the non-homogeneous regular two-state
series-parallel system are:

Case l. k,=n, |l,—clogn | >> s, s> 0, c>0 (under Assumption 4.1 (Kotowrocki 2004)).

R ()=1fort<0, ' (¢) =1 —exp[-d()f “] fort>0, a> 0,
R, (1) =1 —exp[—d()(—0)*] fort <0, #',(t) =0fort>0, >0,
', (1)=1 — exp[-d(t)exp[—t]] for t € (—o0,0),
Case 2. ky=n,l,—clogn=s,s € (—0,0), c>0 (under Assumption 3.1 (Kotowrocki 2004)).
', (1) =1fort<0, #', (¢t) = 1 —exp[—d(H)exp[—t* — s/c]] for t> 0, &> 0,
R (1) =1 —exp[—d(H)exp[(-t)* — s/c]] for t < 0,' (t) =0 for >0, >0,
R (1) =1 —exp[—d(H)exp[A(—1)“ — s/c]] for t <0,
R (1) =1 —exp[-d(H)exp[-t* —s/c]] fort >0, a>0, 5> 0,
', (1) =1fort<t, 7', () =1 —exp[-d(t)exp[—s/c]] forty <t<t,, H',(t) =0fort=h, t, <t,

Case 3. ky > k, k>0, [, > oo (under Assumption 4.1 (Kotowrocki 2004).

', () =1- [1[1-d, () exp[—(~t) “ ]]** for t < 0, ', (1)=0 for > 0, &> 0,
i=1
H,(@) =1fore<0, H',(t) =1- ]g[[l—di (1) exp[—t*]]%* fort >0, a> 0, (3.80)
i=1

', (1) =1 - [1[1-d,(t)exp[—expt]]** for t € (~o0,0),

i=1
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where d(f) and di(f) are non-increasing functions dependent on the reliability functions of the
system’s particular components and their fractions in the system defined in (Kotowrocki 2004).

3.5 RELIABILITY EVALUATION OF TWO-STATE PARALLEL-SERIES SYSTEMS

Prior to the formulation of the overall results for the classes of limit reliability functions for two-
state regular parallel-series systems we should introduce some assumptions for all cases of the
considered systems shapes. These assumptions distinguish all possible relationships between the
number of their parallel subsystems 4, and the number of components /, in these subsystems
(Assumption 4.1 (Kotowrocki 2004)).

The class of limit reliability functions for homogeneous regular two-state parallel-series systems is
successively fixed in (Kotowrocki 1993a,b,c,d, Kotowrocki 1994c) and (Kotowrocki 1994e.f,
Kotowrocki 1995). The class of limit reliability functions for homogeneous regular two-state

parallel-series system is pointed out in the following theorem (Kotowrocki 1993d, Kotowrocki
19944d).

Theorem 3.8

The only non-degenerate limit reliability functions of the homogeneous regular two-state parallel-
series system are:

Case 1. k,=n,

[, —clog n| >>5,5 >0, c> 0 (under Assumption 4.1 (Kotowrocki 2004).
F,(t) = exp[—(—1)*] for t <0, F,(t)=0, for >0, >0,
F,(t)=1"for1<0, K,(t)=exp[-1*], for t >0, a> 0,
§3 (t) = exp[—exp][t]] for t € (—o0,0),
Case 2. ky=n,l,—clogn=s,s € (—o0,0), c>0;
£,(t) = exp[-exp[— (—1)* - s/c]] for t <0, F,(t)=0fort>0, a> 0,
ﬁs (t)=1fort<0, .‘1_?5 (t)= exp[—exp[t”* — s/c]] for t > 0, >0,
. (t)= exp[—exp[— (—)“ — s/c]] for t < 0, K, (t)= exp[—exp[ St~ s/c]] fort >0, a>0, >0,
F(1)=1fort<t, R, (t)=exp[—exp[-s/c]] for i <t<tr, ], (t)=0Fort> 15, t; <1y,
Case3. k, >k, k>0,1, > .
. ()=1fort<0, R,(t)=[1 —exp[-£ *]]* for >0, a>0,
,(1)=[1 —exp[- (-)*]] for £ <0, R, ()=0for >0, a>0,

R, (1) =[1 - exp[—exp[- t]]]" for ¢ € (—o0,00).
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The class of limit reliability functions for non-homogeneous regular two-state parallel-series system
is pointed out in the following theorem (Kotowrocki 1993d, Kotowrocki 1994d).

Theorem 3.9
The only non-degenerate limit reliability functions of the non-homogeneous regular two-state
parallel-series system are:

Case l. k,=n, |[l,—clogn | >> s, s> 0, c>0 (under Assumption 4.1 (Kotowrocki 2004)).

R, (t)= exp[-d(H)(-) ] for t <0, %', (1)=0fort>0, a> 0,

', (t)=1fort<0, I, ()= exp[-d(t)*1for t >0, a>0,

ANGE exp[—c?(t) exp[t]] for ¢ € (—o0,0),
Case 2. ky=n,l,—clogn=s,s € (—0,0), c>0 (under Assumption 4.1 (Kotowrocki 2004)).
R', (1) = exp[~d (t) exp[~(~t)* —s/c]] for t<0, &', (£)=0for 1> 0, a>0,
. ()=1fort<0, ', ()= exp[-d(t)exp[t® —s/c]] fort>0, a>0,

R, (t) = exp[-d (1) exp[~(~)* —s/c]] for t <0,

' (t) = exp[-d()exp[t® —s/c]] fort >0, a>0, B> 0,

. ()=1fort<t, R (t) = exp[-d(t)exp[-s/c]] fort; <t <t,
F'.(t) =0fort>0,t <t

Case 3.k, > k, k>0, [, > oo (under Assumption 4.1 (Kotowrocki 2004)).

') =1fort<0, R', (1) = e d.(t)exp[—t “1]%* for t>0, a> 0,
i=1
(1) = f[[l—c?i (t)exp[—(=1)*1]%* for t <0, F#', (t)=0 for t>0, a> 0,
i=1

T (1) = 1114, (1) expl—exp(-0)]]"" for t € (-0,),

where d(f) and df) are non-decreasing functions dependent on the reliability functions of
particular system components and their fractions in the system defined in (Kotowrocki 2004).
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4 RELIABILITY OF LARGE MULTI-STATE SYSTEMS

In the multi-state reliability analysis to define systems with degrading (ageing) components we
assume that:

—FE;, i=1,2,...,n, are components of a system,

—all components and a system under consideration have the reliability state set {0,1,....z}, z >1,

—the reliability states are ordered, the state 0 is the worst and the state z is the best,

—Tdu), i=1,2,..,n, are independent random variables representing the lifetimes of components E;
in the reliability state subset {u,u+1,...,z}, while they were in the reliability state z at the moment #
=0,

—T(u) is a random variable representing the lifetime of a system in the reliability state subset
{u,u+1,...,z} while it was in the reliability state z at the moment ¢ =0,

—the system state degrades with time ¢,

—ei(t) is a component E; reliability state at the moment 7z, f €<0,), given that it was in the
reliability state z at the moment ¢ =0,

—s(7) is a system reliability state at the moment ¢, # €< 0,00), given that it was in the reliability state
z at the moment ¢ = 0.

The above assumptions mean that the reliability states of the system with degrading components

may be changed in time only from better to worse. The way in which the components and the

system reliability states change is illustrated in Figure 4.1.

transitions
A 4 X
O-OO0-00
worst state best state

Figure. 4.1. Illustration of reliability states changing in system with ageing components

Definition 4.1
A vector

Ri(t,) =[Rdt,0),R{(1,1),....R(t,2)], t €<0,0), i =1,2,....n,
where
Ri(t,u) = P(eft) > u | e(0) =2z) = P(T(u) > {), t €<0,0), u=0,1,...,z,

is the probability that the component E; is in the reliability state subset {u,u +1,...,z} at the moment
t, t €<0,00), while it was in the reliability state z at the moment ¢ = 0, is called the multi-state
reliability function of a component E;.
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Definition 4.2
A vector

R.(t,) = [Ru(2,0),R.(2,1),....R.(2,2)], t € (—00,0), 4.1
where
R.(t,u) = P(s(t) > u | s(0) =z) = P(T(u) > 1), t €< 0,0), u=0,1,...,z, (4.2)

is the probability that the system is in the reliability state subset {u,u+1,...,z} at the moment ¢,
t €<0,0), while it was in the reliability state z at the moment ¢ = 0, is called the multi-state
reliability function of a system.

Definition 4.3
A probability

r(t) = P(s(t) <r|s(0)=z)=P(1I(r) £ 1), t €< 0,0),
that the system is in the subset of reliability states worse than the critical reliability state r, r

e{l,....z} while it was in the reliability state z at the moment ¢ = 0 is called a risk function of the
multi-state system.

Under this definition, from (4.1)-(4.2), we have
r(t)=1- P(s(t) > r|s(0)=z)=1- R,(¢,r), t €<0,0).
and if 7 is the moment when the risk exceeds a permitted level 6, then
T=r7"(5),
where r 7' (1), if it exists, is the inverse function of the risk function r(7).

In the asymptotic approach to multi-state system reliability analysis we are interested in the limit
distributions of a standardised random variable

Tu)-b,(u))/a, (u), u=1.2,...z
where T(u) is the lifetime of the system in the state subset {u,u+1,...,z} and
an(u) >0, b(u) € (—o0,0),u=1,2,...,z,
are some suitably chosen numbers, called normalising constants. And, since
P((T(u)=b,(m))/a,(u)>t) =P(T(u) > a,(u)t + by(u))= Ru(a,(u)t + by(u),u), u=1,2,...,z,

where
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Ru(t,) = [Ru(2,0),R,(2,1),....,Ru(2,2)], t € (=00, 0),

is the multi-state reliability function of the system composed of » components, then we assume the
following definition.

Definition 4.4
A vector

e, ) =[1,91¢1),... . Htz)], t €(—0,0),

is called the limit multi-state reliability function of the system with reliability function R,(¢, ) if
there exist normalising constants a,(u) > 0, b,(u) € (—o0,0), such that

lim Ry(a(u)t+ by(u),u) = Htu) for t € Copy, u=1,2,....2,

where Cgu 1s the set of continuity points of $(t,u).

Knowing the system limit reliability function allows us, for sufficiently large n, to apply the
following approximate formula

(LR DR(e2)] = (1,902 1y =0 E) 1 (om0

a,() a,(2)
Similar as in Section 3, auxiliary theorems on limit reliability functions of multi-state systems,
which are necessary for their approximate reliability evaluation, can be formulated and proved
(Kotowrocki 2004). The classes of limit reliability functions for homogeneous and non-
homogeneous series, parallel, series-parallel and parallel-series multi-state systems and for a
homogeneous multi-state “m out of n”” system can be fixed as well (Kotowrocki 2004).

S RELIABILITY OF COMPLEX TECHNICAL SYSTEMS

Most real technical systems are structurally very complex and they often have complicated
operation processes. The time dependent interactions between the systems’ operation processes
operation states changing and the systems’ structures and their components reliability states
changing processes are evident features of most real technical systems. The common reliability and
operation analysis of these complex technical systems is of great value in the industrial practice.
The convenient tools for analysing this problem are presented in (Kotowrocki, Soszynska-Budny
2011) where the multistate system’s reliability modelling commonly used with the semi-Markov
modelling of the systems operation processes, leads to the construction the joint general reliability
models of the complex technical systems related to their operation process (Kotowrocki 2006,
Kotowrocki 2007a,b, Kotowrocki, Soszynska 2006, Kotowrocki, Soszynska 2010a, Kotowrocki,
Soszynska 2011, Soszynska 2004a,b, Soszynska 2006, Soszynska 2007, Soszynska 2008). In the
case of large complex technical systems, one of the important techniques is the asymptotic approach
(Kotowrocki 2004, Kotowrocki 2008b, Sosznska 2004a,b, Soszynska 2006a, Soszynska 2007,
Soszynska 2008) to their reliability evaluation. .
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5.1 RELIABILITY OF MULTISTATE SYSTEMS AT VARIABLE OPERATIONS
CONDITIONS

We assume that the changes of the operation states of the system operation process have an
influence on the system multistate components E,, i =1,2,..., n, reliability and the system reliability

structure as well. Consequently, we denote the system multistate component E , i=12,..n,
conditional lifetime in the reliability state subset {u,u +1,...,z} while the system is at the operation
state z,, b=1,2,...,v, by Ti(”) (u) and its conditional reliability function by the vector

[R,(2,)]”=[1, [R,(, D]",..., [R,(2,2)]”],
with the coordinates defined by
[R, (t,u)]” = P(T" (u) > 1| Z(1) = z,)

for te<0,0), u=12,.,z,b=12,...,v.
The reliability function [R,(¢,u)]"” is the conditional probability that the component E, lifetime

T (u) in the reliability state subset {u,u+1,..,z} is greater than ¢, while the system operation
process is at the operation statez, .

Similarly, we denote the system conditional lifetime in the reliability state subset {u,u+1,...,z}
while the system is at the operation state z,,b=12,...,v,by T ® () and the conditional reliability

function of the system by the vector

[REH]™ =11, [RED]”,.... [R(t,2)]"], (5.1)
with the coordinates defined by

[R(t, )] = P(T" (u) >4 Z(t) = z,)
(5.2)

for te<0,0), u=12,....z,b=12,..,v

The reliability function [R(z,u)]” is the conditional probability that the system lifetime 7 (x) in
the reliability state subset {u,u+1,...,z} is greater than ¢, while the system operation process is at
the operation state z,.

Further, we denote the system unconditional lifetime in the reliability state subset {u,u +1,..., z}
by T(u) and the unconditional reliability function of the system by the vector

R(z,) =[1, R@1), ..., R(t,2)], (5.3)

with the coordinates defined by
R(t,u) = P(T(u) > 1)

for t€<0,0), u=12,..,z.
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In the case when the system operation time is large enough, the coordinates of the unconditional
reliability function of the system defined by (5.3) are given by

R(t,u) = bzl 2[Rt for 120, u=12,..z,

where [R(t,u)]”, u=1.2,...,z,b=12,...,v, are the coordinates of the system conditional reliability
functions defined by (5.1)-(5.2) and p, ,b =1,2,..., v, are the system operation process limit transient
probabilities given by (2.22) (Kotowrocki, Soszynska-Budny 2011).

5.2 ASYMPTOTIC APPROACH TO RELIABILITY OF LARGE MULTISTATE SYSTEMS
AT VARIABLE OERATION CONDITIONS

In the case of large complex systems, the possibility of combining the results of the reliability joint
models of complex technical systems and the results concerning the limit reliability functions of the
considered systems is possible (Kotowrocki 2004, Kolowrocki 2008b, Soszynska 2004a,b,
Soszynska 2006a, Soszynska 2008). This way, the results concerned with asymptotic approach to
estimation of non-repairable multi-state systems at variable operation conditions may be obtained.
Main results concerning asymptotic approach to multi-state large system reliability with ageing
components in the constant operation conditions are comprehensively presented in the work
(Kotowrocki 2004) and some of these results’ extentions to the systems operating at the variable
conditions can be found in (Soszynska 2004a,b, Soszynska 2006a, Soszynska 2007, Soszynska
2008).

In order to combine the results on the reliability of multi-state systems related to their operation
processes and the results concerning the limit reliability functions of the multistate systems, and to
obtain the results on the asymptotic approach to the evaluation of the large multi-state systems
reliability at the variable operation conditions, we assume the following definition (Soszynska
2007).

Definition 5.1
A reliability function

R, )=[1, HK,)),.., HK(,z)], t €(—wo,0),
where

R(t,u) = bzl PR, u=12,.,2,

is called a limit reliability function of a complex multistate system with the reliability function
sequence

R @ )=[LR,&),.,R, (t,2)], te(-0,2), neN,

where

R (t,u)= bzl 2[R (t,w)]?, u=12,..,z,

if there exist normalizing constants
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a®” w)>0, b (u)e (0,0, u=12,..,z,b=12,..,v,
such that

lim[R, (a,” ()t +b,” (), )] =[F(2,u)]"”

for all ¢+ from the sets of continuity points C[W( A® of the functions [#(t,u)]”, u=12,...z,

b=12,.,v.
Hence, for sufficiently large n, the following approximate formulae are valid

R, @ )=[1R,&D,..,R, (t2)], t €(—w,©),

where
t —b,ﬁb) (u)

,u ](b)a te (—OO’ OO)’ u= 1’2""’2'
ay’ () :

R, (t,u) = z p,L9(

The following theorems concerned with the large complex series-parallel and parallel-series
exponential systems operating at the variable operation states are exemplary results that can be
worked out on the basis of the results included in (Kotowrocki 2004, Kotowrocki 2008b, Soszynska
2004b, Soszynska 2007) for the large systems.

Theorem 5.1
If components of the multistate series-parallel regular system at the operation states z,,

b=1.2,..,v, ie., the system with the structure shape parameters such that
kzkib), [ =1,=...=1, zlib), b=12,.,v, neN,

have the exponential reliability functions given by (3.15)-(3.16) in (Kolowrocki, Soszynska-Budny,
2011) are homogeneous, i.e.,

[A; )] =[A@)]?, i=12,., k", j=12,.,1, b=12,.,v,

then the system unconditional multistate reliability function is given by the approximate formulae,
respectively in the following cases of the system structure shape at the particular operation states:

D KD —n, 10 50,
R(ta) = [19 R(tal)aa R(t,Z)]
where

R(t,u) = 1= ¥ p, expl-n exp[-LA@) 1" ] for ¢ € (00), u=12,..., 7
b=1

i) &Y > k), 1D - o,
R(ta) = [19 R(tal)aa R(t,Z)]
where
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1 for ¢t <0,

R(t,u) = v
G011 2% p - expl 1@ 101 for 120, "
b=1

Theorem 5.2
If components of the multistate parallel-series regular system at the operation states z,,

b=1.2,..,v, ie., the system with the structure shape parameters such that
k=k", I, =1,=..=1, =1'", b=12,..,v, neN,

have the exponential reliability functions given by (3.15)-(3.16) in (Kolowrocki, Soszynska-Budny,
2011) are homogeneous, i.e.,

[A; )] =[A)]?, i=12,., k", j=12,.,1, b=12,.,v,

then the system unconditional multi-state reliability function is given by the approximate formulae,
respectively in the following cases of the system structure shapes at the particular operation states:

D) kD =n, 1O 51O 10 >0,

R(t,) =[1,R(2,1),...,R(t,2)]
where
1 for ¢t <0,
R(t,u) =

=12,..,z.

3 p, expl-n([Aa)]"'0)" ] for £20,"
b=1

i) k£ > kP, 1P > o0,
R(t,) =[1,R(2,1),...,R(z,2)]
where

R(t,u) = ¥ p,[1-exp[~L” exp[-{ A 1" for t € (00.00),u = 1,2,..., 2.
b=1

It is possible to obtain similar and more general results for other complex multistate systems after
some modification of the results included in (Kotowrocki 2004, Kotowrocki 2008b).

6 SUMMARY

In the paper, the asymptotic approach to the reliability evaluation of homogeneous and non-
homogeneous series and parallel systems, homogeneous “m out of n” systems and homogeneous
and non-homogeneous regular series-parallel and parallel-series systems has been presented. For
these systems, in the case where their components are two-state as well in the case where they are
multi-state, the classes of limit reliability functions can be fixed. Moreover, the auxiliary theorems
useful for finding limit reliability functions of real technical systems composed of components
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having any reliability functions can be formulated and motivated. The series-parallel and parallel-
series systems have been considered in the case where their reliability structures are regular.
However, this fact does not restrict the completeness of the performed analysis, since by
conventional joining of a suitable number of failed components in parallel subsystems of the non-
regular parallel-series systems we get the regular non-homogeneous parallel-series systems
considered in the book. Similarly, conventional joining of a suitable number of components which
do not fail, in series sub-systems of the non-regular series-parallel systems, leads us to the regular
non-homogeneous series-parallel systems considered in the book. Thus the problem has been
analysed exhaustively.

The results presented in the paper have become the basis of investigations on domains of attraction
of system limit reliability functions and initiated the problem of the speed at which system
reliability function sequences reach their limit reliability functions (Kotowrocki 2004).

Additionally, the results presented in the paper have initiated and become the basis for the
investigations on limit reliability functions of practically important large series-*“m out of n”” and “m
out of n”-series systems and hierarchical systems have been recently significantly developed
(Kotowrocki 2004, Kotowrocki, Soszynska 2007, Sun et al 2011). Some further consequences of
these results are also given in (Kotowroci, Soszynska—Budny 2011), where the comprehensive
approach to the analysis, identification, evaluation, prediction and optimization of the complex
technical systems operation, reliability, availability and safety is presented. Those all tools are
useful in reliability, availability and safety optimization and operation cost analysis of a very wide
class of real technical systems operating at the varying conditions that have an influence on
changing their reliability and safety structures and their components reliability and safety
characteristics.
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Abstract: Many real world systems (electric power, transportation, telecommunication, etc) are
multistate systems composed of multistate components in which system reliability can be computed
in terms reliabilities of its components. Such systems may be regarded as flow networks whose arcs
(components) have independent, discrete, and multi-valued random capacities. An arc can, at
different conditions, be characterized by different performance levels, causing network system to
work with different levels of output performance. The criticality of such arcs must be measured
with reference to their performance level and reliability, and its contribution to the overall system
output performance measure(OPM). In this paper, we introduce a generalized concept of
importance measures and joint importance measures for the flow network made up of multistate
arcs with respect to output performance measures (expected performance, reliability and
availability). An approach based on the universal generating function (UGF) for the evaluation of
the proposed joint importance measures is introduced. An illustrative example is given.

Keywords: Network reliability, availability, discrete state arc, joint importance measure, UGF.
MSC 2000. 68M10, 90B25, 90B15.

1. Introduction

Since the very early times of reliability engineering, the network reliability is one of the main
subjects of research. The network reliability theory has been applied extensively in many real-world
systems such as computer and communication systems, power transmission and distribution
systems, transportation systems, oil/gas production systems etc [8]. Network reliability evaluation
approaches exploit a variety of tools for system modeling and reliability index calculation. Network
reliability problems are generally classified based on the method used to transfer the flow (or
signal) and how the flow conservation law is satisfied. Typically there are two categories; the
multistate arc network (MAN) and the multistate node network (MNN). In MAN, each arc has a
non-negative integer valued discrete random variable capacity (multistate arc) and all flows in the
network obey the conservation law. Apparently in MNN, each node is a multistate node with
discrete states determined by a set of nodes receiving the signal directly from it without satisfying
conservation law. Both have their own applications; for example electrical power distribution
system can be modeled by MAN, and computer networks or cellular phone networks can be
modeled as MNN.

The standard mathematical and statistical theory of system reliability assumes both system and
component behavior are of binary nature, functioning (state 1) and failed (state 0), [1]. However, in
some systems, when components may be operating in a degraded state, the system may be operating
in degraded state, and the system may still provide an acceptable level of service, [2]. The network
reliability evaluation for complex designs relies on enumerative techniques, [12]. The flow
reliability problem for the directed capacited-flow network in which the capacity of each arc has
M+ 1 value from source to sink is generalized as a multistate system model, [10]. A graph theoretic
method is used for the reliability evaluation of multistage interconnection networks with multistate
elements, [14].
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Importance measure (IM) quantifies the criticality of a particular component within a system
design. They have been widely used as tools for identifying system weakness, and to prioritize
reliability improvement activities, [6]. They can also provide valuable information for the safety
and efficient operation of the system. In multistate system (MSS), IMs characterizes, for a given
component, the most important component state with regard to its impact on system reliability. The
knowledge about the IM can be used as a guide to provide redundancy so that system reliability is
increased. Thus, measures that can differentiate such an impact are highly desirable. In general,
there are two ways to improve the reliability of a binary system, 1) increase the reliability of
individual components, and/or 2) add redundant components to the system. Composite importance
measures are developed with the aim of identifying and ranking particular arcs (components) in a
network system depending on their impact on the multistate network reliability behavior, [13]. Joint
reliability importance (JRI) of two or more components is a quantitative measure of the interactions
of two or more components or states of two or more components, [5]. It is investigated to provide
information on the type and degree of interactions between two or more components by identifying
the sign and size of'it, [5,15]. The value of JRI represents the degree of interactions between two or
more components with respect to system reliability. Joint structural importance (JSI) is used when
the component reliabilities are not available, [15]. Joint structural and joint reliability importance
measures for any number of multistate components in the MSS are useful for the design engineers,
[5], [17]. For the MSS with multistate components, the problem related to MSS reliability
improvement is still evolving. The problem of finding the joint importance of more than two arcs in
a network system with various output performance measures (e.g. reliability, availability, etc) still
remains unsolved. To solve this problem, methods dependent on the information obtained from
multistate IMs and joint importance measure(JIM)s can be developed for efficient resource
allocation. Many of the engineering systems are modeled by networks (electric power generation
system, transportation system, telecommunication network system, etc) (see [7], [10], and [14]),
hence the development of joint importance measures of two or more arcs with different output
performances (e.g. productivity, capacity, etc) in a directed network with multistate performance
levels is quite desirable. In order to answer this problem, we introduce the JIMs of two or more arcs
in multistate directed network system with various output performance measures (expected
performance, reliability and availability). We provide an algorithm based on universal generating
function (UGF) for the evaluation of joint importance measure when network system has different
output performances.

This paper is organized as follows. In section 2, we define the JIMs in network system with
various output performance measures (expected performance reliability, and availability). Section 3
considers the application of UGF for the JIM evaluation. Illustration is given in section 4 followed
by conclusions in the last section.

2. Joint importance measures of arcs in multistate network system
Consider a directed multistate network made up of n arcs. Each arc i may be in one of
M, +1 states, {01,..,M,}, ie{l2,..,n} Let W(t) output performance of the multistate

network at time ¢ which takes the values w;, i=0, 1, 2, ... M, where M = max{M,}, depending on

the system state i at time ¢. The two vectors of the system performance realizations, w={wj, 0
<i<M}, and of the system state probabilities, p={pi;, 0<i< M }, define the system output
performance distribution. Let ¢(¢) is the state of the MSS at time t.
We use some measures of the performance of a MSS for obtaining joint importance
measures.
The steady-state the probability distribution of the system states is:
p, = %i_g}Pr{¢(t) =i} = }i_)mPr{W(t) =w}, 0<i<M.
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An associated simple measure of system output performance is its expected value of system
state defined, in the steady-state, as:

E[¢(1)] =Y ip, .

A similar measure of system output performance is its expected value of system output
performance, in the steady-state, as:

E= zwipi .

When applied to MSS, the concept of availability is related to the ability of the system to
meet a required demand w,, corresponding to state k. The general definition of instantaneous
multistate system availability is, then:

At)=Pri{g(t) 2k} =Pr{W(t) 2w, }.

If the system is under operation without break up to time t, then A(¢) is the system
reliability:

R(t)=Pr{gp(t) 2k} =Pr{iW(t)=w,}.

The MSS stationary availability is defined as

M
A= Zpi I(w; —w,).
i=0

Let G=(N,A4) represent a stochastic capacited network with known demand d from a
specified source node s to a specified sink node z. N represents the set of all nodes and
A ={a, |1<i<n} represents the set of all arcs. The current state (capacity) of arc a,, represented by

x; €{0,1,..., M}, the range of states of arc a,. The vector p, =(p,, P, Py Py, ) TEPresents the
probability associated to each of the values taken byx,. The system state vector x = (x,,x,,...,x,)

denotes the state of all the arcs of the network system. Function ¢(x):Z" — Z, where
Z={012,.,M}, M =max{M,}, maps the system state vector into system state. That is, @(x), is

the network capacity from source to sink under system state vector x, which represents a multistate
structure function, [2]. Network reliability may be defined as the probability that a demand of d
units can be supplied from source to sink through the multistate arcs. We shall make the following
assumptions for the network reliability system.

1. Arc states are stochastically independent.

2. The structure function @(x) is statistically coherent. That is, improving an arc

performance cannot cause to degrade the performance of the network system and all arcs

are relevant.

Joint reliability importance (JRI) of the two edges in an undirected network in binary nature
is an extension of the marginal reliability importance (MRI) of edges, [6]. In an undirected
network, reliability is the probability that source and terminal are connected by working edges, [6].

For an undirected stochastic network G(n,E), where E ={e, |1 <i < n} is set of all edges, N

, the set of nodes, let R(G) represents the probability that the source and terminal are connected by
working edges and g =(q,,q,,....q, ) where q, = Pr{e, € E is working }. MRI of edge e, in an

undirected network is defined as /(i) = OR(G)

, [6]. Again JRI of two edges is defined as follows.

i
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Definition 1. The JRI of two edges ¢; and e, is the second order partial derivative of reliability of
an undirected network with respect to reliabilities of both edges:
... OR(G)
1 G (l 5] ) = .
04,09

An explicit expression for this JRI of two edges is
1,G, /) =R(GT )= R(G'i~ )= R(G j=i) + R(G~i~ j)

where G'i — j represents G with edge e contracted and edge e . is deleted. The JRI is expressed in
terms of MRI of edges in same sub-graphs as,
I6G )= 1o () =1 (D) and To(i, /)= 1o, ()= L5 ,())-
Alternatively the following relationships are obtained.

1.3, j) = 1) _IG—_/‘(Z) and 1,(i, /) = I;())— IG—i(j)'
j b
We now proceed with the problem of measuring joint importance in the directed network
system with respect to expected performance. First we find the JRI of any number of arcs in the
network where the arc capacity is represented as finite discrete state in nature. That is each arc can
take the value in a discrete state space {0,1,...,M,} where M, represents the maximum flow (best

state) through the arc i. For finding the JRI of more than two arcs, we follow the method for finding
JRI in MSS, [5]. Suppose for instance the probability distribution of each arc is unknown, then we
use the joint structural importance of multistate system (JSIM) of more than two components, [5].
The JSIM (i, j), for two components i and j is given by,

JSIM(i,1) = %%{SIM(Z', I;mk)—SIM(i,l:m,£);}

m=1 k=1

S5 Hb(my kX )= j 4Bk, X )= j~q)
where SIM(i,l;m k) = X - , =m—1, and
(M +1)"
X, =(x,,x,,...m,,...k,..,x, ) the state space vector of system components.
Here y(true)=1 and y(false)=0, ¢(m, k,,X,)=j, #(H.k,,X,)=j—q determines the critical path

vector to the level j with state m of component i. The JSIM (i,j,k) for three components is

M; M; M,

JSIM(i,1,r) =23 > {ISIM(i,l,r;mk,n)—JSIM(i,l,r;mk,&)},

k=1n=1m=1
where JSIM(z',l,r;m,k,n):SIM(i,l,r;m,k,n)—SIM(i,l,r;mf,n). So in order to find the JSIM of
three arcs we have to find JSIM of two arcs for each state of third arc and, take successive
difference and total sum. Again the change in JSIM of three components with fourth component
provides JSIM of four components. Thus proceeding like this we can find JSIM of any number of
arcs.

Suppose that the arc probabilities are known. Then to find the joint reliability importance of

more than two multistate arcs for the network, one may proceed as follows. The joint reliability
importance (JRIM) of MSS, for k components is defined as follows, [5]. The joint reliability

importance of state b, of component a,, state b, of component a,,..., state b, of the component
a, (k<n) ofthe MSS is
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k
JRIM(a, ,...,a;;b,,...,b,) = O, ,k=2,..n,
’ OR,bOR,b,..0R, b,

M
where E =) P(¢(x)>j) is the expected performance of system and Vie{l2,...k},

j=0
R, b, = P(x, 2b,) are the component reliabilities. Thus in finding the JRIM of k multistate arcs, we

have to find the &™ partial derivative of the overall expected performance of network with respect to
the reliabilities of each arc under consideration. For instance we consider the JRIM of states of three

=P(¢(m, k,n,X,)>j) and p, =P(X,>m). For k=3, 1e.
differentiating £ partially with respectto p, , p, and p, , we get,

components. Let

mkn

0’E
ap im ap /3 ap rm
But observe that P

mkn

=[Pmkn _Pm§n _Pﬁkn +P,6§n]_[PInkﬁ_Pm§€_P'6kﬁ+Pﬁﬁﬁj’

—P . —Pgy,+ P 1s JRIM of states of two components when third

component is in state 7. Therefore JRIM of states three components are expressed in terms of JRIM
of states of two components as follows:
OE . 0’E, 0°E,
OR.moR koR . n 4 OR.moR ,k Jo =1 OR.moR k I

O°R(G)
OR10R,1
above result holds with binary nature of edges, i. e., M=1. Hence, the results of JRI of two edges in
a binary network, [5], can be considered as a generalization of the results JRIM, [6], to any number
of binary and multistate edges when considering undirected network system. Thus we have the
following theorem for three arcs of a directed network system.

JRI working states for edges can be written as where R1= p,. It shows that the

Theorem 1. The joint reliability importance of three arcs in a multistate network with multistate

arcs is
IPIDY O, Y Y S U ) e )
L = &~ OR . mOR,kOR n = <~ T OR,mdR,k OR .moR k

where ES is the expected output performance of network, R.m, Rk, and R n are the reliabilities
of'arcs i, /, and » with respect to performance level m, &, and n respectively.|

In the above discussed joint reliability importance measures and joint structural importance
measures, we used the expected performance of the network as output performance measure. But in
order to find the JIMs with respect to other output performance measures, reliability and
availability, of the multistate network systems, we proceed as follows.

When the generic j-th multistate arc is considered, one can introduce a performance
threshold o and divide the complete ordered set of its states into two ordered subsets corresponding
to the arc performance above and below the level «, respectively. By so doing, we re-introduce a
collectively binary logic for the arc’s states. Let arc j be constrained to performance below o, while

the rest of arcs of the network system are not constrained: we denote by OS_f“ the network system

OPM (reliability or availability) obtained in this situation. Similarly, we denote by OS;“ the
network system OPM resulting from the dual situation in which arc j is constrained to performances
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above a. The network system performance measures so introduced rely on a restriction of the
achievable performance of the network arcs. Different modeling assumptions in the enforcement of

this restriction will lead to different performance values. Using the measures OS_f“ and OS}“,
we can define Birnubaum importance measures for multistate elements
OS“; =08, -0S**,.
Suppose that OS™”“;; represents the Birnubaum importance of the component i when
component j is restricted to the performance above level g. Similarly define ps<#<,; the Birnubaum
importance of the component i when component j is restricted to below level g. Thus we can

define the joint importance of two components i and j to the network system performance as
0S°%;; = 08*F%; ; =08

Similarly we can obtain the higher order joint importance measures for more than two arcs,
i.e., for example, to measure the improvement of joint importance of two arcs with respect to the
interactive effect of more than two arcs, at first we shall calculate change in the joint importance of
two arcs with respect to the change of third arc. If there is any change in the joint importance of two
arcs due to change in performance of third arc from upper states to lower states we can say that
there is an interactive effect for three arcs for the network OPM improvement. We shall find the
joint importance measures at steady state system performance in the following section.

3. Application of UGF

In MSS modeled by networks with respect to various output performances, we modify the
above joint importance measures. The UGF is found to be a useful tool in assessment of output
performance measures of the network systems, [11]. The method of UGF generalizes the technique
that is based on using a well known ordinary generating function. The basic ideas are introduced by
Ushakov in 1987,. [11]. The approach proved to be very convenient for numerical realization. It
requires relatively small computational resources for evaluating MSS reliability indices and,
therefore, can be used in complex reliability operations. Importance measure evaluation in MSSs

using UGF can be see in Ref. [9].

The MSS model includes the performance distribution of all arcs and the system structure
function: x,, p,,1<j<n, ¢(x,x,,..,x,), where any system element j can have finite number, M,
of discrete states, and its performance distribution is represented by ordered sets
X; (XX 05 Xy, ) and py (P, Pjysens Py, ) that relate the probability of each state with
performance corresponding to this state.

The UGF of a discrete variable X corresponding to the state of an arc is defined as the
polynomial

Xk

Ucz) =Z_:pk2

where the discrete random variable X has M possible values and p, is the probability that X is

equal to x,. In order to represent all the possible combinations of states of the two arcs a, and a,,

one has to relate the corresponding probabilities of states of two multistate arcs subsystem with
values of the vector y(x,,x, ) in these states. For these purpose, we consider a composition

operator Q over UGFs of individual multistate arcs which takes the following form for a pair (i, j)
of multistate arcs.
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PuPiinl

M, M, W (X sXie1n)
k=

M; My,
U[,m (Z) = Q(U[ (Z)aUm(Z)) = Q(Z p[kZ'w > Z P[H,nZlM" ) =
k=1

n=1 1 n=1

The resulting polynomial U, (Z) represents the probability distribution of the subsystem

i,i+1
containing arcs i and i+1. Applying the operator Q to all other arcs one by one we get the resulting
polynomial that takes the form,

M
Uy, . (Z)= Z A

k=0

The polynomial represents distribution of state of connections between source and sink of the entire
network. This polynomial relates the probabilities of all the possible states of whole network, g, ,

with the output performance corresponding to these states, y, . Thus we can obtain the reliability of
network as

M
R =>"q,.I(demand of d units sup plied from s tot)
k=0

where /(.) is the indicator function. To evaluate the joint importance measures we need the

steady state distribution of the observed performance of the network system under some constraints.
In order to use the UGF in joint importance measure evaluation, we use the following approach.
Let O, be the output performance of multistate network system when arc j is in fixed state &

while the rest of the arcs evolve stochastically among their corresponding states with steady-state
performance distributions {x, p,}, 1<i<n,0</<M,. Assume that the arcj is in one of its states,

k, with performance not greater than o.. We denote by k;, the state in the ordered set of states of

The

conditional probability of the arc j being in a generic state £ characterized by a performance
X, =x, not greater than a pre-specified level threshold a (k <k, ) is:

arc j whose performance x; ~is equal or immediately below o, ie., x;, <a<x; .

Pr[X_/ =X |k < k./a]: Py ok = k o F—= p<f‘ :
Zp_/r :
r=0

Similarly, the conditional probability of arc j being in a state k when it is known that k >k, is

PriX; =x, [k>k,]= Pz*./k = P = Afjk = P>,§ :
Pr[k>k,] . P
' kle?./r
r=kjq+

Now consider the joint probability distribution of two arcs i and j, for X; =x;,X; =x; given

k <k;,,h <h, . Thus now under the consideration that the arcs are independent we could arrive at

four additional restrictions, (1) k > k.

io 2

probability distributions given below. That can be computed as earlier result for independent arcs as
follows. Let

PPy
kia h./ﬂ ’
Z() p[r Z pjm

= m=0

Pr[X, =x,, X, =x, |k<k, h<h,]=p =
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Pr[Xi:xik’X_/=x_/h|k£k[a:h>h_/‘ﬁ]=p2**hk— - plkp/h )

Z P Z P

r=0 m= h/ﬂ+l

PrUX,=xy X, =%, |k>ky h<hy ] = pg ' =— Dol

//f,

Z Py 2P

r=kiq +1 m=0

and

PP

PriX,=x,, X =x,|k>k,h>h,]=p n=—0

M ; :
Z pir Zp/m

r=kig +1 m=h;p +1

Similarly we can find joint distributions of any number of arcs with the specified restrictions. We
define OS**; as the network output performance measure ( e.g. reliability or availability) obtained
when arc j is forced to visit only states with performance not greater than o :

Similarly, we define as OS”“; the network output performance measure obtained under the
condition that the arc j stays only in states with performance greater than o.:

>a \ P i
0s ;= 3 40,

k=k o +1
Thus the Birnubaum importance takes the form,
0S“; =08, —0S*;.

In order to compute the joint importance of two arcs i and j, i.e., let OS™";; denote the joint
importance of two arcs with respect to the network output performance measure OS, then

os” ’ﬁg =08" ﬁ’ag -0S° ﬁ’ag

Le.,
ﬁ ta Jﬂ ta Mf o i Mi Mf o
a,
OS“"y = Zzpl O ik, jh Z Z P, lk ih Z Zp3 hkOlk wt Z Zp4 hkO[k,jh
k=0h=h;p +1 =kjq +1h= k=kig +1h=h;g +1
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Similarly by finding change in joint importance of two arcs with respect to third arc, we get the
joint importance of three arcs. Continuing like this we get the joint importance of any number of
arcs with respect to network output performance measure and state space restricted probabilities of
all arcs.

In order to obtain the state space restricted measures, one has to modify the UGF of arcs as
follows,

(Z) Z pzk Zxk (Z)— z pzk Zxk US](Z) Z p]k k7 X jk
i P k=ky+1 P i h=0p J
i ik << P & ih ia, . PP w(x )
Ui(Z)= 3, ’ ka i(Z)= z X Z”z L7 = zz - j p K
h=hg+1 D i = p7; k=0h=0 P iP

U><U(Z)— z p,k Zxkz Pin Z X _ Z z p;kp/h Zy/(xk /h)

i i’ h=op kek 1 h=0 P iP
M/ M. M;
' Pin - % PiPjn X,
U>>1/(Z) flk 7 z / Z/h — ikt j Zl//( )
kkiH ik h,/;Jrlp Kkt el prip”?
M ; k: M/
Pix_ i . p./h Xjn - ptkp/h (X, x/h)
and  U™y(Z)= Z Zn Y =52 =2 X e
i h=hz+1 P " j k=Oh=hz+1 P iP

when evaluating UGF of 0S*%;, 0S™%, 0S*;, 0S°*;, OS**;, and OS™"";. We use the
following algorithm for evaluation ofOS**;, 0S™*;, OS** ;, 08" ;,0S**;, and OS™"*; .

Obtain the u-functions of all of the system elements. If the system contains a pair of
elements connected in parallel or in series, replace this pair with an equivalent macro-element with
u-function obtained by ‘sum’ or ‘min’ operator for yA’). If the system contains more than one
element, do it again and again. Then, determine the u-function of the entire series-parallel system as
the u-function of the remaining single equivalent macro-element. The system probability and
performance distributions are represented by the coefficients and exponents of this u-function,
corresponding to the state probabilities and performance levels, respectively. Compute the system
OPM for the given level with the given vectors of the state probabilities and performance levels.

4. Illustrative example

For the network in figure 1, it is desired to obtain the probability that a demand of 10 units can be
supplied from source to sink, [13]. Here the system can be considered as the MSS in Ref. [5]. Table
1 presents arc probabilities. In table 2, we computed JRIM of pair of arcs with a=2, =2 which
influences system most with respect to system output met the demand or not.
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It shows the pair (8,9) has largest JRIM with respect to system reliability.

4. Conclusion

In this paper joint importance measures of two or more arcs in multistate arc network with
various output performance measures are developed. The procedure of evaluating joint importance
measures using UGF is proposed. The proposed measures can be used in any systems modeled as
multistate networks having various output performance measures with multistate arcs.

Table 1
Arc | State State probabilities
1 034 8 0.005 0.005 0.01 0.98
2 034 6 0.02 0.01 0.015 0.955
3 03 0.02 0.98
4 034 0.01 0.015 0.975
5 03 0.02 0.98
6 03 6 0.005 0.02 0.975
7 03 0.01 0.99
8 034 6 0.01 0.015 0.005 0.97
9 034 8 0.02 0.01 0.01
0.96
Table 2
Pair (1,2) (8,9) (1,4) (2,6)

JRI 0.000394 | 0.089946 | -0.894983 | -0.01469
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Abstract: In this article, we study, the maximum likelihood as well as Bayes estimation on
parameters of Mixture of Weibull with ‘nearly instantaneous failure’ as introduced in Lai et.al.
(2007). For Maximum likelihood estimation, the EM algorithm is used. For Bayes estimation of
parameters, we used three different algorithms namely, Population Monte Carlo method (PMC),
Mixture version of Metropolis-Hasting and Gibbs sampler. The methods are compared using a
simulation study. A numerical example is also discussed at the end of the paper.

Key Words: Maximum Likelihood, Expectation-Maximization, Metropolis-Hasting, Gibbs,
Population Monte Carlo method, Bayes Estimation, Mixture of Non-Degenerate and Weibull
Model.

1. Introduction

The mixed failure time distribution arises frequently in many different contexts in statistical
literature. For instance, when we put units in a life testing experiment, then some of the units fail
instantaneously and thereafter the life time of units follow a distribution such as exponential,
Weibull, gamma etc. Such situations may be represented as a mixture of singular distribution at
zero and a positive continuous random variable distribution. Lai et. al. (2007) has proposed a model
as a mixture of generalized Dirac delta function and the 2-parameter Weibull having a closed form
expression for survival function and hazard rate. The density of such a mixture can be shown as

a-1 ef(ﬂ.x)“

f(X)=pd,(x —xy) +qa A" x , p+g=1,g=1-p0<p<l (1

Where

1 Xo <Xx<xo+d
Syx—xg)=9g 707770
0, otherwise

For sufficiently small d. Here p > 0 is the mixing proportion. We note that
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d(x —xq)= Lim b 4(x — xg),
d—0

where 9(.) is the Dirac delta function that is well known in mathematical analysis. One can view the
Dirac delta function as a normal distribution having a zero mean and standard deviation that tends
to 0. For a fixed value of d, the distribution becomes a mixture of a Weibull with Uniform
distribution.

As a special case, the model presented in (1) for xo =0 becomes a mixture of Weibull with a

uniform distribution (See Muralidharan and Lathika, 2007). The pdf of mixture of Weibull with
‘nearly instantaneous failure’ occurring uniformly over [0, d] can be given as

f(x)=§+(1—p)ak“ x® e o< p<i )

Taking f; ~ U (xy, xo +d) and f> ~ Weibull (¢, 1), then (2) can be written as
fx) = pfilx; |d) +(1-p) fr(x; |a, 1) 3)

If X;,X;,...,X,, are the random sample of size n from (3), then the likelihood function is given by

n
L(prar}\'rd |£) = Hf(xl)
i=1
Introducing Latent variable Z; in the likelihood function, we have
n Zj
Lp,ohdlx,2)= [Tipfilx; 1d)} {1-p)f 0 e nf ™ (4)
i=1

where

Plzi=1)=p fi(x;1d) , Plz; =0)=(1-p)f,(x; |d)

After some simplification, the Log-likelihood can be written as

n |d
n(ip.a..d] x.2)= 37 In[L P p} { fjl(i):'lL'i)DHn((l—p)fz (1o h) (5)

For further development in the study, we make use of the likelihood given in (5). One may
refer to Lai et.al. (2007) paper for various characteristics of the model and the parametric estimation
of the model.

Here, we compute the Maximum likelihood estimator using EM algorithm (see section-2),
while in section-3, the Bayes estimators of the parameters are calculated. The posterior samples
have been generated using three different approaches namely, Population Monte Carlo, Mixture
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version of Metropolis-Hasting and Gibbs sampler. The performance of the algorithms is evaluated
using a simulation study. The last section discusses a practical example.

2. Maximum Likelihood Estimators

To find MLE of the parameters of an underlying distribution we use EM algorithm given by
Dempster, Laird and Rubin (1977). The EM algorithm has two advantages here: The first occurs
when the data indeed has missing values, due to problems with or limitations of the observation
process. The second occurs when optimizing the likelihood function is analytically intractable but
when the likelihood function can be simplified by assuming the existence of and values for
additional but missing (or hidden) parameters. There is much literature devoted to extensions and
applications of the EM algorithm, and this is summarized in McLachlan & Krishnan (1997).

The expectation step or E-step computes the expected likelihood for the complete data. Let &
be the complete collection of parameters occurring in the mixture, i.e. 8 = (d,o.,A).

E-Step: We take expectation and get Q function

Q(016Y) = E[In(L(p, 0] Z,X))|x,0"]

— NE(Z Ix 0 p filxi1d) ) |
I;]-E(lexue )In[|:1_p:| |:f2 (Xlla'x):D'i'ln((l p)fZ (Xll(x'}\‘)) (6)
where
E(Z; |X,-,9(t)):P(zi =1|Xi;9(t))

- p filx;1d")

pfilx; 1dY) + (1-p) f(x; 1a,2®)

"
= 4d®
ptt) N N I Ry (7)
g+ A g e

M-Step: Here we maximize the expectation, i.e., the Q-function that we computed in the E-step.
The two steps may be repeated as per requirement

Maximizing Q(Gle(t)) w.r.t. 0 yields the update equations

a_

n
0 = p=L See ®)
dp n =1
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oQ 12
—=0=——)>E(z;)=0 9
~ y Zl (z;) )
1
n /(t)
- S(-Ez) |
a=0:>k(t+1)= ni:l (10)
(t)
D (1-E(z;) x{*
i=1
oQ

o0 > i(l—f(z,))[i+|n(x(”)+|n(x,.)—(x(” ) e x)l=0 (1)
oo i=1 a(t)

d(t+1)

Since equation (9) cannot solved analytically, we use =Max(x;) sincexqg <x; <xg+d. To

D we solve equation (11) numerically using Newton-Raphson method.

obtain o

The EM algorithm starts by assigning initial values to all parameters to be estimated. It then
iteratively alternates between two steps, the E-step and M-step. The E-step computes the expected
likelihood and the M-step re-estimates all the parameters by maximizing the Q-function. If the
convergence criteria is not met, then the parameters p,@,A and d are updated. We can repeat E-step
followed by the M-step until the likelihood converges. Every iteration is guaranteed to increase the
log-likelihood and the algorithm is guaranteed to converge to a local maximum of the likelihood
function.

3. Bayesian Estimate when all parameters are unknown

Let the prior distributions be

n(p)= p"t (1-p)Pt ,n>0,8>0

1
B(n,p)
1
d)==, 0<d
m(d) : <d<¢&

mla)=0e"*®, 8>0
and

(A) =—ba Alet) gb/2
I'(a)

Then the joint pdf becomes

f(x;p,d, 0, 1) = [T f(x;) nlp)m(d)n(a)n(r)

i=1
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= (B-l-(l —p)axl"‘x,.“’l e—(/lx[)“ Jleea’@ 1 pnfl (1 _p)ﬁ—l b /1—(a+1) e—b//l (12)
i \d 3 B(n, p) ['(a)

Thus, the posterior density is proportional to

n
M(p,d,ct, 2| x) o H[§+(1—p)aﬂ“x,-“‘1e““f’ je‘“‘g P (1-p)P T 2T e (13)
i=1

To generate sample from (13), we use Population Monte Carlo (PMC) algorithm and Mixture
version of Metropolis-Hasting algorithm. The PMC algorithm is an iterated importance sampling
scheme, it is an adaptive algorithm that calibrates the proposal distribution to the target distribution
at each iteration by learning from the performance of the previous proposal distributions. A
complete detail about PMC can be found in Capp’e et al. (2004). Letting® = (p,d,a,7), the PMC

algorithm can be given as

Algorithm-1

Initialize 6(01) ,...,Ggw) ;set t=1.
Step — 1 Fori=1,....M
1.1.1 Generate 01 ~ q,t(e(i) )

t) (t-1)
1.1.2 Compute
(i)
ol _ T1(0))
a0 )
) p(f)
1.2 Compute  w\= v
Zp(/)
=1

1.3 Resample M values with replacement from the Gg)) s using the  weights w".

Step — 2 Repeat step — 1 for t=2 to N

Below we present Metropolis-Hasting (MH) algorithm corresponding to the mixture distribution
shown in (13).

Algorithm-2

Initialize 09 ; set t=0.
Step 1: Generate 0~ q(0] O(t)) and u ~ Uniform (0, 1)
Step 2: Compute
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_ f(x]®) =(6) q(6" 6)
F(x16%) n(6") (6 ] 6)
Step 3: If u <rthen

e(t+1) — 6

else
g(t+1) — g(t)

Step 4: Repeat steps 1 to 2 for t = 1,2,...,N and return the values o®,....01.

It is to be noted that in both the algorithms, the instrumental distributions ¢, for (p, d,a,A) is taken
as their prior distributions. As seen above, Population Monte Carlo method is a combination of the
Markov Chain Monte Carlo algorithms (for the construction of the proposal), Importance Sampling
(for the construction of appropriate estimators), Sampling Importance Resampling (for sample
equalization) and Iterated particle systems (for sample improvement). Thus the Population Monte
Carlo (PMC) algorithm is in essence an iterated importance sampling scheme that simultaneously
produces, at each iteration, a sample approximately simulated from a target distribution and provide
unbiased estimates for that distribution. The sample is constructed using sample dependent
proposals for generation and importance sampling weights for pruning the proposed sample.

Now, we define another approach to carry out Bayes estimation in mixture context.
Introducing latent in the structure, Posterior density can be written as

n Z o [1-2z;
H{S} {(1_p) akaxia—l o 1xi) } ee—aepn—l (1_p)[s—1 3 ~(a+1) g=b/%

i=1 (14)
Then the full conditional distribution of (p, d,a,A) is given by
I(d|z) cd™™,
M(p|2) o p"* "7 (1-p)2* P71,
n
H(x|z,A) = a™ e Hx,o‘_l g A
{I Zi:O}
and
n o
(L] z,0) = N2> 072 e70/% T e ) (15)
{I Zi:O}

n n
Where ny =31, 4 ,n,=>1, o andn=n; +n,
i=1 i=1

For generating a sample from this full conditional distribution, we use following algorithm.

Algorithm-3
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Initialize p” , d” , o and 2V ; Set t=1.
Step — 1 Generate z” (i=1, ..., n) from
Pz =1) oc p* /Y

(t-1)
P(z,(t) =0) oc (1_p(t—1)) ot K(t—l)a X

_ _ (t-1)
_(x(t O] e—(k(t 1)x,-)o‘
i

(t)_o

I

n n
Step — 2 Compute ngt) = leif)zl and n(zt) = ZIZ
i=1 i=1

Step — 3 Generate p(t) ~ Beta(ngt) +n-1, n(zt) +B-1)

Step — 4 Generate d ®) ~ Uniform(d(t_l))

Step — 5 Generate o." “H(oc(t) |n(t_1),k(t_1)) using M-H algorithm.
p 2 g g

Step — 6 Generate A0~ |n£t_1) Lol using M-H algorithm.
Step — 7 Repeat step-1to 6 fort=2, 3, ..., N

To implement the M-H algorithm, it is necessary that a suitable candidate-generating density
be specified. If the domain explored is too small, compared with the range of f, the Markov chain
will have difficulties in exploring this range and thus will converge very slowly so ¢ may be (for
both @ and A, candidate-generating density is taken as exponential distribution) chosen in such a
way that it converge to target distribution. Wide range of choices of ¢ has been given in the
literature; see Tierney (1994) and Chib and Greenberg (1995) and references contained therein.

4. Simulation Study

Here we have used the entire three algorithms to generate a posterior sample. A simulation
study is carried out to compare the performance of different algorithms. A sample of size 50 was
drawn from the population by taking different values of the parameters. On the basis of this sample,
Bayes estimates are calculated using these algorithms. It was seen that, the number of iterations
necessary to reach convergence for PMC is below 5000, while for M-H, it is below 15000 and for
Gibbs, and it is above 20,000. A deeper difficulty in implementing Algorithm 3 is the existence of
computational trapping states. Table-1 shows the ML estimators and Bayes estimators using three
different algorithms.

Table 1 MLE and Bayes estimates

Parameter MLE PMC M-H Gibbs
p=0.2 0.2567 0.2084 | 0.2156 0.1692
d=0.05 0.0486 0.0467 | 0.0532 0.0594
a=2.0 1.8345 1.8857 | 1.8678 1.8523
A=1.5 1.4976 1.3885 | 1.3563 1.6974
p=0.6 0.5678 0.6132 | 0.5817 0.6679
d=0.05 0.0497 0.0522 | 0.0423 0.0526
a=2.0 1.8754 1.8804 | 1.7923 1.9069
A=1.5 1.6925 1.4760 | 1.5398 1.6856

5. Application to a real life data
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Here, we consider the wood dryness data of 40 boards analyzed in Lai et.al. (2007) with
ti=0, 1i=1,2,...,28 and the other positive observations are 0.0463741, 0.0894855, 0.4, 0.42517,
0.623441, 0.6491, 0.73346, 1.35851, 1.77112, 1.86047, 2.12125, 2.12. Here we spread the zeros
uniformly over an interval taking d=0.042 so that t; = 0, t, = 0.0015, t3 = 0.003,..., t;3 = 0.042. We
obtain MLE estimates using EM algorithm asp,, =0.7625,d = 0.0418, @, =1.5689 and

/iMLE =1.2458 . PMC method is used to find Bayesian estimates. Below we present two Bayes
estimates related to same data set but with different prior values.

(D) Poayes =0.6899, dy,pe =0.0404, Gy =0.9363 and Agayes = 1.9704 for 6= 1.6, n=1.1, &=0.9,
B=2.3,a=1.5,b=1.9
(i) Pyayes =0.7187, dgyyes =0.0649, & =0.9015and  Agyyes =1.9704for 6 = 2.5, 5=4.0, £=0.05,
B=2.3,a=2.0, b=2.0

6. Sensitivity analysis.

As can be seen from tables 2 and 3 that the estimate of the estimates depends on the choice
of d. In practice, the value of d can be manually estimated quite accurately from the dataset. Even if
the value of 4 is inside the peak of the target distribution (here it is Weibull), we are still able to
estimate all four parameters of the model. The estimates are consistent for both parametric and
Bayesian set up.

Table 2. Uniform spread of “nearly instantaneous failures” with d = 0.135

p d a A
Maximum likelihood estimates 0.78960 0.135 1.6852 1.2398
Bayes Estimates using PMC 0.8729 0.1265 1.2351 1.4388

Table 3. Uniform spread of “nearly instantaneous failures” with d = 0.2

p d a A
Maximum likelihood estimates 0.6125 0.2000 1.2341 1.3563
Bayes Estimates using PMC 0.7142 0.2764  1.5434 1.7649
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Wretched presence of Ivan Stanislavovich Blioh (1836 — 1901)
in modern historical and scientific memory of Poland, Russia and
Ukraine, that in those countries in which he was born, was working,
and lived extraordinarily creative life specifies on possible, in course
of time, danger of complete disappearance of his name not only from
the scientific inheritance of these states but also from European
collective memory. Unfortunately Blioh, in understanding of
nationalistic idea, was very Russian for the Polish nationalists, very
bourgeois for soviet communists, very much asimilyant (adopted
Christianity) for anti-semites, that in course of time resulted in a
partial loss, from these reasons, his scientific acquisition and his
merits as military theorist and figure of international peaceful motion.

TR o At the same time Blioh was a successful businessman and
exceptionally gifted person who knew French, German, Russian and Polish languages. His ideas
became the basics for creation OUN. Blioh the first in theory formulated and practically carried out
important direction in the sphere of social partnership between businessmen and workers by
creation of railway pension cash desks of insurance type. On the whole his life is a whole epoch in
technical, financial, intellectual and nationally-cultural development of the Russian empire of the
second half of XIX century. In fact Ivan Blioh is not only a railway magnate and banker but also
scientist, known economist, statistician and financier, military theorist, peacemaker, figure of
international peaceful motion. He was nominated on the Nobel Prime of the world. He was born on
June, 24, 1836 in the Polish town of Radom, was a seventh child in a poor, having many children
family. His education he received in Warsaw and Berlin [1,2,3].

In 1850 I. Blioh arrived to Warsaw and began to work in the bank of family of Teplica and
studied in the Real gymnasium. In 1856 I. Blioh leaves Warsaw and moves to search the best fate to
Petersburg. He began to work as a subcontractor on constructing of railway between Warsaw and
St. Petersburg. First time the name of I. Blioh appears in the Russian archives in 1860 year. In these
documents Blioh is remembered as an owner of company «enterprise of Blioh» and honored
businessman [1].

In 1866 I. Blioh got a concession on constructing of railway in Lodz. Lodz railway was built
by Blioh independently and only for his money. Railway by a length in 26 versts connected the
center of textile industry, which developed quickly, with the station of Kolyushki of Warsaw-
Viennese railway. After the sizes of gross and clean profit, in a count on a verst, Lodz railway
excelled the Mykolaiv railway even. After high-quality building of this railway in short terms I.
Blioh became a famous person among the builders of railways. The following in his career of
railway builder was construction of the part of Libavska railway by length in 294 versts. The
construction lasted more than two years (1869-1871) and did not bring the considerable financial
achievements for Blioh, but he got considerably anymore due to it, — [van Stsnislavovich received a
reputation of professional specialist, reliable and timely performer of contracts.
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Blioh after becoming an actual proprietor of Kiev-Brest railway put beginning on it pension
cashdesk with principles of self-finance and insurance. In this he saw the way of providing of
deserving financial position of workings on a railway transport at the end of labour life. He
confirmed practical actions by scientific work, published in 1875 in a coauthor with O.L
Vishnegradskiy. The purpose for decision of which it was written by two known domestic
scientists, - exposure of effective economic mechanisms of creation of the unique, but not separate,
system of pension cashdesks which would operate on a railway transport on principles of self-
finance and life-insurance. It is necessary to notice that future ministers of finance of Russian
Empire I. Vishnegradskiy and S. Vitte at one time, before the ministerial brief-cases, were related to
work on the railway transport (South-Western railways) and both submitted to I. Blioh. Ideas that
were conducted by them for reformation of the financial system of the Russian Empire were got
from collaboration with Blioh [1].

Among colleagues-railroaders, economists, financiers I. Blioh, differed thirst to scientific-
practical activity. In 1864, in the age of 28 years Blioh published his first scientific work on
questions of constructing and exploitation of railways. This work had a form of message, but paid
attention on itself by leading spheres in the state and helped to it's author to take the prominent
place among other known figures that time in the area of construction and exploitation of railways.
At the beginning of 70-th 1. Blioh had a mass popularity as a connoisseur of railway business, he
was known as a serious economist and gifted publicist. Since the publication of the first scientific
article Ivan Stanislavovich did not limit his life only by business, scientific work became the norm
of his everyday life [2].

In 1890 appears his extraordinarily valuable scientific research ,,About an agricultural
reclamative credit in Russia and abroad”. The basis of research is made by the collected materials
about organization of this important, but weaker than other kinds of credit, developed in Russia. He
is an author of more than ten multivolume, fundamental scientific works in macroeconomics,
railway statistics, finances, problems of war and peace, land-tenure, demography. Most of his
scientific works were translated into foreign languages. Come into the special notice and have a
scientific value the works of Ivan Stanislavovich on questions of railway statistics, determination of
cost of railway tariffs and prime price of railway transportations, influence of new type of transport,
— railways on the economic and financial position of Russia. Blioh was one of the first, who laid
beginning to the scientific analysis of influence of railways and railway construction on economic
position of country and began constantly work above this theme [1, 2].

Minister for finance the Russian Empire M.H. Reytern, acknowledging useful to appoint
commerce of adviser Blioh, by the member of scientist of Committee of ministry of finance in his
presentation to the emperor in relation to setting, gave such description to Ivan Stanislavovich: «In
the environment of commercial estate pays attention on itself literary and by scientific works
commerce adviser Blioh. The work about the Russian railways and systematic tables about trading
in cattle in Russia, published by him deserved the most complimentary reviews of persons, specially
acquainted with this business. Presently Bliokh is busy at collecting of materials for the research
undertaken by him about development of productive forces of Russia for the last twenty years, part
of which appeared already in the print... Commerce adviser Blioh, religions of evangelistic-
reforming, is deliberative member of the Veterinary committee of ministry of internal affairs from
April, 24, 1874 and has orders of Saint Ann with a crown second stage, Saint Stanislav second
stage, Saint Vladimir fourth stage and Austrian order’s Franca Joseph Commander Cross with a
star. Position of member of scientific Committee of ministry of finance behaves to the first classy.

By his work «Influence of railways on economical state of Russia» (5 volumes with a
graphic atlas, 1878) L.S. Blioh extended the limits of financial science, the first analyzing influence
of building of railways on expense part of the state budget, marking that the state must not only find
out the methods of mobilization of necessary it money but also study, as expense part influences on
the different aspects of public life in that number during transition from one form of state ménage to
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other. Blioh conducted the analysis of financial reforms, directed on strengthening of monetary
item, touched state profits and painting of profits and charges.

In his works Blioh proved that true analysis of charges of exploitation has large importance
not only for the proprietors of railways but also for national interests, which considerably suffer
from complete absence of the analytically exhaust basic beginnings of railway exploitation. He
selected 4 groups of running expenses, dividing them into two categories: proportional (dependent)
and permanent (independent) from the sizes of motion and also offered comparative measuring
devices of volumes of works for establishment of rational norms of exploitation. Determination of
own charges of railways on unit of carrying passengers and loads was needed for I.S. Blioh for
subsequent determination of utility or unprofitability of passenger and freight tariffs and also for
perfection of account of own charges of railways with the purpose of estimation of rightness and
necessity of the sustained losses.

Research and conclusions of I. Blioh had a determining influence on the decision of
problems of forming and management charges on a railway transport and became the beginning of
development of prime’s price calculations of transportations on domestic railways. Except for
determination of prime price of transportations, I. Blioh, as a research worker and proprietor of
railways, was interested in the question of formation of tariffs. In this area he tested «certain
difficulties» at reasoning about that, in what dependence charges of exploitation are from motion on
this railway on how many advantageously and it is possible to attract on it loads by the greater or
less decline of tariff.

The sense of the last years of his life I.S. Blioh saw in distribution of idea of creation the
world’s peace, which took him approximately in 1890, an in the organization of the first museum of
war and peace. He undertook to serious research of the noted problem and as a result 1.S. Blioh
became an author of «the bible of pacifism», - multivolume work with the title «Future war in
technical, economical and political relations» and other popular scientific works on this question. In
70th of XX century the works of 360 prominent figures of peacemaking motion were reprinted in
the USA, including 6 volume "Future war in its technical, political and economic relations.

Ivan Stanislavovich Blioh died because of aneurysm of heart in December, 1901. At such
intensive way of life there is nothing strange. He was known as titan of work, who dedicated night-
time to scientific researches, and in a day conducted the usual economic and financial businesses.
For such lifestyle Ivan Stanislavovich got the considerable squall of criticism from contemporaries,
they could not understand and accept such way of life — combination of successful business and
prominent scientific activity.

Getting considerable financial resources on railway concessions, Blioh actively joined to
public life of the Russian state. He productively worked in a commission on the revision of
legislation about jewries, headed by count Palen, except for scientific works from an economy and
finances came forward as a theorist and practical figure in a fight for world disarmament, accepted
active voice in organization of world conference from general disarmament, going out from
financial-economical expedience and production necessity founded society of the South-Western
railways and long time was the chairman of Rule.

I.S. Blioh is one of founders of railway statistics, which is component part of statistical
industry that studies a railway transport. Basic directions of his scientific work there were also
problems of railway tariffs, political economy and statistics of national economy.

Appointed the member of Scientist committee of ministry of finance, Blioh printed a work:
«About penalty by Russian railways the transport pays in metallic currency» (1877) and published
wide work «Finances of Russia of the XIX century» (4 volumes, 1882). This work is translated into
French, German and Polish languages and filled up by a volume which contains history of finances
of Reign Polish till confluence of them with general state budget. In 1890 there was published
Blioh's book: «About an agricultural land-reclamation credit in Russia and foreign states», in 1898
— his research «Future war and it's economic consequences» (6 volumes and 1 volume of
cartograms; reprinted also in Polish, German, French and English languages).
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In 1901 was printed his scientific work: «Comparison of financial and ethics welfare of
provinces western, great russian and at Wisl’s» (5 volumes, with the atlas of charts and cartograms,
except for 25 copies destroyed the fire of printing-house, now rare book).

In his works «Russian railways in relation to profits and charges of exploitation and motion
of cargoes» (1875) and «About penalty by Russian railways the transport pays in metallic currency»
(1877) he in detail considered the question of determination of transport pay on the example of the
state of businesses on Kiev-Brest railway which belonged to him.

By him there were analyzed volumes of transportations of different types of products of
industries of industrial and agricultural production, duration of their delivery and tariffs, necessities
of population in railway transportations, degree of satisfaction of necessities of shippers and
consignees.

Tasks that were put by him in relation to the analysis of activity of railway transport and it's
influence on the economy of country until now are actual and are deciding on railways with the
purpose of effective organization of transportations operating work and is a mean operatively
prescriptive to activity of guidance of railways.

Considering a necessity to accept certain economic measures against the removal of losses
of railways which arose up as a result of depreciation of Russian national currency, Blioh in his
scientific work “About penalty by Russian railways the transport pays in metallic currency”
proposed the project of increasing the profitability of railways by the increase of passenger tariff on
30%, and freight on 20%. But this suggestion of Ivan Blioh was not supported by shippers and
government [1, 2].

Comparing present population on provinces, their financial incomes on one habitant of
province 1. Blioh came to the conclusion, that from point of justice, expense, that the state carries
because of construction of railways it is necessary to translate not on all population of country,
which in the majority does not use railways, and only on that part of population, which with
appearance of railways extracts additional benefits.

Examining railways «as industrial enterprises for a movement or transportation of cargoes
and passengers», 1. Blioh analyzed possibility of application of laws of free competition to the
railways and came to the conclusion, that railways must carry cargoes and passengers on a
maximum tariff. A free competition for railways is possible only in exceptional cases, as railways
make a monopoly of transportations in this locality.

Determining the degree of influence of tariffs on passenger and freight motion, Blioh comes
to the conclusion that «decline of tariffs with the purpose of bringing in the passengers and loads
from other ways of report, it is impossible not to notice that in that behalf passenger and freight
motion is presented quite by different characters». For passenger motion the declining of transport
pays don't increase the amount of passengers, so as passage of passengers on railways is caused by
their vital necessities and only on occasion by travel satisfactions.

Blioh considered that establishment of freight tariffs is impossible without the studying of
direction of motion of cargoes. «Without the previous studying straight of motion of cargoes
managements of railways indispose the proper information for establishment of rational tariffsy».
Low tariffs are advantageous to national economy only at their protracted actions. Not variable, but
permanent, low tariffs are of the use as to the state so to the railways.

Working out the totals of his work, Blioh considered appropriately, that this work would
«serve grain from which, at a good supervision ... in the future not only rational statistics of
commercial motion on railways but also rational looks, will be worked out for the correct estimation
of activity of railwaysy.

On defence of domestic railway policy which was represented in the increased railway
building (for 11 years 20 thousand versts) 1.S. Blioh published in «Announcer of Europe» for 1877
row of the articles under the name «Economic position of Russia in the past and today», which later
were reworked and in 1878 were published under the name «Influence of railways into economic
position of Russia» in 5 volumes with the detailed graphic atlas [4].
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In this work first to the analysis of the systems statistical material was subject during great
while accumulated in the ministry of ways of report about motion of loads. This significant research
was soon translated into the French and Polish languages. On the World exhibition in Paris in 1878
this work of Blioh was recipient by large gold medal. By this work the beginning of development of
railway statistics was fixed, — I. Blioh processed and used present materials, applying a new method
— grouping and cartograms.

«In the published by me book «Russian railways» I wanted to explain fact sheets and
external of our railways environments by comparison to foreign such as: attitude of profits toward
charges, freightage, direction of different industries of trade on the different arteries of the railway
system, etc. A favorable reception is given this research encouraged me to engage in subsequent
development of questions which behave to economic and financial influence of railways in Russia,
questions untouched in the first work» [4].

That fact is not subject a doubt, wrote 1. Blioh, that diminishing by railways the value of
transportation, increase the net income of producers and the same promote to the increasing of the
productivity and raising of prices on earth and labour, helping distribution of welfare thus.
Construction of 20 thousand versts of railways and their exploitation brought to country great
capitals and delivered to different classes of population very considerable earnings [4].

Analyzing reasons of economic backwardness of the Russian Empire before Crimean war,
consequences of the Crimean company and reforms before the crisis of 1866, transformation and
general financial position in 60-th years of XIX age an author comes to the conclusion, that among
main reasons of defeat of Russia it is possible to name three groups of factors: political, technical
and social-economic.

For research of the put questions Blioh used current and statistical materials of railways,
ministry of ways of reports, in particular published by the government of country in publication
«Types of foreign trade».

After systematizing, grouping and dividing into groups the enormous amount of statistical
and current material for period from 1802 to 1876 Blioh conducted an external economic point-of-
sale statement of the Russian Empire with the subsequent purpose of determination of role of
railways in the improvement of economy of country and external point-of-sale relations of the
empire.

The last book of 5 volume work has the name «Financial results». Widespread opinion, that
to Crimean war in Russian Empire there was brilliant economic position Blioh named a «mirage».
Russian public servants that time, insulated political and economic life of country from the other
whole world and put little attention on economic position of population, did not give itself a report
in constantly growing power of other countries. Force of the states was measured only the quantity
of army and forgot that with the improvement of ways of report and military technique, the fight of
people between themselves decide accumulated financial and mental resources and [8, p.5-6].
Nevertheless that Russia from 1831 to 1853 years did not conduct wars, the state during 23 years
was not able to cover the charges ordinary profits, no expenses were though done on needed works
neither on raising of level of education nor on driving of administration to more correct, proper the
requirements of time of position [4].

Thus, Ivan Stanislavovich draws conclusion, that state administration was in a self calming
in relation to the economic resources of country to the that time, while Crimean war did not lead to
all insolvency of the domestic political system [4].

All of it induced to the radical changes in the financial and administrative system of the
state. To the measures the necessity of which was realized society and government, belonged
aspiration to find the money for possibly rapid constructing of railways. But the decline of state
credit was the phenomenon unfavorable for railway construction [4].

Diminishing of federal deficit by the cutback of the soldiery spending was impossible as a
result of active armament of the European countries in the period of french-italian-avstrian war in
1859. Russia is not only for the sake of the influence on the European states but also for the sake of
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the safety had to increase the quantity of army and perfect a military armament [4]. The unique
methods of coverage of federal deficit were the external and internal borrowings.

Such was financial and economic position of the Russian empire before the increased
construction of railways gave an enormous shove to the productivity and to the considerable receipt
of capitals from abroad, changing a fund and financial market condition and improved the position
of state finances. Analyzing in the 4 sections of fifth volume the financial position of state credit, in
the fifth section «Financial history of railway construction» Blioh notices that building of railways
needs money, and as a result of declining of state credit construction of new railway lines was
halted. «It became clearly for all that railways must improve economic and financial position of the
state». «The question about new railways arose up only then, when Crimean war by unprofitable a
perceptible and fatal method showed unprofitable, as a result of large distances, terms in which the
put state at defense of the borders» [4].

Working out the totals of the VIII section, Blioh notices: Comparing the numbers of
commodity motion to the numbers shown out by us in the work «Russian railways» after 1871,
1872 and 1873 years easily to mark, as position of our railways gets better considerably. From 1871
to 1874 years the median income from a pood and verst diminished only from 1/25 on 1/26 kop.,
while charges fallen down from 1/32 to 1/43 kop., and it is possible to hope that on this way of
progress of railway will not stop [4].

Active construction of railways became the reason of considerable increase of money
circulation in the state. A money in an economy acted as paying for labour of great number of office
workers, busy on construction and exploitation of railways, and also as paying for different build
materials which before the beginning of construction of railways quite not had a value and outlaid
unproductively or had an useless value.

Blioh I.S. considered that influence of railways on economic position of Russia had been
expressed in dual sense: from one side enormous part of influence belonged to them on
development of productive forces, strengthening of consumption, export and import. If not
inevitable offerings on them from the side of the state, that increased a national debt abroad, such
concept of economic way of life of country would be reflected also on the improvement of rates of
exchange in a greater degree, what it could take place at the increase of sum of Russian foreign
payments. From the other side, construction of railways made a very large turn, in 1,5 milliards of
roubles, which was distributed mainly on earnings of different layers of population and enabled
them not only more in good condition to bring in taxes but also strengthen a consumption, in
general to improve the way of life and create an economy if to not all the people on the average to
mass, in the environment of which again private capitals appeared in great number. In that sense
also operated charges for exploitations of railways which made in the period of 11 years (1865-
1875) the sum in 535 million roubles.

Ivan Stanislavovich finished his 5 volume work by words which are actual until today: «So,
the shown picture certifies by the way of indisputable arguments, which are the numbers, that the
welfare of the state and development of it’s force is not in the stagnation, not in separate from other
nations, not in difficulty of terms of internal way of life, and opposite — in a gradual, but courageous
continuous forward movement, in sent forward other people on their way of development and
national freedom» [4].

CONCLUSIONS

In the article there is described the production and scientific activity of 1.S. Blioh in the
industry of building and exploitation of railway transport, creation of railway pension cash desks of
insurance type, determination of role of railway statistics is on the cost of construction of tariffs, an
analysis of influence of railways is on economic development and finances of Russian Empire in
the second part of XIX — beginning of XX centuries, and also public activity from the problems of
war and peace, world’s disarmament, prevention of soldiery conflicts, land-tenure and demography
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