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2Kesraemoe

Hou cnoxotino cpedu wyma u cyemu, U nomHu, nokol — 6 muwure. Byds
68 TOPOWULT OMHOWEHUAT CO BCEMU HACKOADKO 6803MOHCHO 6e3 ycmynok. Losopu ce010
npasdy cnokotHo U ACHO; U CAYWAt 0py2uz, dadice MYNLLT U Hec8eOYUWUT — UM TOJICE
ecmb wmo cxadamos. HM3be2atl KPUKAUBHIT U a2PECCUBHBLL, 0Ny — docada meoemy OYTy.

Cpasrnusasn cebs ¢ Opy2umMu, MONCEUD CMAMSG MUECAAEHBIM U 0AHCECTNOUEHHBIM,
ubo 6cezda Hatidymes a10du eviwe usu Hudtce mebs. Padylics xax ceoum docmustcerusm,
max U c60UM NAGHAM. 1IDoABAAT UHMEPEC K COEMY HCUSHEHHOMY NYMU, JaHCE CKPOM-
HOMY; OH — MBOE eOUHCMBEHHOE NOOAUHHOE QOCTNOAHUE 6 USMEHYUBHIL NPESPATMHOCTLAT
cydvbu.

Byodv ocmopooicern 6 ceoux deaax, ubo mup noson obmana. M ne noszeorstl emy ocae-
nums mebs, 4mobvl CKpuMb cyulecmeosarue dobpodemenu; mHo2ue A00U CIMpPemsmces
K BbCOKUM udeanam, U 6clody dHCUu3Hb NoANG 2epoudma. Byds camum coboti. B ocoben-
HOCTAU He CUMYAUPYT Npusasannocms. He 6ydo yunuwnsim k& 41006u; nockosvky neped
AUYOM BCEX PA30YMAPOSAHUT U OECTAOOHOCTNU TOALKO OHG MAK JHCe BEUHA, KAK MPAGA.
Hpurumaii ¢ 6,4a2006pHOCMBIO YPOKU AEM, USAULHO PACCTNABAACH C NPUMEMAMU MOAODO-
cma.

Vrpenast cury dyra — meot wum om ydapos cydvbv,. U ne becnokotl cebs MpaiHbl-
MU MBLCAAMU. MHoz20 ecmpazos postcdaromes om yemaaocmu u odurouecmsa. He sabmeasn
0 noaestoli Jucyunaure, 0cmasaiics HexchvMm K cebe. To — dumas 6ceaennoti, He Merv-
we, wem depesva U 36e30bl; U Mol UMeewd nNpaso bvimv 30ecv. Ocosnaéws AU Mol MO
UAYU HEM, HO BHE BCAKO20 COMHENUA Beeaennan pazeusaemes mak, Kax 00AHCHO.

Hosmomy, 6ydv 6 mupe ¢ Bozom, xarxum 6o, mo. ezo cebe ne npedcmasasns. U wem
OvL ML HE 3AHUMAACA, U K HeMl Obl HEe CMPEMUACA CPEJU WYMHOT HEPa3depuTU HCU3HU,
coxpanall nokot 6 ceoetl dywe. Co 6cem €20 00MaHoM, MANCKOT pabomMot U pa3bumvLMU
MEYMAMU; IMO — BCE HCE NPEKPacHvltl mup. Padylica stcusnu, cmpemucs 6oims cuacm-
AUBHIM.

Maxkc Dpmann, 1927.

(nepesoa: Ouster Bopob6bnés, 2008)
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Desiderata

Go placidly amid the noise and the haste, and remember what peace there may
be in silence. As far as possible without surrender be on good terms with all persons. Speak
your truth quietly and clearly; and listen to others, even to the dull and the ignorant, they
too have their story. Avoid loud and aggressive persons, they are vexations to the spirit.

If you compare yourself with others, you may become vain or bitter; for always there
will be greater and lesser persons than yourself. Enjoy your achievements as well as your
plans. Keep interested in your own career, however humble; it is a real possession in the
changing fortunes of time.

Exzxercise caution in your business affairs, for the world is full of trickery. But let not
this blind you to what virtue there is; many persons strive for high ideals, and everywhere
life 1s full of heroism. Be yourself. Especially do not feign affection. Neither be cynical
about love; for in the face of all aridity and disenchantment it is as perennial as the grass.
Take kindly the counsel of the years, gracefully surrendering the things of youth.

Nurture strength of spirit to shield you in sudden misfortune. But do mot distress
yourself with dark imaginings. Many fears are born of fatigue and loneliness. Beyond a
wholesome discipline, be gentle with yourself. You are a child of the universe, no less than
the trees and the stars; you have a right to be here. And whether or not it is clear to you,
no doubt the universe is unfolding as it should.

Therefore, be at peace with God, whatever you conceive Him to be. And whatever your
labors and aspirations in the noisy confusion of life, keep peace in your soul. With all its
sham, drudgery and broken dreams; it is still a beautiful world. Be cheerful. Strive to be

happy.

Max Ehrmann, 1927.
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Dependent random censoring from the right and the survival
function copula estimates

Abdushukurov Abdurahim Akhmedovich

National University of Uzbekistan
Uzbekistan, Tashkent
a_abdushukurov@rambler.ru

Abstract. In this article a mnew estimators for
survival functions with wusing Archimedean copulas
under onedimensional and multidimensional random
censoring from the right are constructed. The property
of uniform consistency of estimators is proved.
Keywords. Random censorship, survival function,
Archimedean copulas, relative-risk power estimator.

1 Introduction

In survival analysis our interest focuses on a nonnegative
random variables (r.v.-s) denoting death times of
biological organisms or failure times of mechanical
systems. A difficulty in the analysis of survival data
is the possibility that the survival times can be
subjected to random censoring by other nonnegative
r.v.-s and therefore we observe incomplete data. There
are various types of censoring mechanisms. In this article
we consider only right censoring model and problem
of estimation of survival function when the survival
times and censoring times are dependent and propose
new estimates of survival function assuming that the
dependence structure is described by a known copula
function.

2 The copula dependence and
estimator: onedimensional case

On the probability space (2,4, P) we consider
{(Xk,Yr), k>1} — a sequence of independent and
identically distributed pairs of nonnegative r.v.-s with
common joint distribution function (d.f.)

H(z,y) =P (X1 <2, V1 <y), (wy) R

= [0, o).
We suppose that the marginal d.f.

F(zx)=P((X; <z)=H(x,+00)
and

Gy)=P(Yi<y)=H(+o0,y), 2,y R,

are continuous and F' (0) = G (0) = 0. Assume that the
sequence { Xy, k > 1} is right censored by the sequence

© 2013 A.A.Abdushukurov,R.S.Muradov
Oleg Vorobyev (ed.), Proc. XII FAMES’2013, Krasnoyarsk: SEU

Muradov Rustamjon Sobitkhonovich

National University of Uzbekistan
Uzbekistan, Tashkent
r muradov1985@rambler.ru,

{Y%, k> 1} and at n—th stage of the experiment the
observation available the sample

V™ = {(Zy,01), 1 <k <n},

where Z; = min (X, Yy), 0r = I (Zx = X) and I(A)
is the indicator of the event A. Should be noted that it
does not require independence of sequences {X;} and
{Y%} (see [1, 2]). The problem is consist in estimating
of the survival function

SX(z)=P(X,>2)=1-F(z), z€R,

from the sample V(™. Let

H(z,y)=P (X, >z, Vi>y), (r,y)eR"

— a joint survival function of the pairs (X, Yk).
According to Theorem of Sclar H and H can be
submitted through the appropriate copula functions (see
[3, 4]):

H(z,y)=C(F(2);G(y), (x,y) €eR °, (1)

H(z,y) = C" (S¥(2); 9" (), (z,y) eR 7,

where copulas C' and C* are related as
C*(u,v)=u+v—14+C(1—u; 1 —-v), (2)

(u,v) € [0,1]%.

In the sequel in order to construct estimates for the
survival function S¥, assume that C* is Archimedean
copula, i.e.

C* (us0) = ol e () + ¢ (v)], (u,v) € [0,1)%,

where
v:[0,1] — R’
is some generator function with the pseudo inverse ¢~
Thus, by (1) and (2)
H (z,y) = oV [o(5% (@) + (ST ()], (3)

(¢,y) R,

57 (x) = ol [0 (8% (@) +¢(SY (2))], =€ R
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We introduce a usual AX, A\ and "crude" A\— hazard
functions

A () =
:E%%P(x<X1§x+A/X1>I),
N (x) =

=lm AP (< Zi <o+ A/X1>aYi>a), (4)

Alz) =
:1im%P(x<X1§ac+A/X1>ac, Y1 >x).
ALO

In order to construct a copula estimates for S¥ consider
the following easily verifiable equality:

A (2) SX (2) ¢ (¥ () =
=\(x)S% (x) ¢’ (5% (2)).

Integrating (5) over the interval [0, z] and denoting

by A(x) = IA(t)dt and AX (z) = fAX(t)dt

()

corresponding cumulative hazard functions we obtain
the integral equation

X (8) ¢ (5% (1)) dAX (1) =
0
(6)

:L'EE+.

SZ(t) ¢’ (S7 (1)) dA (1),

O—x

Integral on the left side of (6) is equal to —¢ (S~ (z))
and then (6) takes the form

p(8¥ @) =~ [s? ¢ (57 ®)arw, (1)
0
HARS RJF,
Hence we find the expression for the survival function
CRE

X (2) = ol V[ / S2()e (57 (D) dA ()], (8)

0
x €§+.
Note that the survival function S? permit usual

empirical estimation by the values Zj observed in the
sample V()

+

Sf(z):%iI(Zk>z), ce R’ ()
k=1

Substituting (9) to the right of representation (8), we
obtain a preliminary estimate of S¥X as

S (@) = o [un ()], (10)

where
pin () = /I(Sf(t*) > 0)57(t=)' (57 (t))dAn (1),
0
1 " T(Zp <t 0k =1)
Ay (t) n; 57z -1 (11)

— the corresponding estimate for

 [dP(Zi <86 =1)
A(t)*/ P(Z>s)

0

Estimate (10) plays a supporting role in the construction
of the main estimates for S¥ in the future. Since the
estimates will mainly be studied using the martingale
method, the more convenient for us to present them
through the counting processes. Let

Ni(t)=1(Zp <t dop=1).
Define the counting processes
No(8) =Y Roi N (1)

and
Do () = nSZ (1) = 3" 0 (Ze 2 1),
Then the estimates (10) and (11) can be represented as

SX(x) =
) (12)
— 1] [‘% [I(Ja(t) > 0)¢' (%ﬁ”) dNn(t)] :
L0620 o
Au () = O/ O ()
Given the analog left side of (6), i.e.
p (57 (x) =
) (13)
—— [ 57 (0)¢ (5% (1) dr? (o),

where

together with (9) also obtain other estimate for S as

SZ(z) =

n

(14)

= =L 1T () > 0)! (=0)aZ (1)),
0

where
t

2z [ IJn(s)>0) N (s



ABDUSHUKUROV AND MURADOV

17

is estimate for AZ (t) and

No () =n(1—S7(t) =n—1T, (1+) =

= Z’ZZIN]CZ (t) = ZZ:J(Zk <t)

— the counting process. For SX have the following
obvious identity obtained from the representations (7)
and (13):

S¥(x) = o1 [p (57 (2)) - x(2)] |

(_

(- [s7weszmazo)

(15)

where

Ct—sy

57(0)¢' (5% () A 1)

x(z) =

Now substituting the empirical estimate of (9) under
the first factor on the right of representation (15) and
the corresponding estimates (12) and (14) instead of
integrals we obtain the desired estimate S¥ in the form

S¥ (@) = o [0 (SZ (2)) - xn(@)] (16)

where

o (=) -4 (“”T” -|ae an

— estimator of ¢ (57 (z)) . Investigate the properties of
new estimate (16) for the survival function S¥.

Denote
Z(") = Sup{l‘ >0: J, (1’) > 0}’

Ty =sup{z>0:57 () >0}, ¥(z)=—ay ().

Introduce the regularity conditions with respect to
SX, S% and the copula generator ¢ . By A* in
conditions below denote both of A and AZ :

(C1) The function ¢ (-) is strictly decreasing on (0,1]
and is sufficiently smooth in the sense that the first two
derivatives of the functions ¢ (z) and ¥ (z) are bounded
for x € [, 1] , where € > 0 is arbitrary. Moreover, the
first derivative ¢’ is bounded away from zero on [0, 1] ;

(C2)0< Zfz (U (SZ (x))]™dA* (x) < oo for m =0, 1, 2;

Tz
(C3) of ‘\I/’ (87 (x))] dA* (z) < oo;

We prove the following statement about the uniform

consistency of all input estimators using some ideas from
[5, 4].
Theorem 1. Let conditions (C1)-(C3) are hold. Then
for n — oo

P

sup ‘Sff (z) — ¥ (z)] = 0.
0<x<Tz

Proof. See in [7].

Remark 1. Consider independent censoring model (i.e.
{X)} and {Y}} are mutually independent). In this case
in (2)

C(u;v) = uwv = C*(u;v),u,v € [0,1]
and hence p(u) = —logu, u € (0,1] and
P(t) = 97 (1) = eap(—1),t > 0,

so that
S%(z) = % (2)SY (x), x € R

Now it is easy to verify that from (12) and (16)
respectively we obtain the exponential-hazard estimator

(18)
85X @) =enp(~ [ 020w, @), 9

and relative-risk power estimator of Abdushukurov
(1998) (see [1]):

An(x)
X Z( N\ Rn(z _ n
Sx(x) = [SF (@)@, Ry(x) = N (2)" (20)
Moreover the Zeng-Klein’s (1994) copula-graphic

estimator is (see [5, 4]):

8X (@) = ey 1Ua() > 0) (o201~

— o (=) 1aNa ),

which in independence model is reduced to well - known
Kaplan - Meier product - limit estimator

(21)

dN,. (1)
SORE

$¥@) =T[0 - (22)

Let :9?{ , SY and :9\}; are respectively estimators of
SY  of exponential-hazard, relative-risk power and
product-limit structures obtained from formulas (20),
(21) and (22) by using events §; = 0 instead of &5 = 1.
Then we have:

(@) SX(@)SY(x) = eap{-AZ(x)} # SZ(2)
and for =z > Zy) = mar{Zy,1 <k <nj,
maz{8X (x), 5 ()} < 1
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SZ(z), for all z € R and

n

(b) S¥(2)Sy (x) =
x) =0 for x > Z,;

S () = 8y ()

(¢) SX(x)SY(x) # SZ(z) and for = > Z(y) the
estimators :S'\é( and Sﬁn/
estimators :S'\é( and :S'\}; require also the condition
P(Xy =Yy = 0,k = 1,2,... , which in many
practical situations is not hold. Thus only the relative-
risk power estimators have identifiability properties
with independence censoring model satisfying empirical
analogue of equality (18). Consequently a new estimator
(16) is more suitable estimator for S than the
estimators (12) and (20).

are undefined. Moreover the

3 Multidimensional dependent
censoring model

For convenience of a statement of article we shall
consider a case of two-dimensional random vectors. On
the probability space (£2,.4, P) we consider

X = {(X1;, Xo;),i > 1}

and
Y = {(Y1,Y2),i > 1}

— two sequences of independent and identically
distributed random vectors with general survival
functions

F(z,y) = P(X11 >z, X21 > ¥)

and

G(x,y) = P(Y11 > 2, Y21 > y),

—2
(r,y) € R+ . Note that these sequences may be
dependent. Let’s enter into consideration marginal
survival functions

S¥(z) = P(X11 > ),
S5 (y) = P(Xa1 > ),

SY(z) = P(Y11 > 2),

and we suppose that they are continuous. Assume that
the sequence X is right censored by the sequence Y
and at the n-th stage of the experiment the observation
available the sample V(™ = {(Z;i,0:),i = 1,..,n},
where Z; = (Z14, Z2:), Zri = (Xkis Yii)s 0i = (614, 024),
Ori = I(Zki = Xpi), k = 1,2; 4 = 1,..n. The problem
is consist in estimating of the survival function F from
the sample V™ with nuisance function G . Let’s notice
that the r.v.-s of interest Xj; are observed only at
0x; = 1. Let’s enter the joint survival function of a vector
(X11,X21, Y11, Y1) :

K(x,y,z,y) = P(X11 >x,Xo1 >y, Y11 > 2, Y01 > V),
)
(1" y7 Z7 I/) G RJF = [07 m]4'

Then we have the following representations for survival
functions:

F(x,y) = K(x,y,0,0),G(x,y) = K(0,0,z,y),

H(z,y) = P(Z11 > 2,20 >y) = K(z,y,z,y). (24)

According to Sklar’s theorem [3] there exist a copula
survival function C*(w),u = (u1,us2,us,us) € [0,1]*
such that we have the following representation:
——
(x,y,z,v) € RT :
K(z,y,2,v) = C*(5{ (x), S5 (), 51 (2), 55 (v)). (25)
Further we assume, that C* is Archimedean copula:
O (w1, ug, ug, ug) = @ p(ur)+p(uz) +p(uz) +p(us)],
u = (ula u27u37u4) € [Oﬂ 1]4ﬂ (26)

where ¢ is generator function of copula C*. Then
according to (24)-(26) we have

H(z,y) = o oS5 (@) + (S5 () +

+o(SY (@) + ¢(SY (1)), (2,y) € B . (27)

Since
SP(z) = P(X11 > x,Y11 > ),

SQZ(y) = P(Yll > y7Y21 > y),x > an > 0;

then from the representation (27) we’ll get following
important formulas:

SE(x) = (S () + @(SY (2))],

S¥(y) =
(28)
= ¢ [p(S5(9) + (83 (W) 2 2 0,y > 0.
Now from (28) also follows, that
p(H(z,y)) =
(29)

= @(F(xvy)) + @(@(x,y)), (I, y) S F%

It is necessary to note, that formulas (28) allows to
estimate two dimensional survival functions through one
dimensional survival functions S{¥ and S5 accordingly
by samples V(I") = {(Z1i,014),i = 1,...,n} and V(Q") =
{(Z2i,02:),i = 1,n}, V§") + Vén) = V(™ Then by the
sample V(™) we estimate F using the formulas (27)-(29).
First of all, functions H ,SZ and SZ we shall estimate
with the help its empirical analogies:

n

_ 1
Hy(x,y) = EZI(ZU >z, Zoi > Y),

i=1
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1 n
1=1
1 n
SZ (x) = - > I(Zyi > y), x>0,y > 0. (30)
1=1

Let’s enter on the samples V§") and V;’” also
corresponding counting processes

Nnm(t) = ZI(ka < taémk = 1);

(T @ LRz o),
P(Gn() = = [ 10mnlt) > 00 (22N, 1),
PG50 = = [ 10nl0) > 00 (22,0 0,

Now joint survival function F(z,y) we estimate as:

Fulz,y) = oV [p(ST5(2)) + (S5, (v)]-

Let A = [0,7M] x [0,7?)], where T™ = sup{z >
0 : SZ(x) > 0},m = 1,2. We have multidimensional
analogue of theorem 1.

Theorem 2. Under regularity conditions (C1)-(C3) on
functions ¢ ,SX,SZ m = 1,2 we have

(32)

— — P
sup |F(z,y) — F(x,y)| =0.
(z,y)EA

(33)

Since the proof of theorem 2 is analogue to theorem 1,
therefore it is omitted (see [6] for details).

Remark 2. It is necessary to note that for estimators
(16) and (32) we prowe also the properties of
convergence to appropriate Gaussian processes.
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Abstract. We demonstrate asymptotic minimax
efficiency of maximum likelihood estimate of unknown
parameter in competing 7risk model under random
censoring from both sides.

Keywords. Maxzimum likelihood estimate, competing
risk model.

Fisher [1] introduced the concept of effective
asymptotically normal estimates with asymptotically
minimum variance. This approach involved the
asymptotically best estimate, satisfying following two
conditions:

1. if 6,, is maximum likelihood estimate (MLE) for 6,
then in usual regularity conditions

L (V0. =) = N(0, 17'(0));

2. if T, is sequence of asymptotically normal
estimates, then

lim My(vn (T, —6))°>T"1(), 6c6cCR.

However, as noted in [1, §1.9], there are super-efficient
estimates with regards to the quadratic loss function
and therefore this definitions for asymptotically best
estimation is unconsistent. Hajek [2] (see also [1])
established the asymptotic minimax bound for risks of
any statistical estimates, if we know the asymptotic
properties of Bayesian estimators. He proved this result
by using the property of local asymptotic normality
(LAN) for likelihood ratio statistics (LRS). In [3] in
competing risk model (CRM) under random censorship
from both sides under regularity condition the proved of
LAN property for the LRS. Here we prove the property
of asymptotic minimax efficiency of MLE. Particulary,
we’ll formulate the Hajek’s theorem for minimax lower
bound on properties of various estimates for a wide
class of loss functions under certain regularity conditions
which gives a necessary and sufficient condition for
the achieved of this bound. We use this theorem to
determine the asymptotic minimax efficiency of MLE.

We consider (L V (X AY); D) - model from [4, §1.3],
which described as follows. We consider the (X;A) -
model in which we observe the random aggregate
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(X, AM .. A®) where X is random variable (r.v.)
of interest with continuous distribution function (d.f.)
H(xz;6), depending on unknown parameter 6, 6 € © C
R and {A® i =1k} are pairwise disjoint events, with

AD L AW Q.

We interested in joint properties of pairs (X;A®),
i = 1,k. Consequently (X;A) - model is usual CRM
in survival analysis. Then (L V (X AY); D)-model also
a CRM model in which aggregate (X, A1), ... A®)) is
censored from the left and right by r.v.-s L and Y with
continuous d.f-s L(y) and K(y), y € R! respectively.
We observe (Z; D=1 DO DM D®) where Z =
LV(XAY), events DY = {w: X(w)AY (w) < L(w)},
DO = {u: L(w) < Y(w) < X(w)}, a Ab = min(a,b),
a Vb =max(a,b) and

DY =AON{w:Lw) < X(w) <YW}, i=1,...k
Note that the events {D(V DO DML DKk}

also have properties of events AWM ... A% In
this (L vV (X A Y);D) - model the rwv.-s Y,
L and d.f-s K, L are considered as nuisance.

Let {X;,L;,Y;; DY, DO DO DI = e a
sequence of independent replicas of the aggregate
(X,L,Y; DD DO DO DE) On n th stage of
the experiment, we observe the sample of size n:

7M™ =21, Zs, ..., Zn), ?

5 -1 0 1 k
where Z; = (Zj;Aé- ),A; )4, A; ), .. .,A; )), Zij=1L;V
(X; AY;) and AV = (D), i = ~1,0,1,..., k. Note
that in (3), pairs (Xj;Agi)) are observable only in the
case of Ay) =1,9=1,...,k Ther.v.-s Z; have a d.f.
N(z;0) = L(z)(1 = (1 = K(2))(1 — H(z;0))).

We introduce subdistributions

T (2;0) = Py(Z; < 2;D\),i = —1,0,1,... .k,

where
TED(250) + TO (2;0) + T (2;0) 4 - - + T (2;0) = N(a; 0).

Let {y<”>,u<”>, Qén)} denote the sequence of statistical

experiments generated by observations (1). Denoting Z
the set of values of r.v. Z, we have

Y — {Z x {0, 1}(k+2)}(n) -
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— 2% {0,135 < x {2 x {0,115+,

k+2

{0,134 ={0,1} x - x {0, 1},
U™- o algebra of Borel sets in Y™, Qé")
- distribution on (Y™, Y™),  being "n-—

fold product of
Qo(z,y D,y @y, y®) =Py(Z; < 2,AT =
y(_l),Ag-O) = y(o),A§-1) =y . .,Ag-k) = y(k)). Then

the distribution Q(O") is absolutely continuous with
respect to measure v(™ and its density is given by

Q" (z™) _ . (2<n>;9) _

A (30
- vl
11 {H[ @s0) }

m=1 (i=1

[ (Zm; )] (1~

where k(z) = K'(z),l(z) = L()V(x;@:l*(l*
K (@))(1— H(2;0)), dv™{ 50) = di( 31) %+ xdv( )
dv( Zm) =€ OB dzm, i=—-1,0k,m=1,n and €,0"

counting measures concentrated at a point y E {0, 1}
We introduce a regularity condition:

(C1) Supports Nyu) = {: fO(2;0) > 0}, i =1,k are
independent on parameter 6 and ﬁl Nyoy # 0;

(C2) For any 61,0, € ©, 01 # 0y and = € Ny,
FO@;00) # fO(x:02), i =1,... .k

(C3) For all z there are finite derivatives

D (2:0)/00', 1=1,2; i=1,...,k,

and

/ 10" f D (2;0) /00 |do < 00, 1 =1,2; i =1,...k;

(C4) Functions {mogé‘;)(m’) alog}gé)(z ) _k} are

of bounded variations;
(C5) Fisher information

k

T dlog h'¥)(x;0) ? )/
3 / (789 AT\ (x;0)+

o [ (o0 b g

— 00

one-dimensional"distributions

N 7 <a1og(1 aeH(x;G))>2dT(o)(m;9)7

— 00

is finite and positive at point 6 = 0. Let §n is MLE, i.e.
solution of equality

P B
el n).g) =
5108 n (Z ,9) 0. (5)
Hence, in the regularity conditions (C1)-(C5),
dlogpn, (Z);0 kT i
1 g Pn ; 1 () (- )
1 (2:0) 222/75) 081 2(@10) ) () 4
n 00 P 00
1 0
/ 2 Ogge(x’ L)+
T Olog(1 — H(x;0
+ [N @, @)

We have

Theorem. Let 8, is the unique solution of equation (6)
and we have the regularity conditions (C1)-(C5). Then
MLE é\n is an asymptotically minimax efficient for the
parameter 6.
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1 Introduction

In [1], we discussed Global Macro, Directional and Delta
Neutral hedge fund strategies. Market neutral funds
have a low correlation with the overall market return.
Directional funds specifically take bets on market
movements, and so their returns are often strongly
correlated with the market. Still there are similarities
between all hedge fund strategies as more flexibility
comparing with traditional funds.

In [2], we discussed the non-trivial fact that the success
of any investment strategy is highly dependent on
the skills and implementation ability of individual
managers. A good event-driven investment manager is a
useful addition to a diversified portfolio of investments,
capable of producing absolute non-market correlated
returns throughout the economic cycle. The practical
application for eventological [3] approach in Decision
Making might be the optimization of performance of
the event-driven hedge funds.

In [4], we discussed a Performance Fees structure of the
hedge funds in general, and also provide a brief overview
of the Energy Funds (Energy, Oil and Gas) and the Real
Estate Investment Funds.

In [5] we discussed a connection between the hedge funds
and the latest financial crisis.

In this article we will discuss the role of hedge funds in
the stabilization of stock prices.

2 The Financial Cycles

The Hyman Minsky’s Financial Instability Theory
presumes pro-cyclical human nature. In prosperous

© 2013 V.Demotchkine
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times, when corporate cash flow rises beyond what is
needed to pay off debt, a speculative euphoria develops,
and soon thereafter debts exceed what borrowers can
pay off from their incoming revenues, which in turn
produces a financial crisis. As a result of such speculative
borrowing bubbles, banks and lenders tighten credit
availability, even to companies that can afford loans,
and the economy subsequently contracts. Government
intervention required.

A key mechanism that pushes an economy towards a
crisis is the accumulation of debt by the non-government
sector. He identified three types of borrowers that
contribute to the accumulation of insolvent debt: hedge
borrowers, speculative borrowers, and Ponzi borrowers.

Both Minsky and Soros agree that people are
momentum investors by nature, not valued investors.

3 Hedge Funds and the Technology
Bubble

Technology stocks on Nasdaq rose to unprecedented
levels during the two years leading up to March 2000.
Ofek and Richardson (2002) estimate that at the peak,
the entire internet sector, comprising several hundred
stocks, was priced as if the average future earnings
growth rate across all these firms would exceed the
growth rates experienced by some of the fastest growing
individual firms in the past, and, at the same time, the
required rate of return would be 0% for the next few
decades. By almost any standard, these valuation levels
are so extreme that this period appears to be another
episode in the history of asset price bubbles.

Brunnermeier and Nagel argue that hedge funds did
not exert a correcting force on stock prices during the
technology bubble. Instead, they were heavily invested
in technology stocks. This does not seem to be the result
of unawareness of the bubble: Hedge funds captured the
upturn, but, by reducing their positions in stocks that
were about to decline, avoided much of the downturn.
Their findings question the efficient markets notion that
rational speculators always stabilize prices. They are
consistent with models in which rational investors may
prefer to ride bubbles because of predictable investor
sentiment and limits to arbitrage.

Proponents of the efficient markets hypothesis
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(Friedman 1953 and Fama 1965) argue that rational
speculative activity would eliminate not only riskless
arbitrage opportunities, but also other forms of
mispricing whose exploitation may require imperfectly
hedged and therefore risky trades. The latter case
clearly applies to the technology bubble, as there does
not exist a close substitute that could be used to hedge a
short position in the technology sector. In contrast, the
literature on limits to arbitrage points out that various
factors such as noise trader risk, agency problems, and
synchronization risk may constrain arbitrageurs and
allow mispricing to persist. Moreover, some models
indicate that rational investors might find it optimal to
ride bubbles for a while before attacking them, making
the actions of rational investors destabilizing rather
than stabilizing.

To shed some light on these issues, Brunnermeier and
Nagel examined empirically the response of hedge funds
to the growth of the technology bubble. Hedge funds
are among the most sophisticated investors — probably
closer to the ideal of Yrational arbitrageurs¥Y than
any other class of investors. Their aim was to find
out whether sophisticated speculators were indeed a
correcting force during the bubble period. Their study is
unusual in that we look directly at hedge fund holdings.
In general, data on the hedge funds are difficult to
obtain, because hedge funds are not regulated by the
SEC. However, like other institutional investors, hedge
funds with large holdings in U.S. equities do have to
report their quarterly equity long positions to the SEC
on Form 13F. They extract hedge fund holdings from
these data, including those of well-known managers such
as Soros, Tiger, Tudor, and others.

The fact that highly sophisticated investors were riding
the bubble and profited from doing so is consistent with
some recent theoretical results on limits of arbitrage.
Our findings relate to two main insights in this
literature. First, rational investors may be reluctant
to trade against mispricing. Risk aversion limits their
aggressiveness if close substitutes are unavailable and
arbitrageurs therefore have to bear fundamental risk, as
is the case, e.g., in Wurgler and Zhuravskaya (2002).
Abreu and Brunnermeier (AB) (2002, 2003) argue
that synchronization risk can prevent arbitrageurs from
attacking mispricing, because each trader is uncertain
about when other traders will sell out. Since a single
investor cannot bring the market down by himself,
coordination among rational traders is required and
a synchronization problem arises. This allows the
mispricing to persist for some time.

This evidence casts doubt on the presumption
underlying the efficient markets hypothesis that it is
always optimal for rational speculators to attack a
bubble. While the exact implications of our results for
the mechanism limiting the forces of arbitrage may
be open to different interpretations, two points seem

clear: First, there is no evidence that hedge funds as
a whole exerted a correcting force on prices during
the technology bubble. Among the few large hedge
funds that did, the manager with the least exposure
to technology stocks — Tiger Management — did not
survive until the bubble burst. Second, it appears that
aversion to arbitrage risk and frictions such as short-
sales constraints alone are not sufficient to understand
the failure of rational speculative activity to contain
the bubble. While they may explain the unwillingness
of professional investors to short overpriced technology
stocks, they do not explain our finding that hedge funds
held long positions in these stocks.

4 Current Global Financial Crisis

The late-2000s financial crisis, also known as the
Global Financial Crisis (GFC), is considered by many
economists to be the worst financial crisis since the
Great Depression of the 1930s. It resulted in the
collapse of large financial institutions, the bailout
of banks by national governments and downturns in
stock markets around the world. In many areas, the
housing market also suffered, resulting in numerous
evictions, foreclosures and prolonged unemployment. It
contributed to the failure of key businesses, declines
in consumer wealth estimated in the trillions of U.S.
dollars, and a significant decline in economic activity,
leading to a severe global economic recession in 2008.

The financial crisis was triggered by a complex interplay
of valuation and liquidity problems in the United States
banking system in 2008 [4, ?]. The bursting of the
U.S. housing bubble, which peaked in 2007, caused
the values of securities tied to U.S. real estate pricing
to plummet, damaging financial institutions globally.
Questions regarding bank solvency, declines in credit
availability and damaged investor confidence had an
impact on global stock markets, where securities suffered
large losses during 2008 and early 2009. Economies
worldwide slowed during this period, as credit tightened
and international trade declined. Governments and
central banks responded with unprecedented fiscal
stimulus, monetary policy expansion and institutional
bailouts. Although there have been aftershocks, the
financial crisis itself ended sometime between late-2008
and mid-2009.

Many causes for the financial crisis have been suggested,
with varying weight assigned by experts. The United
States Senate issued the Levin—Coburn Report, which
found “that the crisis was not a natural disaster, but
the result of high risk, complex financial products;
undisclosed conflicts of interest; and the failure of
regulators, the credit rating agencies, and the market
itself to rein in the excesses of Wall Street.” Critics
argued that credit rating agencies and investors failed
to accurately price the risk involved with mortgage-
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related financial products, and that governments did
not adjust their regulatory practices to address 21st-
century financial markets. The 1999 repeal of the Glass—
Steagall Act of 1933 effectively removed the separation
that previously existed between Wall Street investment
banks and depository banks. In response to the financial
crisis, both market-based and regulatory solutions have
been implemented or are under consideration.

4.1 Causes of the late-2000s financial crisis
U.S. housing prices had declined by over 20% from their
mid-2006 peak. Easy credit, and a belief that house
prices would continue to appreciate, had encouraged
many subprime borrowers to obtain adjustable-rate
mortgages. These mortgages enticed borrowers with
a below market interest rate for some predetermined
period, followed by market interest rates for the
remainder of the mortgage’s term. Borrowers who could
not make the higher payments once the initial grace
period ended would try to refinance their mortgages.
Refinancing became more difficult, once house prices
began to decline in many parts of the USA. Borrowers
who found themselves unable to escape higher monthly
payments by refinancing began to default. During 2007,
lenders had begun foreclosure proceedings on nearly
1.3 million properties, a 79% increase over 2006. This
increased to 2.3 million in 2008, an 81% increase
vs. 2007. As of August 2008, 9.2% of all mortgages
outstanding were either delinquent or in foreclosure.

The Economist described the issue this way: “No part
of the financial crisis has received so much attention,
with so little to show for it, as the tidal wave of
home foreclosures sweeping over America. Government
programmes have been ineffectual, and private efforts
not much better.” Up to 9 million homes may enter
foreclosure over the 2009-2011 period, versus one million
in a typical year. At roughly U.S. $50,000 per foreclosure
according to a 2006 study by the Chicago Federal
Reserve Bank, 9 million foreclosures represents $450
billion in losses.

4.2 Mortgage underwriting

In addition to considering higher-risk borrowers, lenders
offered increasingly risky loan options and borrowing
incentives. Mortgage underwriting standards declined
gradually during the boom period, particularly form
2004 to 2007 [2]. The use of automated loan approvals
allowed loans to be made without appropriate review
and documentation. In 2007, 40% of all subprime loans
resulted from automated underwriting. The chairman
of the Mortgage Bankers Association claimed that
mortgage brokers, while profiting from the home loan
boom, did not do enough to examine whether borrowers
could repay. Mortgage fraud by lenders and borrowers
increased enormously.

A study by analysts at the Federal Reserve Bank of
Cleveland found that the average difference between
subprime and prime mortgage interest rates (the
“subprime markup”) declined significantly between 2001
and 2007. The quality of loans originated also worsened
gradually during that period. The combination of
declining risk premium and credit standards is common
to boom and bust credit cycles.

The authors also concluded that the decline in
underwriting standards did not directly trigger the
crisis, because the gradual changes in standards did not
statistically account for the large difference in default
rates for subprime mortgages issued between 2001-2005
(which had a 10% default rate within one year of
origination) and 2006-2007 (which had a 20% rate). In
other words, standards gradually declined but defaults
suddenly jumped.

Further, the authors argued that the trend in worsening
loan quality was harder to detect with rising housing
prices, as more refinancing options were available,
keeping the default rate lower.

4.3 Mortgage fraud

In 2004, the Federal Bureau of Investigation warned of
an “epidemic” in mortgage fraud, an important credit
risk of nonprime mortgage lending, which, they said,
could lead to “a problem that could have as much impact
as the S&L crisis”.

4.4 Down payments and negative equity

A down payment refers to the cash paid to the lender for
the home and represents the initial homeowners’ equity
or financial interest in the home. A low down payment
means that a home represents a highly leveraged
investment for the homeowner, with little equity relative
to debt. In such circumstances, only small declines in the
value of the home result in negative equity, a situation in
which the value of the home is less than the mortgage
amount owed. In 2005, the median down payment for
first-time home buyers was 2%, with 43% of those buyers
making no down payment whatsoever. By comparison,
China has down payment requirements that exceed 20%,
with higher amounts for non-primary residences.

Economist Nouriel Roubini wrote in Forbes in July 2009:
“Home prices have already fallen from their peak by
about 30%. Based on my analysis, they are going to
fall by at least 40% from their peak, and more likely
45%, before they bottom out. They are still falling at an
annualized rate of over 18%. That fall of at least 40%-
45% percent of home prices from their peak is going
to imply that about half of all households that have a
mortgage — about 25 million of the 51 million that have
mortgages — are going to be underwater with negative
equity and will have a significant incentive to walk away
from their homes.” Economist Stan Leibowitz argued
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in the Wall Street Journal that the extent of equity
in the home was the key factor in foreclosure, rather
than the type of loan, credit worthiness of the borrower,
or ability to pay. Although only 12% of homes had
negative equity (meaning the property was worth less
than the mortgage obligation), they comprised 47% of
foreclosures during the second half of 2008. Homeowners
with negative equity have less financial incentive to stay
in the home.

The L.A. Times reported the results of a study that
found homeowners with high credit scores at the
time of entering the mortgage are 50% more likely
to “strategically default” — abruptly and intentionally
pull the plug and abandon the mortgage — compared
with lower-scoring borrowers. Such strategic defaults
were heavily concentrated in markets with the highest
price declines. An estimated 588,000 strategic defaults
occurred nationwide during 2008, more than double
the total in 2007. They represented 18% of all serious
delinquencies that extended for more than 60 days in
the fourth quarter of 2008.

4.5 Predatory lending

Predatory lending refers to the practice of unscrupulous
lenders, to enter into “unsafe” or “unsound” secured
loans for inappropriate purposes. A classic bait-and-
switch method was used by Countrywide, advertising
low interest rates for home refinancing. Such loans were
written into mind-numbingly detailed contracts, and
swapped for more expensive loan products on the day of
closing. Whereas the advertisement might state that 1%
or 1.5% interest would be charged, the consumer would
be put into an adjustable rate mortgage (ARM) in which
the interest charged would be greater than the amount of
interest paid. This created negative amortization, which
the credit consumer might not notice until long after the
loan transaction had been consummated.

Countrywide, sued by California Attorney General
Jerry Brown for “Unfair Business Practices” and
“False Advertising” was making high cost mortgages
“to homeowners with weak credit, adjustable rate
mortgages (ARMs) that allowed homeowners to
make interest-only payments”. When housing prices
decreased, homeowners in ARMs then had little
incentive to pay their monthly payments, since
their home equity had disappeared. This caused
Countrywide’s financial condition to deteriorate,
ultimately resulting in a decision by the Office of Thrift
Supervision to seize the lender.

Countrywide, according to Republican Lawmakers, had
involved itself in making low-cost loans to politicians,
for purposes of gaining political favors.

Former employees from Ameriquest, which was United
States’s leading wholesale lender, described a system in
which they were pushed to falsify mortgage documents

and then sell the mortgages to Wall Street banks eager
to make fast profits. There is growing evidence that such
mortgage frauds may be a cause of the crisis.

4.6 Risk-taking behavior

In a June 2009 speech, U.S. President Barack Obama
argued that a “culture of irresponsibility” was an
important cause of the crisis. He criticized executive
compensation that “rewarded recklessness rather than
responsibility” and Americans who bought homes
“without accepting the responsibilities.” He continued
that there “was far too much debt and not nearly enough
capital in the system. And a growing economy bred
complacency.” A key theme of the crisis is that many
large financial institutions did not have a sufficient
financial cushion to absorb the losses they sustained
or to support the commitments made to others. Using
technical terms, these firms were highly leveraged
(i.e., they maintained a high ratio of debt to equity)
or had insufficient capital to post as collateral for
their borrowing. A key to a stable financial system
is that firms have the financial capacity to support
their commitments. Michael Lewis and David Einhorn
argued: “The most critical role for regulation is to make
sure that the sellers of risk have the capital to support
their bets.” Pro-cyclical human nature

Keynesian economist Hyman Minsky described how
speculative borrowing contributed to rising debt and
an eventual collapse of asset values. Economist Paul
McCulley described how Minsky’s hypothesis translates
to the current crisis, using Minsky’s words:

“.from time to time, capitalist economies exhibit
inflations and debt deflations which seem to have the
potential to spin out of control. In such processes,
the economic system’s reactions to a movement of the
economy amplify the movement—inflation feeds upon
inflation and debt-deflation feeds upon debt deflation.”
In other words, people are momentum investors by
nature, not value investors. People naturally take
actions that expand the apex and nadir of cycles.
One implication for policymakers and regulators is
the implementation of counter-cyclical policies, such as
contingent capital requirements for banks that increase
during boom periods and are reduced during busts.

Minsky proposed theories linking financial market
fragility, in the normal life cycle of an economy, with
speculative investment bubbles endogenous to financial
markets. Minsky claimed that in prosperous times, when
corporate cash flow rises beyond what is needed to
pay off debt, a speculative euphoria develops, and soon
thereafter debts exceed what borrowers can pay off
from their incoming revenues, which in turn produces a
financial crisis. As a result of such speculative borrowing
bubbles, banks and lenders tighten credit availability,
even to companies that can afford loans, and the
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economy subsequently contracts.

This slow movement of the financial system from
stability to fragility, followed by crisis, is something for
which Minsky is best known, and the phrase “Minsky
moment” refers to this aspect of Minsky’s academic
work.

“He offered very good insights in the ’60s and ’70s
when linkages between the financial markets and the
economy were not as well understood as they are now”,
said Henry Kaufman, a Wall Street money manager
and economist. “He showed us that financial markets
could move frequently to excess. And he underscored
the importance of the Federal Reserve as a lender of
last resort.” Minsky’s model of the credit system, which
he dubbed the “financial instability hypothesis” (FIH),
incorporated many ideas already circulated by John
Stuart Mill, Alfred Marshall, Knut Wicksell and Irving
Fisher. “A fundamental characteristic of our economy,”
Minsky wrote in 1974, “is that the financial system
swings between robustness and fragility and these
swings are an integral part of the process that generates
business cycles.” Disagreeing with many mainstream
economists of the day, he argued that these swings, and
the booms and busts that can accompany them, are
inevitable in a so-called free market economy — unless
government steps in to control them, through regulation,
central bank action and other tools. Such mechanisms
did in fact come into existence in response to crises such
as the Panic of 1907 and the Great Depression. Minsky
opposed the deregulation that characterized the 1980s.

4.7 Understanding Minsky’s financial
instability hypothesis

Hyman Minsky’s theories about debt accumulation
received revived attention in the media during the
subprime mortgage crisis of the late 2000s.

Minsky argued that a key mechanism that pushes an
economy towards a crisis is the accumulation of debt
by the non-government sector. He identified three types
of borrowers that contribute to the accumulation of
insolvent debt: hedge borrowers, speculative borrowers,
and Ponzi borrowers.

The “hedge borrower” can make debt payments
(covering interest and principal) from current cash flows
from investments. For the “speculative borrower”, the
cash flow from investments can service the debt, i.e.,
cover the interest due, but the borrower must regularly
roll over, or re-borrow, the principal.

The “Ponzi borrower” (named for Charles Ponzi, see
also Ponzi scheme) borrows based on the belief that the
appreciation of the value of the asset will be sufficient
to refinance the debt but could not make sufficient
payments on interest or principal with the cash flow
from investments; only the appreciating asset value

can keep the Ponzi borrower afloat. Because of the
unlikelihood of most investments’ capital gains being
enough to pay interest and principal, much of this type
of finance is fraudulent.

If the use of Ponzi finance is general enough in the
financial system, then the inevitable disillusionment
of the Ponzi borrower can cause the system to seize
up: when the bubble pops, i.e., when the asset prices
stop increasing, the speculative borrower can no longer
refinance (roll over) the principal even if able to cover
interest payments. As with a line of dominoes, collapse
of the speculative borrowers can then bring down even
hedge borrowers, who are unable to find loans despite
the apparent soundness of the underlying investments.

4.8 Applying the hypothesis to the subprime
mortgage crisis

Economist Paul McCulley described how Minsky’s
hypothesis translates to the subprime mortgage crisis.

McCulley illustrated the three types of borrowing
categories using an analogy from the mortgage market: a
hedge borrower would have a traditional mortgage loan
and is paying back both the principal and interest; the
speculative borrower would have an interest-only loan,
meaning they are paying back only the interest and
must refinance later to pay back the principal; and the
ponzi borrower would have a negative amortization loan,
meaning the payments do not cover the interest amount
and the principal is actually increasing. Lenders only
provided funds to ponzi borrowers due to a belief that
housing values would continue to increase.

McCulley writes that the progression through Minsky’s
three borrowing stages was evident as the credit and
housing bubbles built through approximately August
2007. Demand for housing was both a cause and effect
of the rapidly-expanding shadow banking system, which
helped fund the shift to more lending of the speculative
and ponzi types, through ever-riskier mortgage loans at
higher levels of leverage.

This helped drive the housing bubble, as the availability
of credit encouraged higher home prices. Since the
bubble burst, we are seeing the progression in reverse,
as businesses de-leverage, lending standards are raised
and the share of borrowers in the three stages shifts back
towards the hedge borrower.

McCulley also points out that human nature is
inherently pro-cyclical, meaning, in Minsky’s words,
that “from time to time, capitalist economies exhibit
inflations and debt deflations which seem to have the
potential to spin out of control. In such processes,
the economic system’s reactions to a movement of the
economy amplify the movement — inflation feeds upon
inflation and debt-deflation feeds upon debt deflation.”
In other words, people are momentum investors by
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nature, not value investors. People naturally take
actions that expand the high and low points of cycles.
One implication for policymakers and regulators is
the implementation of counter-cyclical policies, such as
contingent capital requirements for banks that increase
during boom periods and are reduced during busts.

5 Eventology and Event-Driven hedge
funds

In [2] we discussed that the success of any investment
strategy is highly dependent on the skills and
implementation ability of individual managers. A good
event-driven investment manager is a useful addition
to a diversified portfolio of investments, capable
of producing absolute non-market correlated returns
throughout the economic cycle.

Event Driven Trading is any strategy that seeks to
exploit pricing inefficiencies, occurring when companies
are involved in corporate events such as mergers,
takeovers, restructures (including share buy-backs, spin-
offs and capital returns), de-mergers and lock-up
expiries.

Traders, who follow event driven strategies, attempt to
predict the outcome of a particular corporate event on
the security price as well as the optimal time to commit
capital.

Another event driven trading strategy involves
corporate de-mergers and share lock-up periods. A
recent trend to emerge, particularly in Europe, is the
process of listed companies floating (spinning off) their
subsidiaries. This is based upon the theory that the
sum of the parts is often worth more than the whole.

When a company lists one of its subsidiaries on the
market, but retains an interest, it is common for there
to be a lock-up arrangement over the remaining stake
in an attempt to re-assure potential investors that the
market is not about to be flooded with cheap stock (a
similar arrangement takes place in IPOs).

Event driven traders can benefit in a number of ways
from corporate de-mergers. Firstly, they will buy the
parent company in the expectation that the share
price will benefit from the de-merger process. If the
strategy is correct, once the de-merger takes place, they
will dispose their holding at a higher price than the
original entry price. Then, a short time later, they
will seek to exploit the lock-up period (usually founder
shareholders/private equity (insiders) can sell down
their stock holdings 180 days after the initial share
offering).

They do this by short selling stock, often using CFDs,
ahead of a lock-up expiry and then buying back their
short position at a lower price once the insiders have
off-loaded their shares.

Here we will discuss the connection between the hedge
funds expansion and the global financial crisis. We also
will discuss the financial instability theory.

6 Conclusion

The efficient market hypothesis is based on the
presumption that rational investors prevent price
bubbles by trading against mispricing. In this paper,
we study the behavior of some of the most sophisticated
investors during a bubble period. Specifically, we analyze
stock holdings of hedge funds during the technology
bubble, 1998 to 2000. We establish two main facts.
First, hedge funds were riding the technology bubble,
not attacking it. On average, hedge fund stock portfolios
were heavily tilted towards technology stocks. This
suggests that short-sales constraints, emphasized in
recent work on the technology bubble (Ofek and
Richardson 2003; Cochrane 2002), are not sufficient to
explain the failure of rational speculative activity to
contain the technology bubble. Short-sale constraints
and arbitrage risks alone can rationalize reluctance
to take short positions, but do not explain why
sophisticated investors would buy into the overpriced
technology sector.

Second, on a stock-by-stock basis, hedge funds
reduced their holdings before prices collapsed. Within
the technology segment — and only there —
they outperformed standard characteristics-matched
benchmarks. This suggests that hedge fund managers
understood that prices of these stocks would eventually
deflate. Our findings are consistent with the view
that the investor sentiment driving the technology
bubble was predictable to some extent, and that hedge
funds were exploiting this opportunity. Under these
conditions, riding a price bubble for a while can be the
optimal strategy for rational investors, as, for example,
in Abreu and Brunnermeier (2003).

The non-linear Financial Instability model of Hyman
Minsky has been considered as well as the causes and
timeline of the current global financial crisis. Also, we
have continued to discuss hedge funds strategies.

The success of any investment strategy is highly
dependent on the skills and implementation ability of
individual managers. A good event-driven investment
manager is a useful addition to a diversified portfolio of
investments, capable of producing absolute non-market
correlated returns throughout the economic cycle.

Hedge funds focus on strategies that traditional funds
cannot undertake, or cannot do well. The three
defining characteristics of hedge funds are very strong
incentive structures for managers, light regulation, and
investment opacity.

Hedge funds undertake investment strategies which play
to one or more of these strengths. Long-short strategies
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rely on hedge fundsC freedom to short equities and take
derivatives positions, both of which are often forbidden
for traditional funds, or restricted by fundsC investment
mandates.

Hedge fund strategies requiring fast decisions in risky
environments, such as event-driven strategies and
tactical trading strategies, are helped by the very
strong management incentives used by hedge funds. The
investment opacity of hedge funds is crucial in many
relative-value strategies since it prevents other investors
from uncovering the fundCs positions and squeezing its
transactions in illiquid markets.

In contrast to hedge funds, traditional funds are
characterized by conservative incentive structures for
managers, tight regulation, and investment clarity. This
gives traditional funds an advantage for strategies
designed to target an asset-class benchmark, with a
relatively cautious overlay of active positions.

Back in 2004, the biggest Wall Street investment banks
have created the instrument of their own destruction,
the credit default swap on the subprime mortgage bond.

The combination of debt-financing and mark-to-market
accounting conspire to give price movements in the asset
markets an unstable positive feedback.

The self-reinforcing asset-debt cycles are the essential
element of Hyman Minsky’s Financial Instability
Hypothesis.

Special thanks are owed to Professor Oleg Yu.
Vorobyev.
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1 Introduction

After the global crisis outbreak companies have changed
a lot: stronger integration of companies, lead to
numerous consolidations, acquisitions and mergers. The
Russian companies are not an exception. Holdings
(hereinafter referred as to production systems (PS)) will
be a general moving force, which diversified scope the
activities and will continue their resultative work. A lot
financial groups had diversified the spheres of activity
and put right cooperation of the productive systems
within these groups of companies, therefore they are
general role of market. It is by the present moment
process is being increased. The majority of PS influenced
by this or that holding. Nevertheless, the other process
is far to be finished - creating of decision-making system
within the holding. It helps to consider Russian holdings
to be well-functioning systems and not just a collection
of heterodeneous assets [1].

Holding company manager will find the following
difficulties, while directing the holding companies:

e intercommunication between the companies is
inaccurate measurement;

e intercommunication between accounting system
and decision-making system,;

e a lot of complex methods of decision-making system
[2];

e companies within  holding have different
development vectors and conflicting purposes.

The decision of problem is completed by the following
tasks:

© 2013 S. Masaev
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e the model of mathematical formulation the
discrete- multivariate system for economic system
(ES) of company was made;

e the calculations and analyzed plan/fact of sample
correlation graph G was made;

e the distributing of resources (special case is cash)
among functions of economic system was made;

e measured integrate indicators of company in six
modulated situations were measured [3].

2 Making mathematical formulation
the discrete- multivariate system for
economic system of company

Follow the systems theory representable system S
consider

S = Tv Xa (1)
where T = {t/t = 0,1,2,...} — discrete set
of time (window of time); X — phase space
of system, x(t) = [21(t),22(t),....,a" ()] €
X — mn-variable phase vector, state vector, and

z*(t) = [z*(t),2*2(t),...,2™(t)]" € X — n-variable
phase vector, suboptimal estimation by R. Bellman.

The variable phase vector of economic system is z(t)
— financial expenditure for the functions (describing
all action, business process) of ES. These unification
accounts are found by functions in special program [4],
[3]. For the research of ES 417 functions were used [5],
[4].

We use the variable phase vector z(t) for k prior periods.
The parameter k is the depth horizon (in our special case
k = 6 months).

1

k
rig(t) = =5 &' (t =Dl (t 1), (2)
=1

where 4,5 =1,...,n.

r;j(t) is a sample correlation coefficient (Pearson
coefficient) between variables z*(t) and 7 (t) of window
time ¢.
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On the basis of sample correlation coefficients (2) we
create correlation graph of the system G;(t). It shows
the relationship among the functions of the system (Fig.
2). Then we single out different correlation indicators.

Indicators are graphs Gfum—toml(t) — absolute sum of
sample correlation coefficients i’s function, G; """ =" ()

— sum of negative samples correlation coefficients and
Gsum_plus

i >
more than 0, GZ 77" (1) — sum of sample correlation

coefficients is taken meaning the signs.

(t) — sum of sample correlation coefficients is

G ) = D b O] (rag (O] = 7aign), (3)

Ggumiplus (t) _

?

n
= erm‘(t) S(Irig @] > rsign) N (riy > 0),
=

(4)

Govm_neg (t) _

3

= erm‘(t) S(Irig @] > rsign) N (riy <0),
‘7:

()

Gdifference (t)

?

(6)

where  7ign significance of sample correlation
coefficient for data of sample correlation matrix with
parameter k which is depth of time.

_ Ggumiplus (t) + G:umineg (t),

?

All graphs G;(t) account for window time T including
the relationship between functions of the system. Fig. 1
shows twenty functions of system. For the investigating
the whole system we're calculating integrate indicators.

3 Making calculations and analyses of
plan/fact of sample correlation graph

G

Our calculation shows the important events in our
economic system:

1. Drawing up/making up an estimation — planning
action and the budget of construction of the
district.

2. Getting a permition for building — the document
for permition of the start of project of construction
necessary for obtaining a bank loan;

3. Creating the TQM - creating regulations and
standards for the company;

4. Getting finance- getting a loan/credit;

5. Starting the project construction - starting the
building of the district;

6. Creating of the identical hereinafter production
system-companies.

We have opportunity to the analyze the behavior of
multivariate system, so we find and control tendencies of
the company operation as caused by management and
outside influence.

sum __ total
4

The larger the value of G
our system experiences.

(t), the larger is crisis

The functions involved in economic activity of the
production system are interrelated (Fig. 2).

Puc. 1: Correlation graph of the economic system

Within the reported/determined period you can analyze
separate functions and determine their influence on the
system (Fig. 1). After you have found principal functions
You may allocate money in the company by the method
of R. Bellman.

The allocation of resources (special case is cash)
between functions of economic system If the function
has high correlation, it gets more money. The method
of R. Bellman is used for financial allocation among
corporate objectives, strategies and functional systems
[5]. Distribution of money resources on carried according
to functions by a method of Bellman is a standard and
was described in the last article [4].

Measuring of the integrate indicator of the company in
six modulated situations was measured.

For measuring of integral indicator activity of company
that is organized from the very beginning is modeled,
in six different situations. It model include plans of six
different budgets of financial expenditure x%(t) (variable
phase vector). Each budget has general parameters:
credit for company, purchasing assets, personnel,
building and installation works on an infrastructure and
networks of object, raw material stored. If company
does first stages correctly, it will produce goods in 1,5
year. Six variants of development of company have basic
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data (Fig. 2). On the integral index on a picture 3 it is
evident, that a company is influenced by the crisis less
in the first variant development, in comparison with the
second and third variants.

The fourth, fifth and sixth variants from 32 to 38 period
have brightly expressed the stress situation at the start
of the project. The main factor, which results in this
stress situation, is the later term of acquisition of the
fixed assets and start of production of goods.

Parameters V1 V2 V3 V4 Vs

Loan/Credit
Rate on a
loan/credit
Own 10
facilities
Subsidies of
the state
Sale of raw
material from
the moment
of realization
of project
Sale of | from from from | from from
products 21 21 21 27 27 27
from the month month month month
moment  of
realization of
project
Displacement
of acquisition
of assets
from the
moment  of
realization of
project

ve6*
112%
13%

100%
10%

63%

10%

63%
10%

126%
13%

112%
13%

37% 37% no no no

33% 100% 100% 100%

from5 | from from n from
month 10 10 10 10 10
month | month month

ons
months

ons
months

ons
months

Puc. 2: Initial parameters of
company.

economic activity of

* The variant 6 differs from the variant 5 in size
purveyances of supplies of raw material for a productive
process. On a Fig. 3 the correlation graph is represented
in period 18. On a Fig. 4 the correlation graph
is represented in period 35. On the amount of
intercommunications on Fig. 3 and 4 it is possible to
say that period 35 is more crisising for a company, than
period 18, because an integral indicator Gf’f ference )
in period 35 has the most value.

4 Conclusion

For creation of complex and modern control system
of company, not only unidimensional approach had
been used simple on one index, but also the decision
for integration of management in different functions of
different enterprises had been found. The method of
integral indicators was applied in different companies
and industries: service in the real estate, building,
purveyance and processing of wood, etc.[4]. Such
decision from the one hand is the effective mechanism of
management of holding, and from the other hand it has
the real money value for every company and for holding
in general. The system is the guarantee for investors of
managing of projects of this holding company, and also

Puc. 3: The correlation graph is represented in period
18
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Puc. 4: The correlation graph is represented in period
35.
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for the minimization of administrative risks. You can
use the method of integral indicators:
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Puc. 6: Dynamics of integral indicator on six modeled
variants of development of company.

to determine and fix the period of stress in economic
system of company;

to optimize the process of management;

to allocate resources (special case is cash) between
functions of economic system

to measure the integrate indicator of company in
six situations [3].

A presence of such system is a valuable intangible asset.
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in the western literature on stochastic geometry and
the theory of random sets, named from a light hand of
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1 Forward to the original source

You might not know from what rubbish
flowers grow, not knowing shame.

Anna Akhmatova, 1940.

Any new finds itself on the old-fashioned way — always
on its own. Any invention isn’t someone clever fiction,
but the discovery of previously hidden, cut off as
unnecessary, deliverance from captivity oblivion, and
release for public viewing.

New in mathematics is no exception. Strong
mathematical definitions given so much that they
are more than enough for all the sciences together.
But only a rare few of them are definitions of
new mathematical concepts. The remaining dissolved
completely and forever lost in the maze of mathematical
thought.

Why is it, and not otherwise, no one knows. Where,
among a rubbish look for something new, that is, being
open times will last forever? That can not be avoided?
What can not be squeamish?

© 2013 O.Yu.Vorobyev
Oleg Vorobyev (ed.), Proc. XII FAMES’2013, Krasnoyarsk: SFU

T always tried to name this notion so that the name hints at its
sense a little, in the beginning (1975) as the “lattice expectation” of
a random finite set to emphasize the finiteness of situation (which
has allowed for the first time to open it), and then (1984) as the
“mean measure set” of a random (measurable, closed, compact)
set. But probably “against the nature you will not trample”, and
now I’d remember English variant “Vorob’ev expectation” though
a special desire to become an eponym behind itself I did not notice.

No answer.

You can only try once more to climb, step by step to
recover as it was; to climb again by the same footpath,
forward to the source.

2 Remake and/u Pumeiik?

2.1 Estimating mean contours of forest fire
from the probability model of fire spread
[2, 1, 1975]

In our study [4, 5, 1973] the probabilistic model of fire
spread on a large forest which consists of the separate
sites located in units of a plane square lattice was
considered. This probabilistic model, Random Spread
Process (RSP), is defined as the set of discrete random
variables

U = {uy,7 € Ro,t € T}, (2.2.1)

where Ry C R? is a plane lattice, T is a space of
time parameter, u,; is a discrete random variable with
possible values:

17 if the site » burns during the moment t;
ur=1 0, if the site r didn’t burn till the moment t; (2.2.2)
71, if the site r has burned down by the moment t.
Besides it is supposedly, that joint probabilistic

distribution of random variables w,; for all t € T is
completely defined by the field

p=A{p(r)}rer,, (2.2.3)
of so called spread probabilities, where
p(r) = [p1(r); p2(7); p3(r); pa(r)] (2.2.3)

is the vector of spread probabilities from the unit r and
pr(r) corresponds to the spread probability from the
unit 7 to the k-th adjacent® unit.

2The following is the text of paper (1975) (first in the original
Russian, then in English translation), which has become the
primary source of the idea of expectation of a random set. Being
the only stylistic changes that facilitate perception, but no loss of
train of thought; including one of its branches erroneous.

3Rules of neighbourhood on Rs is stipulated specially.
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In the study a more general definition of RSP was offered
which will allows enough room for simple and effective
estimation of mean contours of forest fire.

From the definition (2.2.1) and (2.2.2) it follows that a
state of RSP during the moment ¢ can be defined by
allocating such two subsets of units K} and K7 of the
square lattice Ro, that

Ktl :{TitERQ,UM#O},

(2.2.4)
K2 ={r:te Ro,uy = —1}.
It is clear, that K} C K} and
K}\K? ={r:tc Ry, uy =1}. (2.2.5)

Thus the RSP can be considered as a sequence of
pairs [K}, K?]| for all t € T. It is necessary to note,
that subsets K} and K? have, generally speaking, a
random form* with probabilistic characteristics which
are defined by the field p of spread probabilities (2.2.3).

The more general definition of RSP based on this
approach, demands an introduction of strictly concept
corresponding to our intuitive representation about
“random subset of units” of a lattice.

It is a question about a random set which is possible
to consider as a generalization of a discrete random
variable and “values” of which are not (unlike a discrete
random variable) real numbers, but subsets of units of
a lattice.

In this research we’ll be limited to only elementary
equivalent of a random set definition.

Definition. The random set K is no more than
countable set of pairs (B;, pi)icr, where B; C Ry is some
finite subset of units of a lattice, and p; is the probability
of concurrence of random set K with the subset B;:

Besides it is required, that
> pi=1. (2.2.7)

iel
A random vector-set is the ordered set of random sets.

K=[K'K? ..  K". (2.2.8)
The concept of a random set allows to define a lattice
random process as a sequence of random sets. The
Random Spread Process is defined as a special case
of the lattice random process in which random sets of
the lattice process should be satisfied to (2.2.4). And as
we already marked, probabilistic distribution of random
variables wu,; is completely defined by a field of spread
probabilities p and the RSP is completely defined by this
field.

4on the square lattice Ra.

The basic practical result of the given paper is the
offered method of an estimation of a mean contour of
forest fire from probabilistic model of its spread, or (that
the same) a method of estimation “mean values” of the
random sets forming RSP.

Let K = {K;,t € T} be a random spread process where
K; = [K},K?] is a random vector-set. We’'ll put the
problem of definition of “mean value” of random sets
from K, for any t € T.

Abundantly clear, that the problem put thus, is
incorrect, as the concept of a “mean value” of a random
set the solution of the problem will be essentially
depended on a choice of this definition will be not certain
yet.

Hence, first of all it is necessary to agree what subset of
units of a lattice will be considered as “mean value” of a
random set. It would be desirable also that the concept
of the “mean value” in a certain sense was similar to the
concept of an expectation of a discrete random variable.

First we’ll notice, that if |K| is a number of units in
random set K, ie. |K| is a discrete random variable
with the given distribution, it is possible to speak about
its “mean value”, an expectation E|K]|.

Definition. The lattice expectation of random set
K is the subset EK C Ry, satisfying to two
conditions:

E|K| - |8K|‘ = min ‘E|K| - |B|}, (2.2, A)
BCRs

E|KAEK| = min E|KA BJ, (2.2,B)
BCR,

which order to choose from all subsets which

satisfy to a condition A such subset which on

the mean least evades from the random set K,

i.e. satisfies to a condition B.

Certain thus the lattice expectation of a random
set possesses a number of the properties similar to
properties of an expectation of a random variable.®

Let’s stop on the most important characteristic property
which allows to find the lattice expectation of random
set.

Let’s enter into consideration probability

7(r) = P(r € K). (2.2.11)

It appears, that in the lattice expectation K enter
for those, in round figures, E| K| units of a lattice,

5 For example, for a random variable £ and its expectation E¢&

it is always fair
E(¢ —E¢) = 0. (2.2.9)
Similar property was carried out for any random set K and its

lattice expectation EK:
E|K\ K| =E|EK \ K]|. (2.2.10)

This analogy and the formula (2.2.10) have appeared erroneous
and consequently a remake were omitted in a footnote.
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for which probabilities 7(r) would accept more b :
values than for other units. : R
This important characteristic property allows to develop . . ElKyl= 1737
algorithm and the computer program “M-222” which . 03 o0s
calculate estimations for the lattice expectation of a N A
random set.
The same algorithm is applied to an estimation of
lattices expectations of random sets forming Random '
Spread Process. .
E|Ki3)=2903

Modelling RSP, defined by various wectors of spread s o0 o
probabilities

p(r) = [p1;p2; p3; pal, (2.2.3") 03 o

E[K,l=8212

is lead which are assumed by constants for all » € Ro,
and for each of them lattice expectations of random sets
forming this TICP (p1; p2; ps; p4) are estimated.

04 07

E|K,| = 61.88

04 04

Puc. 1: The part of a square lattice Ry on which the random
set K13 C X, set-condition of the RSP(0.4; 0.4; 0.4; 0.7) during
the moment ¢ = 13, is statistically modeled. For each unit of the
lattice » € X the quantity of realizations of random set from 100
lead, in which r» € K13 is shown; the contour contains the lattice
expectation EK13 of random set Ki3. — Yacrs KBajpaTHON pe-
merku Rg, Ha KOTOPO CTATUCTUYECKH MOJEIUPYETCs CILydaiiHoe
muOxkecTtBo K13 C X — cer-cocrosinme [ICP(0.4; 0.4; 0.4; 0.7) B
momentT ¢t = 13. Jlna kaxkmoro ysua pemerku r € X IOKasaHo
KOJIMIECTBO peau3anuii ciaydaitnoro muoxkectBa u3 100 mpose-
JIGHHBIX, B KOTOPBLIX 7 € K13; KOHTYD COIEPKUT pewemuamoe
oorcudanue EK13 cayuatinozo mmoorcecmsa Kis.

In fig. 2 the part of a lattice Re on which the RSP is
modelling, the aspect shown in print by COMPUTER.
On a place of each unit r € Ry the quantity n(r)
realizations from 100 in which the unit r belongs to
the random set K; at ¢ = 13 settles down, and the
estimation P(r € K;3), probabilities of that r € K3,
— looks like: w(r) =~ n(r)/100. The contour on a
plane R?, containing the lattice expectation EK;3 of the
random set K13 was spent manually on the basis of an
estimation of the mean E|K;3| of the random variable
| K13, calculated using COMPUTER.

In fig. 3 a number of lattice expectations of random sets

08
E|K,l=76 68

04 04

EIK.I osxos
131=4082

03 0s

Puc. 2: Lattice expectations EK13 of the random set K3 for
various RSPs. — Pewemuamuwie oorcudanus EK13 cayuatinozo
Mmrootcecmea K13 nyis pasnuanasix [TCP.

Puc. 3: Two embedded sequences {EK¢, t =1,3,5,7,9,11,13}
of lattice expectations of random sets for the RSP(0.3; 0.4; 0.4;
0.8) and the RSP(0.4; 0.5; 0.5; 0.7). — [IBe BJIOXKEHHBIE IIO-
cnenoBarensuoctn {EK¢, t = 1,3,5,7,9,11,13} pewemuamoix
ootcudanuti cayyatinur muoocecms amst IICP(0.3; 0.4; 0.4; 0.8)
u IICP(0.4; 0.5; 0.5; 0.7).

for various RSPs were shown.

While in fig. 4 two sequences of lattice expectations of
random sets {EKy,t = 1,3,5,7,9,11,13} for two RSPs
were observed.

In summary we’ll consider possible applications of the
offered method for an estimation of mean contours of
forest fire.
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An available program on expert estimations® of fields of
spread probabilities of fire for concrete wood territories
and the program on statistical estimations lattice
expectations of random sets, forming RSP, allow to
model mean contours of a fire and their development
in time for various wood conditions. Thus, it enables us
to solve the problems of identifications of probabilistic
models of forest fires in questions (i.e. definitions
and specifications of their parameters). First of all
probabilities and speeds of spread of a fire on a large
forest mean.

Therefore there is no need to speak of the importance of
this problem since there were no satisfactory methods
for calculating dependent parameters models for forest
fires from all varieties of existing wood conditions.

2.2 Ouenkra cpedHuT KOHMYPO8 AECHO20
n0MHCAPA NO BEPOATNMHOCTIHOU, MOOJEAU €20

pacnpocmpanerus [1, 2, 1975]

B nameit pabore [4, 5, 1973] paccmarpuBaiach Beposdr-
HOCTHAsI MOJIETh PACHPOCTPAHEHUS MOKAPA O JIECHO-
My MacCCUBY, KOTOPbIil COCTOUT U3 OT/ICIbHBIX YIaCTKOB,
PACIIOJIOKEHHBIX B Y3J1aX NA0CKOT K6adpammoli pewem-
Ku. DTa BEPOATHOCTHASA MOJEIDL — NPOYUECE CAYHATHO20
pacnpocmparenus (IICP) — oupenessiercsd KaK MHOXKe-
CTBO JIUCKPETHBIX CJIyTAHHBIX BEJUTHH

U = {uy, 7 € Ry, t € T}, (2.1.1)
rie Ry C R? — mockas pemerka, 1' — IPOCTPAHCTBO
BPEMEHHOTO [IaApaMeTpa, Up; — JAUCKPETHAs CJIydaiinasi
BEJIMUMHA ¢ BO3BMOYKHBIMH 3HAMEHUSIMU:

17 €CJIN y9aCTOK 7" TOPHUT B MOMEHT t,

Upt = 0, €CJIM y4aCTOK 7" He T'OpeJsl 10 MOMeHTa t; (212)

*1, €CJIN y9acCTOK 7" CIrOpeJI K MOMEHTY t.
Kpowme toro, mpesmnosaraercs, 970 COBMECTHOE BEPOSAT-
HOCTHOE PACIpPEJICJICHIE CIYyIARHBIX BEJUYTUH Upp JJIST
Bcex ¢ € T IOJTHOCTBIO OIPEIEIIAETCS OJIEM

p={p(r)}rers; (2.1.3)

TaK HA3BIBAEMBIX 8EPOAMMHOCME PACNPOCMPAHEHUA, T]IE

p(r) = [p1(r);p2(r); p3(r); pa(r)]

— 6EKMOP GEPOAMMHOCTMET PACTIPOCTPAHEHUA U3 Y3JIa T,
a pr(r) COOTBETCTBYET BEPOSITHOCTH PACIPOCTPAHEHUS!

OTHHA W3 yYaCTKa ' Ha k-TbIil cocednudl’ ¢ HUM y9acTOK.

(2.1.3)

B macrosmeit pabore npemaraeTcs bosee obImee ompe-
neserne [ICP, koTopoe 1o3BOUT IIPOBECTH JJOCTATOTHO
npocTyto u 3MH@PEKTUBHYIO OIEHKY CPEeIHUX KOHTYDPOB
JIECHOTO TTOZKapa.

6Look the first part of my paper [1, 2], not entered into this
remake.
7HpaBHna cocedcmea Ha R OoroBapuBarOTCs CIIEIUAIBHO.

W13 onpenenenust (2.1.1) u (2.1.2) caemyer, 9To cocTosi-
nue [ICP B MOMeHT { MOXKHO 3a/laBaTh, BBLICNSASA J1Ba
Takux nojmMHoxkecTBa y3io0s K} n K} xBajaparHoii pe-
merkn Ry, 9aTo

Kl ={r:t e Ry,u. # 0},

(2.1.4)
K2 ={r:te€ Ro,u,y = —1}.
Sleno, uro K7 C K} n
K} \K? ={r:t€ Ro,up =1} (2.1.5)

Takum obpasom, [ICP MoxKHO paccMarpuBaTh Kak I0-
cesopatesbaocTh nap (K}, K2] ans seex t € T. Tlpu
5TOM HEOOXO/IMMO OTMETHTh, UTO MOJMHOMKecTBa K/} u
K? mmetor, BooGmme Tosops, cayuatinygto gopmy®, se-
POSATHOCTHBIE XaPAKTEPUCTUKH KOTOPOU OIIPEIEIISTIOTCS
HoJIeM p BeposiTHOCTel pacnpocrpaHenust (2.1.3).

Boaee obmee onpenenenne IICP, ocHoBanroe Ha 3TOM
0J1X0/1e, Tpedyer BBEJEHUsI CTPOIO IOHSITHS, COOTBET-
CTBYIOIIErO HAIEMY WHTYUTUBHOMY TPEICTABICHUIO O
“cayuatinom nodmmootcecmee Yznoe” perreTKm.

Peus uzner o cayuatinom mrootcecmee, KOTOpoe MOXKHO
CYNTATh ODOOIIEHNEM JINCKPETHON C/IyJIaiiHON BeJTHYH-
HBI U “3HAYCHUSAMI’ KOTOPOI'O ABJIAIOTCH (B OTJIHYIHE OT
JIUCKPETHOI CJIy9aiiHOI BeJIMIUHBI) HE JIeHCTBUTEIbHbIE
9HUCIIa, & IOJMHOXKECTBA y3JI0B PEIIeTKH.

B sroit pa60Te MbI OI'DAHUYINMCHA JINIIL JIEMEHTAPHBIM
9KBUBAJICHTOM OIIpe/Ie/ICHU A Cﬂy‘{aﬁHOFO MHOZKeCTBa.

Omnpegenenne. Cayuaiinovwm mroscecmseom K Ha3bIBa-
ercs He Gosiee yeM cuerHblii Habop nap (Bj, pi)icr, rie
B; € Ry — HEKOTOPOe KOHEYHOE IOJMHOYKECTBO Y3JI0B
peIeTKH, a P; — BEPOSITHOCTb COBIIAJIEHUSI CJIYIANHOIO
MHOXKecTBa K ¢ 1MOJMHOXKeCTBOM B;:

Kpowme Toro, Tpedyercst, 4T0o0ObI
> pi=1 (2.1.7)

il

CAyuatinoum 6eKMOP-MHONCECTMEOM HAZBIBACTCS YIIOPSI-
JIOUYEHHBIH HAOOP CJIyYalHbIX MHOYKECTB

K=[K'K? .  K". (2.1.8)
[TonsiTre cirygaifHOrO MHOYKECTBA IIO3BOJISET OIIPeje-
JITB pewemuamoill cAywalinovil npoyece, KaK IOCIeI0-
BaTEJIBHOCTB CJIy4aiiHbIX MHOXKecTB. [Ipomecc xe ciy-
YaHOTO PACIPOCTPAHEHUS OIIPEJIEISIETCs KaK YaCTHBII
CJIydail pemeTdaToro CjaydaiHoro mporecca, B KOTOPOM
cJIydaifHble MHOXKECTBa PeleTdaToro IIpolecca J0JKHbI
YIOBJIETBOPATH cooTHOmeHO (2.1.4). A MOCKOJIbKY, Kak
MBI y2Ke OTMevaJjii, BEPOITHOCTHOE PacIIpelesieHue CIy-
YaWHBIX BEJUYUH Uyt ITOJIHOCTHIO OIIPEJIEISIETCS I10JIEM

81a KBagpaTHON pererke Ro.
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BeposiTHOCTEl pacrpocrpanenusi p, To u [ICP moJiHo-
CTBHIO OIIPEJIEISIETCS ITUM TIOJIEM.

OCHOBHBIM IIPAKTUIECKUM PE3YIHLTATOM JAHHON paboThl
ABJISIETCS TIPEJIaraeMbIii METOJ OTEHKN CPETHET0 KOH-
Typa JIECHOI'O 1I0YKapa 110 BEPOSITHOCTHOI MOJIEIH €ro
pacCIpOCTPaHeHusl, WK (YTO TO JKE CAMOE) METOJ OIeH-
KU “CpeJIHUX 3HAYEHUN’ CJIydailHbIX MHOXKECTB, 00pasy-

rormux IICP.

Iycrs K = {K;,t € T} — upomecc ciy4aitHoro pacipo-
crpanenus, e K; = [K}, K?] — ciyuaiinoe BexTop-
mHOKecTBO. [locTaBum 3aja4dy onpejiesienus “‘CpeiHero
3HAaYeHNs CIIyYaiiHbIX MHOXKECTB U3 K 4 JUIs IPOU3BOIIb-
morot e T.

CoOBepIIeHHO OYEBUJIHO, YTO 3a/a4a, [IOCTABICHHAS Ta-
KUM 00pa3oM, HEKOPPEKTHA, IIOCKOJIBKY II0Ka He OIpe-
JIeJIEHO TIOHSITHE “CPeJIHEero 3HAYeHUsT CJIyYaiiHOIO MHO-
JKECTBa pelleHre 3a1a9n OyJIeT CYIIeCTBEHHO 3aBUCETh
OT BBIOOPA TOTO OIPEIEJICHNUS.

Ciie1oBaTE/IbHO, TIPEXKJIE BCEIO HAM HEOOXOJUMO YCJIO0-
BUTHCsI O TOM, KAKOE TIOJIMHOYKECTBO Y3JIOB PEIIETKU MbI
OyJieM cunTaTh “CpeJIHUM 3HAaUYeHueM’ CJIydailHOro MHO-
JKeCTBa. XOTeJI0Ch Obl TakkKe, 9TOObI BHOBbH BBOINMOE
OHSATHE “‘CPEeHEero 3HAYEHUs B OIPEIEICHHOM CMBICJIE
OBLIO0 AHAJOIUYIHO MOHATHIO MATEMATHIECKOTO OXKU 1A~
HUS JUCKPETHON CJy4dailHO!l BeJnYnHbI.

Cuauasa 3amernm, ato ecan |K| — uucso y3ios B ciy-
qaiinom muoxecrse K, re. |K| — nuckpernas ciydaii-
Hasl BEJIMYNHA C 38JaHHBIM PACIIPEJIETEHUEM, TO MOYKHO
TOBOPHUTH O €r0 CPeHeM 3HAYCHHU — MATEeMATHIECKOM
oxunannn E|K]|.

Onpenenenne. Pewemuamuvim 0dHcudaHUEM CAY-
watino20 MHoocecmaea K HasbiBaeTcs IMOAMHOMXKe-
ctBo EK C Ry, yIOBJIETBOPHIOIIEe ABYM yCJIOBU-
M

E|K| —|€K|‘ = min ‘E|K|— |B|’, (2.1, A)
BCRs

E|KA&K| = min E|KA B, (2.1, B)
BCR»

KOTOPBhI€ MPEINCHIBAIOT BbIOpPATh U3 BCEX MOJ-
MHO2KECTB, KOTOPbIE€ yI0BJIETBOPSIOT yCJIOBUIO A,
TaKoe II0/IMHOYKECTBO, KOTOPO€ B CpeJHEeM Hau-
MeHee yKJIOHSETCS OT CJIy4YaifHoro MHo>kKecTBa K,
T.€. Y/IOBJIETBOPSIET YCJIOBUIO B.

OrnpesiesieHHOE TaKUM 00PA30M  PEULem4amoe oHcuoa-
HUE CAYUATIHO20 MHOIHCECTNBG 00JIaIAeT PJIOM CBOICTB,
AHAJIOTUYHBIX CBONCTBAM MAMEMAMULECKO20 0HCUIG-
HUA CAYUATHROT SeauumbL.”

9 Hampumep, Aas CTy9aiiHO# BEJMIHHBI & U €€ MaTeMaTHdIe-

ckoro oxujanus EE Bcerja cupaseinBo
E(—E¢) =0. (2.1.9)

AHajlornyHOe CBOCTBO BBIIOJIHSETCS U JJIs IIPOU3BOJILHOIO CJLy-
gafinoro Muoxkectsa K u ero pemrerdaroro oxkumanns &K

E|K \ EK| = E|€K \ K. (2.1.10)

OcraHoBuUMCS Ha CaMOM BaryKHOM XapaKTepucrmn4ie-
CKOM CBOfICTBe, KOTOpPOE 1103BOJIdAeT HaliT! pewemuvamoe

oorcudarue C,/Ly’%d’leOZO MHOIHCECTNEA.

Bsenmem B paccmoTpenune BeposSTHOCTH

w(r) =P(r € K). (2.1.11)
OkasbiBaercst, 9T0 B pelnerdaroe oxkugaume CEK
BXOOSAT Te, OKpyrieHHo, E|K| y3moB pemerku,
JJIsI KOTOPBIX BEPOSATHOCTYU 7 (1) MPUHUMAIOT 3HA-
dyeHus OGJIbININE, YEeM y OCTAJIbHBIX Y3JI0B.

DTO BasKHOE XapaKTEPUCTUIECKOE CBOMCTBO MO3BOJISIET
paspaboraTh ajaropuTMm u mnporpavmy it 9BM “M-
2227 KOTOPBIE BBIYUCIISIOT OIEHKH PEULETMUAMO20 0HCU-
0aMUA CAYUATHOZ20 MHOINHCECTNEA.

DTOT Ke aJI'OPUTM [IPUMEHEH JIJIsl OIEHKY PerieTdaThbix
OXKUJIAHUHN CJIyIaliHbIX MHOXKECTB, O0pa3yIoIuX IpO-
IeCC CJIYYaiiHOTO paCIIPOCTPAHEHUS.

[Iposeneno mojesmposanue [ICP, onpenensiembrx pas-
JINIHBIME  BEKMOPAMU  BEPOATMHOCTEL PACIPOCTPAE-

HUA

p(r) = [p1; p2; ps; pal, (2.1.3")

KOTODPbIE IIPpeAIIoJIararoTcsd IMOCTOAHHBIMU JIJIgd BCEX 77 S
Ry, m Uit KaykKJI0TO W3 HHUX OIEHEHBI DEeUEmUambie
0HCUIAHUA CAYHATHDIT MHONHCECTNE, OOPABYIONTNX ITOT
IICP (p1; p2; p3; pa)-

Ha puc. 2 nokazana 4acTh pemerku Ro, Ha KOTOPOI MO-
nemupyercs [ICP, B ToMm Bujie, B KOTOPOM €r0 Iedaraer
9BM. Ha mecre kaxkjoro y3ia r € Ry pacmosiaraercs
kosimaecTBo n(r) peamusanuii u3 100, B KOTOPBIX y3eJ T
MIPUHAJIEKAT CIIydaifHoMmy MuoxkecTBy K; mipm t = 13,
a onerka P(r € Kj3) — BeposiTHOCTH TOTO, uTO 1 € K73,
— nmeer sy 7(r) ~ n(r)/100. Kouryp Ha miockocTu
R?, comepxaruii pererdaroe okunanue &K 3 caydaii-
HOTO MHOKECTBa K13 TIPOBOMJICS BPYYHYIO HA OCHOBE
onenku cpeanero E|Kys| coayuaiinoit Bemmuunbr |Kis),
BbIuncJieHHo DBM.

Ha puc. 3 nokazan psiji peuwemuamolr 0ocudanutl cay-
YatHoir Mroscecme s pasiuaabix [ICP.

Ha puc. 4 npusesieHbl JBe MOCIEIOBATEIHLHOCTUH De-
HIETYATBIX OKUIAHUI ciydaiinbix muoxkecrs {EKy, t =
1,3,5,7,9,11,13} pyist apyx IICP.

B zakmiouenne paccMOTpUM BO3MOXKHBIE TPUMEHEHMUST
IIPEJIJIO?KEHHOI0 METO/a OIEHKHN CPEeJHNX KOHTYPOB Jiec-
HOI'O Ho2Kapa.

I/IMeIOH_[aHCH IporpaMMa 3KCIIEPTHBIX OI_LeHOK10

TIOJISE
BEPOSITHOCTEN PpaCIpPOCTPpAHEHUs] OTHs JIJIsi KOHKPET-
HBIX JIECHBIX TEPPUTOPHUIl W MPOrpaMMa CTATHCTUYE-
CKUX OTIEHOK PEUEMUAMBLL OHCUIGHUT CAYSATIHDLT MHO-

otcecms, obpazyromniux [ICP, mozsossgior MojgenpoBaTh

Sra anasorust u popmysia (2.1.10) okazaauch OMMOOYHBIME U 110~
TOMY B pUMEIKe OIyIEeHbI B CHOCKY.

10Cwm. mepyto wacTh mMoeit paGoThr [1, 2], He BOMIEAITYIO B STOT
pUMENK.
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CpeJlHAe KOHTYPBI IOyKapa U UX Pa3BUTHE BO BPEMEHU
JIJISE PA3JIMYHBIX JIECOTAKCAIIMOHHBIX YCJIOBUN. DTO J1a-
€T BO3MOYKHOCTH PeIaTh 3aJatdn, KAaCAIONInecs BOITPO-
COB MJICHTU(UKAIINN BEPOITHOCTHBIX MOJEEH JTeCHBIX
OXKAPOB (T.e. OLPEe/IeJeHUs U YTOUHEeHHs] X IIapaMeT-
poB). B mepByio o4yepesb UMEIOTCs B BUJLYy BEPOATHOCTH
¥ CKOPOCTH PACIPOCTPAHEHUs 110YXKapa 110 JIECHOMY Mac-
CUBY.

Hert meobxoanMocT TOBOPUTH O BayKHOCTH TOM 33,1849,
TeM HoJiee, 9TO JI0 CUX TI0P HE CYIIECTBOBAJIO Y/IOBIETBO-
PUTEBHBIX METOJIOB pacdyera 3aBUCUMOCTH IIapaMeTPOB
MOJIeJIell JIECHBIX TI02KApPOB OT BCEr0 MHOrooOpas3musi Cy-
MECTBYIONINX JIECOTAKCAIIMOHHBIX YCIOBHIA.

3 Back to the fuss

In the fuss of cities and in heavy traffic
Returning we have nowhere to go,

And climb down from the conquered peaks
Leaving the mountains

Leaving the mountains of the heart.

Vladimir Vysotsky, 1966.

They said that to be informed, is to be forearmed. Deeply
rational thought. Suitable for anything, but not to the
discovery of a new one. It’s no secret that too much
information sweeps clean all the way, besides the already
well-worn ruts. Excessive? This is in excess of what? From
what the pull down shipping costs to get rid of, to see no one
has trodden the top, cling to it and hold it for a moment.

No answer.
* % *

Here you are on top. And where to now?
Back? Down? No lifts? Just walk down?
In the hustle and bustle? Nowhere else to go?

No, well, you can certainly look for more ... Higher.
No, but it is quite something to look for the latest ...

Yeah, well, look, of course, you can.
Yes, but then nothing will be found there?

Most have nowhere to go!

Or, as always, in the obscurity of a fuss
Or back to the top of the unknown.

* kK
4 Help: mean probable event

In [6, 7, 1984] as well as in [8, 9, 1999, crp. 644]
you can find the definition of the mean measure set'!,

M Recently, examples of the use of the term multiplying in
different areas of mathematics and applications, and in many
Western works on the theory of random sets (see, for example,
[10, 2012], [11, 2013], [12, 2005] etc.) it is usually called Vorob’ev
ezpectation with a light hand Dietrich Stoyan [3, crp. 113-115,
1994 relying on outdated English transliteration of my name,
which I’'m writing now with slightly different.

which was first introduced in 1973 by me and published
in [1, 2, 1975] and in [13, 14, 1977], as well as used
by other authors, for example in [15, 16, 1985,1986],
and in [3, 1994]. The mean measure set is the mean
set characteristics of a random set whose values are
measurable subsets of a measure space, playing for a
random set of the same role played by the expectation,
or the mean value, of a random element with the values
of the linear space!'2. In eventology a notion of the mean
set of events has long existed [17, 18|. This was the result
of literal applying the definition of mean measure set
for a random set of events. More recently in [19, 20]
a general idea of the long-standing definition of mean
measure set was again taken by me on the arms so much
else to define another new concept for eventology called
the mean probable event.

Definition (mean probable event for a finite set
of events). Let (2, A,P) be the universal probability
space. The mean probable event for a finite set of events
X C A is defined as any universal event Zx € A
satisfying the inclusions

D oter(X)X)CExC Y ter(X)X), (42
[X|>m |X|>m
which occurs with probability
- 1
P(Ex) = g 2 P (43)

just in time of the events of X occurs at least m events,

where m € {0,1,...,|%|} satisfies
ST op(X)X) <P@Ex) < Y p(X)X).  (44)
|X|>m |X|>m

Remark. Of course, the mean probable event has known
extreme properties, which are formulated in terms of
probabilistic distance [19, 20].
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Applicable eventology of safety:
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Abstract. Totals of the eventological [1] safety system
modeling [2, 3, 4] is considered for examples and
illustrations, which are intended to demonstrate the
main features of the algorithm for calculating the risk
of a dangerous event at the company under established
the event-related circumstances based on the portfolio
of identification indicators of company safety; inter
alia the examples and illustrations show the role
and functions (in calculating the risk) of the three
main event-based figurants in the safety eventological
system: the total subject, the total object and the total
barrier; and most importantly they reveal the key of
eventological approach applicability for the field of
safety in the methods for selecting the optimal portfolio
of identification indicators of safety providing specified
accuracy of estimating risk of the dangerous event for
this company by minimal expert costs.

Keywords. Eventology,  applicable  eventology,
probability theory, event, probability, set of events,
algebra of events, mean probable event, wvalue of an
event, Gibbsean event-based model, event identification,
total subject, total object, total barrier, portfolio of
identification indicators, accuracy of estimating risk,
minimum cost of expert.

Here you come up with the idea.
Like, it is quite insane

to match this crazy world.

And then it comes up to you,
that the world is crazier

than you thought.

And to understand it,

it needs to come up with another idea,
absolutely insane.

The science is growing

with a series of that follies
roughly.

Sir Roger Penrose, 2013.

In this paper I intend to very briefly summarize two
years of eventological [1] research in the field of safety,
which have been published in my works [2, 3, 4, 5, 6,
7, 8], stopping only at the nodal eventological concepts
and models to provide a compact and transparent
picture again eventological prevailing approach in the
development of practical methods in the field of safety

© 2013 Vorobyev Oleg
Oleg Vorobyev (ed.), Proc. XII FAMES’2013, Krasnoyarsk: SEU

and insurance, which led eventually to the establishment
of a new eventological safety system of enterprise.

Among other things I'm going to sum up the work of
this still new and unfamiliar to most researchers field
in the examples that illustrate the characteristics of
eventological safety system of enterprise, for if you want
to clarify something new, then to make it clearer in the
examples, ruthlessly eliminating unnecessary parts and
sending them to the original sources.

The nature of this final work forces me to engage in no
small measure self-citations. Some short but important
sections cited are unchanged as they appear in the
original. In the other - I have made minor editorial
changes.

In addition, this review includes some illustrations of
my previous works, equipped with self-contained full
captions that are not duplicated in the text. However,
this work, along with the inevitable new synergies
for the first time gathered together the results also
contains some new ideas, has never been published, and
therefore, I hope, is an independent scientific value for
the applicable eventology safety and insurance.

Finally, the pattern of recent eventological research in
the field of safety would be far from complete without
the results of Arcady Novosyolov [9, 10] for controlling
and optimizing the risk of dangerous events, references
to which T am pleased to be included in these totals.

1 Eventology of safety

Recently, the paper [2] proposes a new eventological
world in the field of safety, which is relative to the
subject, event, probability and value.

1.1 Safety: subject, event, probability, value
[2, pp. 92-93]

The meaning of the concept of danger!' is investing
only a subject (or a set of subjects), which defines and
describes the danger. No subject is devoid of any concept
of danger, it would not make sense. Danger is always a
danger for the subject, the subject danger. As well as a

1Or it is safe as there is no danger.
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safety is always a subject safety. Thus, the danger and
the safety are subject categories.

It has long been noted more than once stated [1] that a
subject does not exist without the event. The event is a
being of the subject, a subject being, a co-being, and only
in the event subject realizes its existence.

In eventology [1] every event has a probability, and the
concept of probability does not make sense as long
as the event is defined, the probability of which is at
stake. Thus, events do not happen without a probability
as the probability does not happen without the event.
The second essential characteristic of subject events in
eventology is its value. Just as in the case of probability,
the eventological concept of value is meaningless as
long as the event is not specified, the value of which
is pointed: event is not without value, as the value does
not exist without the event.

Eventological theory characterizes the subject by this
or that set of events that are directly or indirectly
connected with the subject, reflecting either side of his
being. Each such set of events occurs in the form of a
situation of an set of circumstances, of a combinations
of occurrence or non-occurrence of events from this set
of a terraced events generated by this set. And each such
terraced event occurs with appropriate probability. A set
of probabilities of all the events terraced generated by a
given set of events is called the probability distribution
of a given set of events, and a set of values of all the
terraced events is called its value distribution?.

Here we are interested in those aspects of a subject
being, those sets of events, along with their FE-
distributions that give rise to its danger or its safety.
It goes without saying that the subject danger and the
subject safety is relative categories defined as to the set
of events that each time selects the subject himself.

Conclusions of the subject of a danger or safety at the
current juncture is always preceded by a conscious or
unconscious estimating by subject to the probability and
value of a causing or not causing damage to the subject
by a coincidence, estimating by subject the probability
and value of the terraced event. Thus, both the danger
and the safety are not only subject and relative, but also
probabilistic and value-categories.

* Kk x

It is appropriate to once again after [2] and [3] emphasize
the important idea of revealing insight eventological
safety and insurance:

e and safety, and insurance is always subject safety
and subject insurance, as measured mathematically

2The probability and value distributions of events together
determine the Gibbs characterization of eventological distribution
(E-distribution) of the set of events.

based on eventological model of the subject and
of subject methods of accounting and control
probabilistic and value eventological distribution of
sets of events in the field of safety and insurance.

* Kk

In [3] it has a method of eventological simulation of
safety systems within eventological system analysis, the
result of which is the eventological safety model of
subjects at the enterprise.

1.2 Eventological system of safety

In [3] it presents mathematical models safety® that are
based on the eventological system theory [1] and the
latest developments in the field of eventology safety
[2]. Systems of (fire) safety exist in every corner of the
world, in every industry and in every enterprise. Current
approaches to the development of (fire) safety systems
[11, 12, 13] regardless of the specific country, sector and
individual features of the system have a common event-
based system basis. Eventological systems theory allows
the development of a mathematical model which makes
it possible not only to express in a unit eventological
safety system and system basis, and the system shell,
but also to explain and to measure the structure of the
system event-related interactions between them.

To express, to explain and to measure eventologically
safety systems as systems of events we must first agree
that in eventological theory it means by a system of
events, and, in particular, than the notion of a system of
events must be different from still central to this theory
the concept of the set of events.

In eventology mathematical models of safety systems
are considered as a part of eventological system theory
(eventological system analysis) [1]. Since our work [5], a
eventological system (system of events) proposed a set of
events, which is composed of free set of events (system
basis), and events operationally related to events from
the basis (system shell).

The main landmarks in the development of safety
systems, we selected from a rather impressive list of
two works. The one [12] can rightly be considered the
most famous domestic achievement in the field of fire
safety, and the other [13] — exemplary performance of
an international project of safety system.

The first work [12] allowed a useful comparative
analysis. The second [13], in which the concepts of
preventive and reactive barriers, prompted by the
thought put into the eventological system safety analysis
new concepts and terms: events that are related to the
activities of providing safety, called barrier event, and
the eventological model of a set of barrier events — the

3including fire safety systems.
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total barrier, which, together with the total subject and
total object is one of the three main event-figurants in
the eventological model of safety system of subjects at
the enterprise proposed.

2 Glossary of terms and problems of
the applicable eventology of safety

1. Gibbs model of eventological system of safety is an
eventological model describing the event-based behavior of three
total figurants of safety: the subject, barrier and the object,
and assessing the risk (the probability of a danger event) in the
enterprise as a result of expert review of event state of enterprise
safety, carried out within the expert portfolio of I-signs.

2. Identification of regulatory parameters of Gibbs event
model — maximum, medium and minimum risk (the probability
of a danger event) — for this enterprise together historical,
expert and model statistics (see Section 4.3).

3. “I-sign” is a identification sign of safety of the enterprise,
the values of which are assess by the expert and define
execution/non-execution of regulatory safety requirements;
synonym for “I-event”, identification event of safety of
this enterprise, the occurrence of which characterizes the
performance of the regulatory requirements for safety and is
assessed by expert;

4. “Portfolio of I-signs” is a set of I-signs 2, used in eventological
safety model to assess the risk (probability) of the dangerous
event in the field of safety.

5. Figurant portfolio of “I-signs” is one of the three subsets of
I-signs that characterize each of the three figurants individually:
total subject, the total barrier and total object, and used in the
eventological safety model for risk (probability) assessment of a
dangerous event in the enterprise for the appropriate figurants
(subject: M, barrier: B, object: X).

6. Internal figurant subportfolio of “I-signs” is one of two
subsets of I-signs that characterize the two-set state of each
of the three figurants: total subject, total barrier and total
object, and used in eventological safety model to assess the
risk (probability) of a dangerous event in the enterprise for
the appropriate figurant (internal subject: t;, M, internal
barrier: 981, B,, internal object: X1, X»).

7. Mean probable portfolio of “I-signs” is the portfolio
widehat?l, which approximates the portfolio of I-signs frakA
in the mean probable, composed of mean probable I-signs, each
of which approximates in the mean probable to one subportfolio
of portfolio 2l respectively.

8. Expert portfolio of “I-signs” is a set of I-signs A | selected
from a total portfolio of I-signs 2l and the proposed for expert
review the safety of the enterprise; and similarly defined expert
figurant portfolios and internal subportfolios.

9. Minimum expert portfolio of “I-signs” is an expert portfolio
in which each I-sign belongs to the only one of the six
subportfolios and each of the six subportfolios contains the only
one I-sign.

10. Weighted minimum expert portfolio of “I-signs” is an
expert portfolio in which each I-sign belongs to the only one of
the six subportfolios, and each of the six subportfolios contains
not less than one I-sign.

11. Assessment of portfolio weights of I-sign (based on
statistical surveys of experts and based on the Gibbs model,
from which the log-dependence of portfolio weight of I-sign of
the probability of its value), which is characterized by its effect
on the risk (probability) of a dangerous event among other I-
signs of the portfolio (see Section 4.5).

12. Assessment of information capacity of I-sign in the
portfolio (based on statistical surveys of experts and evaluation
of information obtained during testing of its value), which
characterizes the importance of expert review information value
of this I-sign.

13. Assessment of accuracy of the calculation of risk (the
probability of a dangerous event) in the enterprise and its
dependence on the number of I-signs in the expert portfolio (see
Section 4.6).

14. The optimal expert portfolio of I-signs for the enterprise is
a portfolio of I-signs () (8), provides a given degree of accuracy
of risk assessment (the probability of a dangerous event) at the
minimum cost of expert (see section 4.5).

3 An event hierarchy of eventological
safety system in pictures
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Flg 1: An event hierarchy of eventological system of safety
consists of three levels — Left: the set of subjects 9, the set of barriers
B and the set of objects X; Center: three system figurants; Right:
three figurants eventological system of safety.
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Flg 2: Trajectory of safety. Schedule of probability of safety 0 <
I < 1 (vertical axis in the nonlinear scale) for an 50-year sequence
of 13 hyper-scenario cycles of safety system. The frequency of fire
dangerous events is 0.04 (2 events in 50 years). Safe levels: [; <[ < 1,
allowed dangerous levels: lo < I < l1; dangerous levels of 0 <1 < 2.

RESTORING

Flg 3: Many events cycle. Venn diagram illustrating many events
cycle of safety system, characterized by a succession of mean probable
states of its total figurants: ... — Norm (N) — Threat (T) —
Danger (D) — Restoring (R) — Norm (N) — ... .
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[=0.0 NORM TREAT DANGER RESTORE
safety permissible dangerous dangerous permissible dangerous
state state state state

Fig. 4: Many events cycle in time. Eventological many events
model of the main cycle (Norm, Threat, Danger, Restore) of safety
system of subjects in the enterprise. Venn diagram of a succession (left
to right) of confluence of mean probable states of system figurants: the
total subjects, barriers and objects. Against the background of mean
probable state of the total object, the total subject implemented
barrier event: warning (in safe state: NORM (N)), eliminating (in
permissible dangerous state: TREAT (T)), liquidating (in dangerous
state: DANGER (D)) and restoring (in permissible dangerous state:
RESTORE (R)). The vertical axis — safety (0 <1 < 1 in nonlinear
scale) of the subjects, the horizontal axis is the time sequence (left to
right) of terraced events.
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Fig. 5: The identification of a state of one of the three
figurants A = 20; URAs = M = My UMy, B = B U By and
X = X1 UX3 of safety system of the enterprise based on expert review,
which identifies (%) mean probable state 7T reat, Danger, Restoring
or Norm for the figurant 2 = 20, U 2As.

4 Four stages of the assessment of risk
of a dangerous event by eventological
safety system

The procedure for assessment of the current risk of a
dangerous event by eventological safety system of the

P(s | ter(A)2))

N

P(s | ter(0/20)) = ~(0)

- - - e wn wr s ew D En - e - - - = -
..‘ P(s) =1
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Fig. 6: Model of Gibbs dependence of risk P(s|ter(4/2))
'y((D)exp(}m}zz In “’(m)) of

) dangerous event s on a confluence of

circumstances of safety event ter(A/2) (combinations of values of
I-signs of safety) for each figurants 9t,B,X or for %A, the entire
enterprise. On Gibbs characterization of a set of I-events 2l is based
regulatory identification risk of danger event on the known standard
values worst: ~y(2A)2A), best: v(0/A) and average risk: ~o. The
horizontal axis represents the portfolio weight (relative to the danger
event s) vs(AJA) = |Aly,, A C A, of terraced I-events ter(A/),
arranged in ascending order. Under the horizontal axis in accordance
with the values of the risk of a dangerous event has “chess notation”
of 64 mean probable safety states.

8 | | |
bgiro Hebgtrn lbgtro Hiigtinm i t gttt Light I |
7’ | i
Il B BT it g r Wt lt r gt I
TR KT eI F SUSHE INAN TRAN  RRAY [ el 1T el QT RiNILA
| HellI I el - | o Il e NIl e el I
Higi g btsan g tgrrr gt b it
N o —— -
Hirge it Hiht bttt B it bl Bivgtnee o
ol ol (U4 B BRI | HUE 1 EEREE 0 B RN il e Ul
I el 6l | Hat st Mt Bt o Hgnm
a b c d e f g h

Flg 7: Gibbs dependence of risk of a danger event on the value of
the current mean probable state of safety of typical enterprise. Black
dots on the horizontal axis shows the values of each of the 64 mean
probable states of safety, which on the basis of Gibbs event model
the conditional probability of a hazardous event is defined under the

current state of safety. The safest state — al, the least safe state —
h8.

enterprise consists of four stages.

I Preparation of the portfolio of I-signs (identification



44

XII INTERNATIONAL FAMES’2013 CONFERENCE

signs) of safety optimal for the enterprise (see
Section 4.1).

IT Expertise of I-signs of optimally prepared the
portfolio (see Section 4.2).

III Identification of the current state of safety on the
results of this expertise of I-signs (see Section 4.3).

IV The calculation of the risk of a dangerous event at
the enterprise for the current state of its safety,
identified on the basis of expertise of the I-signs
(see Section 4.4).

4.1 Preparation of the optimal portfolio of
I-signs

Preparation of the portfolio of I-signs must meet two
criteria of optimality:

1. Portfolio of I-signs of safety should provide the
minimum permissible expert cost of checking the
I-signs (see Section 4.5);

2. The accuracy of risk assessment of dangerous events
on the basis of the portfolio of I-signs should be no
worse than a specified level (see Section 4.6).

Preparation of the optimal portfolio I-signs is a solution
of eventological optimization problem, which optimizes
the cost of expert test-portfolio of I-signs that provide a
given accuracy of the risk assessment of a dangerous
event (see Section 4.6), where under the expert
optimization of costs means the search for optimal
volume, structure (see section 5) and the information
capacity of the portfolio of I-signs (see section 4.5).

4.2 Expertise of I-signs

Expertise of I-signs of the portfolio optimally prepared
is an expert assessment of the binary values of I-signs:
present or absent, according to experts, this I-sign in the
characterization of the current state of enterprise safety.

4.3 Identification of the current state of safety

The results of the expertise of I-signs of optimally
prepared portfolio are the initial data for the
identification of the current state of safety of enterprise.
By the same standard algorithm [3, 4] based on the
Gibbs event model (4.4.1) for 2 = 9M,B, or X, the
identification is carried out of the current mean probable
state each of the three figurants in the safety system
(see Fig. 5 in Section 3): the total subject M, the total
barrier B and the total object X, thereby identifying the
current mean probable state of safety system (see . Fig.
1 in Section 3). Identification of the current state of the
system is based on the same Gibbs event model (4.4.1)
for A=MUDB UX.

4.4 Calculation of the risk of a dangerous
event

On the basis of the Gibbs event model [3, 4] it is offered
to calculate the risk of a dangerous event s at the
enterprise under the current state of its safety ter(A/2)
using the following formula for conditional probability:

|A Vs 1 ,Y(Ql)

A, HW), (4.4.1)

where () is the worst risk, v(21) is the best risk, o =
P(s) is the average risk of dangerous event (see Fig. 6
in Section 3).

P(slter(4/20)) = 7(0) exp (

4.5 Optimizing the expert costs for expert
review of portfolio of I-signs

To solve the problem of optimizing the costs of expert for
checking the portfolio of I-signs it is required the notions
of a portfolio weight and an information capacity of the
I-signs.

The portfolio weight w, = V (a) of I-sign/I-event a € A
is based on the Gibbs model which connects it with the
probability of p, = P(a) of occurrence of the I-event
a € A by known formula [1]

1
Pa=75 exp{aw,}, (4.5.1)
where a and Z are Gibbs model parameters of portfolio
of I-signs.

The formula (4.5.1) can solve two mutually inverse
probability problems:

e from known portfolio weight w, of I-event a € 2 to seek the
probability pg;

e from known probability p, of I-event a € 2 to seek the its
portfolio weight

1
wa = —In(pa2), (4.5.1)

as well as the control problems for the risk of a dangerous
event under various restrictions on expert costs [9, 10].

The information capacity of I-sign/I-event is measured
by entropy of I-event a € 2 by the known formula [1]
(see Fig. 8)

Lo = —paInp, — (]- *pa) hl(]. - pa), (452)

where p, = P(a) is the probability of I-event a € 2.

The interpretation of this information specifications of
I-event lies in the fact that if the probability of I-event
is close to 0 or 1, the expert review of its occurrence
provides little additional information and its inclusion
in the expert portfolio is not too justified. The criteria
for selection of I-sign a € 2 of the portfolio 2 in optimal
expert portfolio

A () ={aecA:T, >0} CA, (4.5.3)
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Flg 8: On the unit square [0,1]? hypograph shown (green) of the
information capacity Z, of I-sign a, depending on the probabilities p,
(horizontal axis) (4.5 .2), used for the selection of the best expertise
in the portfolio of the I-signs, the probability of which is not less than
the threshold §.

is a significant amount of its information capacity Z,
surpassing the threshold 6 € [0,In2] which depends
on the desired accuracy of the risk assessment of a
dangerous event.

4.6 Optimizing the accuracy of assessment of
the risk of a dangerous event

Error ¢ of the assess P(s) of the risk P(s|ter(A/2A)) of
dangerous event s based on the selected expert portfolio
2(¢)(§) can be computed using the formula:

g

€= t(l—a)/2,N—1\/—Na

where t(1_q)/2,n—1 is the (1 — a)/2-quantile of the
Student ¢-distribution with N — 1 degrees of freedom,
o is a standard deviation, « is the required level of
confidence usually taken equal 0.95, and N = |(¢) ()]
is the power of expert portfolio, i.e. amount of I-signs
including in 2A(®)(§). Thus the error &, which is the
smaller, more square root of its power N, determines
the confidence interval

P(s) —e < P(s|ter(A)2)) < P(s) +e,

where the value of risk of a dangerous event falls with
the probability which is not less than a.

In addition to the power of expert portfolio IV, the error
e of risk assessment greatly depends also on how the
relationship between the I-signs characterized by the
portfolio of selected I-signs. To control interdependence
between I-signs in the portfolio may be, controlling

its probability-event structure. Control principles of
probability-event structure of the expert portfolio that
lead to a reduction of error set out in section 5.

5 Help: eventological model of expert
portfolio of I-signs of safety

The key to the applicability of eventological approach
in safety is the eventological model of the structure of
expert answers to a set of normative questions about the
safety of the enterprise, in other words, the structure
of expert portfolio of identifying signs/events (I-signs/I-
events) of enterprise safety*.

Such an event-probability structure of I-signs of safety
should be organized optimally so that at minimum
expert cost to provide the required accuracy of risk
assessment (probability) of a dangerous event. In theory,
it is clear that a large body of regulatory questions is
due to the greater accuracy of risk assessment. However,
with the increase of the totality of questions, first, rising
costs of obtaining expert responses, and secondly, the
information capacity of each answer added decreases.
The proposed optimally organized structure of expert
portfolio of I-signs solves this dilemma by providing the
required accuracy by the minimum cost.

5.1 Eventological model of the portfolio of
I-signs

Eventological safety model proposed in [2, 3, 4, 5, 6, 7,
8], is an event-probability model of the safety enterprise
system, which is formed by event-driven reaction of
three system total figurants, each of whom is responsible
for the event-behavior of the corresponding set of: 9t —
subjects, B — barriers and X — objects of the enterprise,
joint event-state of which form the safety state of the
enterprise as a whole.

Eventological risk (probability) of a dangerous event at
the enterprise depends on the event-state in which there
is an enterprise safety. This event-state is characterized
by portfolio of I-signs of safety of this enterprise, which
is usually a set of answers to the specially selected
regulatory questions. The composition of the portfolio of
I-signs and organization structure of these I-signs in the
portfolio largely determine the accuracy of the expert
assessment of risk and the amount of the cost of the
expertise of state of enterprise safety.

The general structure of the portfolio of I-signs is
defined by the hierarchical structure three-figurants
eventological safety model, where each of the three total
figurants has its own two-set-structure. This hierarchical

4The definitions of the basic concepts and concise formulations
of the problems (usually highlighted in italics) associated with the
optimal choice of the expert portfolio of I-signs of enterprise safety
listed in the reference section 2 on page 106.
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structure is formed by three figurant portfolios I-signs
m, B, X,

each of which is formed by the union® of two inner
figurant subportfolios of I-signs®:

M=, UMy, B=PB;UB,, X=23XULIXso. (5.1.1)

As a result, the structure of portfolio of I-signs of
enterprise safety is characterized by the totality

A =M UM UB; UDBy U X U X, (5.1.2)

which is formed by the union® of six figurant

subportfolios of I-signs.

The problem of choosing the optimal structure of
the expert portfolio is to choose six figurant expert
subportfolios of I-signs (5.1.2), forming a general expert
portfolio of I-signs of the enterprise A€ C A, which
provides the required accuracy of the risk assessment by
minimal expert costs.

5.2 Full expert portfolio of I-signs

The Table 1 illustrates the minimum full expert portfolio
of I-signs

ﬂ:mlUmgu%lU%gUflUfgc.A, (5.2.1)

compiled by combining six subportfolios, each of which
is defined by the relevant subset of I-events

Dﬁl, mg, %1, %2, X1mXyCA (522)

This full expert portfolio frakA is an interesting
event-based interpretation, perhaps the only correct
only when using the concept of a kind of mean
event-based characteristics of subsets of I-events. The
role of the mean characteristics can be successfully
implemented, for example, recently introduced to
eventology the concept of the mean probable event [7, 8.
In this interpretation, the entire expert portfolio is
approximated by a set of just six mean probable I-events

§j\t1) ﬁ27 %1) %27 %1 u %2 S .A7 (523)

each of which approximates one of the six subsets of I-
events (5.2.2), which, for example, for subset of I-events
M1 C A is interpreted as follows:

My = (/M) = fim, € A

5Not necessarily disjoint.

6Each pair of inner figurant subportfolios of I-signs is required
mainly in order to assess the condition of the 4 states of the safety
cycle (norm, threat, danger, restore) is one of three figurants
involved and, consequently, in which condition of 64 is the
whole safety system of the enterprise. In addition, inner figurant
subportfolios of I-signs can be used to estimate the private risks
of dangerous events for each figurant involved in isolation, or for
each of a pair of sides” of the figurant separately.

A A | M | My | By | B | Xy | X
ter__T1 o o o o o °
ter__Rr o o o o ° o
ter__n o o o o ° °
ter_p_ o o o ° o o
ter_r1r o o o ° o °
ter_TtRr o o o ° ° o
ter_rnN o o o ° ° °
ter_r_ o o ° o o o
ter_Rro o o ° o o °
ter_Rr o o ° o ° o
ter_rnN o o [ o ° °
ter_n_— o o ° ° o o
ter_nNtT o o ° ° o °
ter _Nr o o ° ° ° o
ter _nnN o o ° ° ° °
terpr—_ o ° [e) [e) o o
terr_r o ° o o o °
terr_Rr o ° o o ° o
terr—nN o ° o o ° °
terrr— o ° o ° o o
terrrr o ° o ° o °
terrtr o ° o ° ° o
terrrN o ° o ° ° °
terrr— o ° ° o o o
terrrr o ° ° o o °
terrrr o ° ° o ° o
terrru o ° ° o ° °
terrn— o ° [ [ o o
terrny o ° ° ° o °
terrNr o ° ° ° ° o
terrNN o ° ° ° ° °
terp—— ° o o o o o
terr—1 ° o o o o °
terR—r ° o o o ° o
terp—N ° o o o ° °
terpr— ° o o ° o o
terrrT ° o o ° o °
terrTR ° o o ° ° o
terrTN ° o o ° ° °
terpRr— ° o [ o o o
terrrT ° o ° o o °
terrRR ° o ° o ° o
terrRN ° o ° o ° °
terrNn— ° o [ [ o o
tergrNT ° o ° ° o °
terrNR ° o ° ° ° o
terrNN ° o ° ° ° °
tern—— ° ° o o o o
tern—_v ° ° o o o °
terN_r ° ° o o ° o
tern—u ° ° o o ° °
ternT— ° ° o ° o o
ternTT ° ° o ° o °
terNTRr ° ° o ° ° o
ternTN ° ° o ° ° °
ternr— ° ° [ o o o
terNrT ° ° ° o o °
terNrRr ° ° [ o ° o
terNrRN ° ° ° o ° °
ternn— ° ° ° ° o o
ternNT ° ° ° ° o °
ternNRr ° ° ° ° ° o
ternNN ° ° ° ° ° °

Tab. 1: Six subportfolios of I-events: My, My, By, By and Xp, Xy
forming a minimum full portfolio A = {terA//‘il, AC QAl} of all possible
(for a portfolio of ) 63 terraced I-events of the II kind generated by
six mean probable events (5.2 .3) of the sextet 5[, approximating 2( in
the mean probable: Ao (on abbreviation of NNN, ..., TTT, ...,
RRR for subsets of A C 2 see Remark 2 on page 112).
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I will outline

é\[: {53}15 §j\t27 %1; %2; }\:17 %2} cA (524)
the set made as of the elements of the six mean probable
events (5.2.3), and approzimating in the mean probable
a whole expert portfolio 2 and A C 2 generated by
64 = 26 terraced I-events of the second kind

ter, g = ﬂ a € A,
a€A

the probability of which form probability distribution of
II-type

{pA//ﬁ’A - ﬁ}

of sextet of I-events 5{, where
Pajs = P (terA//ﬁ) .

Remark 1. All I-events from the full portfolio 2 are
joint and are generated by six mean probable I-events
of the sextet 21 as the different results of terraced®
operation of the Il-kind over sextet 2, indexed by its
different subsets? A C 2.

Remark 2. In Table 1 abbreviation used to denote
subsets of the sextet A C 2l refers to the states of
Norm (N), Threats (T), Restore (R) and Danger (D)
of each of the three total figurants of safety system as
follows. For any total figurant involved § = 9,8, or
X, approximated by doublet of mean probable events
{51,352}, its empty subset § C {F1,F2} corresponds to
the mean probable state of Danger (D), the subset {§1}
— mean probable state of Threat (T), the subset {2}
— mean probable state of Restore (R), and the subset
{%1,§2} — mean probable state of Norm (N). So, for
example, the abbreviation ““TN” corresponds to mean
probable state of safety when the total subject 91 is in
an arbitrary mean probable state, the total barrier B is
in the mean probable state of Threat (T), and the total
object X is in the mean probable state of Norm (N).
Examples of the use of abbreviations are:

ter- - - = tero//ﬁ,

ter_p_ = ter {%2}/27,
Ler TN = ter 13, 2., %, } /&
RN = tor (3,7, 2.} /3"
terp = ter {gﬁ\%%}/ﬁ,

terNNN = terﬂ//ﬁ.

8 Terraced called such a set-theoretic operations on sets of
events which resulted is the terraced event of one of six standard
kinds [1], generated by this set of events.

9The results of terraced operations of II-kind on the events of
2 are terraced events of T1-kind ter(A/20) = m a C Q, indexed

acA
by subsets of A C 2.

5.3 Minimum expert portfolio of I-signs

Minimum expert portfolio of I-signs (see Tab. 2),
though allowing to solve all the problems facing the
eventological safety system, but does not guarantee the
accuracy required for risk assessment.

Filling
subportfolios

* Kk k nt B3 ES

Mo

I-signs

)
)

=)

1 1

-opposition of the object?
-resistance of the object?
D-opposition of the barrier?
D-resistance of the barrier?
-opposition of the subject?
-resistance of the subject?

J T T2
¥
g

] e S

ol | ] ]2

Tab. 2: Example of filling figurant subportfolios of I-signs in
the minimum expert portfolio, which consists of six I-signs with
weights: 1,1,1,1,1,1 (top-down). In the column %% subsets of the
abbreviation (see Remark 2 on page 112), by which the corresponding
I-event (terraced event of II-kind) are numbered.

5.4 Minimum weighted expert portfolio of
I-signs

Minimum weighted expert portfolio of I-signs (see Tab.
3) also solves all the problems facing the safety system,
can provide the required accuracy of the risk assessment
by varying the weights of I-signs in the portfolio, but
unable to consider interconnections between I-signs in
the portfolio.

Filling
subportfolios

I-signs * ok k n B ES

)
)

3
3
=
o
-
o
3
N
")
]

Amount of entrances-driveways in SS? [ — —
Level of duty in SS? ——
ates of power plants in SS? ——
evel of danger zones B SS? ——
Systems of inner safety in SS? -
Potential source of danger in SS? -
Distance to SAR? ==1
Amount of primary-protect. means?
Maintenance of inner-safety syst.?
D-opposition of the object?
Auto alarm svstem in SS?
Life-support systems in SS?
D-resistance of the object?
Safety-guard on duty?
Power plants in SS7
Protection of energy communications?
Carryving out dangerous work in SS?
No danger zones?
System of inner safetyv?
No potential sources of danger? -
ervice against the risk? ——
Level of safety-guard on duty? ——
angerous materials in SS7 ==
Kind of life-support systems in SS? ==
funicipality - City? ——
Temporary dangerous devices in SS? ——
o transport. of danger.materials? ——
o substances that may be D? ——
D-opposition of the barrier? —
Protection system is working?
Primary-protection means in SS?
Primary-protection means?
Protection system?
D-resistance of the barrier?
Protect.of energy-communicat. in SS?
Amount entrances in SS?
D-opposition of the subject?
D-resistance of the subject?

5
el il il il

el il il

5
3

el il il

5

5
3

3 1 [ [ | o | o | | o s o o o o

5
el

juv] jms] v}
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Tab. 3: Example of filling figurant subportfolios by I-signs in the
minimum weighted expert portfolio, which consists of 38 I-signs
corresponding to 6 terraced I-events of the II-kind with weights:
12,16,3,5,1,1 (top-down). In the column %% % the abbreviation of
subsets shown (see Remark 2 on page 112), by which the corresponding
I-event of II-kind are numbered. SS — safety standards, D —
dangerous.

5.5 Arbitrary expert portfolio of I-signs

The arbitrary expert portfolio of I-signs (see Tab. 2),
containing a minimum weighted portfolio, allows us to
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solve all the problems facing the eventological safety
system that can provide the required accuracy of the
risk assessment, and has the option to account for the
relationship of I-signs in portfolio with the help of I-signs
contained in more than one of the six subportfolios.

Filling
subportfolios
* ok k n B
0y

)

"

I-signs

)
)

g)
o
-
o

-
-

5

Amount of entrances-driveways in SS7 | ——
Level of duty in SS? ——
Dates of power plants in SS? ——
evel of danger zones B SS?
Systems of inner safety in SS?
Potential source of danger in SS?
Distance to SAR?
Amount of primary-protect. means?
Maintenance of inner-safety syst.?7
D-opposition of the object?
Auto alarm system in SS?
Life-support systems in SS?
D-resistance of the object?
Safety-guard on duty?
Power plants in SS?
Protection of energy communications?
Carrving out dangerous work in SS?
No danger zones?
System of inner safety?
No potential sources of danger?
ervice against the risk?
Level of safety-guard on duty?
Dangerous materials in SS?
Kind of life-support systems in SS?
Municipality - City?
Temporary dangerous devices in SS7
No transport. of danger.materials?
o substances that may be D7
-opposition of the barrier?
Protection system is working?
Primary-protection means in SS?

5

5

5

5

B!l ] ol o e e e e e e ]

5

u| v v my] ny]lew] 3]

ol uv] v my] ny]lev] 3]

1N=H
L

Primary-protection means?
Protection system?

-resistance of the barrier?
Protect.of energy-communicat. in SS?
Amount entrances in SS7
Anti dangerous obstacles?

tairwells?
laterials of the object?

Emergency exits?

-opposition of the subject?
Personal safety?

Evacuation routes are OK?
Emergency exits are OK?
Evacuation systems are OK?

roups of low mobility are trained?
Level of education in SS?
Level of evacuation drills in SS?
nstructions at workplace in SS?

orking with D-substances in SS?
Evac.routes are equipped with SS7?
Sudden Danger is possible?
TW training about safety?
TW training on workplace safety?
D-resistance of the subject? R
Personal protection? R
Evacuation routes?
Emergency entrances?
Evacuation systems?

o group of low mobility?
ETW education on safety?
ETW education on workplace safety?
Evacuation training?
Production discipline is enforced?
Workplace instructions?
Plans involving emergency services?
Automatic safety is present?
Social situation in village in SS7?
Automatic safety is OK?

s =] =] ool e e ] o]

N

W
B
3

3155

W
3

W
B
3

s ol TR I U L N e A L L = =)

W
3

N
3EEEEEEHEEEEE

B
35155

[

[

|3 [ o o e o | | e [ [ 1 o3[

[
ololol [ il folelelel | ]| |eeleleleeee|e|e|e|e|elelele! | ||| |||l

o 0 0 0 0 O O 0 Ol 0 N O N N R R ER R R ER R C E R Y Y Y A 0 2000

oooooooooooooo'oo"'""""'oo.......llvvllvv-vv-vv-vv-vv-vv-v&)
o [l [ e el e e fl fofofofofofofofofofo o o 1 1 1 o 1 gt fofofo o I It fe ot de e fe gt de e g e fe gt fe g ] g ] 1)

=
=

Tab. 4: Example of filling figurant subportfolios by I-signs in the
incomplete expert portfolio, which contains a minimal portfolio (see
Tab. 2) and the minimum weighted portfolio (see Tab. 3) consists
of 69 I-signs corresponding 13 (instead possible 63) terraced I-events
of Il-kind with weights: 12,16,3,5,4,1,10,1, 2,1,11,2,1 (top-down). In
the column %% % the abbreviation of the subsets shown (see Remark
2 on page 112), by which the corresponding I-event of II-kind are
numbered. SS — safety standards, D — dangerous; ETW — engineers
and technical workers.

To match all kinds of relationships between I-signs in the
portfolio can be using the expert portfolio, including the
weighted full portfolio of I-signs of safety, that includes
I-signs corresponding to all possible terraced events of
II-kind generated by the corresponding mean probable
expert portfolio.

6 Totals

The proposed succinct statement of the results of
eventological studies on the safety turned out, though
far from exhaustive, but rewarding venture, during

which opened stripped of unnecessary details, the overall
design of eventological safety system that produced
new ideas related to key safety procedure of applicable
eventology — the preparation of optimal portfolio of
I-signs. Detailed research and development of these
eventological ideas will be discussed in subsequent
papers.
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He Imopa Ji1 AyMaTb o0 YHuBepCaJIbHbIX METOdaX
peaieHusda AJisd OJIMMIINA/JAHbIX 3a/Jda4

Paru6 3eiinasu oryinl AGacos

AszepbaiizkaHcKas TocyapcTBeHHast HedTsiHas AkajieMust
Baky
rahib-55@mail.ru

Awnnoramusi. B dannot pabome npedaazaemcs yHu-
8EPCaNLHOLI  MEMOOD  KOHCMPYKMUBHO20 — TAPAKMEPQ,
oas  apexmuerozo  peuwenus HEKOMOPLIT —KAACCOS8
oAUMNUGOHBIE 3aday no meme: «Tpeyzosvhurus. IIped-
AG2AEMDIT MAMEPUAL MOAHCEM. OBIMB UCTLOADIOBAH, HA
BAMAMUAT MAMEMAMUYECKO20 KPYICKA, 6 MAKIHCE NPU
Nn0020MOBKE K PASAULHBIM OAUMNUALOAM.

Kuarouesbie cinoBa. Tpeyzoivhuk, yHuEPCaAbHbIT Me-
mod, KOHCMPYKMUSHbH Memod, oauMnuadHbLe 36004,
PAUUOHANOHOE PEULEHUE.

Wnes pemuTh HECKOJIBKO OJMMITHAIHBIX 33149 OHUM
1 TeM ke CrocoOOM, U MPUTOM KOHCTPYKTUBHBIM Me-
TOJIOM, BBIIJISIIUT HACKOJBKO 3(PPEKTUBHBIM, HACTOJIb-
KO U He ybeamTesbHBIM. Bce Te, KOTOpbIEe 3HAKOMBI CO
MIKOJILHBIMU OJIMMIINA/IHBIMA 3a/ladaMi B TOI UJIN JIpYy-
rOif CTeleHu, MOT'YT IIOJITBEPIK/IATh, YTO OJIMMIINA/THbIC
3a/la4l — 3TO OTJIe/IbHBbIC MaTEeMaTUYCCKUE UCCIIE/I0Ba-
HUsI B OIIPejieJIeHHOM MaciinTabe. U, KOHeYHO, KarKiiasi
Takas 33/1a49a TpedyeT HAWTU WHIMBU/LYATbHBIH TTOJIXO/T,
KOTODBIII CBA3aH C CYIIHOCTBIO IIpe/JjlaracMoil 3aJa4u.
Ho, ecnu ygectsb, 910 B COBpEeMEHHOI MIKOJIBHON MaTe-
MaTHKe YHCJIO U pa3HooOpa3ue, a TaK»Ke YPOBEHb OJIMM-
NUa/IHBIX 3371249 3HAYUTEJIBHO BO3POC, TO, BCe-TAKU CTO-
UT CJleJIaTh IIOIBITKY B Ha3BAHHOM HallpaBJIEHUU, €CJINA
Jazke IMMOTePINM Heylady B TaKOIl MOJIe3HOI n comepKa-
TeJbHOM paboTe.

I/IT&K7 BC€ PENICHO - BBIXO/UM Ha 9TOT IIYTh.

CHavajia OTMETHM CJIEJIYIONLYI0 3aJady, 3aMedeHHYIO
HaMU CJIy9IaiiHo, KOTOpas (PAKTUIECKH SIBJISETCS OCHO-
BOU JIJId HAIIUX JAJIBHEUIINX PACCyXKJIECHHUII O MOCTaB-
nexnoit neaw |1, 3amaga 15.9, ¢.9].

3adava. okaxkure, 9T0 IUCH A, D, ¢ SABISIIOTCSA M-
HAMH CTOPOH HEKOTOPOI'O TPEYTOJbLHUKA TOIIA U TOJTHKO
Torma, Korma a =y+ 2, b=x+2, c=x+vy, vme ,y, 2
— MOJIOXKUTEJIbHBIE YUCIIA.

Permenne [1, c.24]. «Pemas cucremy ypaBHeHHi

a=y+z,
b=z +z, (1)
c=x+vy,

© 2013 P.A6acos,3.Cadaposa
Ouner Bopo6ees (pea.), Tpynsr XII PAMOE 2013, Kpacrospck: CDY

3oxpa Ab6acamu kbi3bl CadapoBa

AszepbalijzkaHcKkasi rocyZlapcTBenHasi HedTsiHas AKajieMus
Baky

[IOJTy 9aeM
x=(b+c—a)/2,
y=(a+c—b)/2, (2)
z=(a+b—10c)/2.
[TostoxkuTEIBHOCTD YKCET X, Y, 2 CJIeJlyeT U3 HepaBeH-
crBa TpeyroJibauka st AABC.»

OueBn/HO, 9TO MOKHO PACCYy’KJaTh U 0OPATHO, T.€. U3
(2) moxkHO TOSTYanTh cucteMy (1). Takum obpasom, cu-
crembl (1) n (2) sKBUBAJIEHTHBI.

Wrak, BMecTe C OJIOKUTETbHBIMU YUCJIaAMU a, b, ¢ — jijim-
HaMu CTOPOH Tpeyroybanka ABC, BBeJeHbI HOBBIE Be-
JIMYWHBI T, Y, Z — TOXKE MOJIOKUTEJIbHBIE. JIerko moHsaTh,
9TO TOJIOKATETbHBIE BEJTMIUHBI &, Y, 2 COBEPIITEHHO IIPO-
U3BOJIbHBIE, T.€. B OTJIMYKE OT @, b, ¢ HeT HEOOXOMMOCTH,
4TOOBI OHM YJIOBJIETBOPSLIA HEPABEHCTBAM TPEYTOJIbHI-
ka. Hampumep, mycrsb y U z BBIOPAHBI IPOU3BOJIBHO KaK
y = 8, z = 10. Torma MOXKHO IPOBEPUTH, ITO TPETHS
BEJIMYMHA & MOXKET IPUHUMATDH JII000€ MOJIOKUTETHHOEe
3HaYeHne Kak © < Yy + 2, TaK U © = Yy + 2, U JazxKe
x >y + z. s Bcex 9TUX CllydaeB, CYIIECTBYET PeaJib-
Hblil TpeyrojibHuK ABC, cTOPOHBI KOTOPOI'O BBIYHUCIIS-
1orcst 1o pasercrsam cucrembl (1). Konkperno pacemor-
pUM JBa IIpuMepa:

1l.y=28, 2=10, z = 18 (re. z = y + 2). Torua
u3 (1) maxomum peasbublii Tpeyrosbauk ABC, co
cropoHamu ¢ = y + 2z = 18, b =z + 2z = 28,
¢ = x4+ 1y = 26, KOTOpBIE YJIOBJIETBOPSIOT HEPa-
BEHCTBAM TPeyToJbHUKA (XOTs & = ¥ + 2);

2.y =8, 2=10, =20 (re. 2 > y+2z2). Us
sToM ciryuae u3 (1) maiimem gucia a = 18, b = 30,
¢ = 18, KoTopble MOTYT OBITH CTOPOHAMHI KAKOIO-
TO TPEYTOJIbHUKA.

Urak, mosioKuTebHble YUCTA X, Y, 2 HE MOIIAHSAIOTCS
HepaBeHCTBAM TPEYTOJbHUKA.

Kak MOXXHO OOBSICHUTH NPUYMHY 3TOrO siBieHus? A
npudrHA AcHA. ITO 0O3HAYAET, HAIPUMED BEJIMINHA T =
(b + ¢ — a)/2? Dra Besmunna (HAKTUIECKH OIPE/ICIsA-
€T HACKOJIBKO CyMMa, JITHH JIByX CTOPOH TPEYTOJIbHUKA
GoJibIlle TPEThell CTOPOHBI. A It 9TOH PA3HOCTH HET
BepxHeil rpanuipl. TakuMm 06pasoM, BeJnanHa & (& Tak-
JKe W Z) MOYKET IPUHUMATD JI000€ TI0JI0XKUTEIBHOE 3HA~
venwe. U emme, x, y, z HE3aBUCHMBIE JIPYT OT JpPyTa BEJH-
YHHBI, TOCKOJIBKY HET HEOOXOANMOCTH Ha TO, YTOOBI OHI
HO/[IMHSIJINCh HEPABEHCTBAM TPEYTOJIbHUKA.
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YVaursiBas 3TH KavueCcTBa BEJIUIUH T, Y, 2, BHOCUM HUJICIO:
410 OyJIeT, ecay 3a/JaHHYI0 3a/a4y 10 TeMe «TpeyroJib-
HUKW», BBIPAYKEHHON Ha <«A3BIKE a, b, c», mepeHecTn Ha
«SI3BIK X, Y, z»7 YUUTHIBas BBINIECKA3AHHOE O BEJIMYU-
HaX Z,Y,Z, €CTECTBEHHO OXKHJAaTh KAKyIO-TO II0JIb3Y B
9TOM IIEPEBOJIE.

UccneioBanue 3roro Bompoca OyJ1eM MPOBOJMUTD 110 CJie-
yTOIENR TTOC/IeIOBATETHHOCTH.

1 TeomeTpuyecKuii CMbICJI IIEPEMEHHBIX
x? y? z

Hesosbuo seomunaem dopmyiy r = (a + b — ¢)/2, ko-
TOpasl HAIIOMMHAET HAM TPeThe PABEHCTBO CHCTEMBI (2),
rje a u b — KaTeTsl, ¢ — TUIOTEHY3a HEKOTOPOTO MPIMO-
yrossroro Tpeyromsamka ABC(Z/C = 90Y), a r — paau-
YC BHACAHHON OKPYKHOCTH.

IIycre umeem npoussoibHbI Tpeyrobauk ABC. Tou-
KU KacaHUsl BIIMCAHHON OKPY?KHOCTHU CO CTOPOHAMU STO-
ro TpeyroJbHuKa obosHaunm depes M, N, P (puc.l).
AO,BO u CO — GUCCEKTPUCHI COOTBETCTBYIOIMINX Y-
a0 AABC. Ob6osnaunm AM = z, torma AP = uz,
BP=BN=c—z,CM =CN =b—x.

A

& z N B

Puc. 1: Tpoussonbusiii rpeyronsunk ABC. M, N,P — Touxu
KacaHUsl BIMCAHHONW OKPYKHOCTH CO CTOPOHAMH 9TOTO TPEyTOJIb-
uuka. AO,BO u CO — 6uCCEKTPUCHI COOTBETCTBYIOIIUX yTJIOB
AABC. O6osnaunm AM =z, BP =yu CN = z.

Orcrona nveem 2z +2(b—2) +2(c—x) =a+ b+ ¢ wm
x = (b+c—a)/2. Takum ke 1IyTeM MOXKHO NPOBEPHUTD,
aro BP =y u CN = z (cm.(2)).

3HAYNUT BEJIMYUHBI T, Y, 2 €CTh HEKOTOPBIE YACTU CTOPOH
a,b,c AABC. To, 9aro oHEM OIpEAEJSIOTCS ¢ BIUCAH-
HOM OKPY?KHOCTBIO, BCE 9TO 0OEIAeT MOJIE3HY 0 PaboTy ¢
9TUMHU nepeMenubiMu. V3 puc. 1 jerko Haitu (hopMyJibt

B r C

tA—Tt B : T

C moMoIp0 31ux (OPMYJI MOYKHO JIEPKO U 3P DEKTUBHO

JOKa3bIBaTh OYCHb MHOI'O TPUTI'OHOMETPUYICCKUX COOTHO-
LICHUH Pa3Horo Xapaxrepa.

2 OcHoBHble QOPMYJIBI HA SA3bIKE
HepeMeHHBbIX T, Y, 2

3mech OyjeM TpPUHUMATHL [PUBLIYHBIE 0OO3HAYEHUS
st tpeyrosibiuka AABC: a,b,c JITUHBL  CTO-
poH, p —mojynepumerp, S —IUOmWaAb, hg, by, he
COOTBETCTBYIOIIME BBICOTHI, Mg, My, M, — COOTBETCTBY-
1o1ue MeJIuannl, a lg,ly, [, — Ouccexkrpucel. R u r — pa-
JAYChI OIIMCAHHON U BIMCAHHOIT OKPY2KHOCTEI, COOTBET-
CTBEHHO, a 'y, T'y, I'c ~PAJMUYCHI BHEBIIUCAHHOW OKPYKHO-
CTH COOTBETCTBEHHO.

PazubivMu criocobamu MOXKHO JI0Ka3aTh cieyiomniue gpop-
MYJIbI, KOTOPBIE SIBISIOTCA paboaInMu (pOpMyIaMu Tpe/I-
JIO2KEHHOIT METOJIUKU.

1
1. pzi(a+b+c)::c+y+z.

2. S=ayzp (S =uay, £C =90°).

3. r:§:1/%, (r=2z, ZC =90°).
p p

abc c
4. R=—,(R=—-, ZC =90°).
4S’( 2’ )
cosA:If—Qyz,
be
D. cosB=1-— —2:82,
ac
cosC = 7_2scy'
ab
2./
sinAzﬁ,
c

2,/
6. sin B — V=P

Y

ac
2./
sinC = VIV
ab
2 2
cos A+ cos B = zy(a +b) = acy(z—i—p)’
abe abe
cosAfcosB:m,
abc
7.
sinA—sinB:M,
abe
sin A 4 sin B — 25(a + ) _ 25(2+p).

abc abc
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2z2p(z? + 4?) A
. — - = 7 t —_ =,
cosA-cosB =1 b2 , 85
. . dxyzp B r
sinA-sin B = =R 14, tg;*;
8.
2./ bc —2 C
cos A-sin B = zyzp(be yz), tg — = —
abc? 2
2. /zyzp(ac — 2zx Ay
sinA-cosB = Y 1;(602 ) SIS = b
2zp _wy —zp . B T2
A+B)=1— — = 15. sin — = /==
cos(A + B) 7 o n 3 e
25 2/zyz
sin(A—f—B):—:ﬂ, Singz Yy
0 ab ab 2 ab
2zp(z —y)? A xp
A-B)=1- """ _27 Y e
cos( ) abe2 5 cos - be’
) 25(y — z)(z + p) B
_ — yp
sin(A — B) b2 . 16. cos g =/ o,
2 _ 2 _
cos24 = = 2zp:y zp, C  Jzp
a b2 cos — = 4/ =.
10. 2 ab
. 2a\/zp  2y\/zp A
sin2A4 = 2 Ta =P85 =
ha = 2,/Tyzp/a, B -
“ vzp/ 17. rb:ptggz%,
11. hy = 2,\/Tyzp/b,
; c pr
Te = - ==—.
he = 2\/xyzp/c. c TPy z
1 HekoTopbie omuMIma iHbIe 3818491 CBA3AHBI ¢ TPEYTOJTh-
ma =3 (y — 2)? + 4ap, aukoM M N P. C npuMeHeHrneM TeOpeMbl KOCHHYCOB JIET-
KO IIPOBEPHUThH, ITO
12 m 1 (z—x)2+4 yz A
‘ b= 5 yp, MP =2x,/-— =2zsin —,
be 2
N = B
me ==+ (r—vy Zp
c 2 PN =2y %:stin—,
ac 2
; 2v/bcxp
= ) C
‘ T+p MN =222 —226in=.
ab 2
2./acyp
13. by = y+p C nomortbio 31ux GoPMyJI JIErKo JoKa3ark, uro AM N P
BCerJia sABJISIETCS OCTPOYTOJbLHBIM TPEYTroJbHUKOM. [l s
2/abzp sroro, manpumep, nepasencrso M P2 + PN? > MN?
le = tp JIErKO NPUBOAUTCs K HepaseHcTBy xy > 0 (ormernm,
9TO 9Ta 3a/a9a ObLia npejoxkena Ha XV MockoBckoit
L= 2yva? + 22 omumrmazie B 1952 r. [2, 3amaga 1, ¢.40]).
a — k)
a
A HexkoTopbIe OIMMIMA/HbBIE 321291 CBA3aHbI C OIIMCAH-
20\/y2 + 22 0 HOWt OKpYy»kHOCTBIO, Tie AK = [, BP = 1,,CF = l. —
Iy = 5 ¢ =907, 6uccekrpucet AABC' (puc.2).

172\/§:cyz
C oy + 22

Jlerko mpoBepuUThH, UTO

AP =bc/(a+c¢), KC=ab/(b+c),
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B,

Puc. 2: Hexoropsie onmummmaabie 3a1a49u CBS3aHbI C OMMCAHHON
okpy:kHOCTBIO, Tyie AK, BP, CF' — 6uccekrpucet AABC.

PC =ab/(a+c), AF =bc/(a+D),
BK =ac/(b+¢), BF =ac/(a+0D),
a TaKzKe

2
P31:M BB, =

2(a+c)\/yp’
Vab

Vac(a +¢)
N

Vab(a +b)

FC = T = CC = ,
! 2(a+b)\/zp ! 2./zp
2
KA = Vbe AA, = \/bc(b—i—c).

2(b+c)/zp 2./7p

3 HekoTopble npuMeHeHUs yKa3aHHOM
MEeTOIUKN

3adana 1. [3, 3amaua 17, ¢.192]. dokaxwure, 910 ecian
a,b,c — JIJIUHBI CTOPOH IIPOU3BOJILHOIO TPEYTOJIbHUKA,
TO

(b+c—a)-(a+c—=Db)-(a+b—c)<abc. (3)
Pewenue [3, c.332|. «fcno, uro

a>>a*—(b—c)=(a+b—c)a—b+c),
b2 >b? — (a —

A>c?—(a—

) =0b+a—c)(b—a+c),
b)? = (c+a—b)(c—a+b),
[IePEMHOKasl 9TH HEPABEHCTBA, Cpa3y HOIydIuM (3).»

Kaxk BugHO, 3/1€Ch y4YUTBHIBAIOTCS HEPABEHCTBA Tpe-
YTOJIBHUKA U TO9TOMY, HEJIEI'KO yTaJiaTh TaKoW CIiocod
pelleHns.

Eciiu nepeiiiem Ha s3bIK , Y, 2, TO HepaBeHCTBO (3) cpa-
3y NPUHUMACT BH/T

(z+y)(y +2)(x +2) > 8xyz. (4)

A s10 HEPpaBEHCTBO JOKa3bIBaeTCdA OYCHb ITPOCTO. ILHSI
9TOr'0 JIOCTATOYHO IEPEMHOKUTH HU3BECTHbIEC HepaBEH-

CTBa KakK
r+y=>2\/zy,
x+z> 2z, (5)
Y+ z>2/yz.

N3 cucrem (1) u (2) sicuo, uro HepaseHcTsa (3) u (4)
9KBHBAJICHTHBIL. 10 €CTh, OCTATOTHO JOKA3ATH OTHO U3
9TuX ABYX HepaseHCTB. Ho, HECMOTDs HA 9TO, 9TH HEPa-
BEHCTBA B [3] LOKA3BIBAIOTCS PA3/IeJIbHO, PA3HLIME CIIO-
cobamu (c.332, 333).

Hepagencrso (3) B [1] joka3biBacTcs erre JIByMs pas-
HBIMI criocobamu (3agada 15.15, ¢.25). Oqun 3 stnx
Cr1oco0OB BBITVISA/AT TAK:

T0o abc = 4SR.

1
«Taxk xkaxk S = —absin~y u siny = é,
ITo dbopwmyre I'epona

(a+bfc)(a+cfb)(b+cfa):8—52.

[TosToMy Hy>KHO JTOKa3aTh, 9TO

2
857 < 4SR,
p

r.e. 25 < pR. Tak Kak S = pr, IPUXOIUM K HEPABEHCTBY
2r < R.»

A 3710 HepasencTBo B [1] Jl0Ka3bIBAETCSI COBEPIIEHHO
JIPYTHM CIIOCOOOM KaK He3aBUCHMAs 33/1a¢a.

CrenaB HEDOJIBIION aHAIM3 ITUX METOJIOB JOKA3ATE/Ib-
CTBA, IPUXOJIUM K BBIBOJLY, YTO IIEPEXO0/] HA IIePEMEHHbIE
Z,Y, 7 B JIOKA3aTE/IbCTBE HEPABEHCTBA (3) aBJisteTcs 60-
Jiee 1e1ecoo0pasHbIM.

3adaua 2. JlokaszaTb HEPABEHCTBO

at+b+c>\/(b+c—a)(a+c—Db)+
+\/(a+b—c)(b+c—a)—|— (6)
+v/(a+c—b)(a+b—rc),

rre a, b, ¢ — AJIMHBI CTOPOH ITPOU3BOJILHOTO TPEYTOJIbHI-
Ka.

Pewenue. HepaBeHCTBO JOCTATOUHO CJI0KHOE H TIOITO-
My HaWTH HYKHBIIT CIIOCOO permeHus OyaeT HempocTo.
[TepexosmM Ha TEPEMEHHBIE T,%Y,Z W CPa3y IOy IUM
HEepaBeHcTBo T + Yy + 2 > /2y + /22 + /2y, KoTopoe
SKBUBAJIEHTHO ¢ HepaseHCTBOM (6). A J1st ero jokasa-
TEJILCTBA, JOCTATOYHO CJIOKUTH HepaBeHcTsa (5).
3adaua 3. Hokazars nepaBeHcTBo |1, 3aza4a 15.12, ¢.9]
a®+ b3+ <alb—c)?+ )
+b(c — a)? + c(a — b)? + 4abc,

rre a,b, ¢ — AJIMHBI CTOPOH ITPOU3BOJIBHOTO TPEYTOIbHI-
Ka.
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Pewenue 1, c.24]. “Tax xax c(a—b)?+4abe = c(a+b)?,
TO

a(b—c)? +b(c—a)® +c(a—b)?+4dabc —a® - b* — 3 =
= al(b— )® — @] + bl(c — a)? — b?] + cl(a+ b)* — ¢¥] =
=(a+b—c)la—b+c)(b+c—a)>0.

Tlocemee paBeHCTBO IPOBEPSIETCS TPOCTHIM BBIYUCTIE-
nueM. Bce Tpum COMHOXKUTENS ABISIOTCS MTOJIOKUTEb-
HBIMHI, B CHJIy HEpaBeHCTBa Tpeyroiabamnka.” Bor u Bce,
3aja4a perrera’!

Kak BuHO, 1IpejjioyKeHHbI MeTO/[ HeJib3sl CIUTaTh yoe-
JINTEJIbHBIM ¥ KOHCTPYKTUBHBIM. OH, CKOpee BCero, Bbi-
IVISUT CAYYIafdHBIM, €CJIM yIeCTh OCODEHHO IIOCJIe/IHee
PaBEeHCTBO.

Ora 3aa4a ObLIa npeoxkena B 1972 r. B Bearpun na
OJIMMIIAAJIE 110 MaTeMaTUKe.

B [4, ¢.73| upemiaraerca apyroit crocob st jgoKas3a-
resberBa Hepasencrsa (7). Ho, myisg aroro cuagasa mpo-
BepsIeTCsl ICTUHHOCTH paseHcTra ()

A B C
cos A+ cos B+ cosC —1=4sin— -sin — - sin —,
2 2 2
TaK KaK BCE TOCJEIYIONINe PACCYKIEHIsI OCHOBAHBI HA
9TOM PABEHCTBE.

Ecmm mb1 ¢ camoro nagana meperniiu Ob Ha IEPEeMEHHbIE
Z,Yy, 2z B (7), TO OCJIEe HECJIOKHBIX BHIYUCJICHUN 110JIy I~
Jm 661 xyz > 0.

Hy, uro MoxKHO cKazaThb 0 TAKUX CIOCODAX PEIICHUs
onmMIIaIHbIX 3autad? Kak BUIHO, TaKWe «MeTOJIbI» He
UMEIOT TIOJIE3HYIO Hay4IHYyIo ocHOBY. OHHU, CKOpee BCero,
UMEIOT CJIyYalHbId XapaKTep W TPYJHO IIOBEPUTH, ITO
TaKWe IMOXO/IbI OY/IY T BIOXHOBJIATDH YIEHUKA K OJIMIMITU-
JIHBIM 3aJla9aM. A Kak [oKa3aJ/l Halll aHAJIU3, OJIUMITU-
AJIHBIX 33/1a9 C TAKAMH HEOOOCHOBAHHBIMHU PENTEHUSIMU
JOCTATOYHO MHOTO.

IIpaBma u TO, UTO OJUMIIMAJIHBIE 3aJIa9HM, KPOME Ha-
VUHBIX PACCYKJEHUMN, JIIOOAT 1mouck n uHTynnuio. Ho,
KOIJIa yUEeHUK HOJAXOUT K OJIMMIINAIHBIM 3a/adaM, OH
003aTeJIHHO JTIOJI2KEH UMETh XOTs ObI MIHIMYM 3JI€MEH-
TApHBII MAHC I pPerenus 3Toi 3amaun. Vnade, mas
geM, U KakK JIyMaTh IMKOJbHUKY !

VaurThiBasg BO3MOXKHOCTH JIAHHON CTATbU, KOPOTKO 00-
CY/IUM €eIlle HECKOJIbKO TaKUX OJINMIIAA/IHBIX 3a/1a4.

3adaua 4. (VII Mexnynaponnas osmmnuasa, 1964 r.
Mocksa). O6o3uauum depes a, b, ¢ JJIMHbl CTOPOH HEKO-
TOPOT'O TPEYroJibHUKA. JloKa3aTh, 4T

a’(b+c—a)+b%(c+a—b)+
+c2(a+b—c¢) < 3abe.

(®)

Pewenue [5, c.95]. “(a —b)? > 0, (b—c)? > 0,
(¢ — a)? >0 npu mobwix a, b, c. 3 Toro, uro a,b,c —
CTOPOHBI TPEYTOJILHUKA, CliejtyeT, uto (b+c—a) > 0, (c+

a—b) >0, (a+b—c) > 0. Buaunr, (b—c)?(b+c—a) > 0,
(c—a)?(c+a—b)> 0, (a — b)* (a+b—c) > 0. Croxus
HOYWIEHHO 9TU HEPABEHCTBA, MOXKHO HOJIyIuThb (8).”

OnsTh TOT K€ caMblif BOIIPOC: KaK MOYKHO JOYMAThCS
JIO TAKOI'O PelleHusi?

Ecyin nepeiiem Ha 2,9y, 2, TO JIEIKO MOJLY 9UM
xZ z €z z
A
2 oy Ty =z

1, naxownerr

3adaua 5. (XLV Mockosekas osmMimaza, 1982). a, b, ¢
— JUINHBI CTOPOH TPEYroJibHuKa. JloKa3aTsh, 4o

a* + bt + ¢t —2(a?b? + a?c? + b?cP)+ ©)

+a2be + b2ac + ab > 0.
Pewenue [2, c.271]. «O6o3HauuM JIeBYIO 9aCTh HEpa-
BeHcrea (9) uepes f(a,b, ), 3amernm, uro (!)

f(a,b,¢) = (a+b+c)abe— (b+c—a)(a+c—b)(b+a—c)].
. » W JIATIBIIE HEKOTOPOE IPOJIOJIZKEHHUE ITOTO PEIIEHHUSL.
Hymaem, 9T0 BCAKHE KOMMEHTAPUY 3/1€Ch U3JIUIITHHU.

IIpu mepexoze HA X, Y, 2 MOZKHO IIOJTy9UTD
f(a7 b, C) =
=4 [(zy — 22)> + (zy — y2)* + (22 — y2)?] > 0.

HeBoJIbHO  HAIIPAIMBAECTCSA  BOIPOC, CKOJIBKO TAKAX
OJIMMIINAJIHBIX 387189 U CKOJIBKO TAKHUX <«CJIYUaifiHBIX»
pemennii. OTBernM cpasy: ux oueHb MHOro. ITosromy,
MBI TIpeJjTaraeM yBaXKaeMbIM IUTATESAM, O3HAKOMATh-
cd ¢ KHATOH [6] aBropa sTHX cTpok. KHura cocront u3
22 maparpados. Tam cobpamnbt okoso 250 Takux 3am1ad.
Bajiaun o Xxapakrepy pasHble U TEM CAMbIM DACKPBITHI
BCe BO3MOYKHOCTH II€PEX0JIa Ha [IEPEMEHHBIE X, Y, 2.

HeiicTBUTE/IBHO, HE TIOPA JIX HAM TMO/yMaTh 00 yHUBEP-
CAJIBHBIX METOJIaX PEIIeHUs OJIMMITUAIHBIX 38127
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O HeKOTOPBIX CBOMCTBAaX OJHOIO KJacCa 3MIUPUIYECKUX IIPOIECCOB

AbaymykypoB AbaypaxuM AxmenoBud

Hanumonanbubiit YHuBepcureT ¥Y36eKucrana
Tamkent
a_abdushukurov@rambler.ru

AmnnHorarus. B dannoti pabome obcyostcdaromes
ACUMNIMOMUNECKUE CE0UCTNEA 0000UWEHHBIT IMNUPUUE-
CKUT MPOUECCO8 NO ONPEIEAEHHVIM KAACCAM COObIMUT
U UHMEPUPYEMBT GYHKUUT, 4 MAKIHCE PACCMOMPEHE
CAGOaA CTOOUMOCTNG K 2GYCCOBCKOMY NPOUECCY.

Knaro4deBble CJI0BA. IMNUPUUECKUE NPOUECCHL, KAACCHL
Inusenko- Kanmenaau, MEMPUUECKAA IHMPONUA.

Hannast paboTta siBjsiercst pojoJkenueM [1]. Pacemor-
PUM IOC/IEI0BATE/TLHOCTD CTATUCTHYCCKUX SKCIIEPUMEH-
TOB, B KoTopoii nabiogaiorcs uapol {( Xy, Ag), k> 1},
rie { Xk, k > 1} — HesaBucumble U OJUMHAKOBO PACIIPE-
JleJICHHBIE CJIydaiinble BeJIMIuHbl (C.B.), OLpPe/e/eHHbIe
Ha BeposATHOCTHOM TpocrpancTse (2, A, P) u co 3Ha-
YeHUsIMU B U3MepuMoM npocrpancTee (X, B) ¢ pacipe-
nenennem @ (+) Ha B. Kaxgas c.B. X cOnpOBOXKIaeT-
ca cobbitueMm Ajg ¢ BepositHocTbio p = P (Ay). Unre-
pec IpeCTaBIIgioT coBMecTHbIe cBoiicTBa nap (X, Ak).
IIycrs 3a n maros Habmomaercs BoiGopka S =
{(Xk,ék),k: = L_n}, rie 8, = I (Ag) — mHAMKATOD CO-
Obirust Ag. IIycrs @y, () 1 p, — SMIUPUYECKUE ONEHKH
Q (-) u p, mocTpoenubie 1o BHIGOpKEe S

Qn (B) =

1 n
EZI(Xk € B),BeB,
k=1

1 n
Pn = E Zék
k=1

Baesen makske u cyonmepy Q (B) = P (X € B, 0 = 1)
U ee SMIUPUIECKUil aHAJIoD

Qu(B)= -3 il (Xe€ B), BEB.
k=1

Jlerko BuyeTH, UTO P = @ (X) up, = @n (X). Hasee,
nycts 0 < p < 1. BBemem smmmpudaeckune Mepbl, Kak
cJlyJaiiHble IPOIEeCcChl Ha B:

An(B)=n"(Q.(B) - Q(B)),
An (B) = n1/2 (Qvn (B) - QV (B)) )

1 ~
pin =1 /2 (pn — p) = Ay (X).

© 2013 A.A.Abaymykypos,/I.P.Kakakanosa
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OnauMm u3 BakHedmux cpoiicTs nap (Xj, Ay) asiaser-
e mesaucvocts X u Ay, Iyers A (B) = Q(B) —
pQ (B), B € B. Torga nezaBucumoctb X u Ay onpe-
neqsiercst papeHcTBoM A (B) = 0 s B € B. Ilycrs
A (B) = Qn (B) = pnQp (B) — sMmmpuyecknii aHaior
A (B). Yepes H, 0603HAUNM TUIIOTE3Y O HE3ABUCHMOCTHI
Xy u Ay nyisa Beex k > 1. Torga npu clpaBejInBOCTH M-
noressl H, npu kaxjaoMm B € B, M A (B) = 0 u cormacuo
YCHJICHHOMY 3aKOHY OOJIBIINX duces, A, (B) —— 0 npu
n — o00. Takum 06pazoM, IMIUPUIECKUN AHAJIOT st
An (B) Gynyun »xenaemoit ouenkoil st A (B) moxer
ObITH OJIE3HOM /ISt TIOCTPOEHUS COCTOATE/ILHBIX KPUTE-
pues s nposepku H,. Paccmorpum mopmupoBannbrit
pOIEeCe

1
/2
n

A,(B)=|——F— A (B), BeB.
B = (s ) )
HNccnemyem cBoiicTBa IporeccoB Ay, () u Ay, (+). doast us-
mepumoil Ha X dyuknun [ u 3nakonepeMeHHoit Mmepsr G,
uycts Gf = [ fdG. Beigenus sexkoropsiii kinace x C B
U MHOXKECTBO JF (QyHKIU f, Olpeae M BeJTnInHbBI

X

D,, ()\m]:) = H)‘nH]-' = sup |)‘nf| . (2)
feF

Pacevorpum Takake m HOpMuUpOBaHHBIH f — Tporiece

1/2
n
sop = [ (Gy) ot

Mycrs Q(B) = Q(B) — Q(B), Q, (B) = Qu(B) -
Q@ (B) — cybGMepsbl, COOTBETCTBYOIUE COOBITHIM ), =
0. BaxKHbIM ClienuaIbHbIM CJIydaeM J gBJIsieTCs MHOKE-
CTBO WHJIUKATOPOB HEKOTOPOTO KJIACCA MHOXKECTB X C
B:F = {I(B):BexCB}. Ilpp X = R" u y =
{(ooia] -z €R™), H (x) = Q((~o0ia]) u Hy (2) =
Qn ((—o0;x]) - dyskuus pacnpegenenns (b.p.) u M-
nupudeckag .p. M- MEPHOrO BEKTOpa Xj, & TakwKe
A, ((—o0; 2]) — coorBercTByOMUIT SMIMPUIECKUTT TTPO-
IECC, JIIT KOTOPOTO NMEET MECTO KJIACCUIECKAS TEOPEMA
I'nmusenko-Kanremm

II.H. 0

sup [n= /A, ((—o0;2])
xeR‘!n

Jlyist iokazaTenbCTBa AHAJOIMYHBIX DPE3YJILTATOB JIIS
Bejmaun (1) u (2) paccmorpum 0GOOIIEHHST TeOpeM
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InmuBenko-Kanresn Jijist Bejimans

6.~ |6, -3 G-
X

‘@" _@HI’

F

(4)
B umareparype [2, 3, 4] umerorcst pasamaHble 0600IIEH-
Hble anasorn reopemsl [usenko-Kanresm s crernu-
AJIbHBIX KJIACCOB X ¥ MHOXkKecTB F. Vcnosb3yeM mo/-
xoy1, Bamnmka-YepBoHeHknca, KOTOPBIHT OCHOBBIBACTCS
Ha BbIGOpe Kiacca X (ksacca Bannuka-YepBonenkuca
mwm BY-kracca) st obecriedeHusi CXOAUMOCTH K HYJTIO
pesimanabl (1). st GopMysmpoBKE COOTBETCTBYOIIETO
pe3ysbTara BBEJeM HEKOTOpbIe ornpesesenust. [Tockoib-
Ky sementsl Boibopkn S cocrost uz map (X, 0x) co
3HAYEHUSIMU B [IPOCTPAHCTBE

’
X

X x {01} = (X x {0) U (X x {1}) = XU Xy,

TO IIpeJICTaBUM KJlacC X Kak X = Xo U X1, Te xm C
By, =0 (Xp), m=0,1,X%NX =0uxoNx =0
Iycrs vy = v (Xm) usgexcesl Bannuka-YepBonenkuca
KJIACCOB Xpm, m = 0,1, (oupenenenne BU-unzgekca cu.
[?,4] ) u v = max (vy,v2).

Teopema 1. I[lycts v < oo u H@n — QVH , @n — @ -
X
X
n3mepuMbl. Torga mpu crpaBeyinBOCT Turnote3nl Hy,
D, (An; X) =5 0 ipu 1 — o0.

Tenepsb paccmorpuM Beananny (2). Teopenmbr [iinBeHKo-
Kanrem 1o0/1cKa3bBalOT yCJAOBUSI, IIPU KOTOPBIX I10-
ciiefiHue JBe BeJuuuHbl (4) crpeMsTes K Hysno Jubo 1mo
BEPOATHOCTH (B 9TOM CJLydae rOBOPAT, UTO JF sBJISETCS
crmabeiv [mmsenko-Kanremmn kimaccom i N, WaIm ke
[OYTH HABEPHOE (B 9TOM CJIydae rOBODSIT, 4TO JF sIBJIsI€T-
ca cusibHbIM Diinsenko-Kanreumm kiaaccom s Ay, ). Tlo-
JIE3HOE JIOCTATOYHOE yCJIOBUE JIJIsl KJIacca J, 9T00bl OH
ob1 cuabHBIM [mnBenko-KanTemmn KaaccoMm, siBIseT-
cs1 TpeboBaHme, ITOOBI BBITIOTHSIINCH CJIEIYIONINE YCIO0-

BHS JJTA METPUIECKNX SHTponmit Knacca F B L, (Q) u

L, (Q) I Beex € > 0:

Ny (s,]—', L, (5)) < o, (5)

e i 0 < g < oo

Ny (e,F, Ly (Q)) =

) {k’ : JUIsL HEKOTOPBIX f1, ..., fr € L4 (Q),
= min

1r§ni1£lk If = fill, < e nnzseex f € F,

u L4(Q)
{[171%Q} /.

npocrpancrso ¢ wopmoit || f|, =

B curetyrorieit reopeme yCcTaHOBIIEHO, YTO KJ1ACC J sIBJIS-
ercs cubHBIM [uBenKo-KanTe i Kraccom Jijist Mephbl

>

n -

Teopema 2. Ilycrs mis kaxkaoro kjiaacca QyHKIU F
BBINIOJIHEHBI yeioBus (5) npu ¢ = 1 u kaxaom € > 0. To-
II.H.

rJia [IPU ClpaBeiinBocTy runoressl Hy, Dy, (Ay; F) —
0, mpu n — oo.

Mycrs {A,f, f € F} — nocienosareabHocTsb f - 1po-
IeCCOB, Loy daeMbIx u3 A, (B) zamenoii A\, (B) Ha A\, f.
Ouesnjino, B A, f conepxurces u A, (B). Teneps cdop-
MyJIUPYEM OCHOBHOE YTBEPIKJIEHUE O CXOJUMOCTU IIPO-
necca A, f K @ - 6poynoBckomy mocty. Ompeennm xa-
PAKTEPUCTUKU (MHTErPAJ-CKOOKN ):

gy (9) = J) (5;f;£2 (Q)) =
6
= [ \oun (e.7.22(Q)) e
0
J:[] (8) =J (5;]:;122 (é)) =

:j\/logN[] (=722 (Q) ) e

B cuenyrommeit Teopeme yrBepxKmaercs ) - Jlouckepo-
BOCTBH KJjiacca JF It Mephl Ay, .

Teopema 3. IlycTs jyis Kazk10r0 Kiacca J H3MEepUMbIX
byHKIWiT, j[] (1) <oom j[] (1) < oco. Torga npu cupa-
BegyiuBoctu runoressl Hy, f - nponece {A, f, f € F}
cnabo cxouTes K () - OPOYHOBCKOMY MOCTY, T.€. TayC-
COBCKOMY IIPOIIECCY C HYJIEBBIM CPEJIHMM U KOBapUAIlH-

onnoit dyukmmen Q (f1f2) — Q (f1) Q (f2) .

DTOT pe3yabTaT MOXKET ObITh UCIOJIB30BaH sl IOCTPO-
€HHS CTATUCTUYIECKUX KPUTEPUEB JIJIA ITPOBEPKU TUIIO-
Te3bl Hy.

Criiucok imrepartypbl
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OI_[eHHBaHHe IIPOMN3BOJHBIX Cl)yHKI_[I/II/I paciipeaesJieHnd B MOJJde/IN
IIPOIIOPINOHAJIBHBIX MHTEHCUBHOCTEM
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Awunnoramusi. B pabome 660damcsa moaynapamenm-
puueckue AJEPHBIE OUEHKU NPOUBOOHBIT  PYHKUUU
pacnpedesenus 6  MOJeAU  MPONOPUUOHANOHBIL — UH-
MEHCUBHOCTNET CAYHATH020 UEH3YPUPOBAHUA CNPABA.
oxaszaro ymeeporcdenue 0 cmpozoti COCMOAMEALHOCTIU
OUEHOK.

KimroueBbie ciioBa. cayuatlinoe 4er3ypuposaHue, npo-
NOPUUOHANLHDLE UHMEHCUBHOCTIU, AJEPHBLE OUEHKU.

1 Bsenenue

IIycts X1, Xo,...,X,, — He3aBUCHUMbIE U OJUHAKOBO
pacipejiesiéHHble (H.0.p.) cayJaiiHble BeJIMIuHbI (C.B.) ¢
dyukiwmeit pactpenenenns: (¢.p.) F, y Koropoit cye-
CTBYIOT HENIPEPBIBHBIE M OPAHUIEHHBIE TIPON3BO/HBIE

. d'F(t)

FO@) =222

=22,
i = 1,2,....,r + 1. Yepes [ oGo3naumm 1LJI0T-
mocts db.p. F(f = FW). Tlpemmonoxum, |ro c.B.

X1, Xo,..., X, TeH3YypPUPYIOTCA CIpaBa COOTBETCTBEH-
HO C.B. Y7,Ys,...,Y, c obmeii menpepsBuoit d.p. G u
HAOJTIO/IAETCsT BBIOOPKA,

C™ ={(Z;,6;),1 <j <n},

rae Z; = min(X;,Y;), 0; = I[(Z; = X;) u I(A) — un-
jukarop cobbrtus A. [Ipenmonoxkum, 910 COBOKYITHOCTH
{X;} u {Y;} B3anmonesasucumer. JIerko BUmeTsb, ITO

1—H(t)=P(Z; > t) = (1 - F(t))(1 - G(t)),t € R.

PaccmoTpuM 3a1a4y oneruBanms mponssogabx F(*) mo
BbIGopKe C'("") | B KOTOPOIi IIPE/ICTABIISIONIHE HHTEPEC C.B.
X; HabmrofaeMbl JHImb 1IpH 0; = 1. DTy 3ajady MbI
PACCMOTPHM B CIIEIUAJILHOM CJlydae uHGMOPMATUBHOIO
nensypupoBanus, Korjga napa (F,G) orsedaer mojesn
nponopuonaabubix uarencusnocreit (MIIN). B MIIN
[IPEJIIOJIAraeTCsl, 9TO CYNIECTBYET TOJOKUTETHHOE TUC-
Jio 3 Takoe, 4To

1-Gt)=1—-F()’ teR. (1)

Pasencrso (1) 9KBHBAJCHTHO POIOPIHOHATIBHOCTH HH-
TerpasjbHbIX MOYHKINI HHTEHCUBHOCTEH

Aq(t) = BArR(t), teER, (2)

© 2013 A.A.Abaymyxkypos,K.C.Carumyiiaes
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e Ag = —log(l1 — G) u Ap = —log(1 — F). Uz (1)
TAKIKe CJIEIIYET, TTO

1-F@t)=01-H®)", teR, (3)
e

p= ﬁ:P(ZjZXj):M%

Oyanm u3 BaxkHbIX cgoitcrs MITU siBisiercs To, urto (1)
SKBUBAJIEHTHO HE3ABUCUMOCTH C.B. Z; U 0j. DTa Xapak-
repusarusg MIIW urpaer ximodeByio poJib IPHU UCCIE-
JIOBAHUU CBOWCTB CTATHCTHUK, IIOCTPOEHHBIX 10 BHIOOP-
ke C™. Cormacro (3) ecrecTBeHHO# TOTyTAPAMETDH-
qeckoil orenkoit F' siBjisiercsi crenedHast ACL - orenka
(Abdushukurov-Cheng-Lin cm.[1]):

Fu(t) = 1— (1— H, ()" =

Pn

- ﬁ(l%) N ()

1 n
= — . . <
p E wn; 1(Zyj < 1),
Jj=1

o= {50 ()7

—cKkaukn oneHkn (4) B TOUKax Zn;, j = L,m;
Iin < < Zpn — BapUAIMOHHBIN PSIJ, TOCTPOEH-
HBIiT 110 HAOIIOEHUAM 21, . . ., Zp. Ilpu amoMm py, u Hy, (1)
— smuupuyeckue oneHkn p u H(t):

re

Jj=1
1 n
Hi(t) = ~ Y1z <)
j=1

Creayer ormerurs, uro ACL-onenka (4) sBasercs on-
tumasibHON orenkoir B MIIN mo cpaBmenuio ¢ ocraiib-
HBIMI U3BeCcTHBIMA oneHkaMu jiist F' (em.[1]). Cormacuo
(3) nyst F' rakake nMeeM IpeJiCTaBJIeHUe

t

Ft) = p / (1— H(s)) ‘dH(s),te R.  (5)

— 00
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Orcroma st F' MOXKHO IIOCTPOUTD TaKXKe U OIEHKY

FO(t) = pp / (1- Hn(s))p”_ldHn(s) =

:—ZL«JOIZ <t),

— CO CKa4YKaMMt BeJIMYMHBI

Wl =0T (1 — Hy(Zny)) !

B KaxKJIoit Touke Z,j, j = 1,n. Jlerko 3amMeTuTb, 4TO
IpA JIOCTATOTHO OOTBITHX N: Wyj A ng,j =1,..,n,
cyreioBaresibHo oneHKN (4) u (6) SABIAIOTCH acHMII-
TOTUIECKH 3KBUBAJEHTHBIMU. [lo3TOMY 151 OmeHMBA-
mus npoussonabix F() memonssyem omenky (6), Tak
Kak OHa GoJiee MOAXOMUT Jyist 3Tux nesei. Ilycrs K (t)
— abcomorHo HenpepbiBHag ¢.p.(41po) ¢ cuMMeTpud-
HOMl W HenpepbIBHO-Iu(GGEPEHIUPYEMOil TIIOTHOCTHIO
k(t). BoibepeM mOCIE0BATEIBHOCTD "IMUPHHBL OKHA"
{p=p(n),n>1} rak, arobsr x | 0 u nu — oo upu
n — 00. ObozHATUM

, d'K(t
K'(t) = dti()’ 1=0,1,...,7r+ 1,
e KO = K, KO = ku KO = k0D gpu ¢ =

1,...,7 + 1. Pacemorpum mocsie1oBaTeIbHOCTD JIMHET-
HBIX (DYHKITMOHAJIOB OT F':

o= [ (5

— 00

)dF( ), teR. (7)

Hanee HamMu Oy/IyT UCIIOJIH30BAHBI YCJIOBUSI:

1. pl 0 opun — oo

2. nu?* — o0, i=1,7+ 1 upu n = oc;

3.v=Var|KW| <00, i=Tr+1;

4. Tlnornocrs k ¢.p. K cummerpuana: k(—t) = k(t);
5 / t'dK(t) =0,4i=1,r;
—00
o0
N = / K (1) < oo
6. o= [ (K(Z)) dt < oo, i=1,r+ 1. U3 (7) unre-

— 00

rpupys 10 4acCTdM IIPpU N — OO UMeEEM

sup |f7;(t) —F@)] <
teER
<sup [ IF(t = o) = F(0)lk(u)du <

(8)

< sup p T Ft+ 0, (uw)uk(u)du =

teER —co

=0 (u(n)),

PH YCJIOBUH
_ / | A (1) < oo. )
— 00

YunteiBag (8), dyuxruonan (7) MCHOIB3yeM I Olle-
HHUBaHUsI TIPOU3BOJIHBIX (.p. F. Jlerko npoBeputs, 9To

d'Fu(t) _

FO() = =2

- e () arta -

_ / L6y (t__?/
MZ

— 00

(10)

) dF (y),

i1=1,....,7r+1, teR,
rje nocsenoBaresibuo uarerpupys (10) mo gacrsm, 1mo-

JIydaeM

FO@) = [ PO wdr@), ()

i=1,...,r+1,t€R.

Teneps, anagornano (8) umMeem

sup |F0(0) — FO@) = Oum)).  (12)
teR
C yuerom (12), ornenxy mas F*) mocrpomny xak
0= ] oo ()
(13)
v T o) (t= P

=5 KO () Ha)™ )
i=1,...,7+1, teR.
[ycrs C(F®)) — MHOMKECTBO TOUEK HEMPEPHIBHOCTH

by FO i =T, r+1u

Tp=inf{te R: F(t)=1}.
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Torpa cornacuo (1) u (3): Tr = T = Ty. Cupasenusa
TEOPEMa O CHJILHOIT COCTOSTELHOCTH OLEHOK HPOU3BO/I-

HbIx (13).

Teopema. Ilycrb BbiosHenst yeiaoBus 1)-6) u npu Kaxk-
agomy >0me=1r+1,

oo
Z exp (f’ynu%) < o0.
n=1

Torma B xaxzoit Touke z € (—o00,Tr)(C (F) upn
n — oo,

P (F}ﬁ (z) — FO (z)) —1,

t=1,...,7+ 1. Ormerum, uro onenka (13) obobuiaer
uccsaesoBannyio B paborax [2, 3, 4] omeHoxk npousBoj-
HBIX.
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O06 acMMOTOTUYECKHNX IIOBEJICHUSAX BETBSAIIMNXCS IIPOIIECCOB
C HEOJHOPOJIHON MMMMUTIpaliueil, 3aBUCHIIEeil OT COCTOAHUS
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Annoranusga. Paccmampusaromesa acumMnmomuieckue
no6edEHUSs BEMBAWUICA NPOUELCCO8 ¢ HEOIHOPOIHOT
UMMULPAUUET, 3a8UCAWET 0OM COCTNOAHUA.
Kuarouesble ciioBa. Bemsawuecs caywaiinoe npovyec-
Cbl.

IIycre Ha BepositHOCTHOM 1IpocTpancTse (€2, J, P) 3a1a-
HBI:

1. maO)ecTBO X = { X037 = 1,2,...;n = 0,1,...}
He3aBHUCHMbBIX OJIMHAKOBO PACIIPE/IeTIEHHBIX CJIyJaii-
HBIX BEJUYIHH (C.B.) C BEPOATHOCTHOI ITPOU3BO/Is-

mieit dynknueit (B.1.d.)

o0 o0
F(s)=> pss’, [s| <1, p; >0, Y pj =1
=0

Jj=0

2. He3aBUCUMOe or X
Y = {Y,; n = 0,1,...} He3aBucumbIx C.B.

¢ B.ILD.

MHO2>KEeCTBO

o0
gn(s) =Y _q;(n)s’, |s| <1, q; >0,
j=0

o0
qu(n)zl; n = 0,12,....
j=0

Omupeesum nportece {Z, 52, caepyromum o6pasom:

ZW,
Zo=0, Znp1=»_ Xin+Yal{z,—0},
=1

0
rae y, =0,al;; _g}, KaK OOBIYHO MHIMKATOP COOBITHST

(2, o).

Kax m3Bectno, Taxoit nmporecc ['anprona-Batcona ¢ mm-
murparueii Biepsble uzydasica B pabore @ocrepa [1]. B
HOCJIEIY TOIIEM TAKHUE MPOIECCHI CTAIN HA3BIBATHCS BET-
BANIMMUCH CJIyYailHBIMKU TIPOLIECCAMU C MMMUTpaIueii,
zapucameil or cocrosaust. OTMETUM, WTO TPOTECCHI C
yOBIBAIONIEH MMMUTpAITAEil, 3aBUCSIIEH OT COCTOSHUS, C
JIUCKPETHBIM BPEMEHEM PaCcCMaTPUBaJIUCh B paborax [2],

[3].
© 2013 JI.B.Aszumos
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Ipemnosnoxknm, aro n.d. F(s) momyckaer ciemyrormee
[peJICTaBICHIe

F(s)=s+(1—s)'L(1—s), (1)
rae 0 < v <1wu L(s) — MeJyIeHHO MeHsomasicst (hyHK-
st (M.m.d.) npu s — 0.

B upejcrasiennn (1) yareHo To, U4TO JaHHBIH Iporece
apysercs kpurundecknm (F'(1) = 1) u, kpome Toro, n3
(1) cremyet, aro

F//(]'*) = +OO,
T.€. YUCJIO YACTHUIL, TOPOXKIAEMbIX OJIHON YacTuIeil, nme-
eT OEeCKOHEIHYIO JUCIIEPCHTO.

Nssecrno [4], aro ecom 0 < F(0) < 1, To i mporiec-
ca lasmbrona-Barcona cymecTByer crarmonapuas mepa,
n.d. U(s) xoropasi aHaquTnvHa B Kpyre |s| < ¢ (¢ —
BEpPOSITHOCTD BhIpoKieHns1) u npu U (F(0)) = 1 ynosie-
TBOpsieT (hyHKIMOHATHLHOMY ypaBHEHUIO AbeJst:

U(F(s))=1+U(s), |s| <gq, U(l)=occ.
Kaxk nokazan Coax [5], npezncrasienne (1), Bieder

_ 1+0(1)
v(l1—s)?L(1—s)’

3 acuMITOTHYIECKOTO IpeJicTaBienus (2) cieyer, 9To
obparnas Kk U(1l — s) dynknus G(z), > 0 umeer Buj

N(x)
Il/l/ ’

G(z) =

rae N(z) —m.m.d. Ha 6ECKOHEUHOCTH U IIPU T — 0O Y0~
srersopsier yciosuo vNY () Lz~ N(x)) — 1.

O60o3HaYNM

o = FBY, = gn(l)v ﬂn = DY, + 04721 — Qn,

Qi(n) = an (1 - Fi(0)),

k=0
Qa(n) = (1~ Fu(0) Y o,
k=0

rie Fo(s) = s, Fpi1 = F(Fn(9)).
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B ﬂaJIbHefILHeI\l IpeaInoJI02KUM, Y9TO BbIIIOJITHEHBI YCJIO-

BUA
sup,, &, < 00, sup,, Bn < 0o,

3)

0<a,—0, By =0, n— oc.

Bsejiem dyHukImio
— N (k)
M(n) = Z AV

B pabote [3| Takoii mporecc, u3ydeH B ciaydae, KOTJa
v=1, M(n) = co, n — oco. MBI paccMOTpuUM CJIy-
qait, korga M(n) — M < oo, n — oo. Ormernm, uTo
M < 0o MOXKeT UMeTh MeCTO Kak B ciydae 0 < v < 1,
TaK U B caydae v = 1.

CupapeJIuBbI CJIEJIYIOIIIe TEOPEMBI.

l

Teopema 1. Ilycrs oy ~ (_nr)’ Brn = 0(Q1(n)), n — oo,
n

rie v > 0 u l(n) — Mm.m.db. HA GECKOHEUHOCTH, IPU-

gem [(n) = o(1), n — oo, korma r = 0. Kpome Toro

n
0, = Q1(n) — 00 1pu n — 00. Torma cymecTByoT
Q2(n)
TIpEeIeTb

lim P{Z, = k|Z, >0} = P},

n—o0

o0
> pr=1,
k=1

o)
upuuem s m.b. p(s) = > Pis® nmeer mecro
k=1

ols) =1- = 3" Gk +U(s)). (4)
k=1

Teopema 2. [lycTb BBIIOJIHEHDBI yCJIOBUAS TeOPeMbl 1 1
0, — 6,0 <68 < oo upun — oco. Torma cymecTByoT
Ipeesibl

. S s 8
lim P{Z, = k|Z, > 0} = Py, I;P,ﬁma,

oo
Kpowme Toro, Z Pps* = (s) n p(s) oupenenser-
k=1

st paBeHCTBOM (4).

1+67

l

Teopema 3. Ilycrs ) ~ (_nr)’ Brn = 0(Q1(n)), n — oo,
n

rme v > 0 u l(n) — m.m.. HA GecKOHEYHOCTH, IIPU-

gem [(n) = o(1), n — oo, korma r = 0. Kpome Toro

Q1(n) — Oupun — oo, 0<6 < oco. Torna mist x > 0
Q2(n)
) 04+ G(x)
nl;rrgo P{Z,(1-F,(0)) <z|Z, >0} = EET R

rae -
/ e T dG(x) =1 —r(14+7)7 ",
0
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PereCCI/IOHHbIﬁ aHaJIN3 ABYAOJIbBHBIX MHOXKECTB coObBITUI

BapamnoBa Upuna BiaagumupoBHa

Cubupckuit PesepanbHblii Y HUBEPCUTET
Mucruryr MmaremaTuku u pyHIaMeHTaJIbHON HH(MOPpMATUKN
Kpacnosipck
irinabar@yandex.ru

Awunoranuga. B pabome paccemampusaemcs noHamue
06YdoAbHO20  MHOICECMBA  COOLIMUL, COCTNOAWEE U3
MHOIICECNE  CcODBIMUL, nepeas JdoNd KOMOPLIL onpe-
0ENAEMCA  CAYMAUNHDIMY  BEAUNUHAMY, G 6MOPASA —
CAYUATHDLMY  MHONCECMBAMU, G MAKHCE — MHONCE-
cmea dsydosvrur muoorcecms. Ilpusodames ocHosHbLE
NOHAMUA KAACCUYECKO20 U IBEHTMOAOLUMECKO20 PE2PEC-
cuonno20 anasusa. HMsywaromes zasucumocmu mescdy
08YQONOHBLMU MHOAHCECTNEAMU COOBIMUT U NPOBOOUMCA,
nocmpoenue  Ycaoshoir  pacnpedesenutls U PyHKUUU
MEOPEMUMECKOT,  IBEHMON0ZUNECKOT — Peepeccul,  0Af
08YQ0NOHLT MHOHCECTNG COOLIMU.

KomroueBbie ciioBa. Pezpeccus, MHOMCECNGENHAA Pe-
2peccus, Yeaoeroe cobbimue, 36EHMON0LUNECKAA Pe2Pec-
cus, 08YAONBHOE MHOHCECMBO COOBIMUTL

1 Bsenenue

Hammass paboTa TOCBAIIEHA W3YIEHWIO 3aBUCUMOCTH
MEXK/1y JIBYJIOJIbHBIMUA MHOYKECTBAMU COOBITHII C TIOMO-
[[bI0 UHCTPYMEHTAa, IBEHTOJIOINYECKOIl perpeccuu.

Toungarue perpeccuu (ot Jiar. regressio — obpaTHoe J[BU-
JKEHHUe, Mepexor 0T 0ojiee CJIOKHBIX (GOPM PA3BUTUS K
MEHee CJIOZKHBIM) sBJIAETCs OJHUM M3 OCHOBHBIX IIOHSI-
TUI B TEOPUU BEPOSTHOCTEN M MaTEMATUYECKON CTATH-
CTUKE, U BbIpA’KaeT 3aBUCUMOCTb CPEJHEro 3HaueHUs
CIy4JaiiHON BeJIMYMHBI OT 3HAYEHUsl JAPYTOoil ciaydailHoi
BEJIMYUHBI WM OT HECKOJIbKHX CJIyYailHbIX BEJIUYUH.
Tepmun «perpeccusi» ObL1 BriepBbie BBesen Ppercrcom
Tanbrorom B 1886 rojy B pe3ysibTaTe MPOBEJICHHOTO UC-
CJIeJIOBaHUSI COOTHOIIEHUSI POCTa POJIUTEJIER U UX JeTei.

Onpenenenue 1. Pezpeccuonnviii anasud — pas-
dea mamemamuseckoli cmamucmury, 00sedunAuLUTl
NPAKMUNECKUE MEMOodbl UCCAEI0BAHUA DPE2PECCUOHHOT
3A6UCUMOCTNY MEHCAY BEAUMUHAMU NO CMAMUCTIUYE-
CKUM 0aHHBIM.

HGJIHMI/I PETrpeCcCHOHHOIO aHaJINU3a JAHHBIX ABJIAIOTCA:

e ormpejiesieHre OOIEro BUJA yPABHEHUHA DPErpecChuu
— BKJIaJa OTAEJIbHBIX HE3aBUCUMbIX [I€DEMEHHBIX B
BapUalAIO 3aBUCUMOI;

® IIOCTPOEHUE CTATUCTUYCCKUX OIICHOK HEU3BECTHBIX
mapaMeTpoB, BXO/IANINX B YPDABHEHUE PErPECCUN;

© 2013 U.B. Bapamosa
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® IIPOBEPKA CTATUCTUIECKUX TUIOTE3 O PErPECCUN;

® IIpe/ICKa3aHue 3HAUYCHUA 3aBUCUMOI IIepeMEeHHO ¢
HOMOIILIO HE3ABUCUMOTi (-bIX).

Perpeccruonnnlit  ananu3 HeJIb3s UCHOJIB30BATH  JIJIsT
OIIpe/IeJIEHNS] HAJINYHS CBS3U MEXKJLy IIePEMEHHBIMU, 110~
CKOJIBKY HaJIT4Yue TaKOil CBS3U U €CTh IIPEJIITOCHLIKA JIJIs
npuMenenns ananan3a. [losTomy naxoxkpenne perpeccun
IpeJiBapsAeTcsd BBIYUCICHUEM KOBapHUAIUU MEXKTy JaH-
HBIMU U MOXKET JIONOJIHATHCS JIDYTUMH METOJ/IAMU KOpP-
PEJISIMOHHOTO aHAIN3a JTAHHBIX.

Perpeccronnsiit anams siBisercss oHAM U3 HAMOOJEE
PaCIIpOCTPAHEHHBIX METO/I0B O00pabOTKH Pe3yaIbTaToB
HAOJIIOJICHUI IPU U3YyYEHUH 3aBUCUMOCTel B (DU3UKE,
SKOHOMUKE, TeXHUKe, OMOJIOrMU, XUMUU U JPYyTUX 00-
JacTax 3HaHuil. Ha MOJIe/IsIX perpeccHoHHOro aHasm3a
OCHOBaHbBI TAKUE PA3JIE/Ibl MATEMATUIECKON CTATUCTUKU
KaK JIMCIEPCUOHHBII aHAJIN3 U IIJIAHUPOBAHIE YKCIIEPU-
MeHTOB. Moe/im perpeccCHoHHOTO aHaIn3a IMUPOKO MC-
[IOJTBb3YIOTCSI B MHOI'OMEPHOM CTATUCTHIECKOM aHaJIn3e.

B coBpemMeHHOM perpeccnoHHOM aHaJu3e HAnboJIee U3y-
YEeHHOH sABJIsIeTCsl MeTOUKa MCCJIeJIOBAHNS] BJIMSIHUS O/I-
HOH MJIM HECKOJIBKINX HE3aBUCHMBIX CJIy JalfHbIX BEJIUINH
&1, &, ..., &, Ha 3aBUCHMYIO CIYyYANHYIO BEJIUIUHY 1).
OcobeHHO 9T0 KacaeTcsi CUTYaIlUU JINHEHHOW perpeccuu.
Ciyuail HeJIMHEITHOW pPerpecCHOHHOI 3aBUCUMOCTHU UC-
cJIeJOBaH HE TaK IOJIHO, 3a49aCTyIO Ha IPAKTUKE HeJIu-
HefHbIe MOJIEJIN CBOJIATCH K JUHEHHON (opme ¢ 1moMo-
B0 TIOJIXOAIINX TPE0OPABOBAHUIA.

B crarbe mnpuBomATCS TOHATUS OCHOBHBIE ITOHSITHUS
KJIACCUYECKOI'O PErPeCCUOHHOI'O aHaJ/n3a: IapHasl WU
MHOXKECTBEHHAsI PEr'PecChsi, Perpeccusi CJIydailHbIX Be-
JIMYNH, perpeccusd CaydailHbIX BEKTOPOB, a TaKKe —
byHKIUSA TEOPETUIECKOIN Perpeccun.

Ocoboe BHUMaHUE YJIEJISIETCS IBEHTOJIOINIECKOMY I10/I-
xojly K perpeccun, paspaborannomy O. H. Bo-
POOBEBBIM, B KOTOPOM H3y4YaeTcsl paclpejie/IeHue CJIy-
JaffHBIX COOBITHIT M CIIyJaifiHbIX MHOXKECTB coObITHil. B
pamkax manuoro nogxoxa O. HO. BopobbésbiM ObLIO
[IPEJIJIOZKEHO TIOHSITAE IBEHTOJIOIMIECKOIl Perpeccuu oJi-
HOT'O MHOKeCTBa COOBITUI HA JPYroe MHOXKECTBO COOBI-
tuit [1].

Bo muorux obsiacTsix COBpEMEHHOI HAy9HON U IIPaKTH-
9eCKO JIeATEIbHOCTA TIPU TPOBEJICHUN PA3INIHBIX HC-
CJIEJIOBAHUN JIOBOJIBHO YaCTO BO3HUKAECT HEOOXO/INMOCTH
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perieHust 3a/iad PErpecCHOHHOTO aHAJIU3a, JJIsd CJIydast
CJIOKHBIX CTATUCTHYECKUX CUCTEM, TIOBEJIEHNE KOTOPBIX
OTHMCHIBAETCS] YUCJIOBBIMA U MHOXKECTBEHHBIMU JTAHHBI-
vu. K aucsty Takmx obsiacTeil 9esI0BeIecKOoil e TeIbHO-
CTH MOXKHO OTHECTH 3JIpaBOOXPAHEHUE, TEXHUKY, IKOHO-
MUKY, (DUHAHCBI, CTpaXOBaHUe, IICUXOJIOTHIO, COIUOJIO-
U0, 9KOJIOIUI0, ODUOJIOrUt0, (DUJIOJIOTHIO, JTUHIBUCTHUKY,
[eJIATOIUKY U JIPYTHE.

3ajava BBIIBJIEHUS 3aBUCUMOCTH MEXKJy JaHHBLIMH,
OIMCHIBAIOIIMMU TOBEJICHNIE MOJ0OHBIX CUCTEM, SIBJISICT-
Cg OYCHDb BaKHOU U aKTyaJIbHOM.

OCHOBHBIE TPYJIHOCTU U IIPOBEJIEHUN aHAJN3A TAKUX
CHCTEM 3aKJ/II0Yal0OTCA B CJIO?KHOI CTPYKTYPE 3aBUCHMO-
CTH MEXK/TIy JIEMEHTAMHU CHCTEMBI, OOJIBIITOM YUCTIE dJIe-
MEHTOB ¥ UX pasHorununoctu. [losromy s ycrpanenust
TUX TPYAHOCTENH aBTOPOM OBLI IIPEJJIOYKEH METOJI JIBY-
JIOTIBHBIX MHOYKECTB CJIydaifHbix cobbituii [2, 3]. Coruac-
HO JIAHHOMY METOJMY KarKJOMY JIEMEHTY CUCTEMBI Obl-
JIO TIPEJJIOZKEHO ITOCTABUTH B COOTBETCTBUE JIBY/I0/IbHOE
MHOKECTBO CJIyIailHbIX COOBITUI, KOTOPOE IIPECTABIIS-
eT coboit 00 beIMHEHNE JIBYX MHOYKECTB COOBITHI, TIepBast
JI0J1S1 KOTOPOT'O OIIPEJIEISeTCs CIIyYallHBIMU BeJIUYUHA-
MU, & BTOpas — CJIyYailHbIMU MHO>KECTBaMU.

B paGore [4] GbLiu OPeJIOKEHDbI YCJIOBHBIE BEPOSITHO-
CTHU JIBYJIOJLHBIX MHOYKECTB COOLITHIT M, 3aTeM, OHU Obl-
JIU TIPUMEHEHBI JIJIsl pelleHusl 3aJ1add CTaTHCTUIeCKOi
oneHKY (QYHKIMI TEOPETUIECKO I9BEHTOJIOIMIECKON pe-
rpeccun [5].

2 Kuaaccuyeckuii moaxoa K perpeccuu

PaCCMOTpI/H\l OCHOBHBIC ITOHATHUA CBA3aHHbIE C HAXOXK/IE-
HHueM HapHOfI 1 MHOYKECTBEHHON perpeccuu.

2.1 OcHoBHbBIEC IIOHATHUA

Ounpenesienne 2. Vpasuenue y = f(x) (ypasnenue pe-
epeccun) — Gopmyaa CmAMUCMUNECKoll CeA3U MeNHCIY
08YMA NEPEMEHHVMU, KOMOPAA HA3BIBAEMCA NAPHOT pe-
epeccueti.

Omnpenenenne 3. Ecau npu xaxcdom x = x; nabaroda-

EMCA T SHAUEHUTL Yy, s vy Yi,, BEAUNUNDL Y, TNO 3GEUCU-
i

MOCTMY CPEFHUT APUPMETNUHECKUT

Yiysoens yini
Lz

Y= omxi,t=1,...,.N
U ABAAETNCA PE2PECCUET 68 CMAMUCTNUYECKOM TNOHUMG-
HUL 9MO20 MEPMUHA.

Omnpenenenne 4. Mroocecmsaennoti peepeccueti Ha3vi-
8aeMcA MOJEAD, KOMOPAA BKAIOUAEM HECKOABKO NpPEd-
CKA3BIBANUUT UAU 00BACHAIOUUTL NEPEMEHHHLL.

Ob61mee HA3BHAYEHNE MHOYKECTBEHHO PEIrPECCUE COCTOUT
B aHaJN3€e CBA3U MEXKJIy HECKOJIbKIMHU HEe3aBUCHMBIMU
[epeMEHHBIMU (HA3bIBAEMbIMU TaKXKe PerpeccopaMu
UM TPEIMKTOPAMM) U 3aBUCUMOI [IEPEMEHHOIA.

Mojtesib TapHOit JIMHEHHOW perpeccuu MpeJiCTaBIIsieT Co-
00i1 3aBUCUMOCTD PE3YIbTUPYIONIEro MPU3HAKA, OT OJIHO-
ro paxkToOpa M MMeeT BUT

o+ o1 + €,

Y
Me =0, De = 0%, cov(e;, ;) = 0,1 # j,

e g U (p — HEU3BECTHbIE IapaMeTpPbl PErpecCui;
(ag + 1) obpasyer JeTepMUHUPOBAHHYIO COCTABIISIIO-
IO MOJIEJIH.

Ha ocroBe nmeromuxcst HabII0IeHNE HEOOXOAUMO 010~
Oparh HAMJIYYIIHE 110 OlPeJIeJIeHHOMY KPUTEPUIO OIleH-
KNI a U b HEM3BECTHBLIX HApPaMETPOB MOJEIH (g U Q.
YpapHenne perpeccuu ¢ OIMEHKAMN TapaMeTpPOB 3allr-
meM Kak

9y =a+ bx,

r7e § — BBIPDOBHEHHAS WJIM PACUYETHAS BEJIUIHHA .

OueHky mapamMeTpoB a U b OIPEIE/ISIIOTCs ¢ IOMOIIBIO
MEMOOG HAUMEHBUIUL KEaIPAMOE.

2.2 Meroa HaMMEHBbIINX KBaIpaTOB

Paccmorpum mertos HamMenbinux Ksagparos (MHK)
It apHoit auHeitHoi perpeccun. [Ipemmonoxum, mve-
I0TCsL N map HAOJIOAEHUI HAJ[ MEPEMEHHBIMU T U Y
(xiyyi), © = 1,2,...,n. g orjaeabHbix HaGJIIOICHUI
MOJIeJIb TIAPHOI JIMHEHHOI perpeccuu MOYKHO 3allucaTh
KakK

Yi = g + a1 + £;.

OrneHkr @ 1 b HEM3BECTHBIX MAPAMETPOB (g U (1 OIpe-
JEJAI0TCA U3 yCJA0BUS MUHUMU3AINNA CyMMBI KBa/IpaTOB
OTKJIOHEHWI HAOJIIOAEMBIX 3HAYEHUH Y; OT PACIETHBIX
i, A€ Yi = a + bx;.

VejioBre MUHUMUBAIMKA CyMMbI KBaIPATOB OTKJIOHEHUIA
Y; OT ¥; BBIIVISJIAT CJIEIYIOIIIM OOPa30M:

n
> (yi — §:)* — min
1=1

st ypaBHeHuil, IpUBOINMBIX K JITHEHHOMY BHILY, De-
IIaeTcd CJASAYIONad CUCTeMa JINHEHHBIX yPaBHeHMIt:

n n
na+by =)y
=1 =1
n n n
a+ Y wi+by xf =3 yiw
=1 1=1 =1

Heobxomnmo maiitu perrrenne CHCTEMBI OTHOCHUTEIHHO
HEM3BECTHBIX OIEHOK IMapaMeTpoB a u b.

Ornenky KaIeCcTBa [IOCTPOEH-

HOIt MOJIETN JaeT Ko3pdurimenT
2 _ 2

R* = r3, (undexc demepmumnayuu), a TaKxe cpejHss

oTTrOKa, arPOKCUMAITNN:

S 1 &
A==> Ai==3

i=1 i=1

Yi — Ui

Yi

-100%
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Koadbdurment a naspBaercss nocmosarnmvim Koahhuru-
enmom JTMHEHHON perpeccun, a b — nepemenmsim Kodgph-
Puyuenmom TUHEHHONW perpeccuu.

2.3 Perpeccusa nis ciayvdailHbIX BeJIUIUH

Iycrs 3amano (2, F,P) — BeposTHOCTHOE IPOCTPAH-
CTBO, TJie §) — IPOCTPAHCTBO 3JIEMEHTAPHBIX COOBITHIA,
F — asirebpa cobwituit, P — sepoammuocmmnasn mepa, 3a-
darnas nwa F.

Onpenenenune 5. Cayuatinot sesusurol & Ha3vieaem-
ca usmepuman ynryus & = E(w), omobpascarowasn Q
6 R.

Omnpenenenne 6. Pezpeccus 6eAusunvt 1) No 8eAUNUHE
& ompejiesisieTcst yCJOBHBIM MATEMATHICCKUM OYKUTAHU-
€M 7], BBIIUCJIEHHBIM IIPU YCJIOBUH, 9TO & = T

E(n | z) = y(x).

VpasHenue y = y(x), B KOTOPOM T UI'DAET POJIb «He3a-
BUCHMOIl» TI€PEMEHHOI, Ha3bIBAETCs ypPaBHEHUEM pe-
Ipeccuu, a COOTBETCTBYIONMI rpaduk — JIMHUENH ujin
KpUBOI perpeccuu 1) 1o &, IepeMeHHast & HA3bIBAETCS pe-
epeccuonnoll nepemennolti nin peepeccopom. ToaHOCTD,
¢ KOTODOII ypaBHEHHE PErpeccuu 1) 1mo £ OTparxKaer W3-
MEHEHHE 1) B CPeJHEM IIPU U3MEHEHUU T, U3MepseTCs
Yca06Hol ducnepcueti BEJIMYUHBI 1), BBIYUCJIEHHON Jijist
KarKJI0TO 3HAUEHuSA & = X

D(y | ) = o*(x).

HawnboJsree mpocThIM sIBJIsIETCS TOT CJlydaii, Korja pe-
rpeccus 1) 1o £ JIUHeHHA:

E(n|z) = po+ brz

Kosddunuentor Sy u S HasbBaloTcs kosdduryueHma-
MU PEZPECCUL U OTIPEJIEJISIFOTCST PABEHCTBAMU:
o o
_ n _ n
Bo=my = peg—me,  P1=pey—,
O¢ O¢

rae me m My — MaTEMAaTHIECKNE OXKUIAHMSA E n, O'g

u 0727 — gucnepcuu £ U 1), & pg,y — KOo3bPUIUEHT KOp-
peJisitiuu Mexkty € u 7). YpaBHEHHe PErpeccuul IIPU STOM

BBIpakaeTcsi (POPMYIIOit
91
Yy =my + pen— (x —mg).
O¢

B cayuae, korja coBmecTHOE pacipe/iesenne & u 1) HOp-
MaJibHO, 00e jmHuu perpeccun y = y(z) nu z = x(y)
SABJIATOTCS TPSIMBIMHE.

B ycnoBusIx cTaTHCTHYECKUX NPUJIOXKEHUI, KOT/Ia JIs
TOYHOTrO OINPeJICJICHUST PerPEeCCUH HeT JOCTATOUHBIX CBe-
JieHuit 0 hopMe COBMECTHOTO PACIIPEJIEICHHs BEPOATHO-
cTeif, BO3HUKAET 3a/ia9a HPUOJINKEHHOTO HAXOXKJICHUSI
perpeccun. Pemennio 3Toi 381491 MOYKET CJIy?KUTH BbI-
60p u3 Beex dyHKuuii f(z), NIPUHAIIEIKAIMX 38/IAHHO-
My KJIACCY, TaKoil (PyHKIMU, KOTOpasl JIaeT HAUIydIee

[PeJICTABICHUE BEJIMIUHDI 7) B TOM CMBICJIE, YTO OHA MU-
HUMM3UpYyeT MaTemaTudeckoe oxujianue E[n — f(z)]?.
Haiinennas pyHKIMsS HA3BIBAETCS cpednets Keadpamuye-
ckoti peepeccuedi. IIpocreiimum OyaeT caydail JTuHeiHoi
cpezHeil KBaapaTudecKkoil perpeccun. Eciau perpeccust
1o £ OTJIMYHA OT JIMHEHHO, TO ypaBHEeHHUE
Yy =my,+ pE,nﬁ(m —mg)
O¢

€CTb JIMHEHAs AITPOKCUMAIUS UCTUHHOTO yYPABHEHUS
perpeccnn: MaTeMaTHaeckoe oxkuganme E(n — by — bi€)?
JIOCTUTaeT MUHUMYMa 110 by 1 by 1pu by = By u by = [B1.

B obmiem ciydae OyHKIWST perpeccuy BbIparKaeTCsl Jiv-
HellHOI KOMOWHAIIMell TeX WJIM WHBIX 3aJ[aHHBIX (DYHK-

TITHiA:

y(x) = Bopo(z) + Bro1(z) + ... 4 Brnpm ().

Haunbosiee BaxkHOE 3HAYMEHUE UMEET NOAUHOMUGNDHASA
(napabosuneckas) pezpeccus, Ipu KOTOPOii

(po(x) = 17()01($) =Ty, (pm(x) = ™,
2.4 JIuHeliHas perpeccuoHHas MOJIeJIb

Mojie/ib MHOXKECTBEHHOW perpeccuul, BKJOYaromas k
OObACHATONINX TEPEMEHHBIX X1, L2, ..., Lk, IMEET BU/I

Y =)+ 01T+ aery + ...+ apTE + €,

Ee =0, De=oc>, cov(gi ) =0, 17,
T7Ie o, O, ..., (O, — HEM3BECTHDLIE TTAPAMETPHI PETPECCHN
(a1, a9, ...,  COOTBETCTBYIOT BKJIIOYEHHBIM B yDaBHE-

Hue perpeccun gpakTopam, oy — CBOOOJHOMY UJIEHY pe-
IPECCUN); £ — CJIydaifHasi COCTABIISIIOIAS MOJIEIH, 1 U j
— WHJIEKCHI HAOJIIO/IeHNI.

VYpaBHeHuEe perpeccuu ¢ OIMEHKAMU [TaPaMeTPOB MOXKHO
3ammncaTh Kak

Y =aog+ a1x1 + asxs + ...+ apTi,

rre ag,ay, ..., dy — OIEHKHU IIapAMETPOB PErPECCUM.

Kak n B cirygae napHoil perpeccun, 3ajia4a OIleHUBAHUS
3aKJII09AETCA B TOM, 9TOOBI C TIOMOIIBIO METO/a HAU-
MEHBIIINX KBaJIpaTOB HalTU TaKue OIEHKH ag, i, ..., Ak
HEM3BECTHBIX IIapaMeTPOB g, A/, ..., (), KOTOPble MIUHU-
MU3UPOBAIH OBl KBAIPATHI OTKJIOHEHUI HAOJIIOAEMBIX
3HAYCHUN 3aBUCAMON IEPEeMEHHON ¥; OT BBIYUCJICHHBIX C
IIOMOIIBIO yPaBHEHUsT perpeccuu ¥;. Pacdyernbie 3HatIe-
HUS 1J; OTPEETIIIOTCI KaK

Ui = a0 + a1%i1 + GaTi2 + ... FarTik, t=1,..,m,

TIE Ti1, T2, -y Tik, = 1,...,n — 3HaAYEHUS (PAKTOPOB,
MIOJTy I€HHDBIE TIPU 1-TOM HAOJIIOJIEHUN.

OyHKIWS, 3HAYEHNE KOTOPOH MUHUMHU3UPYIOT, WMEeT
BU/I,

n
Q= Z(yz — (ag + a1wi1 +agio + ...+ agpwiy))? — min
i=1
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3 VYcJjoBHBIE COOBITUS U YCJIOBHBIE
D-pacnpejeieHus

B pamkax sBenrosiormyeckoro moaxoga O. HO. Bo-
POOLEBBIM OBLIN BBE/IEHDI IOHATHUS YCIOBHOTO COOBITHS,
YCJIOBHOT'O 3BEHTOJIOTUYECKOIO PACIPEICJICHUST U IBEH-
TOJIOTUYECKON PErpeccuu OJIHOTO MHOYKECTBA COOBITHI
Ha JPyroe MHOXKeCTBO coObiTuii [1].

Paccmorpum BepositHocTHOE npocrpanctso (2, F, P),
MHOKeCTBO n30panubIx J-n3mepumMbix coobituit X C F,
HEeKOTOpoe F-m3amepumoe cobbitre s C €2, umeroree
HEHYJIEBYIO HeeJIMHNIHYI0 BepositHOCTh: 0 < P(s) < 1
u cobbitue x € X.

Onpepesienne 7. Yeaosnoe coovimue (ylcobvimue) x|s
— 9Mo cobuimue, 03HAUAIWEE, YMO HACTNYNAEHUE CO-
GumMuA T NPOUCTOOUM 6 COOMBEMEMEUY ¢ HACTMYNAe-
nuem cobimua s. Bepoamnocmov nacmynienus ycaos-
1020 COBWMuUA T|S coomeemcmeyem nonAMUI YCaoe-
noti eeposmmuocmu P(z|s) u onpedeasemes caedyro-

wet Popmyaoti:
_ P(zns)
P(z|s) = PG

Paccmorpum jBa muoxkecrBa cobbituit X = {xNs, x €
X}, X5 = {zNs x € X}, na Koropble cobpiTHe §
pazbusaem no Murkoeckomy MHOKECTBO coObITHF X :
X=X, (+) Xse ={znNs+axna‘, € X}. MHOXKeCTBO
cobbitnit X pazbusaem TPOCTPAHCTBO 3-cOObITHR () =

> ter(X) Ha cobblTug-TEppPACKU
XCx

ter(X) = ﬂ x ﬂ ¢, X CX.

rzeX xzeXe

MuozkecTBa cobbiTnii X 1 Xgc TakKe pazdbusarom, Xors
7 KaXkKJI0€ 0 CBOEMY, ITPOCTPAHCTBO I-COOBITHIH

Q= Z ters(X), Q= Z terse (X)

XCcx XCx

Ha COOCMBEHHDIE COOBIMUA-MEPPACKU

ters (X) = ﬂ (xNs) ﬂ (xNs)°
zeX reXe®
terye(X) = () (@ns®) [ (@ns)°
reX reXe

ITockoubky Bce cobbitus n3 X COIEPKATHC B COOBITAN
S , a Bce coObITHSI U3 Xgc — B €r0 JIONOJIHEHUN s¢ =
Q — s, o guist obbIx X # D u'Y # ) — cobbrTus-
reppacku nonapso ters (X) u terge (Y) ne nepecexarorcst:
ters (X) Nterse (Y) = 0. Tlostomy

ters(X), £ 0,

X
sNter(X) = {Smters(@)a X =0,

. _Jterse (X), X #0,
s° Nter(X) = {s‘ Nterse(0), X =0.
A orcrona
_ ftera(X) + terye(X), X0,
e = {s Nters(@) + ¢ Nteree (9), X =10

Ob6ozHaIM

p= {p(X),X - :f},

P = {ps(X),X c :f}, Dse = {psC(X)7X - %}

— D-pacnpegnenennst MHOXKecTB cobbiTuit X, Xs n Xye,
COOTBETCTBEHHO, TJIE

p(X) = P(ter(X)),

ps(X) = Pters(X)), pse(X) = P(terse(X)).

B cuiy (1)

RN

p(X) = {ps<X>+psc<X>,

X £ 0,
P(sNters(0)) + P(s Nterse(0)), X = 0.

IIpuuem, oueBuUIHO, UTO

P(s Nter,(0) = P(s) — > ps(X),

X#0

P(s° Nteree () = P(s°) = > pae(X).
X0
Ompenenenne 8. Ycaosroe I-pacnpedeserue mHosice-
cmea cobwmut X npu ycaosuu, 4mo waCmynuao co-
bwmue s € F omnpejessercd Kak HADOP BePOATHOCTEH

pis = {ps(X), X C X}, rie

ps(X) = { L

X #0,
1 P(s) 7 0

X =

Ouesmno, aro p = p;P(s) + p.P(s°). Bonee Toro,
ecan MHO2KecTBO cobbitnit S C F obpasdyer pa3dbuenue
Q=3 .cs s, To cupaseiBa o0mast «bopMyJIa HOJTHO
BEPOATHOCTH»: P = ) s P, P(s), nossosaiontas npes-
CTABUThH D-pacnpejiesieHne P B BUJE B3BEIIEHHON CyM-
MBI YCJTOBHBIX D-pacrpe/iefiennii p, ¢ Becamu, PaBHbl-
mu P(s) — BepogTHOCTSAM COOTBETCTBYIOMIMX COOBITHIH

us3 S.
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4 IlepBas TeppacHasi GOPMYJIMPOBKA
Teopembl Baiteca

Teopema Baiteca ma mpaxkTuke MpUMeHSIETCS IaCcTO, Ha-
npuMep, B JUATHOCTUKE, a TaKXKe B JPYruX 00JIacTX,
rie uMeercss MHOXKeCTBO S C F B3aMMOUCKJIIOYAIOIINX
cobvimuti-zunome3 u TpedyeTcst OIPee/INTh, KaK MEHsI-
FOTCSI BEPOSITHOCTH STUX COOBITUI-TUIIOTES [IPU yCJIOBUU,
9TO MPOU3OIIII0 HEKOTOPOE COObMUE-00CTMOAMEALCME0
x € X. Qopmyssr Baiteca myis ycaoBHBIX BepOATHOCTEIH
COOBITHI-TUIIOTE3 S € S UMEIOT BUI;

P(s|a)=

rae

P(z) =) P(z|s)P(s),
seS
XOTs HANOOJIEE TIOIY/IAPHA 3AIUCH:

P(z | 5)P(s)
YiesPl@|s)P(s)’

Pz |s) = seS.

DBEHTOJIOTUYECKAs] TEOPUsl TIO3BOJISIET «I1epedOpPMYJIn-
poBath» Teopemy bBaiteca B cyrmecTBeHHo 6osee oOIeit
dopmMe, BO-IIEPBBIX, CHAB HECYIIECTBEHHOE U IUCTO TEX-
HUYECKOe TPEeOOBAHNE 63AUMOUCKAOUAEMOCTU U TIPEJI-
[IOJIOXKUB, YTO MHOYKECTBO COOBITHUH-TUIOTE3 S HMeeT
[IPOU3BOJIBHYIO CTPYKTYPY, ¥ BO-BTOPBIX, 3aMEHUB O]l
HO COOBITHE-00CTOATEIHCTBO & € X BCEM MHOXKECTBOM
COOBITUI-00CTOATENLCTB X.

Ilepsass meppacras @opmyauposra. MuoxkecTBoO
cobbITHi-runoTe3 S pasdouBaer () Ha B3aUMOUCKJIIOYA-
fo1ye COOBITUSI-TEPPACKN

ter(S) = ﬂs ﬂ 59, Ses,
s€S  seSe

rne s =0 —s, §¢°=8— 5, u bopmynsr Baiteca mpu-
HUMAIOT DoJiee obIuit meppachvili 6u0:

P(z | ter(S))P(ter(S))
P(x)

P(ter(S) | z) = , SCS,

rje

P(z) = Z P(z | ter(S))P(ter(9)),

SCS
1 OKa3bIBAETCS BO3MOXKHBIM 3allMCATh UX B BHJE POp-
MyJI

P(x | ter(S)) p(S), SCS

p\x(s) = P(z) <

e

P(z) =) P(x| ter(S)) p(S),
SCs
cBa3biBaONuX -pacupenesieane p = {p(S), S C
S} mHOXKecTBa COObITHi-rUnOTE3 S € YCJIOBHBIM O-
pacupe/iesieHueM pj, = {p(S), § € S} wmmoxe-
CTBa COOBITHH-THIIOTE3 S TPHU YCJOBUM HACTYILICHUS
CcOOBITUSA-00CTOATENHCTBA T € X.

5 OBeHTOJIOTHMYECKAasl Perpeccusi

B pa6ote [1] O.FO. BopoGbepbiM Gblia BbiBeeHa Gop-
MyJIa 3BEHTOJOTUICCKON PEerpeccuu.

Onpegesenue 9. Jsenmonozuneckasn peepeccus 00-
HO20 MHOHCECTNBG MUMYALHWEL cobbimul X Ha Jpy-
206 MHOHCECMBO MUMYALHUIL cOOvMut Y — amo 3a-
BUCUMOCTND O, CBA3BLBANUAA OE3LLMAHHDIE COOBIMUA-

meppacky ter(X), X C X ¢ cobvimuamu-meppackamu
ter(Y),Y C Y:

ter(Y) = o(ter(X)), X CX.

[TockosbKy COOCTBEHHBIX WMEH y COOBITHI-TEePPaCOK
HET, U Pa3yMHbBIH CyObeKT HMMeeT K HUM JIAIb KOC-
BEHHBII «JIOCTYII» Yepe3 JIOruIecKue KOMOMHAIMH CO0-
CTBEHHBIX MMEH TUTYJbHBIX COOBITHIA, KOTOpPbIE UX TI0-
POXKJIAIOT, TO POJIb COOCTBEHHBIX WMEH [JIsi COOBITHII-
reppacok ter(X ) ncnosmsior mogmuoxkectsa X C X tn-
TYJIBHBIX COOBITHN, KOTOPBIMU COOBITHSA-TEPPACKH 3aHY-
MepoBaHbl. Takum 00pazoM, Jjisi pa3yMHOIO CyObekTa
6E3bIMSIHHOE COOBITHE-TEPPACKA

ter(X)
«CKPBIBACTCsT» 32 MOJMHOYKECTBOM TUTYJIBHBIX COOBITHI
X Cx,

a 3aBHCHMOCTb (0 MEKJy Oe3bIMSIHHBIME COOBITHSIME-
TeppacKaMu
ter(Y) = o(ter(X))

«CKPbIBACTCA» 3a 3aBUCUMOCTBIO MEZK/Ty COOTBETCTBYIO-
IMUMHA IIOJIMHO2KECTBaMU TUTYJIbHBIX COOBITHIA:

Y = o(X)
5.1 ®PyHKIUS TEOPETUIECKOMN

3BEHTOJIOTNYECKO perpeccumn

IIpu dbuxcuposannoit merpuxe p ma 2% x 2% bynxnusa
TEOPETUICCKOI 3BEHTOJIOTTIECKON PerpecCun OIIpe/Iessd-
€TCsl CIIOCOOOM, BIIOJIHE AHAJIOTMIHBIM KJIACCUIECKOMY':

Ep(Y, p(X)) — min.

Ecan



BApraHOBA

67

TO (PYHKIUSI TEOPETUIECKON IBEHTOJIOTMIECKON perpec-
CUU NMeeT BUT

P(X) = Qa(Y | ter(X))

YCJIOBHO-3BEHTOJIOTTYECKOTO CeT-KBAHTUJISA MOPSJIKA «,
rje

Qa(Y | ter(X)) = {y : P(y | ter(X)) > a}
[TO/IMHOYKECTBA TUTYJIBHBIX COOBITHI y € ), YCJIOBHBIE

BEPOATHOCTH, KOTOpPBIE HE MeHbIe o. B 3Tux obo3mnade-
HUSIX

ter(Qa (Y | ter(X))) = p(ter(X)).

6 JIBynosibHOE MHOXKECTBO CJIydYaifHbIX
9JIEMEHTOB U JIBYJOJIbHOE MHOXKECTBO
CIIy9YallHbIX COOBITHIA

B curyarmun, kora nosejienne KazkJI0ro 3JIEMEHTa CJI0K-
HOW CHUCTEMBbl XapaKTepU3yeTcsd JIaHHBIMU, O/IHA YacTb
KOTOPBIX — 4YHCJIOBagd, a Jpyrasg — MHOXKeCTBEHHAas,
00BEKT, TOPOXKIAIONIUN JTAHHYIO CTATUCTUKY, MOXKET
OBITH IIPEJCTABUM KaK OObeluHeHue IBYX JI0Jeil: Ciry-
JafiHBIX BEJIMYUH U CJIYIalHBIX MHOXKECTB COOBITHIA.

Iycrs (2, F, P) — BepogTHOCTHOE IPOCTPAHCTBO, e J
— aJsirebpa coOBITHIA, caydaiiibie cOOBITUSA T, Y, ... € F
— 3JIeMeHTBI aJirebpbl JF, Ha KOTOPOIi olpejieieHa Bepo-
aTHOCTh P. MHOXKECTBO M30paHHBIX CJIydailHbIX COOBI-

Tuiit X € F.

Onpenenenune 10. Cayuatinoe mHoscecmso codbvimud
nod X onpedeasemca kax uamepumoe omobpadtcenue

K :(Q,F,P)— (2*,22*'),

20e 2% — MHodKCECTBO BCET NOOMHONCECTNE MHONHCE-
cmea X.

B merome ObLIO MpEUIOKEHO CIIyUYaiHyI0 BEJUIUHY U
cIyJaiiHoe KOHEYHOEe MHOXKECTBO COOBITHI paccMaTpu-
BaTh KaK PEAM3AINIO CJIYIAHOIO 9JIEMEHTa, U 00bEKT,
[TOPOKJIAIOIININ CTATUCTUKY, — PACCMATPUBATH KaK JIBY-
JIOJIBHOE MHOYKECTBO CJIy4YailHbIX 9JIEMEHTOB.

Omnpenenenne 11. /JleydosvHovm mHoxceECmMEOM CAY-
walinoir aaemenmos nasveaemcs mmooicecmeo {€, K},
npedcmasumoe 6 cAedYowem eude:

{E,K}:qu:{fa,aeA,Kﬁ,ﬂEB}, (1)

3decv mepsas doadA — MO CAYHATHIE SEAUNUHD, & =
{&a, a € A}, emopas — cayuatinvie mHoxHcecmea cobvi-
mut K = {Kjs, § € B}, A — mnoorcecmso undexcos
CAYHATHDIT 8eaunun, B — muooicecmeo undexcos cay-
YAUHVT MHOHCECTNE COOVMUTL.

CobbITHSI, KOTOPBIE ITOPOXK IAIOTCS JIBY/I0JIbHBIM MHOYXKE-
CTBOM CJIyYailHbIX 3JIEMEHTOB, Oy/JIeM Ha3bIBATH MHOXKE-
CTBOM CJIy9aflHBIX COOBITHUIA.

Omnpenenenne 12. /Jleydosvroe MHOMCECTBO CAYwaT-
HuLT cobvmutll npedemasasem cobotll obsedurernue 08Yx
MHOHCECTNG — MHONCECTNEA COOLMUL, Komopoe onpede-
ASACNCA CAYUATIHOMYU GEAUMUHAMU, U MHOHCECTNEA CO-
bvimuti, KOmMopoe oNPedessemcs CAYUATHDIMYU MHOHCE-
cmeamu, cobvimui:

{0, X} = {Va, Xp,a € A, B € B}. (2)

TlosHOM XapaKTEPUCTUKONW JIBYJIOJBHOTO MHOXKECTBA
CIIy9alHBIX COOBITUI CJIy’KUT €ro 3IBEHTOJIOIMIECKOe
pacupeesenue. B pabore [1] 6b11n naiigenst Bece hopmbl
9BEHTOJIOTUYECKOI'0 PACIpe/IeIeHNA JBY/I0JIBHOIO MHO-
2KeCTBa, CJIydaiiubix cobbrTuit. Ipuseiem Huzke BUL J171st
OJIHOT'O U3 HUX.

Pacnpenenenne BeposiTHOCTEH COOBITHIT BY/IOILHOTO
muoxkectsa {Y, X}:

p(r,X) =P( )N =u)*

acA | y#r (3)
ﬂ x3 ﬂ g, aeA,ﬂEB),
:CBEX a;ﬂeXC
rxg € X, BED,

r={rq,r, € R},
X = {XB,X[; gffg}.

Ha mpakTuke paboraTh ¢ TaKUMU PaCHpPeJeJeHIs J0-
CTATOYHO CJIOZKHO. [TosToMy B [2] GbLIO IPEIOKEHO UC-
TOTb30BATE /IS NX OTEHNBAHUA ceT-orepanuu mo Mnm-
KOBCKOMY.

7 Cer—onepaiuu 1o MUHKOBCKOMY HaJ
ABYJIOJIBHBIMYA MHO>KECTBaMU
CJIyYaiilHbIX COOBITHIA

B pabore [2] 6bLI0 BBEJIEHO MOHATHE IPOU3BOJIbHO OT1e-
paruu 110 MUHKOBCKOMY HaJI JIBYMSI JIBY/I0JIbHBIMU MHO-
JKECTBAMU COOBITHI U ee BEPOATHOCTb.

HyCTb NMEIOTCA JBa ABYIOJIBHBIX MHOXKe-

{i, %}g,aeA,ﬁeB} u o s2 =
{32, %3, 0e4, 5B}

Omnpenenenne 13. I[Ipoussoavroti onepayuet no
Munrosckomy Had 08Yyms 08YIONLHHMYU MHONHCECTEA-
mu - cobumuti st u s?  waswieaemca meopemuko-—
MHOHCECTNEEHHAA ONEPAUUA (CEM—ONEPAUUA), KOMOPAA
NPeICMasAAEMCA KAk MHONHCECTNGO COOIMUT, NOAYYEH-
HHLET ¢ NoMOWBLI0 onepayut no Munkosckomy nad coom-

BEMCMBYIOWUMY COOBIMUAMU U3 KadHcI0T doau:

1

CTBa S =
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s1(0)s2 = {y;(O)
Be B} = {Vi(ra)OV2(ra), X5OXE, X5 C Xg, (4)
raeRa,aeA,ﬁeB}.

2, X5(0)X3, a € A,

BILer yg;yg g yav %éa%% g xﬁ

IIpumepom Takoil omeparu siBAJISIETCS CET—OMEPAIIHs
CUMMETPHUIECKON pa3HOCTH 110 MUHKOBCKOMY JIBYX JBY-

JIOJIbHBIX MHOYKECTB COOBITHIA.
Cer—ormepaliusi CHMMETPUIECKO pa3HocTu 1Mo MuHKOB-
CKOMY JIBYX JIBYJOJIBHBIX MHOMKECTB ' 1 % mMeeT ciie-

JYIOITWI BUJI:

s1(A)s2 = {y; (ra) AV2(ra), XAAX2,

()
ngxg,TaGRa,aeA,ﬂGB}.

BepOSITHOCTb CI/II\/IMeTpI/I‘IeCKOIU/I Pa3HOCTHU paBHaA

IAIZI% Z (
Dy 2 PxiAxd).

BeB | ﬂ' XpCXp

B [1] 6buio 0Ka3aHO, YTO BEPOATHOCTH CET—OIEPAIIN
CUMMETPHUIECKON Pa3HOCTU 110 MUHKOBCKOMY JIBY/0JIb-
HBIX MHOYKECTB COOBITHIl SIBJISIETCS IICEBIOMETPUKOM
Mexxty HuMH. [losToMy OBLIO INpPEJJIOXKEHO HCIOJIb30-
BaTh ee JIsl U3MEPEHUs PACCTOSIHUSI MEXK/y JIBY/0JIb-
HBIMH MHOXKECTBAMH COOBITHI.

8 IllonsTHMe cobObITHME-TEppacKu
JABY/IOJIBHOTO MHOYKECTBA COOBITHIA

O6o3HAYNM JIBYJOIBHOE MHOMKECTBO CJIyUaiHBIX COObI-
Tuit, npejcraBaenHoe B Gopmyse (2), caeayrommm 06-
Pa30M:

Z ={V, X} ={Va,Xp,a € A, B € B}.

IlycTh 3aman0 ABYIOJBHOE MHOXKECTBO CIyYaiHBIX CO-
OBITHIl S, ABJSIONEECH IIOJMHOYKECTBOM JIBY/IOJILHOTO
MHOX)KecTBa cobbiTuii Z (T.e. $ C Z):

s = {ysA;st; SA g A)SB g B}

Onpenenenne 14. Cobdwvimue-meppacka 08ydoNbHO20
MHOIHCECTNBA, CAYHATHDIT COOMULL S NPEICTMABAAEM CO-
601 HaOOD HEMEpecekarUUTcs cobvmull, 2de Kaxtcdoe
cobvimue ABAALMCA NOOMHOHCECTNBOM COOMBEMCMEYI0-

we20 mHogcecmen cobvimuti Yo uau Xg:
ter(s) = ter{Vs,, Xs, } =
= ﬂ ter(Vs) ﬂ ter(Xg) =

a€sa BEsp (7)
N2 V(N 2 N o5):
a€sq BEsp “xgeEXp zgeXf

2de sy C A, sp C B, rq € Rq, Xg C Xpg. 3decv mno-
otcecmeo R, mpedcmasasem cobotll MHONHCECTNGO 603~
MOACHDLT 3HAMEHUT CAYHATHOT seaununvl Eq !

Ra = {ral,...,raNa} CR,a€A.
9 Perpeccusi IBY/I0JIbHBIX MHOXKECTB
CJIyYaiiHbIX COOBITHIA

B pa6ore [4] GbLiu OPeJIOKEHbl YCJIOBHBIE BEPOSITHO-
CTHU JBYJIOJIBHBIX MHOYKECTB COOBITHI M, 3aT€M, OHU ObI-
JI TIPUMEHEHBI JIJIsi pellleHnsl 3aJladd CTaTUCTUYIeCKOil
OlEHKH (DYHKIIUKM T€OPETUIECCKON IBEHTOJIOIMIECKON pe-
rpeccun [5].

ITycTh 3aMaHBI IBY/IOJBHBIE MHOYKECTBA CJIyIAHBIX CO-
ObITHIT S ¥ T, SABISIONMECS TOJAMHOYKECTBAMA JBYI0 b~
HOTO MHOXKecTBa cobbiTnii Z (T.6. 8, C Z):

s = {y5A7
t= {yt;mxtBa tA g A)tB g B}

Omnpegenenue 15. Yeaoshan eéeposmmocmyv nacmyn-
AEHUA coOvmull u3 06YdoAbHO20 MHOMCECMEa T NpU
YCA0BUL HACTNYNAEHUA COOUMUT U3 06YIOALHO20 MHO-
orcecmea s umeem caedyrouut 6uo:

P(ter(t)| ter(s)) = pj ter(s) (ter(t)) =
_ Pter(t) N ter(s)) (8)
p(ter(s)) ’

st; SA g A;SB g B}a

rue p(ter(s)) = S P(Z), ter(s) u ter(t) samaor-
ter(s)CZCZ

¢sl TI0 BBIIENpUBEIeHHON hopmyite (4).

Omnpepgenenune 16. Jsenmonozuneckan peepeccus 00-

1020 06YdoavHo20 MHoxHcecmea cobvmutll s C Z na opy-

20e dsydoavroe mroocecmeo cobvimuti t C 7, cBA3bIBa-

fomas cobbITusi-Teppacku ter(s), s C Z ¢ cobbITusIMU-

reppackamu ter(t), t C Z umeer Buj

ter(t) = p(ter(s)), s C Z.

[MocraBuM 3aj1a9y CTATUCTUYIECKON OIEHKHU (DYHKIIH
TEOPETUYECKON IBEHTOJIOTMYECCKOI perpeccun Ha ypoBHE
«, 3Hadenue KOoTopoil Ha s C Z ompeensercsd Kak
YCJIOBHBIN (r-KBaHTUJIb CJIyHaliHOIO MHOKeCTBa ¢ 110 CJIe-

Jytroreit popmyiie:

Qo (t) ter(s)) = {ter(t) C Z : P(ter(t)| ter(s)) > a}



BApraHOBA

69

Ve/I0BHBIE BEPOATHOCTH, OIIPEIE/IAIONINE, KAKHIE 9JIEMEH-
Tl ter(t) C Z npuHajuIekar 3HaUYeHH0 (QyHKIuH -
perpeccun Ha s C Z, oupegessorcs Gpopmysnamu (4).

Kaxk y2ke roBopuiiocs pamee, mocTpoeHNE PErPECCUN BO3-
MOKHO TOJIbKO B CJIyYae HAJUIHU 3aBUCUMOCTH MEK-
Jly BeJmdnHaMu (B HAIIEM CJIydae MeXK/y JBY/IOJIbHbBI-
MU MHOKecTBaMu). Hasinane 3aBUCHMOCTH UCCIIELyeTCsT
C TIOMOIIIHIO KOBAPUAINN UJTH KOPPEJIATINAN.

B pabore [6] 6b110 faH0 OupeeIeHre KOBAPUAIIUY JJIst
JIBYX COOBITHI-TEPPACOK U PEIeHa 3aJ1a4ua ee HAXOXK/e-
nus. Takum o6pa3oM, ObLI PACCMOTPEH CJydail, Korja
MHOKECTBO COCTOMT BCEro U3 JBYX COOBITH-Teppacok
JIBYJTOJIBHBIX MHOKECTB. [IpuBesieM 3T0 onpeieeHue.

Omnpenenenune 17. Kosapuayuet cobvimuti-meppacok
08YIONLHBLT MHOHCECTNE CAYHATHBLE cobbimutll S u t Ha-
3bL6aEMCA

KOUter(s),ter(t) =P (ter(s) n ter(t)) -
P (ter(s)) P (ter(t)) .

O603naunM rpanuiibl Operiie J1J1st KOBapUAIUU COObITHIi-
TePPACOK JIBY/IOJIHHBIX MHOYKECTB COOBITHII CJIE Ly IOTIM
obpazom:

Fttr(s),ter(t) = min{P(ter(s)), P(ter(t))}_
— P(ter(s))P(ter(t))

— mpaBag rpannna Pperrre 1 KOBAPUAIIMH COOBITHIA-
TEPPACOK IABY/IOJIbHBIX MHOXKECTB CJIyJalHBIX COOBITHIA,

Ft;r(s),ter(t) = max{0, P(ter(s)) + P(ter(t)) — 1} -
— P(ter(s))P(ter(t))

— uJseBasi rpanuria Pperre Ui KOBapUAIMH COOBITHIA-
TepPPaCOK JBY/IOJbHBIX MHOXKECTB CJIyYallHBIX COOBITHIA.

Omnpenenenne 18. Koppeaayus cobvimuii-meppacor
08YQONOHVLT  MHOHCECTNE CAYHATUHLT cobvimut s,t C
7 onpedensemcs Kak COOMEEMCMEYIOUAA KOBAPUAULUA
cobvimuti-meppacok. 06YJOALHBIX MHONHCECNE COObIMUTL
K 0Vger(s) ter(t), HOpmuposannasn epanuyamu Ppewe s
KOBAPUAUUL O8YIONOHBLT MHOHCECTME:

Koier(s) tert) e

t;r(s),ter(t) |
KOUter(s),ter(t)

+
|Fter(

Korter(s),ter(t) =
, ecau Kov > 0,
s),ter(t)'

F~ u FT

ter(s),ter(t) ter(s),ter(t) npueedenu GuiuLe.

10 MHo>kecTBO JABYI0JbHBIX MHOXKECTB
CcoOBITU

B paGore [7] 6GbUIO HPEIIOKEHO MOHSATHE MHOMXKECTBA
JIBYJIOJIBHBIX MHOYKECTB COOBITHIA.

Omnpenenenne 5. Mroowcecmeo 08YdoavHbLL MHO-
2HCECNB CAYHATHDIT cObLIMUTL npedcmasasem cobotl Ha-
60p MHodHCECTNE CObLIMUT, KaAHCAOE U3 KOMOPIL COCMO-
um u3 08yx Josel, NPUUEM UL NePeas oAl ONPEENs-
EMECA CAYHATHDIMU BEAUMUHAMU, G 6MOPAA — CAYYAT-
HOLMU MHOICECTNEAMU:

(9)

Bosmoxkubr  ciremyioniie  pasHOBHIHOCTH CTPYKTYPDI

JaHHOI'O MHOZKeCTBa:

1. Cayuail OJHOTHITHBIX JBY/IOJBHBIX MHOXKECTB CO-
ObiTuil (BCe MHOXKECTBA IIOPOXKJIAIOTCH OJHUM U
TEM Ke JIBY/I0JIbHBIM MHOYKECTBOM CJIyYalHBIX dJIe-
MEHTOB, OHU OIIUCBIBAIOTCS OJIHUM M TEM K€ JIBY-
JIOJBHBIM MHOXKECTBOM Z W, CJIEIOBATEIHLHO, WX
TEPPACKU-COOBITUS OJMHAKOBBI. A pa3imdaiorcs
OHN [T KayKJOTO MHOYKECTBA §' TOJBKO BEpPOAT-
HOCTSIMU MX HACTYILIEHHS!):

S:{slz{yg,x;,aeA,ﬁeB},...,

st ={yr, g,aeA,ﬂeB}}.

DroT ciyuail sBiasgerca npocreiimum. VMenno sra
curyanus 6bLIa paccMoTpeHa B padorax [1] u [7].

2. Ciyuaii, Korja JBY/I0JIbHbIE MHOYKECTBa COOBITHUI
S' SIBJIATOTCS TOJMHOXKECTBAMHE OJIHOTO U TOTO K€
JIBYIOJIBHOTO MHOXKECTBA COOBITHI Z:

S:{31:{ysk,%slB,shQA,s}ggB},...,

" = { Ve, Xe, 55 C A, 57 C B} }

3. Cuyuait, Korja JBY/JIOJbHBIE MHOXKECTBa COOBITUI
§' ABJIAIOTCS TOJMHOYKECTBAMHU PA3JINIHBIX JIBY-
JIOJIBHBIX MHOXKecTB coObiruit Z' = {Y', X'} =

{Vi,Xh,ac A", € B'}:
s={s'={¥. 20, KhC A KEC B},

JIaHHBIH CJTydail SBISETCS CAMbIM OOIIUM U CAMBIM
CJIO?KHBIM 110 CBO€# CTPYKTYpe.

B pa6ote [8] 6bumn 1107po6HO pa3obpaHbl BCe Mepednc-
JIGHHBIE CJIydau, HalJIeHbl UX D-pacipeie/eHns, [IPUBe-
JIEHBI UX IIPAKTHUIECKUEe IPUMEPHI 1 HAOOP BO3MOXKHBIX
3a/1a4, MPUBOJISIIIX K OIMUCHIBAEMBIM CJIyJasiM.
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11 Pazauuynble BUALI MHO>XKECTBa
JBYOOJbHBIX MHOXKECTB U UX
pacopeaeineHud

11.1 MHO>KeCTBO OJHOTUITHBIX ABYI0JIbHBIX
MHO>KECTB COOBITHUI

Jliobas 3amada cucreMHOrO min (GAKTOPHOIO AHAJIN3A
[IPUBOJIUT HAC K U3YyYEHUIO TAKOIO MHOXKECTBA.

Ilycrs mMmeercst ciiozKHasl CHCTeMa, KOTOPasi COCTOUT U3
n 37meMeHTOB. KaxKIplil 3/IeMeHT XapaKTepHu3yeTcs Io-
Ka3aTeJIAMHI, OJHU U3 KOTOPBIX ABJIAIOTCA YUCJIOBLIMH,
a Ipyrue — MHOXKeCTBeHHbIMH. COTJIACHO METOMY IBY-
JIOILHBIX MHOYKECTB COOBITHIl, IIOBEICHIE KazK 100 dJIe-
MEHTa CUCTEMbI MOXKHO 0XapaKTePU30BaTh JIBY10JIbHBIM
MHO)KecTBOM cobbrtnit {), X}. Takum obpasoMm, C10xK-
HO# CHCTeMe CTABUTCSI B COOTBETCTBHE MHOYKECTBO

S:{slz{y;,je};,aeA,ﬁeB},...,
s":{yg,fn,aeA,BeB}}.

IlycTh 3amano pacmpeesieHre BepOsiTHOCTEH COOBITHI
JBY/IOJIBHOTO MHOKECTBA S:

p(s) =p Vo, Xp) = p(r,X) =
P Yalra)}

acA

ﬂ z3 ﬂ x%,aeA,BeB),

rgeX rgeEX*©

(10)

g €X, peB,
r={r,,rq € R},
X:{Xg,Xg gfﬁ}.

coObITHI
coObITHit

Torma  pacmpejesienue
MHOKECTBa JIBYIOJTBHBIX

S = {51, . s”} p(S?),S* C S umeer su;:

BEPOSITHOCTEN
MHOXKECTB

p(S") =P

:P(m

stest

ﬂ g ﬂ xg}),Sth.

g;gEX ngX