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The not indisputable definition of an algorithm

This is a way of reducing the problem of finding a solution to a given problem to the
solution of a sequence of simpler problems.

It is necessary to distinguish:
1. The ideological basis of the algorithm;

2. The concrete scheme of calculations.

The interior points algorithms discussed below reduce the problem of mathematical
programming to the sequential solution of systems of linear equations with a
symmetric positively defined matrix. And it is possible to solve not exactly, but with
increasing accuracy by iterations, having a good approximation.



Basic ideas of the interior points algorithms

The method of interior points is a family of optimization algorithms that perform
improvement of solutions within a domain of vectors satisfying constraint inequalities
in strict form.

Use special techniques to take into account the degree of approximation to the
boundary of this area when choosing the direction of solution improvement:

* Transformations of functions in constraint-inequalities;
* Stimulation of motion from the boundary of the domain;
e Stimulation of motion along the boundary of the domain when approaching it.

They are combined with other methods to account for constraint-inequalities and
features of the target function.



Differences of the two types of algorithms for
the Linear Programming problem

1.  Thesimplex method improves the solution on the polyhedron

boundary of vectors satisfying conditions - inequalities. It leads to
boundary optimal solutions.

2. The method of interior points improves solutions along the
trajectories inside the polyhedron. It leads to relatively interior points

of optimal solutions, i.e. to solutions with minimal sets of active
constraints.
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* CMmnNAeKc-meToa NoAobeH KBapaTHOMY KOJlecy: Ha Kaxkaow utepaumu
YYaCTBYET B Y/IYYLUEHUN PELLUEHUA TONbKO YacCTb NEpPEeMeHHbIX, 0AHa U3
HUX BbIBOAUTCA M3 Dasuca, Apyraa BBOAMTCA; KpadeTcAa no «3abopy»
MHOEeCTBa JONYCTUMbIX PELIEHUA WU MNPUXOAUT K KpalHen TouKe
ONTMMa/IbHbIX PELUEHUN, eCNN UX HECKONbKO;

* MeTof4 BHYTPEHHMX To4yeK noaobeH Kpyrnomy KoAecy, Ha KaxKaoM
NTepaLnmM yayyLllaroTCA PELLEHUA NO BCEM NePEMEHHbIM.

e [OnAa ynpoweHna n3noxeHuna byaem paccmartpmsatb 3aga4y IMHEAHOro
NPOrpaMmmMmuMpoBaHuA B CTaHZAPTHOU dopme U ABOMUCTBEHHYIO K HEW.
PeanunsoBbiBaTb a/IrOPUTMbl PEKOMEHAYIO ANA 3a4a4 C ABYCTOPOHHUMM
OrpaHMYEeHUAMM Ha NepemeHHble. Takne 3a4a4n UMEeoT NPeMMyLLeCcTBa
[1]: Y HUX HECOBMECTHbIMU MOTYT ObITb TO/IbKO OFPAaHUYEHUA UCXOAHOM
3a4a4un. Y ABONCTBEHHOW 33[1a4M OrpPaHMYEHUA 3aBeOMO COBMECTHbIE;
MHOXECTBO JAOMNYCTUMbIX MO OFPaHUYEHUAM MepPeMEHHbIX WUCXOAHOM
3afa4n orpaHuyeHHoe. Npun aTom ntobomn pa3paboTumKk moaenem MmoxKet
(nonkeH ymeTb) 3a4aTb AMANA30H OXKUAAEMbIX 3HAYEHUIN NEPEMEHHDbIX.

e 1. 3opKansyes B.N. PeweHue cucmem nuHelHbIX HEpaseHcmas an20pummamu
8HympeHux moyek// CospemMmeHHble MemoObl ONMUMU3AUUU U UX MPUAOHEHUS K
mooenam aHepeemuku (c6.Hayy mp.). — Hosocubupck: Hayka, 2003. —c. 110-141.



Mutually dual LP problems

'z — min, z € X, (1)

bT'u — max, u € U, (2)

where
X={zeR": Az =b, z > 0},

U={ueR": g(u)y=c— ATu > 0}
- the set of admissible solutions, c € R", b€ R™, A - matrix m X n.
The set of optimal solutions of problems (1), (2) we denote by X. U.
Complementarity non-rigidity conditions: for (z,u) € X x U
(z,u) € X XU & zijgi(u)=0, 3=1,...,n
plays an important role in the interpretation of solutions.

If (1) is a production model, b is a vector of resources, x is a vector of
technology intensity, then (2) is a price formation model, «is a vector of
resource prices, —g(u) is a vector of technology efficiency

—gij(u) <0=>2z; =0, z; > 0= —g;(u) =0.




Methodology of L.V. Kantorovich, 1965.

Price formation under a non-optimal plan, based on the minimization of
deviations under conditions of complementary non-rigidity.

Let z € X, = > 0, then

U = arg min Z 7j(g;(u))”

Generalization

uehRm

= arg min E oi(z;)(g;(u ) :

where o ; is a monotonically increasing function, ¢;(0) = 0.

In particular,

Price Properties:
If —gJ( ) > 0,it is reasonable to increase ;.

If —g;( ) < 0, it is reasonable to decrease :rj.
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. 1. Dikin's algorithm of interior points, 1967.

let 2" € X, 2 >0, j=1,...,n.
Calculate
2 .
u¥ = argmin ®;(u), where ®;(u) = Z (J:j‘) (g (u)).

2

Ak =/ Pr(uF), 5? = — (;t:j')-gj (uk) 1 =1,...,n,
g =2 L \sE k=1,2,...

Dikin's theorem
If X #+ &, problem (1) is nondegenerate, then 3 7 € ri X, @ € iU

is such that at £ — oo

The rate of convergence is linear.

riX - a subset consisting of the relative interior points of the set X , a
subset of optimal solutions with the maximum set of inactive constraints.
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Geometric interpretation of
the Dikin method

The vector 211 resulting from the iterative transition can be represented as the

result of solving the minimization problem for a linear function on a convex
domain:

2" = argminc’ z

under the conditions
Az — z") =0,
2

T 8
E — | <1
;11;:‘ —
j=1 j

Constraint (3) means replacing the non-negativity condition = 0 by the
condition that 2 belongs to an ellipsoid inscribed in R} .
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Geometric interpretation of the Dikin method
Inscribed inan R’ ellipse

o

T
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To the history of the method of interior points

1972. L.l. Dikin's thesis defense at the Irkutsk University. Supervisor L.V.
Kantorovich, opponents V.L. Makarov, N.Z. Shor.

Interior points algorithms of this type have been actively developed in
Russia since the 1970s at the Siberian Energy Institute (Dikin, Zorkaltsev)
and at the Computational Center of the USSR Academy of Sciences
(Evtushenko, Zhadan). They have been used since the 1970s in models:

1. Optimization of power systems (EPS) modes;
2. Power system reliability analysis;

3. Calculation of thermodynamic equilibrium, etc.

It became very popular after the famous article by
N. Karmarkar in 1984, where a worsened modification of
I. Dikin's algorithm was presented.






Some publications and results

1. Dikin I.I. Iterative solution of linear and quadratic programming problems
- RAS, 1967, No.4.

Complexity of theoretical justification - it is impossible to use Pythagorean theorem
or triangle inequality. Fundamentally new fact - convergence to relatively interior
point of optimal solutions.

2. Publications of Dikin I.I., Evtushenko Yu.G., Zhadan V.G. on continuous analogues of
algorithms.

3. Dikin I.1., Zorkaltsev V.I. Iterative solution of mathematical programming tasks:
algorithms of the internal points method. - Novosibirsk: Nauka, 1980.

My results are new rules: choosing a step, setting weight coefficients, entering the
area of admissible solutions.



Some publications and results

4. Zorkaltsev V.I. Relative interior point of optimal solutions —
Komi SC, 1984. For the first time justification of one (initial) algorithm without the
condition of complementary non-rigidity is given.

5. Zorkaltsev V.I. A Family of Interior Point Method Algorithms -Irkutsk, 1985. Dual
algorithms, axiomatic approach to representation of set of algorithms, their
properties.

6. Zorkaltsev V.I. Justification of family of projective algorithms
part 1, part 2 - Irkutsk 1995. Substantiation without nondegeneracy condition for a
class of algorithms.

7. Zorkaltsev V.I. Least squares method. - Novosibirsk: Nauka, 1995.

8. Zorkaltsev V.I., Kiseleva M.A. Systems of linear inequalities - Irkutsk: Irkutsk State
University, 2007.



The family of interior points algorithms

1. The starting point can be any vector zV > 0, including those that do not satisfy
the constraint-inequalities Az = b.

2. The proposed step selection rule allows to accelerate computational process and
to achieve superlinear convergence speed.

3. Axiomatic conditions for choice of weight coefficients allow to use a wide set of
specific rules for their setting, including for acceleration of computational process
and increasing its stability. Instead of the rule

the general condition is introduced: there are functions o, ¢ such that
dgla) > a(a) >0, Ya > 0,
at which

— k I I . )
o(xj) > d; > a(xf), j=1,...,n.



The system of reinforcing requirements for
the rules for selecting weighting coefficients

317,0: Ya>03d(a) > a(a) > 0;

Reinforcing requirements:

(@) = 0(a), (5)

)

--(3)




The system of reinforcing requirements for
the rules for selecting weighting coefficients
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An algorithm that unifying advantages of
algorithms with

K Ky2 K K
dj =(xj)" and dj =X;]

Assume with some e > ()

kK
d; = r;/ max {f_._

g (u"~ )‘ } :

In this case, d’: is not a function only of J_,‘E; (it depends on Tt

at whicho, 0, ’ " i
E(;I?_j-) > d.!- >0 (J_;j) :

The possibility of superlinear convergence rate at~y; — 1 is proved for the optimization
process in the admissible region of such algorithms (under the condition of
nondegeneracy). In this case step A\ will be bounded from above. Experiments have
confirmed a good convergence speed and stability to errors.

as well), but there are






The family of algorithms

Iterative transition. z* € R", z¥ > 0 is set.
1. Calculate the vector of balance constraint discrepancie: r* =b— Az,

2. Supportive problem: Calculate J* ¢ R™, u® € R™ from the condition
o(zh) > di > o(a), j=1,....n,

k kAT
- — 2 ,
u" = arg min Pk (u) —2(r") u,

where

= di(gi(w)*, g(u) =c— ATw.

3. Find the direction of improvement

_f, d*{‘ j_l

23



The family of algorithms
4. Step calculation: at 7 € (0, 1)

Ak :'y-ma,x{)\ b 4+ AsF > O},
which is equivalent to

A = max {}\ cz® 4 st > (1— ’“/)ﬂfk} ;

Assume \;. := min {1:, )qf_} if pF + 0.

5. Perform an iterative transition

mk—{—l — Il")k + /\,{.-.Sk.

24



Geometric illustration of the
step calculation rule

\p = max {)\ a4+ AP > (1 - ,}_)'_I:h‘}
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Geometric illustration of the
step calculation rule

AL = min {l, 5\;{} if " #£0.
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The correction direction

For a given vector of weight coefficientsd”

‘E‘—arqmm{c s+ — Z /d“ AS—I‘}

: : k
The Lagrange multiples of the constraints compose the vector ¥ -

Representing the direction of solution improvement as a sum of two vectors

where

]_ *
k 9 ko k
5" =arg 3161_}?11 {E E (s5) /dj - As = r }

- the direction of entry into the region of admissible solutions,

E’I‘T—u’rgmm{ s+ — Z /d'{' Ab—[]}

- the optimization direction

27



Geometric representation of the correction
direction

- directions of entry into the region of admissible solutions, 1,

VARSIV AT

- optimization direction. A.

b
A 2




Variation by iterations of
balance constraint discrepancies

The following equality is true

Tr‘r-}-l — (1 . )‘-k)?"k- (4

Indeed,

S NI S B A(:I:;" ‘}‘)\k*‘?k) — (b A.r;") B J\A.Affk _ ok )‘#?_A..
Equality (4) explains why )\, < 1 atrF # (0. Two steps in the calculation are
distinguished:

1. Entering the domain of admissible solutions
if 7 7 0, then || <[]

2. Optimization

If ¥ =0,then r**1 =0, T2Ftl < T2k

The algorithm is also useful for counteracting accumulated errors in the solution
of the supporting problem - to combat "falling out" from the domain of
admissible solutions in the process of optimization in it.



Some results for optimization in the admissible
domain, X = <

Theorem. under the condition of nondegeneracy of the problem:
1.Thereare X € X, U eriU

xk—>x, uk—>l:r at k — oo

2. 1f (6), then X e rlx , convergence is linear;
k OorpaHMyeHusn
3.1f(7), thenat K —> o0

S RN

K K :
Theorem.ror 0] = (Xj)p’ pell 3], O0<y<2/(1+p):
1. Linear convergence of Xk and Uk tosome X E ri X, U e ri U

/ka —>—<H S (1-7).

Xk+1 B )—(‘

2.At P=>1 (D)is satisfied and H



Prospective directions of algorithm development related to the
development of new methods of solving the supporting problem,
including those taking into account:

1. Possibility of inaccurate solution at the initial iterations;
2. Presence of a good approximation on the subsequent iterations;

3. Interval determination of coefficients.

For example, by using one of the variants of the dual interior points algorithms,
the supporting problemis: Find ¥ € R, d € R" satisfying the conditions

(A"A+ D)o = f*,

ﬁ(x'r") > d, ijg(;t:’l"), i=1,...,n,

where

D = diagd.
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Some kinds of interial point algorithms
(it's time to make a Mendeleev table of them)

1. Affine scaled;

2. BecoBble KOapPunumeHTbl He B BUAE GYHKLUUN TO/IbKO OT
NepPeMEHHDbIX;

3. BecoBble KO3PPULUUNEHTbI KaK MICKOMbIE BE/IMYUHDI B
3aJaHHOM UHTEpBae;

4. Anroputmbl AnA 3ag4ay ¢ ABYCTOPOHHUMM HEPaBEHCTBAMMU;
6. Central path following;

7. Beveled path following.

8. PacwmpeHnus .....

1. Straight algorithms;

2. Dual algorithms;

3. Direct-double algorithms that monotonically improve the
solution of the self-dual problem:

¢' x=b"u—min, (x,u)e X xU.



Comparison of variants of interior point methods
for problems of permissible regimes of

electric power systems

Algo- Number of iterations for problems
nthm | inconsistent consistent
6*/ | 40*80 | 2*7 | 19*38 | 201*40
19 2
A 1 10 7 23 116
B 1 15 6 24 107
C 1 16 13 28
D 1 ) ) 8
E 1 26 24 88
A, B — primal algorithms E — primal-dual algorithm

C, D —dual algorithms



Facts from the theory of alternative systems of
linear inequalities are used to identify the case
of no solution.

The theory of unsolvable, (contradictory conditions)
optimization problems was developed in E-burg
(Sverdlovsk): S. N. Chernikov, I. I. Eremin, N. N.
Astafyev, L. D. Popoy, etc. .



Central path following algorithms

The problem of minimization of the logarithmic barrier function

n
¢'x=b'u-u 3 In(x;g;(u) - min
j=1 xeX, ueU
Central path point

V11> 0 thereis also a single pair of vectors  X(4¢), 2(t):

X(IU)EX1 U(/J)EU, Xj(lu)gj(u(lu))::u’ j:]-,---,n-
Center path cone

n
xe X, ueU, > (yk —x‘}gj(uk))2 SQ(yk)z.

J=1
CP

[N

/ ,

/Cone of CP Trajectory of
the central

X path

algorithms




Polynomial optimization algorithms in
the central path cone

Number of iterations O(~/nL)
Calculations per iteration
O(m3), O(m?®), O(m?Inm).

Recalculation rule
teq = A=B/n) .

B=07125 Kojima, Mizuto, and Yoshis, 1989.
B =0,35 Monteiro, Adler, 1989.
B=0,5 Zorkaltsev1995,and a very (!) strict inequality

Hi1 <(@=05/~3n) gy



Beveled path algorithms

Point of beveled path

vt >0 exists and a single pair of vectors x(7), u(?):
X eX, u® eU, xjOg;UM) =tj, j=1..n
The beveled path initiated by vectors > 0 is sets of pairs of vector x(uf). u(ut) at

=0,

Bevel factor

Q/Zf/tmin, y>1.

Cone of beveled path

h 1

Doy (X,U, 1) = 2 ——
=LA

x< e X, ukeU, CDQ(Xk,Uk,#k)S@ﬂktmin;

ﬂk+1<[1_ 0,9 jﬂk.

Jny

(et = X9 (U)?;

The set of

acceptable —\\ cP N

/

solutions /
s The cone
of CP of the
Beveled
U= 00— Path

The set of The beveled
optimal —/ path
solutions
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Experimental study (A.Yu. Filatov)

Average number of iterations require to solve random problems

Alg. / Dimensions 20x 40 50 x 100 100 x 200 300 x 1000
Central path 63.6 112.8

Beveled path 64.6 84.0 98.8 194.0
Initial value u« 688.591 4063.856 7256.781 14601.303
Value it atiteration 40 1.040 2.008 2.970 21.911
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Monte Carlo-based methodology for analyzing
the reliability of electric power systems

1. Probabilistic block, in which possible states of electric
power system (EPS) are formed randomly.

2. Block of estimation of power deficit for generated
random states (model of minimization of power deficit of
electrical power system).

3. The block of calculating the reliability of the EPS.



A new formulation is given for the power deficit assessment model used in the reliability
analysis of electric power systems, which allows combining in a single iterative process:

- entering the domain of admissible solutions,

- minimization of power deficit,

- uniform, load-proportional distribution of the deficit.

Number of iterations of the method of internal points for the implementation of two
statements of the model of estimation of the deficit of EPS capacity deficit estimation model.

Circuit number
1 2 3 4 5 6

Number of nodes 5 5 6 10 11 23
Number of links 5 4 6 9 13 39
Number of iterations in the original formulation 11 35 40 44 45 43
Including:

entering the domain of admissible solutions 1 2 2 1 1 2

deficit minimization 8 2 7 12 13 10

deficit distribution among the nodes 2 31* 31* 31* 31* 31*
i\lhtjen;zivr ?;‘rlr';el:T;ioon: for the realized model in 9 7 12 23 19 10

*In these cases, the termination of the calculations occurred not according to the criterion of
obtaining the optimal solution, but according to a given number of iterations.



Power Deficit Assessment Model
_%(yi ~ y;) > min

n -
Xi_yi+_Zl(l_ajizji)zji__z ZijZO, 1=1
)= J=



Calculation results of test circuit #2

(S.M. Perzhabinsky)

Number of iterations

Method
Minimum Maximum Average

Intenor pomts method using quadratic 15 36 29 66
approximations
The method of interior points based on 15 87 25 08
linearization
Method of interior points with
guadratic approximations (balance 10 23 14.38
constraints in the form of equations)
Method of interior points based on
linearization (balance constraints in the 15 55 38.40
form of equations)
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S. SadoV's research on test (obtained from Tallinn) non-good
(nonconvex, multi-extremal) problems of interior points
algorithms showed their high computational efficiency due to the
fact that iteratively produced vector sequences "hover over local
extrema".

Zorkaltsev V.I., Sadov S.L. Testing of projective algorithms //
Optimization methods and their applications-Irkutsk: SEI SB AS
USSR.19889.

An attempt was made to use analogues of interior points
algorithms for optimal control problems.



Detailed network for natural gas delivery system

v e PR $ >
,ﬂgg‘f e , = R A L e
. - el i g e : s )
F S
s 4
._:\/’ “3\ _,..-—'—".’ Viw&t’dﬂé
< ‘\5 A
- ,.,).-(‘_ g — R
e .r.‘:s\. 2
h ,{_;
'\...4.\_’4"*‘
\/': =
Number of nodes: 337
Number of arcs: 589
Amount of iterations of interior points method: 79
Time of calculation: 15.625 sec
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Calculation experiments results
(D.S. Medvezhenkov)

Amount of Amount of Amount of Average Average time of
nodes, variables in | solved tasks | number of calculating of
amount of task series in series iterations of one task in
arcs interior points seconds
method
(7, 10) 17 11 14,00 0,02
(21,28)* 44 15 34,87 0,11
(50, 67) 117 17 42,00 0,44
(75, 109) 184 16 59,44 0,21
(100, 116) 216 16 67,88 0,46
(150,186) 336 16 81,44 1,71
(200, 218) 418 17 85,59 3,57
(200, 240) 440 20 87,80 3,71
(337, 589)* 926 21 119,19 21,26
(360,618) 978 23 121,00 24,73




Diagrams for computation results (D.S.
Medvezhenkov)

Results of calculations on number of example networks is
shown on two diagrams

Number of iterations Time of computation, sec

140 2 -

120 P =i

e 2

100 e ISR

B0 — | 18 - /

B0 el .r/

10 -
40 /L ’/
. c .
20
0 l. 0 Jeeil—spet™
D 100 200 300 400 500 00 700 800 900 1000 0 100 200 300 400 500 800 700 BOD 900 1000
Amount of Amount of

variables variables
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|dea for extending algorithms, Frisch's method
of potentials, 1955.

Initial Problem:
f(x) > min, x>0, xe X, X cR"
Let X be a good set.

The idea of the method: n
x(t) =argmin{f (x)-t > Inx; : x>0, xe X},
_ j=1
Where f(X) a convenient approximation of the ffunction,
[ a positive parameter.

For a wide class of cases
x(t)y >xatt >0,

where X the solution of the original problem.



Real algorithm with a quadratic approximation
of the penalty function

lterative transition
XT=x*+ 4% k=12, ...,
k
Where X~ > O the approximation at iteration k,

S - direction of correction,

/1;( - the step that provides the reduction of the target function f and
kK+1 k+1
conditions X >0, X e X.

Approximation of logarithmic function

2
S: 1S,
|n(le<+Sj)z|n le< +—J——( J)
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Real algorithm with a quadratic approximation
of the penalty function

The auxiliary problem of finding the direction of solution correction

n S

“=argmin{f (x“ +s)-t, > |j<+tk i((sjk))z X +se X},
X.
J

=X 2

where

S.

n
Z —Jk — the component stimulating the motion from the boundaries R+ :
j:1XJ

i(sj

:1(Xj I

v
N

n
— the component stimulating the movement along the boundaries R+ :

—
~



Modifications of the algorithm

k
1. It is possible to exclude the component Z Sj /Xj . Then there is no need
to use the parameter [, (we can put t =1 at all iterations). We obtain Dikin’s

algorithm.

K
2. Leave 1 only for component ) Sj /Xj :

k k ¥
3. Instead of weight coefficients d j — (Xj ) other rules of their formation can

be used.

In the case of nonlinear constraints when setting X, you can use

their linearization (standard way).



Combined algorithm for optimizing the area of
admissible solutions of LP problems

The problem
f(x) = (¢,x) - min, Az =b, x > 0.

Algorithm
Az =b, 2 >0,k=1,2,...

= 2P 4 st (8Y),

where the vector sk (ﬁ) at a given parameter 5 is the solution of problem

i, 1 (55)° .
(C’S)_ﬁzggk+§z - » min, As = 0.
J

(5’73')2

s"(8) = s"(0) + Bs"(1).

Note that



Experimental study of variants of interior points

algorithms (A.Yu. Filatov)

Mean value and standard deviation of the number of

iterations required to solve the problems

oy 2;2;2 20 40 40x 80 100x200 | 200x500
Affinity-Scaling it =311 it=330 | jt=291 it =28,6
o =6,39 o =06,42 o=1162 o=2,76

Combined it =251 it =241 it=231 | it=22,6

B <l0, 1] o = 4,44 o =497 c=799 | o=0,66
Combined Extended it = 23,6 it =217 it=236 | it=225
B <l0, 2] o =528 o =287 c=849 | 0=0,67




Experimental study (A.Yu. Filatov)

Average, minimum, and maximum number of iterations required
to solve joint and incompatible problems.

i Non-collaborative
Joint problems

Algorithms / problems problems
(30 x 80) — (41 x 80) (30 x 80) (41 x 80)
Affine scaling 9.5(3-13) 1.6 (1-5)

Combined 5.7(1-38) 1 (all 1)
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Studies on the original nonlinear problem

Number of iterations required to solve the initial problem of finding the
permissible modes of the EPS

Algorithms / Zmin leeell8f Kuzbf Zimkrasn
Schemes

Affine-scaled 11 (3 glob.) 54 (11 glob.) 39 (7 glob.) 74 (9 glob.)
Combined 4 (3 glob.) 50 (17 glob.) 33 (3 glob.) 55 (6 glob.)

58







Thank you for your attention!

https://www.zorkaltsev.com

vizork@mail.ru

The interior points algorithms are beautiful, ideologically rich,
simple and effective in implementation,

replaced the simplex method in training courses.

They led to interesting theoretical investigations including
optimization problems, nearest to the origin coordinate points
of linear manifolds and polyhedras, Chebyshev approximations.


https://www.zorkaltsev.com/
mailto:vizork@mail.ru

HAYANO NO3MbI « IMUTPUIN MNbUY
CO/TOMOH, 70-NETUE!»

B yem TO OH 4yTb-4yTb [OpaoH [1],
CbiH [laBuaa [2]B 4em-TO OH.

Ho ¢ aywon HeENOBTOPUMOMN,
Noporovt Unbwuy [3]Haw, Aumal

1.fopdoH 4.H. wmypHanucm, Bepywull v scex nodpAad UHMEPSLID, 3HAOMEHUIT

mem, 4ymo umeem odurakosoe ¢ .M. ConomoHom UMA U 0myecmao.

2. Conomon flaewidosuy, xoma u yaps, Ho, 8 omauduu om f.M.Conomona,
Mak U He CMO2 NOHAME Yem Hado emy 30HUMAMbLCA: Mo Au pazbpaceieames
KOMHU, Mo Au ux cobupame; Mo AU 0OHUMOMe ¥WEHWUH, Mo AU uzbezame
amozao?

3. He nymame ¢ SleorHudom Masuyem, U3-3a KOMopoz2o 8 UCmopuu Nocae
donemposcko2o U NOCAENEMpPOBCKO20 Nepuodos NOABUACA
dHenponemposckul nepuod.




