MprmeHeHne MeTog0B KOMMBIOTEPHOIO. ..

12.

13.

14.
15.

16.

17.

18.

19.

20.

21.

22.

Nashchyokin A.V., Colmakov A.G., Soshnikov I.P. et al. Using concept of multifractal to characterize structural properties of
composite films of fullerene Cgy doped CdTe // Pisma v ZhTF. — 2003. — T. 29, edt. 14. — P. 8-14.

Ushakov N.N., Yurkov G.Yu., Baranov D.A. et al. Optical and photoluminescent properties of nanomaterials based on cadmium
sulfide nanopracticles and polyethylene // OiS. — 2006. — T. 101. — Ne 2. — P. 262-267.
Feder I. Fractals. — M.: Mir, 1991. — 254 p.

Ekimov A.P., Onushchenko A.A. Quantum size effect in optical spectra of semiconductor microcrystal / FTP. — 1982. — Vol.
16. Ne 7. — P. 1215-12109.

Ushakov N.N., Kochubey V.I., Zapsis K.V. Evolution of angular power spectrum of scattered light point source, last layer of
turbid medium // OiS. — 2004. — Vol. 96. — Ne 5. — P. 874-879.

Karstina S.G., Baktybekov K.S., Baratova A.A. Thermodynamic and kinetic conditions for formation of stable surface fractal
structures // Non-lined world. — 2007. — Ne 3 (5). — P. 133-138.

Baktybekov K.S., Karstina S.G., Vertyagina E.N. Modeling of radiation defects evolution in regular structures by the cellular
automata method // Eurasian Physical Technical Journal. — 2004. — Vol. 1. — Ne 1. — P. 19-23.

Zeleny L.N., Milovanov A.V. Fractal topology and strange kinetics: from percolation theory to problems in cosmic
electrodynamics // UFN. — 2004. — Vol. 174. — Ne 8. — P. 808-852.

Baktybekov K.S., Karstina S.G., Markova M.P., Vertyagina E.N. Dynamics of multifractal nature of donor-acceptor pairs
distribution as a result of recombination processes // Bulletin of KazNU. — Seriya pfysicheskaya. — 2004., — Ne.2 (17). — P.
72-75.

Bozhokin S.V., Parshin D.A. Fractals and multyfractals. — M., Izhevsk: NIZ «Regularnaya I haoticheskaya dinamika», 2001. —
128 p.

Bagnich S.A., Konash A.V. The influence of inhomogeneous properties system in the ptocess|of percolation in two-dimensional
space // FTT. —2001. — T. 43. — Vol. 12. — P. 2215-2222.

YK 53.088:519.2

Probability distribution of distances between local maximum
of random number series

Ke3neiicox canaap Tiz0eriHiH JTOKaIIl MAKCUMYM/IApbl apacbIHAAFbI
KAIBIKTBIKTAP BIKTUMAJIABLIBIFBIHBIH TAPAJIYbI

Kuketayev A.
PrimaticsdFinancial, McLean, VA, USA (E-mail: jawabean@gmail.com)

Kesneiicox Toyenci3 caHmapabiH Ti30eri KapacTelpburad. Erep xi_; <x> xi+1 Ooinca, oHIa X; — JOKaIbJIi
MakcUMyM. Makaiaga maccalblk BIKTUMaIIsUIbIK QyHkmmscel (PMF) f (d) d xambIKThIK TEH JOKabIi
MaKCHMyM apaChIH/a \[TapaMeTpIlik eMec eKeHI KepceTinmi. Byn ke3 KenreH Ke3neHCOK caHIapiablH
TapayJIBIHBIH BIKTUMAIIBUIBIFEI YOIH aypbic. Oprama KambIKTHIK 3-ke TeH. PMF omiciHin canay opmici
KeNTipingivkeHe OHBIHJICHIeili KalbIKTap YIuiH 2 joHe 29 apacbinaa. HoTmke ke3zeiicok canaap Tiz0erinig
KalIBIKTBIKTAPBIHBIH TapalybIMeH pacTtananpl. Onap Ke3[edcoK caHgap IMCEeBIOTeHepaTopiap KeMeriMeH
KacanIbhHeMece Ke31eiiCOK CaHAap IbIH TaOUFN KO3AEPiHEeH aJIbIHAbL.

PaccmoTpena mocne1oBaTenbHOCTh CIyYaiiHBIX HE3aBUCHUMBIX yuceld. Ecnn X <x> xi+1, To X; — JOKasb-
HBI MakcuMyM. B paGote moka3zano, uro ¢yHknus maccoBoil BepositHoctu (PMF) f (d) ot paccrosmmit d
MEXAYJIOKaTbHBIMA MaKCUMyMaMH SIBIISICTCS HEMApaMETPUIECKOW. DTO CIPaBEe/IMBO YIS JIFOOOTO pacipe-
JIENICHHs] BEPOSTHOCTH CIyYaifHBIX 4KceN B mocienoBareiapHocTH. CpemaHee paccrosHue TouHo 3. [Ipencras-
JIeHbl MeToJuKa BbluMciaeHus 3toro PMF u ero ypoBens [uist pacctosHuil Mexnay 2 u 29. Pesynbrat noju-
TBEPIKAACTCS UIS PACHPEICICHUS PAacCCTOSIHUN TMPOOHOH MOCIIEIOBATEIFHOCTH CITyYaiHBIX YHCEI, KOTOpPBIC
ObUTM CO3JaHbI TCEBIOr€HEpaTOpaMH CIy4aiHBIX YHCET WM IOIYyYeHbl U3 «MCTHHHBIX» UCTOYHHUKOB CIYy-
YalHOTO YHUCIa.

1. Average distance between local maximum

Let's take any number in the sequence and find out the probability that it's a local maximum.
Definition 1. 4 number x; is a local maximum, if the following condition is true x;,— ;< x> X1 ,.
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First, we'll use a combinatorial approach. Consider the following sequence (fig.) of pseudo generators
of random by MS Excel RAND () function:
1. 0.935536495
2.0.191531578
3. 0.429049655
4.0.308968021
5.0.179540986
6.0.401329789
7.0.71581906
8. 0.604617962
9.0.877254876
10. 0.973280207
11.0.489033299
12.0.912367351
13. 0.604552972
14.0.039395302
15. 0.3780448
16.0.55317569
17.0.6308772
18.0.373163479
19. 0.812434426
20.0.560173882

x 19

x 20

x 14

01 2 3 4 56 7 8 9 1011 1213 14 1516 17 18 19 20 21
Fig. Sample random sequence

Let's take any three) consequitive numbers x;-;, X; and X;;. For instance, for i=3 we have:
x,=0.191531578, x3=0.429049655 and x,=0.308968021. In this case, x3 is a local maximum. If we denote the
greatest value as 2, the least'value as 0 and the value in the middle as 1, then we have a triplet (0,2,1). Any
three consequitive numbers can be represented by such triplet. Out of six possible permutations

(0,1,2), (0,2,1), (1,0,2), (1,2,0), (2,0,1) and (2,1,0)
we are interested only in two combinations, which represent local maxima

(0,2,1) and (1,2,0).
Therefore, if we take any three consequitive numbers, then the probability that the number in the middle is a

local maximum is

Pmax = Z = l *
6 3

If we have 3-N numbers in the sequence, then N of them are local maxima. It also means that the average
distance between maxima should be exactly 3.

Now, let's introduce some additional notation and use an operator approach. When x;_;< x; we'll put an
operator U, i.e. the sequence goes lip». Alternatively, when x;_;> x; we'll put an operator D, i.e. the sequence
goes «downy. For our sample sequence, the corresponding operator sequence is:

1. 0.935536495

2.0.191531578 D
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. 0.429049655 U
.0.308968021 D

. 0.179540986 D
.0.401329789 U
.0.71581906 U
.0.604617962 D

. 0.877254876 U
10. 0.973280207 U
11.0.489033299 D
12.0.912367351 U
13. 0.604552972 D
14.0.039395302 D
15.0.3780448 U
16. 0.55317569 U
17.0.6308772 U
18.0.373163479 D
19. 0.812434426 U
20.0.560173882 D
We can apply our new notation to triplets and see that

(0,1,2) becomes <UU>
(0,2,1) and (1,2,0) become {UD)
(1,0,2) and (2,0,1) become_( DU').

(2,1,0) becomes <DD>.

Having a new notation, we can use it to compute the probability of appearance of a local maximum in
the middle of any triplet. We are interested in triplets.represented by <UD> , because it's the only expression,

O 0 3N L =~ W

which represents a local maximum in the middle of a triplet. We shall use a standard cumulative distribution
function (CDF) F (x), defined as a probability ofx.< xi:

Xi
F (¢)=Pr(x<x) = J[ f (x)-dx,
—00
where f (x) is PDF (probability density function) of x. This also could be written as
[ F (x))
F(x)= | dF (x).
0
On the other hand, probability, of x > x; is

[ 1
dF (x)=1-F (x;).

J F (x))
Now, we canswrite the following formula
! ! (F o)
(UD)=| ~dF (xe0y aF () | dF ()
0 F (xi-1) 0

The first integral declares that the first number in a triplet <UD> can have any value. The next integral

says that the number in the middle of a triplet should be greater than the first number. Finally, the third inte-
gral is for the trailing number of a triplet, which should be less than the previous number. It's easy to
compute the probability as follows

dF (xi-1) | dF (x;): | dF (xj:1) = | dF (xj-1)- | dF (x;)'F (x));

o 0 0 F (xi1)

F (xi-1)
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1 1 1 5
1 F(x
J[ dF (xi-1)- J[ dF (x;)'F (x)) = J[ dF (x,._l)-[a——();’l) J;
0 F (xi-1) 0
1 F(x,—1)
IdF(xi—l)- l_ (XI—) —l 121
0 2 2 2 6 3
We got the same number in both combinatorial and operator approaches.

2. PMF of distances between local maxima

Now, it's time to advance our notation. Let's break up (UD> into pieces.
Definition 2. Operators (,U ,Dand > are defined as

1
(v = J[ dy(x),
0

1
Upx) = J[ o YOV
Z (X

[ z (x)
D-y(x) = | dy(x) w(x),

0

) =1

Armed with this notation let's look at any quintet of numbers from i—1 to i+3. If it happens so that the
numbers come like (0,2,1,4,3), then we got two local maxima x;=2 and x;,=4. The distance between these
maxima is (i+2) — i=2. This quintet can be represented by an expression )UDUD#*. Such quintet in our sam-
ple sequence can be found at i=10: (xo=0.877254876,x,0=0.973280207, x,,=0.489033299, x,,=0.912367351,
x13=0.604552972).

Definition 3. If x; is a local maximum, and the next nearest maximum is the number x;, the the distance
between maxima is j—i.

Now, we can compute the probability of the distance between local maxima equal to 2

> A N - (2_<UDUD>_<UDUD> "
f@==/,Q)="—F—"= (D)

max

where d is a distance between local maxima and f,, (d) is a probability mass function (PMF) of the distribu-
tion of these distances.

Notice the denominator. It is necessary to divide the probability of the quintet by the probability of the
maximum in its _first three/numbers (triplet). Consider the quintet (x;,=0.973280207, x,,=0.489033299,
x12=0.912367351, x,3=0.604552972, x1,=0.039395302) from the sample sequence above. Its operator ex-

pression is <DUDD> , which doesn't seem to represent two maxima on distance 2. Let's add the number
x9=0.877254876¢and look at the resulting sextet. This sextet's operator expression is <UDUDD>. It starts
with (UDUD> Clearly, our original quintet is a part of a sextet with two maxima on distance 2. Therefore,

wehave to take into account those quintets, which are not represented by <UDUD]> , but these quintets could

be parts of sought quintets. Probability P, in denominator includes those quintets, which would be left un-
accounted otherwise.
This formula can also be interpreted in terms of conditional probabilities as follows

Pr(ANB)

Pr(AIB)= —p 5

: 2)

where event ANB is a quintet with one maximum in its head and one maximum in its tail, event B is the maxi-
mum in first three numbers of a quintet, and event A|B is two maxima on a given distance from each other.
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Using the same methodology it's easy to show that the probability of the distance 3 is

(UpUUD) +(UDDUD) (UDU’D)+(UD’UD)
Pr(d =3)=f,(3) = 5 = P : 3)

max max

In order to see why there are two terms in the numerator, consider these two sextets (0,2,1,3,5,4) and
(0,3,2,1,5,4). The following is the table with formulae for the next 3 distances

(ubU*D)+(UD’U*D)+(UD*D)

Pr(d =4)=f,(4) = 7 ; “4)

b= 5) £ (5) - <UDU4D> + <UD2U3D1>)+ <UD3U2D> + <UD4UD> ; )

pr(d—6) - <UDU5D> + <UD2U4D> + <U1?:U3D> + <UD4U2D> + <UD5UD>‘ ©
3. Results

In order to compute a probability of a given distance between maximagwe have tonidentify correspond-
ing integrals, evaluate them and sum them up. For example, computing the probability of distance 4 involves
evaluation, see equation 4. A simple analytical expression for the sums of integrals in numerators of the
above probabilities was presented in [6]:

p()=2' (l—l)(l+1)'
(+3)!

In [6] a set of similar problems are studied, e.g. permutation generated random walks, by using a differ-
ent and more generic approach. However, the equation 7 can'beiused to to derive the probability of distances
between local maxima:

(7

/ d=1)(d+1
- (d+3)!
We were not aware of this work, and in absence of a simple analytical expression for a sum of integrals
in the PMF equations (such as 4), we wrote a Java program, which does all required work. First, it generates

the necessary integrals using our operator notaion;'e.g. <UDU 3D> + <UD2U 2D> + <UD3 D> . Next, it evaluates

the corresponding integrals and sums symbolically.
The resulting PMF table is¢shown in table. Variance of this distribution ~ 1.167168 and the standard
deviation = 1.08.

Table 1

Table of PMF of distances between local maxima

Dls‘?nce Profza(lzll)llty Decimal Approximation
1 2 3

2 2/5 0.4

3 1/3 0.3333333333333333

4 6/35 0.17142857142857143

5 1/15 0.06666666666666667

6 4/189 0.021164021164021163

7 1/175 0.005714285714285714

8 2/1485 0.0013468013468013469

9 4/14175 2.821869488536155E-4

10 4/75075 5.328005328005328E-5

11 2/218295 9.161913923818686E-6

12 4/2764125 1.4471125582236693E-6

13 1/4729725 2.114287828573543E-7
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1 2 3

14 8/278326125 2.8743259368842937E-8
15 1/273648375 3.654324641978963E-9
16 2/4583103525 4.363855167334454E-10
17 8/162820783125 4.913377669887681E-11
18 4/764299911375 5.2335476433640715E-12
19 2/3781060408125 5.289521414950853E-13
20 4/78642438249375 5.0863122876684074E-14
21 2/428772250281375 4.664480965565126E-15
22 8/19566987612046875 4.088518968077954E-16
23 2/58274046742786875 3.432059573325511E-17
24 4/1447106344699640625 2.7641368684830376E-18
25 8/37392513326621578125 2.1394657080470717E-19
26 8/501914364595623354375 1.5938973985025013E-20
27 4/3494761822449632109375  |1.1445701318770342E-21
28 8/100847608441898396203125 |7.932761246003232E-23
29 1/188217886723358757890625 |5.312991328341671E-24

al 2722885427931256697484374
2722885427931256697484375

1 —3.6725746509274224E-25.

We tested validity of a computed PDF table on several random and pseudo-random number sequences. For
pseudo-random number sequences we used Java's standard pseude-random generator java.lang. Random and
Daniel Cer's Java implementation [1] of notorious RANDU generator [2]. We used Mads Haahr's True Ran-
dom Number Service web site [3] as a source of «true» random numbers. We modified the supplied Java cli-
ent, which connects to the server and retrieves the truestandom number batches. We generates random num-
ber sequences using these methods and compared them with the theoretical PMF using several tests such as
Kolmogorov-Smirnov and x* goodness of fit testsy.see'chapters 1.3.5.15 and 1.3.5.16 in [4].

Also, according to the central limit theotem in large .samples the standard deviation of the average dis-
tance between maxima should approach [(6)/(\\n)], where o is the standard deviation of the distances in the
population and n is the size of the sample [S]. We used this feature to compare sample average distances to a
theoretical average distance 3 [table 2].

Table 2

Table of CDF of distances between local maxima

Distance Cumulative Probability Decimal Approximation
d Fin(d)
1 2 3
2 2/5 0.4
3 L1/15 0.7333333333333333
4 19/21 0.9047619047619048
5 34/35 0.9714285714285714
6 134/135 0.9925925925925926
7 4717/4725 0.9983068783068783
8 5773/5775 0.9996536796536797
9 31183/31185 0.9999358666025333
10 184273/184275 0.9999891466558133
11 4729717/4729725 0.9999983085697371
12 16372121/16372125 0.9999997556822954
13 30405374/30405375 0.9999999671110782
14 241215974/241215975 0.9999999958543376
15 32564156609/32564156625 0.9999999995086623
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1 2 3
16 36395233873/36395233875 0.9999999999450477
17 343732764373/343732764375 0.9999999999941815
18 3419236445623/3419236445625 0.999999999999415
19 142924083427117/142924083427125 0.999999999999944
20 782679504481871/782679504481875 0.9999999999999949
21 4482618980214373/4482618980214375 0.9999999999999996
22 53596531285171873/53596531285171875 = 1.0
23 [5341787618088796859/5341787618088796875]
24 [17307391882607701871/17307391882607701875]
25 [232984121496642140621/232984121496642140625]
26 [3253148659416077296871/3253148659416077296875]
27 [188217886723358757890609/188217886723358757890625]
28 [1408389014447201740078117/1408389014447201740078125]
29 [2722885427931256697484374/2722885427931256697484375]

As expected, java.lang.Random's and «true» random sequences were consistent with our PMF on any
sample sizes varying from 100 to 100,000,000. Surprisingly, RANDU-generated sequences were also com-
pliant with this PMF. When deriving this PMF, we assumed that numbers in_the sequences are independent
of each other. RANDU generator has a well known deficiency: its numbers are not independent. However, as
it was noted before, it fared well in our tests.

The table 3 shows sample statistics for «true» random anid RANDU generated sequences compared to
theoretical frequencies of distances between maxima. Both samples are distributed as predicted by theoreti-
cal PMF f,, (d), they pass x> goodness of fit test with higher than 0:99 probabilities. Their average distances
are also within the 3-c area of a theoretical value of 3. The p-value for the latter test is the probability of the
deviation from the theoretical average distance greater than of the observed value.

Table 3

Sample Frequency Comparison

Distance Theoretical| True Random| RANDU
Frequency| Frequency |Frequency
2 40000 39803 40462
3 33333 33544 33003
4 17143 17119 17073
5 6667 6673 6545
6 2116 2139 2157
7 571 549 571
8 135 136 148
9 28 31 36
10 5 3 5
11 1 2 0
12 0 1 0
Average 3 3.00187| 2.99447
Std Dev of Mean 0.0034
p-value 0.584 0.106
y, df 1.006, 10| 1.386, 8
p-value 0.9998| 0.9944

Conclusion 1. We constructed a simple method of computation of PMF of the distribution of distances
between local maxima in random number series. We confirmed that selected pseudo-random and true ran-
dom number sequences are distributed according to this PMF.

Acknowledgement 1. Author is very gratefull to Dr. F.M.Pen'kov and Dr. K.Gartvig for fruitfull dis-
cussions and interesting suggestions on this topic.

Cepusi «dunsukay. Ne 2(62)/2011 33



Kuketayev A.

References

1. Daniel Cer, RANDU. java, http://cer.freeshell.org/renma/highlight/renma/Randu/Randu.java, 2005.

. Donald E.Knuth. The Art of Computer Programming. — Vol. 2: Seminumerical Algorithms, 3rd edition. — Boston, Addison-
Wesley, 1998.

. Mads Haahr True Random Number Service, http://random.org
. NIST/SEMATECH e-Handbook of Statistical Methods, http://www.itl.nist.gov/div898/handbook/
. Wolfram MathWorld, http://mathworld.wolfram.com/CentralLimitTheorem.html

. Oshanin G., Voituriez R., Nechaev S. et al. Random patterns generated by random permutations of natural numbers, 2006,
http://www.citebase.org/abstract? id=oai: arXiv.org: cond-mat/0609718

[\

AN N A~ W

YIK 535.37:535.34:539.19

(I)OTOJIIOMHHGCHCHHI/IH Cy.]IL(l)aTOB EJOYHBIX METANJI0B, AKTUBUPOBAHHBIX
HOHAMHU PEAK03€ME/ILHBIX 3JICMCHTOB

Photoluminescence of alkaline metals sulfates doped by ions-of rare-earth elements

CanbkeeBa A.K.l, Kokeraiiteru T.A.z, Kum H.M.z, Banrabexos A.C.z, Taraesa b.C.”

b . . N
Kapazanounckuii cocyoapcmeennviii mexHugeckuil yHueepcumen,
2 . . . .
Kapazanounckuii 2cocyoapcmeennviii ynusepcumem um. E.A.Bykemosa (E-mail: abskargu@mail.ru)

3eprrey HbicaHmapsl Sm xoHe Gd MoHAapbIMeH akTuBTeHAIpiITeH KyrSO, xone LiKSO, kpucrangapsl MeH
yHTakTaps! 0oJbin Tabbutagsl. Kanuii cynbgarTapbLKPHCTaTIaphIHIA aTalFaH KOCIAIBIK HOHIAp €Ki Typui
JIOMUHECLICHIIUST OPTaJIBIKTApbIH TY3€TiHI TaraibiHnanasl, Ke3appy OGapbickiHza Oip Typaeri opTaiibik
KaWTBIMCBI3 TYpAe ekiHmire aybsicaapl. LiIKSO, kpueTannapbiHaa xepie CHPeK Ke3[eceTiH 3JIEMEHTTEPIiH
HoHmapsl Oip Typai optanbsikrap Ty3eni. «K;SQ, KpHCTangapbiHAa €Ki TYpili OpTadbIKTapAbIH TY3iIyi
THOpaTalusIMeH  HeMece  3apsAAThIH | JIOKaJAl, MexXaHu3M  OOWBIHINIA  KOMICHCAIMSIAHYBIMEH
GaitmansrcTeipsutagsl. LiIKSO,4 kpucTamgapsiga 3apsAaTsIH KOMIIEHCAIUSIIAHY JOKaJIb/Ii eMec.

The objects of research are crystals'and powders K,SO, and LiKSO,, activated by ions Sm and Gd. It is es-
tablished that in crystals of potassium sulfate these impurity ions form two types of luminescence centers. At
heating one kind transforms_to another irreversible. In LiKSO, ions of rare-earth elements form one kind of
the centers. Formation of two kinds of the centers in crystals K,SO, contacts hydration or the local mecha-
nism of charge indemnification. In' LiKSO, the mechanism of charge indemnification is not local.

[Ipu akTHBaMM AUAICKTPHICCKUX KPUCTAILIOB T€TEPOBAJICHTHBIMHA MIPUMECHBIMA MOHAMHU BO3HUKAIOT
JIOTIOJTHUTENIbHBIE BaKAHCHUM, KOMIIEHCHUPYIOIIHE W30BITOUHBIE 3apsaapl. KoMIeHcarwst MOXXeT OBITh JIOKAJIb-
HOM, KOTJia BaK@HCHH DPACHOJIaraloTCs B OJNMKAWIIEM OKPYKCHUU IMPHUMECHOTO IICHTPa, M HEIIOKAIBHOM.
[IpuMecHbIe HOHBI, B3AUMOICHCTBYIOINE C OKPYKEHUEM, 00pa3yIoT IIEHTpP JTroMUHEcHeHITH. Clie/[0BaTeb-
HO, MEXaHW3M KOMIICHCAIIMY M30BITOYHOTO 3apsijia OKa3blBaeT CYNIECTBEHHOE BIIMSHHME HA ONTHYECKHE Xa-
PaKTEepPUCTHKN TIPUMECHBIX IIEHTPOB CcBedeHHs. Hampumep, mpu JOKaTbHOW KOMIIEHCALIWU 3apsiia B TaJlou-
JIaX MIEIIOYHBIXMETAIUIOB, AKTHBUPOBAHHBIX JBYXBAJICHTHBIMA KaTHOHAMU, IICHTP CBEUCHUS paccMaTpUBa-

ercsikax munons Me* V- [1].

OO0BEKTaMU UCCIICAOBAHMS B JAaHHOW padoTe SIBILIFOTCS CYIb(aThl METOIHBIX METAILIOB, aKTHBHPOBAH-
HBIC TPEXBaJCHTHBIMH MOHAMU caMmapus u ragoiuaus. Mcxomasie kpuctamisl K,SO, n LiKSO, 6putH BBI-
pallieHbl U3 HACBHIIMIEHHBIX BOJHBIX PACTBOPOB METOIOM H30TEPMHUYECKOTO HCIAPCHHS PACTBOPHUTEIS MPHU
40°C. AKTHBATOPHI JOOABJISUINCH B UCXOIHBINA pacTBOP B BHIE BOJOPACTBOPUMEIX coliei. Bribop peakose-
MenbHBIX HOHOB (P3U) B KadecTBe JIIOMHUHECIICHTHBIX 30HI0B OOYCIIOBJICH TEM, YTO WX ONTHYCCKHE CBOMCT-
Ba (opmupytorcs f-d mepexomamu [2]. OHU 3KPAHUPYIOTCS BAICHTHBIMU 3JICKTPOHAMHM, TTOSTOMY TOJIEKO
CWJIBHOE BO3MYIIICHUE B OJIMKAMIICH KOOPAMHAIMOHHOHN chepe OKa3hIBacT BIMSHUAE HA ONTUYCCKUE XapaK-
TEPUCTHKH MPUMECHBIX LEHTPOB. [10 BceM CIpaBOYHBIM JaHHBIM yKa3aHHBIC BBINIE CYJIb(AThl METOYHBIX
METAJJIOB HE THIPATUPYIOTCSA. BBeeHNE B KPUCTAIUIMYECKYIO PEIISTKY TPEXBAJIICHTHBIX MPUMECHBIX NOHOB
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