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Sadykbek T.A. T doctor of echnical sciences, professor of KazATC name Tynyshpaev

Gamazin S.I.T doctor of technical sciences, professor

TsyrukS AAicandi date of technical sciences, associ at e
Yerbulatkyzy G. i 1%year undergraduate of KazNAU

SCIENTIF IC TECHNICAL SOLUTION UPON FAST ACTING AUTOMATICALLY LOAD
BACKUP OF ELECTRICAL SUPPLY

The mainly reasons violation of reliability electric power supply of principal consumers is the
short circuit in diagrams of external and internal of electric power suppmodern conditions, when the
level of wear electric device sufficiently increase, number of the short circuit, brownout circuit increases
every year.

Traditionally in electricity grids for struggle breaks of electric power supply uses the device of
auomatically turning ABP (Automatic backup power). As starting, in this devices typically uses of the
minimally voltage elements. Despite the fact that to consumers of electricity necessary get electrical
supply as quickly as possible. The necessary taidiecklowdown movies of the starting element ABP.
ltds carried out to prevent excessive action of
network and at the action devices of power lines. Thus required to produce decelerationefothiang
the maximum time delay devices. As a result of the action of the time delay device can obtain several
seconds.

By doing so, ABP becomes inaccessible upon the conservation of continuity of complex
technological processes of industrial enterprises:

- Occur the loss of synchronism synchronous motors;

- Rollover of asynchronous motors;

- Switching contactors and starters voltage of 380V,

- Switching of frequency controlled drives, devices of electric centrifugal pumps and other
critical loads.

To the exclusio of damages and ensure of continuous the technologically processes of industrial
plants developed more technologically advanced compared to conventional ABP device, isolated ultrafast
acting- quick acting ABP (HABP (High speed automatic backup power)).

Traditionalhighspeed acting ABP based on multiannel algorithms for determining disruption
of power supply by one of the inputs. Since different types of violations which, significantly affects
different parameters mode power supply systems. To comiesketparameters in the starting device
HABP retained a significant number of installations:

1 the minimum current at the input;
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9 the minimum voltage on adjacent sections and a number of others;

Checking which in some cases led to an increase in the totaltoyel.

The advantage of the developed HABP microprocessors starting device is a following:

1. The starting device HABP based on digital processing systems of input signals.

2. HABP easy (on the programs level) adaptive to different schemas distribution d¢$.sigha

3. Reducing time switching on backup source upon the three phases of short circuit in the chain
supply section distribution device till 224 millisecond (for instance, at the uses of switching VIWI1
firms of ABB ColorEmag or BB/TELLShell).

4. Has the allity to record and display transition processes upon the any of works PU HABP.

5. Saving the values devices of blocks relay of starting device in the nonvolatile memory when
removing the auxiliary voltage.

6. There is a possibility of automatically return schehme normal mode electric power supply
on the damaged input.

7. For the management of inclusion and disconnecting of switch in PU HABP besides dry
contacts suggested using high speed acting IGBf&nsistors, capable of switching currents of great
importance

The device HABP combines a number of starts up elements of interacting each other according of
algorithms, allowing correctly identify of the emergency modes, which produce the input of backup
supply source and witch switching to the backup source siipfynot necessary to carry out, where
installed HABP and lines. Starting devices HABP allows solve the tasks on the minimum times, does not
requiring the coordination of time with devices relay protections and automatically adjacent sets of
element.

Using the suggested algorithm in starting device managements HABP provides time his reaction
on the arisen emergency situations from 5 to 12 milliseconds. In combination with ultrafast acting
vacuum switches BB/ TEL series q@fsource ltandise2v 84 cl e
millisecond. Data of values time of whole cycle HABP tested with a thousand of completed projects
around the world, also RF and Kazakhstan.

Implementation of the complexes HABP allow gets the following effects:

- Provide reliable, antinuous electric power supply of the main pipelines, electrified railways,
production with continuously technology and etc. Providing the daily schedule at the expensé of full
time switching on the backup power supply during 0.034 second.

- Significantly increase the resource electric motors and pumps due to the lack of necessary
restart the unit, also oil heating furnaces by reducing the possibility of overheating.

- Prevent costly interruptions in the work of process equipment

- Reduce the risks of envirormmtal disasters upon the violation of electric power supply in
electricity

- Increase the level of automation to increase productivity

- Reduction of power consumption by reducing the losses when restarting and restoring the
pumping of normal rate of 200 kmil&éd of pipeline, reducing losses to heat the ovens after purging.
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H) CEKIS' dz" ' O Qek@Ys j bEAdpeCiizO M ls Ojetd dBrisLj.dz' w1 h ' dzgh °
C tdH d dzO s © dzO te (13101-,) fi§ ' tsdsHgiH d dzZO s O dzOter B Ote Yy pDdzj Bdz ISE el
O2dz0dzz e’ dzH | BtedzOZzOMY O dz.

Jter dz WikdSydqwmr dzr w B' t6' dgh’ Gtozf § O™ dz sOBO2T Y.
fOCdblsjte jdzg' L jd3 L:

>restart; with(LinearAlgebra) : with(linalg) :

¥pdzgy CSEPE BOItedyOdzOter dz B j toj d3' L

Z HO1 := ((cos(q[1])|-sin(¢[1])[0]0), (sin(g[1])|cos(¢[1])[0]0), (0]0[1]0), (0/0j0[1)); H12

= ((0[10/0), (0/0[1]0), (1|0[0lg[2]), (0[0[0[1)); H23 := ((sin(g[3])|cos(g[3])|0]0), (0[01

le[1]), (cos(g[3])Isin(¢[3])|0] d), (0[0]0[1)); H34 := ((cos(g[4])|-sin(g[4])[0}/[3]),
(sin(g[4])|cos(¢[4])[00), (0[0[1] e[ 2]), (0[0[0[1));

CEWllS' dgh ' BT dzd3j dz B O2 dZOdZ My Odz yN22jHj ,00 "MmsC
B sdzf' dz.RY Eflg001]", tdr Cjdzifm' IsntHj jdc' LjdB L:
>ROM := (xm0, ym0, zm0, 1); ROM4 := (1[4],0,0, 1);
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0
Ry
CEBJ2Isjd3 L

r
=15 = HouHio HewR) SHo R ¥ sesz 2OMr 20 Mp2¢ifm Ceh

>RROM1 := HO01. H12.H23.H34.R0OM4;

HsdzH O A Y

>

a == {cos(q[3])-cos(g[4]) -sin(q
+ cos(g[3]) -cos(g[4]) = cos

(
=sin(g[3] + q[4]), sin(q[3 ];

% tsto d3lz dzO SimplilyO M h OB @z § tsBOdgH Oy dz Y 5 dzH O

[3])-sin(q[4]) = cos(q[3] + ¢[4]),sin(g[3]) -sin(¢[4])
q[3]- q£‘4%),00( q[3]) -sin(g[4]) + sin(q[3]) -cos(¢[4])
cos -

s(q[4]) -cos(q[3]) -sin(¢g[4]) =sin(q[3]-¢[4]) } :

ROM := simplify(RROM1, a);

HE2L ' §, YGLDORKEO?2kRE EBBjse j" Ms@OT Milsdr W .’ d !

OzOd" L :

e, - &,)c0sq, - [, cosg, +1, €036, +q,) + dsing, g

Ry =

é
e
é

e, - &)sing, +[1; cosgs +1, cos@; +,) + dcosdy

|, sing, +1, sin(@, +q,) +d, u
u

1 U

N"fls@ODr h yuwigr dzoOr Mr d@ W (HDdz toj &, HOBICH @z Y B BL datz
BUter dz ] RBOlted yOdzOter dz B jtej d3' L :

> A01 == ({cos(q[1])|-

[ sin(
(1]0]0)); A23 := ((sin
[ sin(

= ((cos(q

4])|-
1 f)lsOODT hIsr W

Ao (G, Gy

in

1

q[1])0), (sin(q[1])[cos(q[1])]0), (0]0[1)); A12 := ({0[1]0), (0[01),
(q[3])lcos(q[3])]0), (0]0[1), (cos(q[3])|-sin(q[3])[0)); A34
q[4])]0), (sin(q[4])|cos(q[4])]0), (0[0]1));

BUtgr hlsTy BOODHOL' dz OBk 1Nh' dz €jdzj '
0n) = A1 (O)P(a) A (O)P(a)---A, 1, (0)P(q,)

B'Be to' dzgj CEBj2IS"H NroOd3 L:

>A04 := AO0LA12.A23.A34; A04 := simplify(A04, a);

r"d3r Ms@ »HMmlsODr "y ter dzor Mr de" W Y SLAQPezEBR skdzy 3 11 2
BODHOtr Odz YIsOdzHr . [ Gjte BOD" slsOkhr CmMddzkzmisOte &OIs

Aos

é,' sing, cosf); +q,) sing, sin(q, +4,) o, @

g

= §COs, COSfl; +0,) - cosq, sin(g, +a,)  sing,

sin(g, +q,) cos(; +a,) (U

[ M BOIsted yoOdsr W + dzj osj dzlslsj to* B2 ggWOQJ S22 dzj fg° W
B"tr hlsOter dz Odzr YIsOkzDO BESd&OHT :

0 ao,n
cosJ =agy'; siny =2,

sinJ’

o,n o,n

al .oa
coy =- —22;coy =—3;
sinJ sind
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o,n
sinJ =+1- cos’ J ;sin/ =:TJ
Jdzr ftesctcORZBOOO € jdzj My’ snteHj Jdee' L Jd3 L:

>sys = {cos(0) =A404[3,3],sin(0) = sqre(1 - A04[3,3]2),c0s( V) =—%,sin(w)
= %,cos((p) = %,sin(q)) = %};ss = solve(sys); assign(ss);

wE2I" §, M dHO2 Idflk’ EdjeSom fls' ¢ toelsr |
BUutsr h sOter  ydB RS eG4 s O zOte Oty ' dzf WO Etedzj Clsj dzj |

J:%’ y:%-'-ql’ / :q3+q4-
rv"d3r mlsoOOT JMitflsjkzdzjteH' W BOtdzr OF Mapl e O dz0 dzc
Ofpr tor dzo O dz.
cCHjBdJIs
l.ssdzsoemCd2 [ . 1., [WetOWtse ¢.9.: vpEBHY,BERY ~ O
560 Mm.
2. s sdztsp2Cf .y ., 6. 1. wdtskzh. [Mmdtser H-d dzOdBd Oz ¢ Pte

1988 239 M.

Odzg j 8 s OL 1 L A@HMdP te TBsSdOL O MisOdz, ¢ zdzOIsT )
dyj dz€ ss @L 1su @gadP tc BsdOL Or MisOdz, ¢ dzZOIsT )
dyj dz€ s O L 1su @gadP tc BsdOL Or MisOdz, ¢ dzdZOIsT )

torvtosfuvse fLrofc vitoelfrire vyvran fad tdrfory
s{f¥frsed 1¢ 1671 ARDUINO

10 COWjHt] cf jn OddhCEIa0s g O Ldgs ts@lBtsSuzezy 5 S tsdsf + & k
bftcOo dzj dedé tosBslsOdBd o' § sdzdz" é Isyw 20 M j ydOddL d sse
fj tMtsdzOdz dets?2 CJIf o bkyjedesets seskdL ot Oddzse s € 5ok
dL djfsmtcjHMmise jdzdzts EyjBdesets L dydodedese s tesB SISO ¢

i sBEl’ of fdd" ¥ kMW dz0 GHdes2 dL Cddaj BOIsdyj MSdr
CemEgdOls (tedfy. 10); tesels' ) ydodditdyj nSs2 ndnlsj
zO BOL EdzdW dydtetseo Odzdz" = d3j -~ Olstetsdadz’ = d3tsdytizridg 2w C
pON jdzdW: LORoObdksets kMt mise O.

———
58 &5

{ ATzt s evaksb e sdz dzs?2 (©) d yddzd den ted yj ME 52
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g4V BBjMfjydeOjls EkftceOo dzj dzd j mMsmMisswdzd j &3 ftedotsH
sBtOBSISCE f5C0OLO0dd?2 t©OMY tsdty J fztzH & dz¢da@0O jdsdpis 5§ @Ots Q@
ddzlsj ¥ j 2 MIEPTO CHLEFHL) Centronix

1l dz2Ofmlstswh j i otcj di3w 1]’13W9q’dzlsfr]J dzj sBRBHJ @M o k&
Mow, Odetsf jtco" n,, yts s @tcOdzdzj dz' dzr 2 dadzlsjteW j2m o MmMsote]
dmf sdz L@J s, L Gd3jUsE {f esdshsjedzn , ofMmMistetsj dzdzOWY wuv dai dc
dz

odzj " dzj G5 GBHC s yj degd™ BSHEd) 2 d daj dBjjls ,Eefylsse j dad
fteddwists tojh jdzdd  OtcOdzdzj dz' dzts Mts o MmMistets dzedets?2 s UL, GOL |
ArduinoMega2 56 0 (tdfm 2) .

MADE
INITALY
-~ % oo

{ diAz € Arduino Mega 2560

Ardui no Me g a 2560 fsmstctsj dzO@ dz0 BBd ¢ tets € s dzls to ts dzc
Vtesorn ontsHO/ 9" asHtse (14 dL Csbttrna d@sceckzls dhf sd
sHBse, 4 fthd] HESRPOI | U GL G o s2elsd] djAtOIstste 16 [ 4 Y,
s Oded v , tcOL) jdg | CSP. Ardui no Me g a 2560 fmMtse d3j f
L tcOB t5ls Odzdz" d3qd H dzw f dzOlW tsted3 Uno d dzd Duemil anov
sOdztso dzj dets dz MSC sdz! CBREGEEFEHEINMsd M sEghizet fhHhiesds, Hte
duino dqdzd BdS e sdstttsdzdz tOBd. ATmegaz2560 f§SHHJ]TtS
dz n~ UART Hd&v TTL. LMisOdzts o dzj dzdzOW dzO f dzOIsj d3d ¢t
Wi2fme YdtejL wUSBJtclstz ®gzn B O 2O M f stcls i tot
Elsjte . uvsddzdls©O Bsdzdlststeddzc © f tsfdzj Hise Olsj dz/ dzts?2
uino fsLretsdwjls s &zOk' d fsdizyoOlk! IIjtMmisser j H
Arduinod d3j J Is d3dzetsy j Miseo &5 Baddzj 2 Hdzv § sHC dz¥ yJ
-MotorShield( 2 € O0dz0fz@PIs@ HBPMh dqtoj dedw Hdzv CBdalstetsdzv f Oter
- NetduinoPlu2 - dzOIs© Hdzw ddzlsj tedzj Is MisjHddzj dedv GJted ¢ sd3sh
- PowerShield- f &zOIs© tOMh dtej dedw Hdzv o 5BtOL BolORAdY  dzO
fdlsOdzd W ;

- SDCardShield¢ - f dzOls © ttOMh d tcj dzd v -CHQIYIS Gaigrs sISD  dfp ntidejrho S D
tOL d&3j 6 O;

- Wi-FiShield-f czOls© tOMmh dtcj dzgdv Hdzw BteceOdzdL Oyd4fi. B M tots¢

-l e hjdLdztsy jdadesds MY dME ) ftedo jHpsr@dzgzdh @ s BORBPY Is
dd3j § MY Bdetsy § Mise s HAPR]se Mo d3j Misd 3" =

-EasyVR 2.0 Shieldf dzOIs©O Hdzv tOMYf tsL dzOo OdzdV cEtsdzsmtsear 7 € sd

- LilyPad-O ¢ fj dzj tddstelyjAstisdzr 2 OC M dzj etsdzd Iste Hdzv s tej HJ dzj
ftesy CIsOn EZdgdzts?2 tSHJ Y H' ;

-RdzW O dzr 2 HOdz' dzts é§jOtc ) adefips to( HOdZW S tod H § dzj dzd v
SlstcOy Y dzdzsd3dz Mo j stseo sd3z Mmd ¢ dzO dzlz ;

- RAW e OC tcOMmdz 2 HOIsUWdfStctsH dzgf § I lzed Y J MS d 2 N dzemtste H O
HodyJddw Isyfdzra tsBi jCIsse.

sf dMsC OS] BlttOy Ojls dzd? e yOoOfipifst M édacinoin® g € s ®IE

>NO I P>PNFgSOL
“FgOoT~Ioang
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vOCHYd HBMslzY dr H o fctykC]diftc d2f Q6 sof g is BVjdzdes e &5 Ists5¢
9 fteBHOY] ddd JIsmw ddetsy j Mlsots eBIstso ™ - Ardgin8 Odzd yd M< d -

10 HOdzdzr 2 @ Bsd3j dzls Ctsdi3f dzj C MO JAOBBicOBOBEH < @& I
ofMmistetsj dzdzlzés w L. 159 0O% wu Mitsmse dz0 dzj ssdzt €5 ff I
ftcdoLts2sd dmr 6 Isydtsmisd d MEstetsMmisd or § sdzdzj dzd v .
oL sy desisd Blsdzd yoOs Is detseo kz¥ w P ¢ s5is € 5 gth tzfs § Mpdzte® B S B
Bsydls BT IS LdzOydlsj dzv des tOMmh d e dz, dzf ctoattew kyJ
odzgj hdzgdr dBsHEZdzj 2: B XZOEtsHOtew BBGEOIL?2 fjtedWjtedd, o3
90tcdOdzlsse jJ dMftsd L tseo Odzd VW .

ltosctcORBYzs I e § Mo C dzt YyOJ s MtsBMilse j dzadzz Mtcj HE toC

dtcj HO tOLtcOBSISC Arduino 1.0.5 MsmMissdls dL
fosctcOBBIRse s CtsSHO, sBd&zOMisd MmMtsseh j dzd 2, sCdzO o' ot
Cdzestf COd3d yOMmlsts dMmf sdz' Lderj daizjmdzsC. 5 d3OdiH  LJ O g Hny CCtsdiz Rt ts G
cOLtcOBBISSd ftsHSCAd yojlsmw ¢ Of f OeOlsdzets?2 yOfMmilsd Ar du
ftedd3dd ese ddizd s hdafmw o ddzlsj tedzj Is Ardno.¥ stelz 30r 5 t6OL t

10 thmdsej o7 h jmMCOL Odzdztscda] Jd ffesdaisty d Is ) dzte o C=iBsdziste f
d d3j daddsino. t OL OB ISC O dOYyOd&zOMm: M dqLEzyjddw fMmrj " oL
1 smMédz €k H O dzdzO W e w ! 9" atbH d dzO L O ftoj HJ dzr H
MOoOBsMisswWIlsj dz' dzsets OdzOdzd L O ' dfdzle 4 W] 2AHQA]. dz Bd®'L 5O (2@ dzddh
BsHEZAZ]?2 vivs (tdfh 3).

Mozyas YPTK

t qApz8E [ tsH k2 dz! vt us

17 dz fsdzdetsmils' 8 ftesOdzOdzdL Jietso Odz ddzlsj oW j 2 ) dBsHLE
jssH] BBtcOldzs?2 twWOLWOBBISSd B" dZzO  sdzdatsfls' ¥ ff tots O dzC
rdzd ftesmdzzh Oder o fMj MdedzOdzr , ke j d dzOf oW y § dzed W

ftosatsHWN j yYjtejL SCBdasOCIsT (7 dde ) M jDBE. dzv & h

a3
B
H .
tiLkd OIsT §ugmméOs dzj d¥ O

‘ 2 - a7 ¥ATYIOKA JEATATENT ‘ | 2 - 3 EATVINEA JEHTATENA( IVOmDE) |

| | - &% EaTymIKa AEHraTer (I GND (MHEYVC TOTHEH) |

| JaTuss cKOpoCTH

VES (mnroc morHEH) ‘

‘ JaTOHK HaUama

JaTuek KoHDA ‘

| Ilmoc cxeata GND ( mEHYC gEHTaTena ) |

{ qAz@CR dzls j oW j 2 ) Bk O
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| toeskjkzjdifsdiadcRPjPf ey ddjd 271 (tdh 50)
G SBRBHBE] HA&W ©OBSI' HodcOls) dArding | of 10 tsdsih ISfOfs@
Ho e Olsjdzv Ctdidstesdzdtclj IsEPOD 6 tizg M dzf &) € ts dzls to ts dzdzj t6 15 o

+5V

TOMCU ___ pNABLE1
I() MCU

O MCU INPUT 4

INPUT I

[ OUTPUT | OUTPUT 4
GND - (\(l) @
_E(;NI) . (M,
J OUTPUT 3 =

ouTPUT 2

TOMCU INPUT 2 INPUT 3 — 1O MCL MCL

P E—— enaBLE 2} TO.MCU

+12V

GND FROM MCU

ai H o dc¢ Qlg jy1asP BT dzd € todsls tésts d2&IDtc
t qAztstv f cOo dzj dzdd HoO dG Olsj dzj o3

10 BfMdeso j HOdzdz' ~, fsdzyj dzdz" = o tojLbkdz O] 0Odz
©OB Bl M BGH L dddnou { wehiy) jEscitcts ) HMs0s dzj dzO dzd

classRedModulé

voidreadStatg); i fydlisr o Qejvldzdijs O Isyd S tseo 1000 tOL o Mg !

voidmoveTdq); i HodceOj Ismw off jtoj H. } ted MtcOB OlsT 9 C
sMisOdzOo dzd o Oj Ismw ;

voidmoveFron(); i HedceOjIlsmw dzOL OH . 1 tod MtcOB OIsT™ 9 Od
sMisOdzOo dzd o OJ Isfmyw; |

voidopenTong); M slsCter Is! mroOls;

voidcloseTong); i OCter Is! mroOls;

voidprintStatg); llier o jMmlsd f OtcORj Ister HOLYdSE o .

h

s oMM fejHmsOodv jls Mses2 bod S dOyOd dz* ©OI
oL By dzsMisd BsHEZdY. vjd dj wBjdzjj, fHesdLojHjd zZmf
HsMis @®Bls By dglstets § totsd 29800 d ©  f ik ilzdzs i g tzj w®B slsT .

[ Odz! dgj 2P O LOHOYO dzjydls o Wsttdkdtetseo Odedd fmdMmisj
BsHEzZdzj2 vt us; tcOMmh dtej dzedd € zOMMO ki tcOo dapudad,v  H dzW
ML HOdd d § tsdztiztsis §f Gzt dys Mifthyts | dsts?2 SR d&zOy H j dzgd™ d B sdzj j
L293D; o9 jHjdzd) o tOBtSlskz dtsots?2 wuv d dz2OfdmOdzedy dzser n

stsdzj ydz" d3 dlstsetsdy orf f tsdzdzgj dzgdvw OBl WwWodzw jIsfpw Mt
MetsteHJddess Odzdzs j I § to Ooodjjddzdjjo HBQ[dR foiafd dy) d ssiziiZs ¢ 5 to
tcj Odz' dztsds dzOfMh Is O BArduinoiiggd@bbled dzO B OL §

[ disj OO
1. http://arduino.ru/Hardware/ArduinoBoardMega2560

2. http://amperka.ru/collection/boards
3. http://arduino.ru/Arduino_environment
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Ertargynuly D. i magistracy kizNU named after dtarabi,(Almaty, Kazakhstan)

INSTRUMENTAL MEANS OF VERIFYING THE AUTHENTICITY OF DOCUMENTS ON
THE BASIS OF OPTICAL NDT METHOD

The problem of determining the authenticity of documents arose simultaneously with their
appearance. As farounterfeiters, they have always been. Even when humanity has never known money
exchanging goods for gold pieces, shell s, cocoa
these surrogate money cheaper substitute.

Since then nothing has changkmhdamentally. Only release technology documents and bank
notes, and hence become more sophisticated imitations. Determination of the authenticity of documents,
bank notes and securities included in the terms of reference of forensic diagnostics.

Objectsof forensic diagnostics are written documents, which are subject to the investigation in
the first place their details (recording impressions of seals and stamps, typescripts, notes, etc.); materials
from which they are made (paper, paints, adhesives @malth.); traces left by writing tools and other
devices (seals, stamps, printing machines, etc.); etching residues of substances used for the removal of the
text, and others.

Under the document are:

- personal (of identification a passport, driver's daments, diplomas, etc.) that characterize his
career- employment records, hospital sheets, specifications, personal files, etc.);

- reference of identification (certificate of study, the presence of children, wages, employment,
and so on.); and cash (dkéooks, credit and debit orders, cash books, payrolls, bills, etc.);

- reflecting the movement of material values (invoices, accounting journals, travel sheets, etc.);

- other (lottery tickets, rail and air tickets, recipes, cashier's checks, etc.).

Forming the subject of forensic diagnostic problem is conventionally divided into two groups:
diagnostic and identification. The objectives of the diagnostic studies include the following:

- establishing a method for manufacturing the document and its parts;

- detegmining whether and how to make the changes to the document or part thereof;

- definition of the genus, species of the document;

- establish the initial content of the document (identification and invisible slabovidimyh texts
faded, filled, crossed out, smga etched, sanitized records, texts burnt documents, texts depressed
grooves et al.);

- determination of the age of the document and the sequence of its details.

Assessment of the authenticity of the document, print the stamp is not an easy task feasible
technically equipped specialist or expert. The objectives of the study are the following identification:

- establishment, whether to one genus, mind belong to the group compared objects (documents,
their materials);

- to the same or different sources abor are compared objects;

- the same or different materials, or technical means used to produce the document or documents
being compared (including one or different printing plates coated prints on paper, on the same or different
typewriters printed texaf the document in whole or in part, and so on. f.);

- drafting of a document on its parts.

In the manufacture of a particular type of document protection systems are designed to ensure the
stability of the document from unauthorized reproduction (pastiabmplete fakes). Security complex to
determine the authenticity of the document at different stages of testing.

Selection of protective complex depends on what kind of document is produced.

By type of protection is divided into:

technology;

- graphics;

- chemical;

- physical,

- combined.
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In turn, each of these types of methods combines specific group.

Technological view combines techniques which are based on the calculation of the specific
properties of the object being created. Such methods may include:

- the catulated composition of the paper;

- given the composition of coloring matter;

- surface treatment of the paper web;

- watermark;

- predetermined composition in the paper pulp and the luminescent color of the fibers or other
impurities, e.g. confetti;

- given conbination of protective inclusions;

Printing relief printing;

Kipp-effect characterizing the nature of gravure printing, recognized under special lighting.

Graphical view of protection determines the set of methods based on the use as protection forms,
dimensional characteristics, methods of arrangement and combination of drawing. At the same graphic
image can be both visible and invisible under ordinary light and visualized under ultraviolet (UV) and
infrared (IR) rays. Data protection methods may include:

- pseudo of water sign;

- guilloche frame;

- guilloche rosette;

- micro text;

- safety nets;

- irregular raster;

- assyure Corrie;

- different in form and combination of fonts;

- Combined screening;

- combination of different shape and form protective nets;

- specially made ahe microlevel defects graphic elements;

- psevdovolokna;

- asymmetrical arrangement of the graphic.

The chemical form of protection forms of securities combines protection methods, the essence of
which is based on the properties of chemicals react chemigilyother compounds with the ability to
control the result:

- color reaction method.

The physical type of protection includes protection methods based on the physical properties of
objects and materials. Methods of this type are varied and can be defiicddwas:

- changes in the surface shape of the form of securities (congreve printing);

- metochnye elements with holograms and metogrammami;

- enhancement or quenching the luminescence of the surface form of the security;

- luminescence materials with differaantum yield,;

- combination of luminescent materials with different colors;

- luminescence substances in IR, UV and BE®;

- using materials with different magnetic properties.

Combined type of protection is the use of different types of protection in catigvin

- using the method of plastic deformation of the object surface in conjunction with the image
(congreve print + guilloche rosette);

- introduction of the luminescent substances in the colorantgyitische framework sockets etc

- with chemilumhescence.

Full forgery, which achieves a complete similarity with the original, requires the offender, in
addition to the specific skills needed to dispose of this material, fonts similar to printing devices, etc.
Because of this forgery, made in the grigtplant using modern techniques and the implementation of
certain remedies, it is quite a challenge for the award category of persons. For this reason, a complete fake
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blank documents, made with the reproduction of the whole system of protectioneimeadytrare. More
frequent cases of play of forms, in varying degrees, mimic genuine form.

The main elements of the most frequently simulated (means) to protect blank documents are a
watermark, security strip, fibers, printing elements of protection.

Partid forgery involves making some changes to the original document. Such changes are made
by:

- erasures;

- chemical etching of the text;

- additional notes, overprinting, text correction;

- replacing parts of the document (photographs, sheets inpagié documertt)

- forgery of signatures, stamps and stamps.

Instrumental controls also allow documents to restore the image, either accidentally or
deliberately hidden under fills dyes or under the sheets glued documents.

It is known that the degree of the crime prevageleadership in our country steadily keeps the
financial and credit system. On the leading place out crime using fictitious bank guarantees, counterfeit
bills, letters of credit, etc. Recorded by law enforcement agencies scale use of false documemts confir
the effectiveness of the criminal community of modern technologies and computational tools.
Affordability of tools such as computer with standard software, laser or inkjet printer, copier or printing
machine, greatly simplifies the possibility of falsdtion of documents.

The same is true in respect of seals and stamps for documents, which give their holders special
power s. Making counterfeit stamps is now widespr
their production can be arranged any kitchen. Authenticity of the document shall be established
exclusively in conducting forensic investigations in the process of identification.

This kind of research is carried out is always investigated in comparison with the original
document.

There ae the following algorithm research:

- visual inspection of the document in daylight diffused light;

- the geometric dimensions, presence and location of elements of graphic design;

- study the document to the light;

- study the document in the oblique light;

- study the document using a microscope, a UV light source, infrared visualizer device for
magneteoptical control (in some cases can be used laser technology and electron microscopy);

- if the document has a chemical resistance, the latter phase, as ithappeost cases, the
actual violation or in part, carried out chemical studies;

- primarily carried out a study to identify the document protection system, made to him in the
manufacture and release into operation.

In the process of studying the object assentially looking for differences, not similarities.

Requires particular attention walking and detection of counterfeit banknotes and Russian
currency, which most of them are now on the Russian market the US dollar and the euro.

Do not assume that thegblem of counterfeit money has fallen on Russia just now. For example,
in the early 8des of the last century by the Soviet Union there were a huge number of counterfeit ducats,
while continuing to participate in the turnover on a par with real monéynouometary exchange.

With regard to US dollars, in all probability, no one knows exactly how many counterfeit
banknotes in circulation. In any currency laid down several degrees of protection.

Simple, visible to the naked eye: watermarks, relief pringig,

More complex hardware Revealed: magnetic, ultraviolet, infrared, etc.

Special known only to specialists, developers and manufacturers, is a state secret.

Russian banknotes are now among the most secure banknotes. With regard to US dollars, up to
1990 their defense was based largely on the high quality printing, consisting of paper and dye used. In
1996, the dollar has gained a new design. There were security threads, micro text, and sinan 2000
additional infrared protection.
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The most common isiow a method of making counterfeit moneyrude forgery. For the
production of banknotes used color printers or copiers. Denominations receive revelations of poor quality
and are designed for sale in the dark or in a specially created situations. T typecof counterfeit
notes taken with printing equipment and computer equipment in apniiting houses, refers to the
average quality. Such products have certain security elements, for example microtext and coarse forgery
protection ultraviolet and frared.

S Odzd3j dzsd O e)OOB d Ols™ dzi ODT D OL OP O @I I)1s O Iz dzp azikOI g Is | Is

ryd16t3 r3frofrzovi nNefrevswtwf 1 fefwfrvosrt o
"s3froevztuoré MDA wsymy L4 RCHE3IL O[T dr1v

dtswor N dzH ate” BaDHatcdzadzadzr y Y aBH' YlIsa dia dz (1r)

YtsdzH a dz" dzaH " . 1 "dz DH Tz XX dzradn” BHEGWdZBDAdz ¥ bDdzgj HJ D
Y sdzH a dz dzaH " . vayv'l elsj Cjdzj ddalsjtedzj Isf jdz 3" d3r i x af
Ys2" d&zDadz ¢ ' saffradzadzateH™ W CliteH j dz' dz' ¢ Is awdzadyts Isjaldnls * .
i dz ysMr d3dhadegr w "yfMmafmilsr or Elsy IEd3 dz BtsSdzH T . 1 DIsdy J

Ba2dzadzg st tBJ jS¢Is' ¢j BaD' IslsadzDbadz YytsMmr dghadzateH™ Yy " tg

T ru2jd CiMmM¢ dzHjGejdzH j G ftotsc tca d3dza dzr y YaBHT' VI
Btsdzz ™ dzga dz dzi d&3j M4 ster dgnabkzhr dr w Ispy tedejifm' d& w €Cj dgH
splzj ¢ j dz

T rdd d ¢ Dptej CjJIslsijMmMkH' W B ' tjGej2d ¢ spm' dzH § ' dz
Y'"tekHaOr CltHJj d& d' CIsj t5;

T osmr d3ha & dz vy"twok Glsamr dr v at=mdid'dzghaor "y fMmamlsr’

T ru2jdzd yvYya?22lsa MyafmakzuHnaor ydrdzir yvylsat, MmMatfadz W ISE

[ Mr al2ls" &zbadz d3pMJdzj dzj &6 S 4L Cjgdzeajdz yn22jdg Yy "
d3p g dzj dzj toH * hjhbkw' w Yaxydlls' dz' ¢' dzj adz CJdzn' ‘
ydzHate  ddFsBBadzalzHT W I1dze' dzj e Bjdz MdffallsadzDadz y"ter
saB' dzaHT'T .

[Bl jSIs" G BaD' Islsa dzDa dz ftetsc tca dzdza dza Iz Csdzyd 1 yc
Codi3tf sdzj dzlsCj BaOr Islsadzbadz pH' Misjdz EL ' dz2 W HadBk » tsdzr
3" dzHa ' B & gldzmis 2S¢ yq v tojIs' dgH J Cdzafmfm dzi a3 M4 sBi j SIs' C
stz sdzjBdgglsdz ddzlsjteW j2f HJjWej2 " dgHj 3 D dgj Bafjya Ha ¢
CeEteMi s’ dzejdz ftesetcadiddadzr v yn2jd w Is" te€j Mmis’ Edzh j o3
YadzH atstradD 'dda dz jtcodMEj BaDriIslsadzbadz pH' MIs* W dzj ' L'

fJsHjdz? Hjtod3j dz d3j WG jitdDdej B " dz If fiza el drtseizdiw adz 3 pdzy
Is' dz' dzgj dz Isplzj dzfp® L Y"tolz dzj ¢ ' L " dzH j G CeEf C s sdzj dzls
atcandlsj Slsktsadzr vy bpH' M

Model Driven Architecture (MDA)- f tctsctcadi3dza d3j dz Y adilsadidafmr L HatoH T
BSHj@E]R" BBH ] &z Isp ' dz' .

1" dz Isj mdesdzse d W dgr W d3p dz' BafmyatkzH" W aBfMmistcaCls
d3j sadizpdz’ d&3j Islsj tcd3j dz a dzdza mlz » b dzj ts dz' Y s dzH a(davagza a dza
CORBA, XML »bpdzgj Is.B.) bttadimWstcddaydWwdzak bpH' Misjtc’ dz

MD A atcrndlsj Slskztcamr Cef f tcdza Is W tstc d3a dz' Y sfr d3h a dze
spfMm' dzH j eH' " Mr dzaH"™ ybpdad Nh dzgje" L@e" L dzj &3 delslsjdz Is"ts

| UML(Unified Modelling Languageii3tsH j dz' HjEH" W Y N2 dzj dzegj dz Is® dz'

| MOF (MetaObject Facility) d3gtsH j dz' H j te [Iskztca dzf aYfatallsr fc
aBfMmistca §(dg] I8 dgtlsh paizH * );Mdtfallsak Is' dz

1 C WM (Common War ehouse Met amodel ) 3D dz' d3j Is |
avyffatcalslstr y Ba2dzadg mMlsatcHr yadzfr MmMlsadzHatelslstr MmMdffalslsa

d
j
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CORBA [xwu./xw ] [.NET ]

Ifztejls. MDA kjhdsdscdwir d' v atidljSikk

MDA DpDH' ' Mm' dzd w jw Baflsr atolsr yhr dzr or B' tc BtsHj dz!
YatcaddaMmMlsadz ftesctcadid3dadz" Y XY aBH' Ylsadia dz’ Y 'teoztH - dzHls j L
BsH J dz2 H' v f-lsaabs dzfip'tia dafsty i Jdalz aolstsdialslsadzH ™ tor dzDadz 6 j d
YHnLjcej afjpanr. 4 sdals B flzdzn 'f dzga b ¥ FEgadro stsdzalslstHr alzr Mk
YsdzHadza BlIs" tor f fftesGtcadddidadz” Y Y aBH' YIsaddader y"tek €

TiMmifls’™ W ys2r dr d3r .

1 dza IsW ts #sd3dzqprdzf ‘'dzr HA3twH Y "t dzlz T .
PI' M tsHJj dz' dz' ws ofldjadeil ' stedfgmrdgr dz! ¢ aolstsddalslsadzHr torf
} dza Is W ts #sdgdzdgdzH * f-lsta s ¥ defip’'d3a dz3stsH j dzt Hj teH ' Wy " 3"
aydgwmr , Cldte CIs’ BEWd Clsjt’" dz ytsmiz. tatdcdz’ d3j ©
Citej C.
sisdgdzdp'dzH° BBHjdz BB2"' dzha CBHIsT W aoeolstsdials
NEdH j &2, SCSBBfddyydw.
adzODadph &, dMDBA L " dzH | Y"ter dzDadz 52 B H j dz
roojdsd M. 1" tcay B"dz Isj - tzislztgg dev dg? dzb ML ) aists ™
a3’ Y"tcDadzH'™ YIsa dzMDA sj mdetsdztse dw fyr B 52
adzr v dsHjdzr Hjte' d2 Mdfalklsak uh" dz smr UML
DH' MM  d2 v jw Bafmlilr atglsr yhr dzr or B' tc BtsHj dz!
YatBafmisadz ftoctsctcadiddzdadzr Y yaBH' YlIsa dia dz Y "tolzlsip iz jlsgHL ' H
B3sH jJ dz2 H' V¥ e defip'dga dastsH j dz2 atcyY ™ dzf aolstsdidalslsadzHr ter
YHLjcecj afmawunr [ 5] .

MDA fttsctcadddzdmislsj tc' dz' w Bamlilsr d3a Yidkads dz' Isyp jHS" jfipizt
BtSdzH ™ . { Md fIs’ h-ga Iz § ded 5 Wids teMf2 /0 a Isplzj dzH ° (Pl atfor
fdzalsWistcdzaDa Ispkjdm' L (Pl atform Independent Model
MDA PI M &tsHjdz H' Y"ter f, PSM thtkmg dz’ flz] E lafc'daa@mn * vtk
utsdzr d3j dz Y alsats, B'tc PSM &tHjd dzgjdz Bafmya dBBtsH j dz
Y"tecafmlsr tclzh r todIs' dgH J OMG SCtdhtsteydkzdr B' to gHJ dz
ftocsGtcadddgadz v Y "tcadzm dz " M dzeOMB-H | . Sic@ sziga fipls a dzm g tc ls Mt
(UML, MOF, CWM d XMI) Hjd&j2'd EWHjEZH' W Csdzyjfyd

&
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MDA Ijrdesdzscdw i’ BS2" dzha BaODHatcdzadzadzlifcH B H T Y
SE®RjdzHj G CjLjWHjteHjdz ls"tcaH' [ 6] :

1LCjLrjb@rdz SjLjWUHspplzj gt b j didtsBr'dz’ ( CI M)dzn Y " ta8" ddzacs]’ )
BsH jdz# HJjY Isj alakzDa BtsdzaHT' .

Common | nf or mati on-lsdWoldd'e | i3 HpjYdfiaTica Bkt a H a Bafmy
Ldzj d3j dzlslsjte’ dz' w CEeEte" dg' ' dz tsB) jJCIs' dzjteH" W ' dglsr OF
sBl JCIs' dzjteH' XYaBHT Ylsakhr Ld3j dz sedgy atclzhD'ac jdzj ls€0 & jHAEfiZGL) «
Jdz Isj¢ Bamyatkz +dzj d3j dzlslsjte’ dz CeEte’ dz' ' dz X D daj Bafy
sSdzatcH'™ W YY" M dz Bayr dzaf , Bafmyasiedzoay "gn dgbadegn * € a f
BaDHatodzadgamr d3j dz Y a d3ls a dza fd @ dz"jdsalds Is ade'™ diz" fgyls & dzrDd telds lsizfiw L
CsHf jdz yaL " dzzr defp" L yuL jGej afmaHnr’ .

] 20 W =
ktsH i d

2mMktejIs. [ BHjdz Hjt Ba?2dzadz M-

2C Lo, dgh CJdL JVYHJjsptzdradddW o dgptsdar jydzz ( PI M) Yy "ter dzat
sadzatf satcDa dzj ¢ L v pdrtighidz L f dyallW] s tagtandgr dz' (PI'M) EdzH " t6°
iMmMjtijte i3 dz fpdz akzddaDr dza Ba2dzadzDadz 3ybpdzaj ' MEJj afmr
dzj i3j Mj dBDdz' Bjlslsjte BaLafmr Isdf "  dzgj Isplzj dzip' L

dgwidz W djufakr mkzr B' to' dgh’ CidLJWH] E doHtS jiod "dze Jj dz' dd |
YdteH] SOadetse S dgid, yadfr y"ter dz d&3H T, Y "tca d3' 3y dz
WEdeS ydtsdzadznr w1 dzegd dzls B ts2r dzgha ade" ylsadzkzr dz ddzls j oW
sadzaff lsatr dz mMdfalslsa?2lsr dz { dzj d3j delslsjtc ytsMm" dzaH ' .

3CJiLAGT Yatca 2 Hdge a2 diza g dzpwdlz » b dzd Stelsa dz' vy Isa dzH
BEdz j CIsjtc' : f dza Is W tstc d3a dza to, s' dzH j & IlsawWHadzaH-*- . M
splzj dzn* PSM d&tsHjdz' dzgj abkr flsr ter dzanr . Il "dz akr mMkzoa

ak'fmkz jtojyjdzjtec €' zafit adzadzate™ Y tsdzH a dz’

MDA Isjrndzsdzcecdwcr dz Il dzj-dgdstorc'dzj dg'tsB qdz@ g H )y D dary EVH.
sjrdesdzsedw mr dgPUM IsH i lg] CRPHBMIz! H | to' dz ) sEeMLdz2.8 nh " dz
B' tc" WDa?2dzadzsH ™ o' dzOthal?2 Higisdagj drMbagjHig “ . liz' dgj dz Y 112 j d2' W d3tsH § ¢
Hdactcadstsadzaacdzmza ez’ , sy wlsaf afinays | @&bMj dsswPiMazs da dzdza
i3 H jWazaldn HJactca di3dza dza ter atyr dzr mMdfalslsatf, Cdzafmfmisats
[M" PIM BSHjd Hjte' d2 PSM d&sHjdz Hjte' dzj Istea dzi¥ stedBa yd

Is tc a dzfrgiysdfordzsiza dzDa dz BaODHatcdzaddadzr v CGHT adz dzaH"' . Adzr d
YN22jde W Istsdz' v EVWH JMIRA diy | ~Ydesiziztsigids'ec 'L dsjdziz fE WH j ZH' W Ists¢
CHjBdJlIs
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Ken:xe6aes T.C. — Kazaxcran - bpuran texunukansik yausepeuteri (Kasaxcran, Anmatsr)
HMloxkumanos K.M. — on-dapabu areinparst Kaz¥VY (Kasakcran, Anmarsr)

KAHETHKAJIBIK TACBIMAJIJIAY TEHJIEYIHIH PN-KYBIKTAYBIHA KOWBLIFAH TYPA
ECENTEP/I INEIYIH CAH/BIK DICTEPI

Coyneneny npouecci keneci skannbutanrad Komm ecebiMeH cunaTTaiaFaH e KapacThipaisik | 1]
—+u—+a(x)u—Su+6(x t,u% — u),x € R, t > 0(
=0 (1)

Mynna u(x, t, u)— Genuekrap aFbIHBIHBIH THIFBI3ABIFEL, 0(X), 0s(X) - TONBIK KECKIH (QYHKIMSCHI

MEH HIambIpaTyKecKin GyHkumscel , g(x, ) — mamslpaTy HHIUKATpUCCcacsl, & — JIMPaKThIH AeIbTa —
(yHKUUSCHI,

Su Us x)

f fg(x o) u(x, t,p1)du'deo,

Ho = up +\/1— U1 —pu? - cosg

Coepanbik rapMOHHMKA OHICIHIH P3 — JKyBIKTay TOCUIIH KapacCThIPAIBIK

, OCBIFaH COMKEC
— * .« . . .
BEKTOP U=(U(}), Up),UG3),U) Kannbuianrad Komn ece6inin menniMi 601bin Tabbu1aas!.

ou ou _ 1 - -
BE + Ca + Du = m6(X, t)B[P(,U*) =+ P(—,U.*)] (2)
a | I\OE O
P(u,) = (PO (1), Py (), Py (1), Py (,u*)) , P (1) — nonunomsr/lexcanopa,
Mysna

B = diag(1,3,5,7),D = BZ,
Y =diag(oy,0,,03,04) ,0 = 0 — 2051,k = 1,4,

0100 1 :

c=| 1010 |, gy =5, = [ gCumPGodu k=123,
0101 gy )
0010

[2] inece oThIpkIm, Kenmeci aneMeHTTEpl 6ap T MaTPHLIACHIH AHBIKTAUMBI3
: 1
Ty = wPi_1(y;) 0 = [Z(Zl + 1) PP ()] 20, = 14
i=0
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XKanav ¢yskuusiel eHrisrenae, U = TV OpHEriHIH KOMErIMCHX = K(Z ailHbIMAJIbLIap/bI
aybICTBIPBIN, D = (V(1), V(2), V(3), V(4))" YIWIH KEJIECi €CENTI anambi3

a a _ —
(E+ Ma—z+A)v = ®5(z,t), zeR, t > 0. 3)
7| =0

MynnaM = diag(#l'#z,ﬂ3.1;4)'#1 =—=lLy=—w=a
a(ij)(Z) = (l)iwj Z(Zn + 1)0'(n+1)(Z) * Pn (kt) . Pn(k]), l,] = 1,4,

n=0 -
0,(2) = 0(2) — 2104(2) - g(u1)(@n = T

k; = 1,4— Jlexxanap noauHOMbIHBIH TYOIpaepiPy (1), a = %;
1

4

[Oh P—

O =5 > Puy (K)@n = D[Py () + Pay (- = T
AT

Jlemma 1. Erep t<|z| 6onca, (3) ecenTiy 1uemiMi HOITE TCH.
Jlemma 2. Erep u, = tkq x0He A MaTpULACHIHBIH AJICMCHTTEPI Y3AIKCI3 (yHKuMs Oosca,0Haa
Komm ecebinin mwemimi (3) keneciaeit 6omaapt

Vin (@ t) = S (2)8(z — pit) + Vi (2, £),i = 1,2;
Visy(@,) = Ry @0z — at) + Vo (2, ),
V(4)(Z, )= R(4)(Z)9(—Z —at) + V(4)(Z, t),e0e

z

1 .
S(i)(Z) = (D(i) — #—J a(ii)(T)S(i)(T)dT,l = 1,2;
i
0

V4
1 .
R (2) = RYy o f auiy (DR (T)dr, i = 3,4;
L
0

. 1
RY, = (~1)i [a (0} (o) . T (—0)],
® ¢ O = g =yl @2 @
i =3,4;
an V(;(z,t), i = T,4aitmarsinza y3aikcis t = |z|.

Jlemma 3.V (z,t) = (VH), 17(;), VE), 17(:))* Keseci ecenTid wewimi 6051a1b1

(5+M+4)V =F,(z¢) € 0y(T), (4)
A(T) ={(z,t),z€ [-T,T] |z] < t < 2T — |z|},

Vi (=t t) = _ﬁa(iz)(z) ‘S2)(2),i=13; (5)
Vay(—t,t) = —Ry(2) — ﬁa(n)(z) S2)(2) (6)
Vi (t,t) = —ﬁam)(z) Sy(2),i=2,4 (7)
V) (. t) = =R (2) — = a1 (@) - S1)(2), ®)

rae F;y = —a(3)(2)R3(2)0(z — at) — aga)(2)R4y(2)0(—z — at),i = 1,2,
F3) = —a@ay(2)R4)(2)0(—z — at), F ) = —au3)(2)R(3)(2)60(z — at).

Teopema 1. Erep u, = tky,0(2),04(2), 9(y(2),i = 1.3, [-T,T] Genirinzae y3nikcis Goaca, onaa
(4)-(8) ecentin Ay (T) aiimarbinzaa ke3 kearen T>0 MOHI YIUiH JKaJIFbI3 Y3AIKCI3 wemimi 6oaasl.

Tikenei ecenTin CAHABIK LIELIiMI.
(3)-1ui ecenTiH caHABIK dAICTEpPiH xka3y ywiH (4)-(8) ecentepin MwWbFAPy KETKUTIKTI €KCHI Oenrii.

S T h 1~ ;
Nuatypan can jgen Kapacteipaiisik, N > 2,h = ﬁ,hl i e ﬁ.Ai‘(T) aupiktan (i, k) CHSIKTBI

KenTereH OyTiH caHapAbIH )KynTapbiH anaMei3, ouaa (ih, kh) € A((T),|i + k| o, 17(7) € C¥(a(M),j =
1,4. nen KapacThIpaiibIK.
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(4)-(8) ecenTepre caHABIK ANTOPHUTM Kypy OapbiChIHAAa Keneci TEHACYIep JKYHECIHIH
annpoxcxmaumcmn I\O'I,‘.'IZIHaMbB 4).

k 7k -1(i7k 7k _ k ~\k
YVEE = ) + h 71 (Vhy — Vyie1) = Flyiea — (AD)(1yi—y + O(h), ©)
k 7k -1(i7k 7k — k ~\k
YVEE = V) — 7 (Vi — Vi) = Féyiwr — (AD)oyiqq + O (), (10)

h.l_l [V(:;)(lh, (k + 1)h1) = V(g)l] + (%) " [V(k:’;)l == V(’%)i—l] —i= F(k3)i_l = (Aﬁ)’((B)‘-_l + O(h), (ll)
hi* [V ik, (k + 1Dhy) = V] - (%) Ninr = Vil == Flayisr — A0)Gyi4q + O(R). (12)

TeHaikTepAiH AUCKPETTI aHAJIOITapbIH jKa3aiibIk (5)-(8):

1 . . _
Vi = —T#ja(jz)i “SiJ =13,i=-N,0;

gy 1 - ) I
V(45i = —Ruyi — 1— aa(42)i St =—N,0;

i 1 " ; :
Vini = =75 %o S = 241=0,N;
Hj

Vay = —R@i— 7= 7 23D Swini=0,

L
Spusr =@+ (VR D Sguagy+ 0 ,j=12i=0N—T;
k=0
(4)-(8) ecenTepre CaHABIK AITOPUTM KYPBUIBIN,CAHABIK CCCNTIH IICLIIMI Typa €CCNTIH IICIIIMIHE
O(h) sxpuTAAMABIKNCH SKMHAKTAmaTeiHbl gonenacHal. C++ TimiHAC mporpaMma KasblIbiN, CAHIBIK
IICIIIM/CP AJbIHIbIL.
Onebuer

1. Pomanos B.I'., Kabannxuun C.U., bo6oes K. OGparnast 3amaua ans P, — mpubamkeHue
kuHeTH4eckoro ypasueHus neperoca// Jlokn. AH CCCP. —1984. — 1.276 Ne2.- ¢.296-299.

2. Cynranrazud Y.M. Meroabl chepuyeckux rapMOHMK M JAMCKPETHBIX OPAMHAT B 3aadvax
KHHETHYECKOIi Teopun nepeHoca. -Anma-Ara: Hayka,1979.-267 c.

3. Mapuyk I'. . Mertoas pacuera siacpHbiXx peaktopos. M., Atomusaar,1961.

4. Bnagumupos B.C. Marematnueckne 3a1aui OHOCKOPOCTHOI TCOPUH MEPEHOCA HEHTPOHOB. —
«Tpyast Maremaruueckoro un — taum. B. A. Creknoa AH CCCP», 1961, Ne 59.

stsL’ B Oj dBAGC g s B0 QBIPY W I dzO ddzddar jAe iy o Is | Isn Qftet) mizf] O dz
(s @B Odz, ¢ &ZBOIST )

Rl 21y [l ovrRr ST owuvrtuf1d ovofrRYIOG 1 olufuut ¢

Aj dz' s HOdzdzts?2 tOBTSIST wogdzw jIsfqw tBL St d kf ted d3j d
Mtcj H dzd ] tcOB SIS § BzHEls ftojHMIsOo dzj dzr s dmMOdzed J§
ftodd3d dzj dzd 4 4 acy , 9 ClIOQC RNo Isfipiinjs tc OR s Odzed J . RfMA SH dzOW B
LOf dMmd, o Cdzs yos hdj dzOBdz# Hjdedw Hdzv COYHBGEtS dL O
COYHB2 LOfdMmMd BEHJI MitsE Idofjtdsifmigjodisjod@iisOw Coda@hifldfjGe to d |
o Lzdz IsOIs§ BidAHojAZED ddO dixfy jddzd dz0 Mistc O~ 50 M € 5 03.

)| Hj2Mlsoadlsj dz desisd, - ClstO M s tdeC & @sAPlslzd L tcOL dzd Y«
Czofmmd W dqigadyyd d 9 3 9, [ 1]) . 10 HOdzdz" 2 d3tsd3j dzls, ¢ dzOfy
tcOL dzestsB tcOL dzr n ZzOf tcOo dzj ded W ~ . 1 tod dg iz @ dfdf * :Is O Td m d gaP
Colststots? ftoddz dzv j sfipw € dzOfmisj tedL Oydvw Mmd B Istsd3tse d
f sdgtsh 4 & CdzOMmisj tedztsG ts OdzOdzd L © dmmdzd HEzE Isfyw sO¢ Mts
d30tsQdedesafJ dmmdzi H tseHaxtgdny ; 1 9 ¢ & dgdSiadd® 2d deRizO dad.L (W -
HsMIsOIstsydets 1+ WW jSIsdodzr d©s d3jIssHisd3 tsBttOBtSIsCd BBdZ! M

Ctobff' BRHEI fodjLd & HEY HOM dj2hdr dhmid Hse Od

117



Ot ltraRrriruvw y.c. Nttt oqflpwz le 4 vg vrzfiftr dvzrd ot o) 2
¢cspJws 13[/3f3 rc1r RULVL1IOARCE
moéf 390t ¢/ 3D 15[ 9ERRSO[ 3D S Art tANRCEHEERIZNG T 3

[Mdztse dzOW yjd CdkOMmlsjtedesects OdOdkdL O Mmshmssdls o
BOC Mg BOdz &t HfgkE Y2 HEEZGO odklted cwkzffr, d do&dded BOd

(&Y bksets, vylktss' MOoddsoOls! {0t Bl jSktss, dgjt
Cslsster n BEkHjIs ftotsdmntsHdIs! dr MtcOo dzj dzd J . s0O¢ fHtbo
sO¢Cdd3 ftstdd L dglfls ddztsy j Mlso s 3 .o tOMMissw dad v , sOo¢dnr ¢
YiBThjo0O, H®Odi!ilkkjdnhtts] ©wOmhmstwddj (OmMmsswddj ¢
Odze stcdlsdz3O L O wMmdsolz oL wWists o wfdg] Hztfgf Y M et s OMit
Bhzsc B tdsd §eshsteOdmse j .

wlh jflse j dedzr o5 s Iskeldonj cfijozlf Rk jdss HHAsz € B B lsSH S W o dzw
ZOYOLO & bkyj d&jjd fjHisdksyjddy slkdshdlsjd das
B stskidg] Hdzd » sy dzts s dMOIs! s OCd: i dzshy d2ddzO sty ferdtpts dicOod
Ctodzj Udz' 5 t6j L b dz! |s Olsdr@) Isi jstdas alz O Isihd BOdz! dzs 6 OL dzq ydz' =

[ 2w  dzOG dzv H dzts fiyls d k-fist J ARG v B 2R3 jsdsH OMY sdz' L 59 Ols! H Odz
dZOB dzs HjdedW HdzW COYHBEB dJL tBicPHyOss. HOGKA T 201 T Hats M
sBtcOL ts03, LdOyjdedj fHjtcotsets d obttetsets dzOBWXj dzd?2 B |
fsslse jlsfise j dedes. | RtsHdy j HOdzde j, dozdes flstedtels h dj dzj §

v OB dzdiy@ tsH dz' j HOdzdz |

1 Oz Hjdzedy 1 1 OB 0z¥ H J dzd
2

S
o(~Nlo|lulsw k| P
Q—

I EN I
GISIENISITNESIENIEN

w
w

o 1 3 3 4 5 g T o 1 2 3 4 5 [ T

{ Mk dmAkzdr MlsteOydy §sdsyjddy Bl jClktse d&O

1 tod dzOH dzj 3 dzs fyls ! wA[iB jsC 1€ @O 5§ BT dslf toj Hj d&zv j sTv B dzd
jet yj dalstetsd H(X y)Is . fits d dE®BH dijSilskls § MedkOfjle Lt Hso 5 6 Ol
Bl jCIlstsds d MmtejHdzjoLojhjdedz B L dedyjolpcfiad a3 § 9 ) juqj dsts Btd Ojfrf
BjyHE BBl jCltsd  vyjdstesdHOdd Htezedn § dzOMisjtte .

d 56 &zOfMmdets Istej B sskeff@aipdHedzed B3j Is wHOA O dzd § Ut | Mt Bdztsy dids dzj
CdzOMmisjtetseo tcOodets Hokdz. 10 fjtotsds hOE] ftejHJdzj dzad
SBteOL 5d3, o d&Ohjd3 Mz y0oj yYjlebie®EdBOdd “( dedphs sy . L dzOy

rodzj j, & dLdBjtedd ttOmmistsydifCi d dighn Hsits WS jOdBs|te SiaPH @dsc
My tsd L ks VYstedkzdkz [oCddHO® (Y sted. 1) HdYW &GORSYH,j ddW
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5t It rAaRrrlow .c. etz offipw I 1 vg vafiftr vzt d St S 10
¢csopfJws 13/3f3 rcrr RUUVJIOARCE
moéf 390t ¢/ 32 1FfpERRSOS 3D S{1ATt AKRCEREZNGT 3

di stance {-X)P+(Yo-Y¥ 4&a( Xc (1)
) 6 dzOH dzj y desfls! € C dzOflsj eOd o' ydMdzy j)EMW] §f 50 B 2
fslstejBdddid S8 §jtosdkk yjdbstesdnl (1.41 < 2.24), f
Yyj delstctsgg Hisdz C

v OB dzdiy@MmMInlstswdzdj Bl BBI jCIstse HB yYj dzstesdHBse

1 OBdzE HJj |1 OBdzsE Hj (1t OMMistswdzd | OMMissw gzd 1 tcd dzOH dzj
2 2 1.41 2.24 C,
1 2 1.00 2.83 C,
1 3 2.00 2.24 C
3 2 2.24 2.00 C,
4 5 5.00 1.41 C
4 4 4.24 1.00 C,
5 5 5.66 2.24 C,
6 5 6.40 3.16 C,

) sfdzj ©OMYtejHjdjddy sBi jSkss &jyHE € d&OMlsj tOc
BjssHE or'BBELO yj dsgmdsoy] daseas@u sy or BdwOj smw
fsslo jlsMisokzy h jes ¢ &zOMlsj ©OL. 3 359 L@ 4 X&) todi . BYO.Is 7 ( tel i .

b

5 5

4

t dmizdets Odlzr | OdBEIW O 3deB ) BOYJ

t OBtSlsO OdzctstedIsdZ3O f tosH sdzy O Isfyw tHHdzds jonr  fiAdazts off ots2s
AyjdzstetsdH T CdzOMlsj tese BMIsOs Ismw  dzj d L d3j dzde’ d3d ,
CzOmMlsj cOdg, COCddz fteddzOHdzj ¥ Odzd HB ftsmdzj Hdzi 2 (dlIsj 6C

Aydmazs dlsjteOyd?2 fsHish dzs ¢ &BOC d BBz BBiz.

1 tod d3d dzd dzd § HOdzdetsG s Odze stedlsd3O ¢ L OHDOmS ts e ddg fiy |
ZOB dzt Hj dzdv 3 ftesdMrtsHdIls OdzZOdzse d ydes, BHABOSEB L HJ M!

RMrtsHd&ZOY BOLO HOddd = o9Cdz¢ yojls o MmMjBw MmdzjHESE
9 dzOH j dz2 yOn=r:

1) O9 Is ts 3EEHNDOOR,;

2oL tcOMIs OolssdiitB ddzv (tcOL detsfifhs ‘o0 rdfJBARAOE | C 20 d &

Yy Mistsd s Mmis! ORAR BRIIEB  dzw

4) oL tcOMIs TDRINERIAGHEZY

5) Mls Oy o ts EXPERIENCE

6) C d&zOMmiIsjte (L dzOyOdz! detsB L 2@ dzdej 6 sz@UYETERY L 59 Odz"
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9t It rYRIr1LUW 1. nontY iz or{Ipwz Ie 1 vg vrafftr vz ¢ Gt o) 1
SDIUJS 13/3f3 rec1ir RIUVJ{JOARCE
M¢I35¢[¢f39 1Xf 9bmRSOJ 30D s{iart tAdRCEREZNGTt 3

[ ] WEMDOR |[CAR AGE |[CAR PRICE | DRIVER AGE |[EXFPERIMNCE|CLLUISTER —
1 Audi__89 2.0 5214026.0 |54.0 1.0 0 | =]
2 Mersede... |7.0 92164287.0 |56.0 25.0 0
3 Missan_7 [(11.0 6168531.0 |53.0 3.0 0
4 Toyota_ 68 [15.0 1456920.0 22.0 3.0 0
5 Honda_ 1 160 2787441.0 [Z21.0 1.0 0
=] Mitsubis_.. |1.0 27¥512326.0 [20.0 6.0 0
7 Wolkswa... [17.0 2882148.0 |55.0 13.0 0
=] Subaru_45(15.0 502523720 |54.0 16.0 0
=] Kla_ 98 15.0 357633.0 332.0 10.0 0
10 Hyundai__...|0.0 20266020 [22.0 1.0 0
11 Audi__328 0.0 6898755.0 [25.0 4.0 0
12 Mersede... |8.0 12010800 [28.0 0.0 0
13 Missan_45|2.0 Q222207.0 |58.0 7.0 0
14 Toyota 77 [18.0 45011950 [Z22.0 2.0 0
15 Honda_g26 |6.0 TE2e228.0 |51.0 21.0 0
16 Mitsubis_.. |8.0 A7 74204 0 (490 26.0 0
a7 Wolkswa... [17.0 17951300 [S50.0 18.0 0
18 Subaru_12(15.0 21795290 |54.0 220 0
19 Kla_ 532 2.0 TE211483.0 [26.0 6.0 0
20 Hyundai__...|2.0 2432222 0 [21.0 13.0 0
21 Audi_43 100 TO90264.0 |52.0 6.0 0
22 Mersede... |1.0 25892237.0 [40.0 17.0 0
23 Missan_G61|4.0 467 7F179.0 [21.0 2.0 0
24 Toyota_ 90 (4.0 S010200.0 (240 2.0 0 - |

t Mk dis®BId YO dMEsHA & HOddz 7

[BtOIsdd odzd Bz J dzB@ J HefY dL IsOB dzd y' CARPRIGEEZ -~ H O
(Mssd itsMmis! OolstsdiseddzV) dzj sy tsMilsOo d d3'te i tsf fuf ds@ay ju dechOdgs
tcOL dzd ydzr = sdff tso hCOdz oo9tHdIsMmwW sO¢ dZzOL "™ 9 O d@zOW fr
dlsOdzH Otelsdr @y etsg @dztzn dls 5 Mdzj iz h j2 Wistedilzdzj :

y _  X—min (X)
~ max(x)—min X 2)

] H Odzdets d3 i) dzldsu=O j detdBO dzd L 59 Odzdets j 1L ddgfodrd] dB&dfdz!, dzOmi nd
BOSC Md d3O©dz! dzOw CtsstcH d dzOIs T fts o fMj Bkz dzdzts ) J e 2 X.
CotstoHRHDs sistej L €4 [O0; &) . e s P RS Oezde j L dzOyJ ded v

D VEMDOR CAR AGE |CAR PRICE |DREIVER AGE |EXPE
1 Audi_29 2.0 0.521 54.0 1.0

2 Mersedes_46 .0 0.921 56.0 35.0
3 Missan_7F 11.0 0616 532.0 2.0

4 Toyota_GS 15.0 0014 32.0 3.0

5 Honda_A 16.0 0.278 21.0 1.0

G Mitsubishi_59 1.0 0.375 30.0 5.0

¥ Wolkswagen_57 17.0 0.288 55.0 12.0
(=] Subaru_45 15.0 0.502 54.0 16.0
= Kla 9 150 0 N325 230 a0 0

{ dMediq L d KOIT MisOdzH OtelsdL Oydd H Odzedz *

vty ts! By des fodMmlszyf Ols dzd f sMtcj HMise j dzdes ¢ MO
sfdmMOdedd ftejH" HEM jes ftoddd O dL dOyld die € 8ls@ijcd,
dzi sBratSHJ B tcOL B(dIs! Isj Ckhjj d3detsy § lsso 55 . O ods@iEts tf Arg
fjtcotsdzOyOdz detsj s tcjHFAAlEztgtsoyj dBeBHJlsfso Mz yoO22 dzr i3
sfdmModzdy SColststes?2 dHil o HOddks?2 MisOls! joj lyflsAskesls H C
fijtoeKtspl jCIstso dL ddztsy J Misoa © Oolstsdise d dzj 2 .
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5t Jtr1Rrriovw 1. nentetz orqflpw Ie 4 vg vrzfrftr v 3L 0 Gt oS 19
SDIUJS 13/3f3 recrtr RULVJ1IOARCE
N\¢I§5¢t¢135 1L 3bRRsOS 3D S{VATtLAKRCERA[BNOL 3

[ Odzj 4 , ftlosctcOBBRBO ¢ &zOMIsjtedL 2jls k-Buzfeh ged 8, MtsE o
By des EZodHjIs! ftosd3d ylstsyds § L dzOyJ dedv dz@ Otletfatcj H J «
ftodoe j deg gz

DATAHASBEENREAD

10thITERATION, CENTROIDSINFORMATION

1) 9.3915027088679790.49692072996863451.1046478471628166.865126889078985
2) 9.6439471007121060.50621634452356754.0522210918955627.463207867073585
3) 9.5735614307931570.49914307931570767 43.4786936236391917.5928460342146
4) 9.3233229329173160.511509165366613634.453588143525746.850039001560062
5) 9.5422034224187660.50315746971736123.1590078830994022.234185733512786

[ Odzdz’ | §BCOLT90sls, vyt dO HimMwks?2 dlsjtoydd
tcOQodzr o7 9 HJdedz" d3 L dzOyJ ded W 3.

[MOdkso O OBk’ flosctOd §osdmMitsHdls o ktd |
C zOMmisj ek, Ctbtttdz fteddOHd yOdd HE IsjCkhj2 dlsjtC

T To=F ToOyoOra_ =T LT L O e i e b =TT =ET__T —

10185 Honda_ 14 |4.0 0.273 55.0 19.0 Cluster_1 |—

10186 Mitsubis... 9.0 0144 43.0 5.0 Cluster_o0

10187 Wolkswa... (9.0 0.099 27.0 9.0 Cluster_3

10188 Subaru_S0(15.0 0.734 49.0 20.0 Cluster_2

10189 KA 71 132.0 0.415 24.0 5.0 Cluster_4

10190 Hyundai_...|18.0 0.203 50.0 2G.0 Cluster_ 1

10191 Audi_9 10.0 0.988 49.0 27.0 Cluster_1

10192 Mersede... |8.0 0.1%9 450 10.0 Cluster_0

10193 Missan_5 |1.0 0.208 19.0 1.0 Cluster_4

10194 Toyota_49 [(16.0 0.32 58.0 4.0 Cluster_0

10195 Honda_5 12.0 0.248 55.0 14.0 Cluster_0

10196 Mitsubis... |5.0 0.845 54.0 21.0 Cluster_1 ||

10197 Wolkswa... (4.0 0.947F 51.0 4.0 Cluster_0 =

10198 Subaru_88|2.0 0.89565 400 8.0 Cluster_3

10199 KA 40 12.0 0141 20.0 2.0 Cluster_32

10200 Hyundai_...|1.0 0.549 15.0 0.0 Cluster_4

10201 Audi_ 65 1.0 0.544 565.0 11.0 Cluster_0

10202 Mersede... [17.0 0.54565 59.0 132.0 Cluster_0

10203 Missan_25|15.0 0.514 Z3.0 5.0 Cluster_4

10204 Toyota__44 (5.0 0,475 25.0 1.0 Cluster_<4

10205 Honda_ 16 [17.0 0.809 27.0 0.0 Cluster_3

10206 Mitsubis... |2.0 0.949 25.0 7.0 Cluster_32

10207 Wolkswa... |5.0 0.954 19.0 1.0 Cluster_4

10208 Subaru_7¥9|3.0 0.485 19.0 0.0 Cluster_4 —

tdmMEdE® jLEzdz sOlIs tsBtcOBtSIsCd HOdzdz =
tdLEd Otz tcOBtsls' flosetORB WwWodw jlsmw € dzOMmlsj
Bl jCIs ftoddzOHdzj Y dls GktcjHY dzfcdeliziz dzk | C ¢z@ ] tclb ) ftojH
LdzOYyj dedv o ff sMdglUSIGRR § s 8z6 dfigdale@si dzj 3 dets s ! sBi j Gl
Clusterk,k={0, 1, 2, 3, 4}.
UJQIZ dd LdOyjddw Brdzd MW stedzdtctso Odar ftcd tBtOI

ftesdLo jHjdets, o tBh jd3d, 36 dlsjteOyd?2.

[ dsjtOktO

1. Tryon R.C. Cluster Analysis. New York: McGratill. - 1939.

2. Hartgan, J.A. and M.A. WongAlgorithm AS 136: A kmeans clustering algorithm. In
Applied Statistics 28.17 {. 100108

3.1JtwdSse 1 .a ., [ BB | . 4. dtso tcj d3j dzdz" J Isj dzH j C
BOIJ BOIsdSd ddz. . [ . uwutsBtsdisO uwl 1 61 .

4. stslstso ¢ . s dzO@dedpted.L Osye[@Md dz' ded Cs9 1. 2006.

5./ OdzHjdz2 R. . sdzOMlsjtedzr 2 0OdzOdzdL . A ddzOdziyr d
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5f J{[(I1Rrr1Lvw 1. noNtetz dr{dlpwz Ic 1 vg vrzfiftrr dvzL o dt 1L 6f 20
c;safws 13/3f3 rcrr RULVIIOARCE
moéf 390t ¢/ 3D 15[ 9ERRSO[ 3D S Art tANRCEHEERIZNG T 3

12ty Odetsds @L QAP dzO dz! dz" 2 Iz @ -on JOuCHfihER Uls O & idgez@ dz;

dluvffodvrRURY QAR LHtrdsey [ U d JthiHIJ
1oLt cr1cdzrm Jrlzrwmuwfllfengt Ll RLIVIS vlrtram
T3uvflzam [fom]r by omauvod [

[jsHdUjMSOW BOLO HOddz 5 WealzsjclsHipny d as@apaizfd " dsaklf s
CEC O s dyj MSs2d | §Mdy €Bfb' ©OL dzd yde j BjIssHT
OctewL dgvs h i o j h jripslots took @ DG E W jdm s .h @R azPF sk d g o MW
sdaj odzdwded"w HOdzdzseEts B jClO ¢ sda®2 fslbmiPdeges 2 O dege™ & j
sOydtdfasiedg Frs®o d zO e OdzdL Oydd dzOBdztE Hjdzed?2 L O ke
StetsHOR d dzOfj dzj dadz’ A ttisksdaS) HsGfls o fdtets o B df Iyl (LEVdzC . 3t Pt
s jc®. 1 Ooddkzd Csdstsdy COyj misg Os dossiLjHdaO LdaC
LOCtWL dzj dzdj 8 o 5L HERO] iyl v dgdDpOF 6 s BARO & & tc s O d & dzO to dz’ -
dzOB dzt H j dzd 2 s O Ltsoopf Hhtaligj dggdis & oy jfdas tc ©On [ 2] .

ltetseo j HJ dzd dzs B 52 LOCtsdztedyd ME s2 L ey jtelsdL T
Jdz stedsOydd  MmMehmstswddd 6Ctekzy0sh j2 MmejH' d L dzOdzd
I 5L sy desfls!  fodzyuyj ddy kOS2 Jdi¥sekOoydd SOl kjlsf
fMlsOydsdOeds = dhmlssydedC o tsfse LOGEWLAdYSshdR o)

]
L
L
f
G
¢

9" B
SlsH j dz' dz' = CtcBH 59, azOf ted d3d to, ftcd tcOL OB BBISE § B d
1 dzj € Istetsdzdzr n 9 jtefmd?2 sjtctcdIststed Odz' dzr = Cel3f dzj ¢ Mdz" A
ftotftedzr » toj MtemMtse  BGrteOde Sy O0sh j2 MtejHr ddzd
JRUHN.Of tod a3l JedzstozmMmdd tuvl ¢l jdqy RA ¢cCCtdsedwee dhYf sd
ontsHWHh dj AdvartpgeD#&aBaseServgr sfilskzqf ¢ 1 Isdd3 HOdzdzr d@3 dL ] RH
fsdztsh 1 & H tAAardagasSt@amlineSQLODBE 3] . t OL OB BIs ©dzdzOW d d&3d d
ISJ mn dzgsdztsG d W fsLotdzv jls W BtedzOdzd L s Ols L OHOYd ofmJ A

LeCtsdztedyui mMeEts2 L+ €My jtelsdL -’ d tsftejH]jddls! f4ted yd dz dzd
B jifli dedv d ftser Mdls! HtoesdLotsHdIlj dz@ detsfyls! IstczHO MY j
LCMfjtesdLE, COyjmlseots d BBjMfjudls: Mmoot dj dede’ 2 bkiets

J sOmMfd2mMEsd3 toj cdidai ZzO0 dz20ydas dz@ @' BEOE d § =) dndg,
ddeW sted3Oydj 2 f dodg p Hsta Jdlakjn! Oo lstsdiZOIsdL d tctso O dzdzts 2 d dz¥ s
LeCszsedyj MEitsets dsdzdlssteddzc© t jMfkedzdcd s OLORMIsOdze
dLe jMmisder | f totsc tc OlidgdsdAGCEFIERRL OUtleok] 4] . 1 ~"BH] ftetso jHJ

B' dzd or weodj dzff mMishiplzOB Isfs EzOB 5§ Wddzodhdtetse Odzd J 9 dzj
CodBdszded C Oydsdzde” § o IbirdduimMéd] oL Bsydsmisd [11 f[¢
tOBBISOl! o tWjydk] fowdks2 MewLd; MkzOBOW HHEBISE S G

MdMmisd 3" E§ tcOd3dzj HzQuzdzB ®, tsMdetseo Odzder §| dz2O0 Mjlsjoeor n Isj n dz
S zOd dtsmis! otftesMO dtstedidtctso OdzedY oL HJj2MIsad
ftosdyr hdzj dedese s ftesdLotsHMisoa O d oBLteOMIsOdej &3 L Octew
OctcOtedzsects MJjClstc@L OUtsdipsitslsp fjasmb8 fdzse dyj MEts2 + CM
ftoetsj Cls Odzqd CsMkH Otemise j dzdats 2 L Csdzse d yd MS 52 1 C MY j
ftesdLotsHMIse j dzgdesets  OCtOtedesets fj Slstste® ftoj HIsSO adz
5Cteky O h j2 MmejH' . Issotsd jd Ifotgtal Mdzjelzdy @ GlISHSHB,
fsdkzdcsdzOn, f§tH otLHj2Msoadjd &BICtesl dster qmsqm:ch
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Omarov K. i magistracy KazNU named afterBhrabi(Kazakhstan,Almaty)
METHODS OF AUTHENTICATIONS ON VOICE

Now development of systems, intended for identification of a voice is actual. These systems have
a wide scope. At their development an important role is played by a choice of system of the signs and
methods of identification using these signs. In the modeorld interest in speech technologies, in
particular, to identification of the personality on a voice is more and more shown. It is explained, on the
one hand, by emergence of higarformance computing systems on the basis of the personal computers
andhardware allowing to make input of a signal in the computer, and, on the other hand, high need of
systems of authentication for different areas of activity of the person.

By the present moment at us systems of automatic identification on a voice th&ynfiajor
which are under construction according to the uniform conceptual scheme are also abroad realized:

- registration of the user is made and the template is calculated;

- sites of a speech stream for the further analysis get out;

- preprocessing of signal is carried out;

- primary parameters are calculated;

-¢cprinte (template) of a voice is under constr

comparison of ¢printsé of voices is made and t
a voice to group of voices is formed.

At aregistration stage the new user enters the identifier, for example, a name and a surname, and
then says several times a keyword or the phrase (standards are created). The number of repetitions of the
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key phrase can vary for each user, and can be constait fAfter preliminary processing fragments are
in pairs compared, and on the basis of their deg

For a choice of fragments of a soundtrack, for the purpose of extraction of necessary parameters
there are some approaches. For example, often apply a method in which all speech signal except for
pauses is used.

In the course of preprocessing of a signal the assessment of spectral parameters of the speech is
made. The first systems of identificatiohthe personality on feature of a voice were under construction
proceeding from frequency representations and opportunities of means of an analog filtration. Various
tembralny coloring of voices and individual unevenness of distribution of power ohith@lsrase on a
frequency range is the basis for their work.

At a pronunciation of the control phrase the system of identification carries out reduction of a
signal to the uniform scale of amplitudes due to work to ARE of the entrance amplifier. Strgpditid
detectors bending around their responses allow to receive 16 functions of time of Al (t), A2(t)..., A16(t)
characterizing distribution of energy of a sound signal on a frequency range.

Primary parameters of a speech signal have to possess tharglfwroperties:

- to reflect identity of the announcer;

- to be easy and are reliably allocated from a signal;

- it isn't enough to depend on the disturbing factors;

- to be invariant to an emotional and physical condition of the announcer;

- poorly to give in to imitation.

Generally identification of the personality on a voice demands the solution of a large number of
diverse tasks, the following is basic of which:

allocation thevoiced of sites of an audiosignal by rejection of the pauses and sitesniogta
different hindrances;

division of the speech of announcers (problem of a diarization);

allocation of characteristic signs of a voice of the announcer.

Process of comparison of samples consists of the following stages:

- filtration of noise;

- spectratransformation of a signal;

- postfiltering of a range;

- liftering;

- imposing of a window of the Kaiser;

- comparison.Advantages of biometric identification: Biometric protection gives bigger effect in
comparison, for example, with use of passwordsarsmards, PIN codes, counters or technologies of
infrastructure of open keys. It is explained by possibility of biometrics to identify not the device, but the
person.

Usual methods of protection are fraught with loss or theft of information which becpmedgor
illegal users. The exclusive biometric identifier, for example, fingerprints, is the key which isn't subject to
loss.

The result of biometric measurement of a voice completely depends from:

1. entrance data;

2. mathematical algorithms;

3. computiy power.

Features of biometric identification for voice. The uniqueness of the human voice is due to a
variety of physiological characteristics (structure of the vocal cords, trachea, nasal cavities, the manner of
pronunciation of sounds, location teetfihe combination of these features is unique, like fingerprints.
However, in practice, none of the systems unimodal Biometric identification and including voice, can not
guarantee 100% identification. The disadvantage of biometric identification systewmc®ishould be
noted, first of all, that the passphrase is difficult to keep secret. Modern means of acoustic listening
(radiozhuchki and other listening devices) allow enough to successfully carry out unauthorized copying
passphrase. It is expected thah e excl usi on of the dangers of us
transition to the identification of the person
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are used a random drawing passphrases, as well as combining with othedsmef biometric
authentication. Identification by any biometric system goes through four stages:

Recording physical or behavioral pattern memorized by the system;

Isolation- unique information is removed from the sample and makes the biometric sample

Comparison stored sample is compared with the present;

Coincidence / mismatchthe system decides whether the same biometric samples and render a
decision.

In the task | analysed some methods of identificatarnhenticationspn a voice. One of them
microsoft speech recognition.

The Speech Application Programming Interfaceor SAPI is an API developed by Microsoft to
allow the use of speech recognition and speech synthesis within Windows applications. To date, a number
of versions of the API have beegleased, which have shipped either as part of a Speech SDK, or as part
of the Windows OS itself. Applications that use SAPI include Microsoft Office, Microsoft Agent and
Microsoft Speech Server.

Recognition of the speedh process of transformation ofehsaid words to the printing text.
Recognition of the speech includes:

A capture and digitization of the sound said i

A transformation of digital sound to phonemes:;

A designing from phonemes of words;

A the anal ysi s o Wordaand, ib mecessary, replacemenhdf wohds dn Isieilar
on sounding was said.
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18 ydied ¢ B B Bjtek tjMztemr gHO ¢ jdzj ' €t
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st s Isjtc ypdgj ddzlsjtcOCIsdols' yY"teOdzH Ote Oty ' dz@f 3 C
Y OUOh O vyOBIZOG Is' dz Y Odzr f IsOMmisr cOHT . [ "dzH O2 ddzlsj tcOCIsd o
BjtedRjz SCjtjsc, Mmisj’', HEDRPOLRIOKOE W Mtz T " e ] tc d3kzdds g
B'dz' @3 Odzzh ¥ dzOteH"™ W Od&zDOdz dzplsdy § dzj t6' dz Is§ € fiy telzntfj,, Yy O:
sdz W "h dzH] fwOCIsdeOdzr y MOBOYISOtcHO ddzlsj tcOCIsdols’
spy " 'tcedBjf " dzgj, hroOtedkOh " dzr vy " LHjde M"dgj " Cjdzj?2 BO2

Rdzls j eOCIsdols’ Y"tcOdzH Ote BY' sk WstedzkOMr dz "2 d3H Ofls
DH' Misj te' daj MO @zc{ dzjzagj dzlsigs J3C * dzh " dz' Clsjte ¥ OMO2AKHT . 1 " d
Y"LTOkMNT dzr O" dz Otclsls™ tOH T . [ve fttsyjm' dzH j Y tsdzH O dz'
CsiBf ' s Isjtcdz’ ¢ BOODHOtdZOBRBOM" dz ¥ OMOLE, Cef JjwBjSls' 3 D
YO jlsls' ©OfdjygH sOdz

r sDOter HO O2Isr &zDOdzH OtgH ' Ytster IsT dzHiT de@B | teOL dzi,0 Is C
sjrdsdzse W dzOteH T B'dz' &3 Bjtlk ftsyjMm' dzHj f O2 HOdzO dzkz
BtsdzOh QD" L Bts.
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c/[Bh jftedL dzO dzdzts, ylsts fted dLEkzyjdedd dBdsednr Mdztsy
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1 HiyXriested L sdzls Odz! dz@w o & jelidd - JedgOtlsOdzw W Mo B SH dzOW
d2OC Of dzd o OJ BBY) - dk@ ¢ wsd(h O MEssMis! ijlsgdu) dftyls Siaf
MudlsOj lsmw xar@H @dzeles 2 ) 2OV StcOdzd yo© dzOSC Of dzdoeo O dEs2  y
ZtcOo dpj edzglfwe sfpw B j L teOL d3j todz” 3] .

Il 1 Isdrn kttOodzj dedwrn dzj dL o j fylscixit)dfd(t) v o zizwnly fgitfj tetad o J
dr LdOyjdzd? L OHOdz dzOyOdz' dg' §j Ekfmdzse W :

t=0, r(0) =1, x(x,0) =0. (3)

r dzv  tejh jdzdw EZtOodzjdzdw (1) HEtsdzydzgr B' Is! L OHOdM
LOf dMmMOdzr o MmdzjHEkehjdg 9adH]:

x=0, #OY_, 4)
X
x=r(t), x(r()t)=0. 5)
RIEOC, bwjskjlmy dO2kd B, L kg edefjvls o t iz

FteOodzj dedw s (1) d (2), dOyodz dz f )mdfso@d¥)B (BHJ iy’
f otsB dzj 3O, MowL OdzdzOW fp ftsHo ) detsfls & G tc Odzgf yytzW tsB dz!
tejnhjddw 1Ists?2 LOHOYd LHjMm! ftojHEZOGCOjIsMw d&jlstsH ¢ tsd

RHJW @BjlssHO L OCd yojlsvy o dthdyj delz® " § tpP B3 o eliaf Is gz
tejhjdzdd LOHOYd HAzv EZtOodzj dzdWw o YOMmlsdz = fHtesdL o tsHd
fted WdSdtetse Odzdz" = L dzOyd dzedw n § sH o d yis?2 v daf qzd .j
o " OjdsiffesH sd3 Ctsdzj ydz' = tOL detsfyls g 2. 1 Ols rég+DR)YdoLj H j dzv
EtcOodzj dzedvw (2) . [ dzw  f jtoj mtsH O (¢ Difndfifg fHtizdz!h Lj lfgizls i wdzOfuty o
L dzOyj dedj  W(dX)ydd tejh Oj sy (ABOodaf @IF?2 dbjttOydsd
fesHsd) OjsMWHE SECdyOddy osmicect ftsyd MMO or ydmdzj d

)| COyd mMlso | tcOfmyd Isdzts 2 fnn j o3" Hdzw  tejh j dedVw  te (
it sdz' Lizjlsfw dzj woe dzOW dzgj dzd dzj 2 dz@W fn j BO[ 4] :

l‘ CER )(|+ |+ + )(i- + ij +
X = ii 3h? Q( = J l) Q i+1j+1 " |j+1)' (M) Q ij+1 " i—1j+1)} +
+Hy,. - %), fr]ﬂqu ¢k, 0] fdzeglcicn) (6)

1Hjh+M O s Qts)«sksm%d*ﬁ@sdgdu‘jﬁjlssts Is s Wt¥,, 0, f¢ 1 PW Iz dzC

5 otfidgFaapR,....m
rdzv  eorf uddzj dedv L dgpiun fdmd Wikzjdsmnrd dijdzj nizs P Ov B C R
2C"Qf]+1_ fj) (7)

)(|]+1+X

GHJ L O UG dmljvn j dzw s shyw  dLfdzj ks h j2 W sdkd
fM)=f x(x) Gix.
RSOC, (odzyj 0 LOMMPKAkE? HDHGRdE]  SELor {§ L
Odkctstedlsds t6jh jdd" LOHOY]. | HOMbS?2 ©Ofyjlsds?2 Mojd

or BtcOdzdz" = "N Oetse s otjd3dided d 5 CtststeHddzOIlsy .  HJ
ftod tojh jdeddl)ztcOo dzj dedw (
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[ 3] [ B2y Wdzfr]Qq’Q [ . 1. [1jIR Qdzdi SCz H@3HECHOfIs8]. d ¢ OL O.
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cHO0OL "t BB2 Ot Mis" cOIsr dz L OBOdz j 3§ M, 52 ) Oter fi
O21Isy Odz" dzH O26 Il dgGlljdzdag @a3" DOdz ks OBOdE" Cdzh BdzL € PMc j dz' d3" L H

BtsdzOIsm dz B ' dz' d3H ' "tolf OYIsT @ stzOC@®YIls3 @z] f dzB B G ' df dizH J L
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OdzOIsT dz, Jjdz' BB L H' W dpHOtELY "liddrj' ) HYORO Isdz@iz EYLS 0O Od3dz” W dzj ¢ |
4 G4 dz MmMeL m' L. [ dzB Oy dz" W Bd" dzOT 1 tydz@ Oy} ©dzHEODIPISO tog 1
DOL OY Mis Odzdz" W roveo CCtdtsd3d S Odzr y mMow mMolsr Jd' &5 LK
rdzlsc)fr] dz Y s00te" dzOIsm f, N dzC jdz Mjtcf dz Bj toH

1" dz &3 BjtelzH" OYf OtcOIslsOdzgH " tclz Y ODHO2" dgH © BO O dzH
OYf OtcOIslsOdzH "™ oz Y ODHO2T" dZHO BOBOdZH OtcH™ W OY §f OtcOlslisr Y
ybpdzj OYH§f OteOIslsry yYy"L'"tedzr O Mmdwylsr YOB' dzpidSW' dz'L §I§JstbH
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Y BMY OtedzOter dz  OMOY SOk YOy 4Jls. ¢ Is © dOEzH YO@H J Wis "Bdz dE' I IS
OYf OOIsisT y Isj ndesdztse d W dgr EL YrLd3j slsj to' dzj f O2HO
BsHEZzdz H® Sy " d3r M BODHOWLLEZOBOZOtr Y OMOYIOdZHT . ddz, Y OL
YL jcy O ter dzr f N OIsT e HjGJdz MOBO& Iskzdzezy OAsHIYr . BOOAP
dkpfmjdzj dzj e pdz" HJ YJile"  dz €' HJWEJ2H] Jd&J M.

DSDOOBHO OYf OtcOIsls OdzH ™ Yo'zt O deHNQJ tIs | Iz s’ j BEQURGE GoBjtciplszlz 7 o
sykz ftesyjifm d "2 BHOMIsr czod®@OL dyysdz dgdey s j cBlk dzj d3H g j g
JIsiHej.tc Btk Y OWO Oy OttOllsry Isjrdtdatsecdw } ODHO2T
Y'"ter dzf d@3" dz Yy pdzj HJjHOGtG S Odzr-y-hytaiioldg Isdls ' @M Adsjr il v rdar ‘Yte j
dzj 6" L' dBIwWeEjte" dzf, B'LH ' -#BOrGdzny sisicp@dz ymwicj ez dz€
Y OUdEY f OtcOlslsT v Isjrndesdze Vv dzOte dzi ¢ L " dgHj " 27" BGHOMIsT tor
sdzr W fjHOEtscedCOdzr Y hOtlslsOter Odz" Y IsOd&zOHT .

1 dz' &3 BjtelkzH"® Y OwOo OY Y OtcOIsilsr y Sj rndescztse W dzOtg
3" dzgH J Islsj to'

- Ljtelslsjlz d@pMmi dzj dzj o' dzj B OHAZzZQdz'Of)lxlzr didj o jHdEHB' S Isyspj de
Otey r dzr ¢cB' d&z' d3 BJjtolkzH YOL " g’ Y OWO OYHOtOIlslsr y Isjnac
fJjHOEGSEedCOdz ¥ d3pdz' dz dzOy Isr dzOz;

- YOVUO OYfOtOIlslsTy Isjnrdtsdzsedvw dz Y sdzH Odzlz - B Otc™ M
BOL B "dzH"™ ¥ BBHjdz dz 3 OMOLk;
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ddMmlsj BO fsHetslstsoaCd M j ydodzy fizgietsd b ~iptd@dplsgd?  dod
L zyd dzd j§ tcOLdzdydzr = WL Cse HtosctocOBRBItotso Oded W . ] dz(
sOdzsoadlsmw ofMmj Btodzj]J BGtedj dlsdtcss OdzO0O dO st OdzdL Oyd
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dMmMlsOdzyd tsdzdets e ts tsB EZYJ ded W .

v J todid dz HdMls Odzy d ts dzdzts | sBlzyj dzd J (rd) ddzlsj g tcd
Mftsdz LEzjdgr 7 Hdzv f toj HEfdsPD iy das(evi jinds@ H) LA D@ dstindds € ts dzl

rdmsodydsdedetsy tsBlkzyjdzdj By il ftesdmMatsHdls: o Hok

1) fn d dzr to ts dzdzts d3, yls ts o Cdzx YO, s ddzls j cOC Isd o dats §
ftoj fsHOaOIsjdzj?2 d tjOdzdL Oyds Ctdastetsdzdtclzs hdrn HJ 2Mlse

2) Ofmd dzn tots dzdats d3f tc jpH t§ fipds@dodzz) Isfw o tsL dBtsy detsMils! Htsfls
Ctsdzlsj dzlsz d otsL ditsy detsfls! MOBsMistswWisj dz' dets?2 tcOB SIS s

l ots@ tc Odzdzdz fMtej HMise O, fsSHHjteydo O M dj tej Odzd L OV

H s dzy dz sBJ M jydoe Ols! o sIcdzts ) tizts fg lz Is Mtso dits o tog d3j wlEdksy O 8 |
ftejfsHOoOljdv d MmkhjdsO. [ & t©jOddLOydd Ofdds s
tj OddL Oyds Stdsesdy L0 sy mhcd selkyjddw, of
Hj2flsodWds MiskhjdsO. [ 1]

letscteORddatsj 5B jdyfLibujjogmlyi , H iy 5] OdzdL Oydd Mmdfis,
sBlkzyJ dzdw, YBHE©GOLHJEYjIsMHY d2O ttwH GCOIsjceisted?

bolststcdL qieso Odgdetsjy 1 [, ©OLtOBOILT 90 BBy §tsH § 5dzs

v d Misj i3 ¢ tc Oo dzj(lazfnint Banaggnuacf $ydteraMS)

sdMmilsy 3" k¢ tc ©o dzjCdaterit MansgdzistiSyzists GMS)

sdMmisj i3 2§ ttOo dzj dzd v KlaarmngzCodténtsMizisagetanisSfgstenCMS)
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ltodd3d dzj dzdj slgddesizsgfiBL osdzv jIs toj h Glis! tsdsH o B i
Mz e hdj LOHOYCJ:

D MOBsMissWIsj dz dzOY ©OBBISO M + dzj Clstetsdzds’ iz BOIsj tod
BsB d dzt desets Isj dzj W tsdzO;

fsdzeyd dzdj S wdemlzdz sOyd?2, Mse j stse, syd des¢ Bk ki
HdMisOdzydtsdzdztsets oL Od diissH j 2 Misea d v ;

A MsLHOdgf jej e Pdzy dedzse s MstsBh jMlso O fsdz L 59 Olsj dzj 2,
Eyjsdzzy HjWwWIsj dz¢ dzsfls ;

4 Mmotsj otey d3 dzdzOW C oz dzsmizlssydzOW HEBMISO CO L dzj Clstet

5) MlsOdzH OtelsT d My iydW¥dseoydd zO 1 dzj € Istctsdzdz | Z
Hd Mis Odey d tsdede’ jy JfiolaefjvH Miso O tsB I2

6)o BL d@3sy desMmis! twOL ol pBPlstEmMEzyjBder j] o4 B
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B HMIsk detsfyls: o Mh jets tSBtOLtSo Odedv dzdyods i tsmtss J

U § nodats dzts 6 grujjddhvd,  defjff tsdz’ L ejedghing Hed®L difalfflsigifgy  dzO  fydz,
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HTML

- AlCC

SCORM (Sharable Content Object Reference Model).
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voice waveform example Spectrum of a vaice signal (15 seconds)
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A Antosdzse 6., Atdztse | . wddsjL d tOffREOB.dz0Oo Odzd j

5. 1 0r0Otese. JltsBdzj 3 MSLHOdY OdzdatsW tsddzts? B OL T

6. http://speechext.narod.ru/chapl.html

MEZHO2B jtec | tasdzOtcOB ¢f. Ols' dzezB®Br Yy O Ry j tdlsjls’ (DOL OY fy

IpfZzrsurt Nswtuwy [lIUBRIRYTOARC[OUL O L Lt RUS w |

Yot offrfrw ragluvru 95fJrér v
] OteOdzdzj dzn B " jddn jAdBZjdz stz jMjflsjlkz § OttOHJCE BOEZO
dzolsdy jcGj yYod NjibS Lk DH'fM' . sk, GQFOEZOEP P &O) C1®
f OttOdzdzj dzH' jMjtflsjk DH'M' YosdkHOd ZOOd utsd W &Olsd
BEMN jCIsjte N2 to' dz sflsdRdL OW 2Ok Odketstedlsdz (PPSO) B

BSH | dzf ( GPSO) 3 D dzf Okzy ' d3Hg 1 dEcHOjdxktzy) joie " BLEERB Q)S Is J

sfisddddL Oydw dzOkz Odze sted Is 3 (PPSO) Y OdzOOdz ISEtels dtsHJ

g ' h" " dznjbkz dzoplsdyjfm' da2j MmMp2¢4 M, sd" d&3H " dz' ¢ J VY tsDOte

f OtceOdzdzj dzH j 2 Message Pasdirng jl rothe refr alane . ( MPI1 ) Oty " d
ull 2° dz fiParallel padicle swarm optimization (PPSO), Message Passing Interface (MPI),

Local Particle Swarm Optimization (LPSO), Global Particle Swarm Optimization (GPSO)

Parallel computation is an efficient way to combine the advasta§ different computation
paradigms to obtain promising solution. In order to analyze the performance of parallel computation
techniques to the particle swarm optimization (PSO) algorithm, a parallel particle swarm optimization
(PPSO) is proposed in thimper.As a result PPSO algorithm was obtainelh. Algorithm PSO, there are
models Global PSO (GPSO) and Local PSO (LPSO). The PPSO achieves higher solution quality than the
serial version of these four PSO algorithms, according to the simulation @msbkschmark functions.

1 Ote Odzdzj dz! dz' | ® 'dzy d g dggdgdivis'd o dz" o, Hdpts M) seES dg H  dzj dad
ftoj ddislzh j Misolf @OO wdaff dyafzf Bz dizd 2§ s dzlz y j dad v tdfjjN g frpfdj e Gdfdetsids ¢ ts
fMlsOls* j H dzw stse s Ylstss ¥ ¥ i tstq GfdiZBaifii of jtcoy olipdizd Is | dz' dz' =
B ssHsosfIsddi3dL OydHSOsY  f ) i ldz@iyQdg Gedpdrj dz! dzO W S lsdddL
Y O M I®ESY( | toJ L dzeewOdg | § 5 dzlz yj RRPSO dz®©EAs df Ik Btz ) Is - 3 H j dzd
GlobaPSOGPSO) d LocalPSO(LPSO)PPSO HtsMisde Ojlsear MsC G s COyj Mlse
i i) His9 Ols  gztcdpdlg(d - Y JOsrGidsjted BS@too Mistslse jIsMmisedd M tejtL
B3t H § dzd tets® B Gedztsitiddaid& y d 2 .

s thiMmy

JEd jCIsjte N2 sflsddddL Oydvw, (PSO) Odze sted Is 3
SOtOfr dzOdz j dzc' L' dzc j dzg, O Otzdz@ziz'cl L " elgls’ dap g fpd' M OtzH )
Btsdzr f YddOdz" §f yut'§ SOBOY "'LHjE fttsyj ' Odzr dz0 Odz.
yNte'f sSOBOY " LHJE® PSO yn2jm" dujae' , BEMh jCIsjtc’ dg
vd" i3H' TeYydzt mEE dzh J CIsf WL g Wwd WY MmrcteB ' o6 BEMN & yYytLODOA
NOoyMmr ftrdydw IskteOdzr dBodzj &3j Islsjtc MOY SO tslsr tcOHT . ¢
sSlHteHjc' Jw 3OyvyMmr tLdydw zOter IksflsOtce OtOMmr dzH © B E dz'
Moy lsOf , tgdg BCEEdMhj'Cdej tc d&Bj dz MOdzr lsr ez Oteyr dzr MsdzOteH

146



5t It rAaRrrlow .c. etz offipw I 1 vg vafiftr vzt d St S 10
¢csopfJws 13/3f3 rcrr RUUVJIOARCE
moéf 390t ¢/ 32 1FfpERRSOS 3D S{1ATt AKRCEREZNGT 3

OkOH'. PSO OdketstEdlsd EL' d W Isd' &H' & ¢' yDdzj Y
iMiflsjt dz ytsdzH OdzOIsT dz CEflsjcjdz OzBOYEOGHO 1 O2 H OdC

PSOi B"dz t§lsqddL OydW dzOk iff lsuts & Odts ff | OE @ dzr veee ste d Is '
Cj2H) Isqd' &H' dzolsdyjej Nibk Elsj "LOY EOyrlklkr kOd
hjd dg Mis' Sk’ hjhk &OYMO' dzH® PSO Okettdlsd d W
O stdlsds Odzz Odz Isil todai r 3D tezj @alze Big d I§ ds OMEOE" ' B ' &'
DORO Ols'y Bd § Cjdcjd &jd BOMYO WkdSydw dcOtH
OkestedlsdsH’ B ' t6' Cls' oz Oy’ df Isd' k' dzplsdyjcj xjlstk
N2 ' dz ©fls Eddud@®hkzd Q®PSO), ROksO®RO®OLH' X t5dH O
nf)r o dg dzZHT . [ SHjHjkZE) YodHOd d&OT dz PSO Oddstdld
PSO (GPSO), &sS$Od&HT PSO (LPSO), Bf 1 dzj dj dzlslsj dz
(CLPSO) " O&HOdI "dz Odkesteqdlsds dssH,jdzH jt6' dz SOWHOE ]
pelslledz! BB § CjdjH' . Jsnd y'"d& Ms' W &GOy MHOlT BE d
ket Iltd &EsHjd d B't6' Sk’ tk O®Y' d Od' dzoOdz ¥ J
Edz dHS s Otslsls’ 6O OdzOl' dif dz Od&zH Okz. wuwtsdy d3j dz § Ols O
BsHjd@Hjt' dd W hjh' BHjt' &2 MOdr Mis' tk B OEr M’ dzH O Isqd' d

PSO
PSO[1]iHO IssfflsT w pteB' tc BE " j ¢ EL'd2 w O0Dr dcsHOOD"
hjh' d3 IsiHAtD@dIls ChyOy IsO2H T . r Odzf r O-decEsdE djlsCdisi’ ] M fcO kIS G

9 jClststedzr Y hOKRO YsdzH Odzr &zOH ' p; = bub@ls.... 5" ozp @zH 'fysL of Y
oj Cltte [« x.,x], B dHQPIIDEHjte CjVW Mis' ¢ d ¥ edjd
Edzh j,GgHE dzh jofsdzO dufdirds f suff @@ dzOter € jdzj ' blteHj EL

vi(g+ 1) =wvi(g) + cyrands (p Bestl(g) — x£(9))

c,rand$ (g Best®(t) — x2(t)) 1)
xfg+1) = xF(g) + vilg+ 1) (2)
W = Wyax — (W?.‘".EI - wm:’nj % (3)
[ " dzHgOTGe § dzj tOyd W  duelfrigj Qe d, W dzO Hry HyR @z FOQ BO dzOte" 11 H j

Ctsi W dydj dands |, randfddj O BO dzGredzh jdBH ' HJOfOLtsd [0, 1] O
Ndzj fls' 6" dze jdz Isplzjdzi' L € jL HJ 2 fgBest B QukDda@tdizc j of thsdzwdz jj
st BHT L dyd gBest RIS O , B E@ j SIsjte h* dzj dz MOdz flsr
"ilsr dgH T fsLdydw. LPSO ditsH j dz' BEd" j € Ydr dzrf dzOdz Y "
Oty dzr ELGjtelsdf lsr tcOHT .

vi(g +1) = wol (g) + cyrandd (pBesté(g) — xE(9))
+c,randS(LBest®(g) — x%(g)) (4)

PSO Odkcttedlsds' dz § OteOdzdzj davrj b 3 £dgHLO bz jq dalshj Qdsitlsj O
YtSdzH Odzr ZOH'T . wtsd MiBjifl' , BjfM odibkOdki’ ftyj mh
BOY' dzOf ©lsrtelz yrLdigjls' &z Oy OO’ dz ftesyj Miste MAST
sde W SLAVE Hjf§ OlO2d L. [HE'] aig dz' SIL ANV'EY ffQeyts yij Gy)@ded
sq' &H' BEEBO2HT, ESCjd GO Ikpkjdh'L IS LBj§lLk
f OwOdzdzj &z’ jMifljkHj ELOLGO OYf OOl BgBOMmE didd L
EOY s OtOdst Dt dzekPlze & BesBGt C@EBFONG Is. ¢ desedlsdij SL
5jS DO0dzO pwe' 't PSO Odkctstedlsd dzj 0000 »O0zO§ Bjt'
MASTER fesyj MMsteedj ysSkHO2H'. MASTER fttyj Mt da
ju g  BH' M dz y hSjftcPd OOy jtejH' . PSO Ode
fesctORBOd ¥ SBH' Cjdjfm' IlHteH] BSEOHT [2]:
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Algorithm 1 Initialize

I: for each particle i in S do
2. for each dimension d in D do

4: x4 = Bnd(zmin, Tmaz)
5: Vid = Bnd(=vmaz /3, Vmaz/3)
6: end for
'F-'.
pb; = x;

10:
11:  if f(ph;) < f(gh) then

12: gb = pb;
13:  end if
14: end for

ImMktcjls. PSO Odzesstedlsdz dz2 w ffmMjoHt € BH

4Od Mist ol dzplsqy § M
GPSO, LPSO, BPSO ypdz LPSO WsHjdHjte' d&d W jfj
Ode steqlsds’  deoffs disyr jidif ' desjfdz fifQidinls j Isnte' dvj CEtMmjls' dzcj da

F D OMmdj Is| GPSO LPSO BPSO CLPSO PPSO
fy (W ©visr|1.96%10% | 1.24*10° [3.43*10° [1.23*10"' 4.09*10°°
[ tels O O 3.76*10"" | 3.09*10"® |3.35*10%*® [.19*10" 3.75*10%°
ulsdz. Oz 1.18%10° | 4.47*10"® |0 P.61*10" 0
f, (W "visr|1.24¥010% | 1.14*10"* |5.37*10™° |5.68*10>" | 3.11*10™°
[ tels Oh O 2.00%10* | 2.36*10" | 2.39*10"%% |4.16*10%" | 9.33*10"™*
ulsdz. Ok 6.07%10* | 3.05*10" | 4.09*10"%% | 7.84*10%" | 2.69*10™"
f3 (¥ "lisr|3.29*10° 24.36 1.55*10* | 2.47*10° 2.85%10™
[ tels Oh O 1.66*10° 499.85 4.83*10" | 8.14*10° 1.37*10%
ulsdz. Okz| 4.67*10* 255.425 5.54*10" | 4.23*10° 1.87*10"
Dister Isr:dgH T
I1"dz BOYOdZOHO PSO Odkzetstedlsdy’ dz w B tedgj M j d3tsH J dzH j§
s LB Sl ybpdzj 1§ OtcTceddjjdeH 'd3jlsial tasitgjr dMPdzHvr . PSO, LPSO,
Otelsr Yyhrdzr ysOtr dz jMjfsj OO lsrtrif, tdOttH' W Edz o
1ngs$rf]>.|Jl'sfr];jZdZHJ PPSO Odkzetstedlsd3 dg w BOMYO OdzestcdIsdiH j tc@
Etefmj Is’ H' .
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ZOdzG " 5B O] 0iKOd d fplstc@dBT S 2 dZOYydsdOd dzr 2 Isj = dad i M
S.R. 406P0Oj OPMIsOdz, ¢ kzBOIL’ )

102RUG s fVY?5upirwfRs 1 vdf [ 1 rROBS/HDOPBRDOS

IlenecooOpa3HO MPOBECTH aHAIM3 U OLIEHHTH KOJHYECTBO MAKETOB, HEOOXOIMMEIX IS
TPacCHpPOBKH 0AHOGa3HOro anropurMa. I1ycTh 7 — KONMHYeCTBO MapIIPyTH3aTOPOB JiepeBa aTaku
T, a L — KonMu4ecTBO CJIOB B cOOOmEHHH My, KOTOpoe KaKIblii MapmipyTH3aTop X IODKEH
nepenate nonp3oBaremo V. Takum oOpa3oM, Noap30BaTeNh NOHKEH IMONYYHTh X Pa3IHYHBIX
IIaKETOB JUIS BOCCTAHOBJIEHHS COOOIIEHUH OT BCEX MapIIpyTH3aTOpoB 7.

Ilycte p — BEpOATHOCTH TOrO, YTO MAapUIPYTH3aTOpP BCTABJISET CBOIO HHPOpMAIHIO B

S d-1
naket, xotopeli oH mepenaer. Torma, p(l-— p) — BEPOATHOCTH TOrO, YTO MAKET OBUI
0603HaYeH 1 NpHOBLT 6e3 H3MEHEHHH OT MapIIPyTH3aTOpa, KOTOPhIA HAXOAUTCS Ha PACCTOSHUM
d ot nonw3osarens V. Ecnu NpeANono)uTh, 4TO BCe MApIIPYTH3aTOPBI, BKIIOYAsd M TE, 9TO
Jajpllle BCEX DACIOJIOXEHBI OT IIOJIB30BATENs, YCNEIIHO NEpefald NaKeT C ONpeeeHHOMN
BEPOSATHOCTBIO, TO MOXKHO CYUMTATh, YTO HHPOPMALMS M3 HEKOTOPHIX HCEM—MAapIIpPyTH3aTOPOB

nepeBa araku Oymer HaxoauThCs B mHakere ¢ BepostHocThio p(l-— p)d_] , Tae d -

MaKCHMaJIbHOE PacCTOSTHHE MEXY JIIOOBIM MapLIPYyTH3aTOPOM.

Kaxnpiii MapmpyTH3aTOp JO/DKEH YCHENIHO OTIPAaBHTH / pasJIMYHBIX GJIOKOB, YTOOBI
nepenarb MOJHYIO HMH(OpManuio JUis Mmojib3oBaress. Toraa 0XHAaeMoe KOJNHYECTBO MaKeTOB,
KOTOpas JOJDKHA OBITH nmpuHsTa Tepen ¢pparMentamu, /. OxupaeMoe KOJHYECTBO IaKeTOB,
KOTOpbI€ AOJDKHBI IPUOBITH K IOJb30BATENIO, NPEXAE YeM OH OIPEAEIHT MaplipyTH3aTop
nepesa T, He peBHIIACT

nlH

— (1)

p(1-p)
rae H, — n—s rapMOHHKa.
Hcnonb3ys U3BECTHYIO HEPAaBEHCTBO M H,,,

1
H,<Inn+y+—, #)
2n

rne ¥ =0,5772156649... — xoncranra ODiinepa. Taxum 00pa3oM, OXHIaeMOE

KOJIMYECTBO MAKETOB, KOTOpasi MOJDKHA NMPHOBITH K MOJB30BaTelI0 V, mpexae 4eM OH CMOXET
OTCJICUTh 1 MAapUIPyTH3aTOPOB, HE IPEBBINIAET 3HAYEHHS, KOTOPOE BBIYHCISETCS IO
BBIPQXXEHHIO

nlIn(nl) + ml +1

3)
p(1- p)**
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Pe3ynbraTel MOJENBHOTO O3KClepuMeHTa mokasanu, ecom p=1/20, d=10,

n=1000, /=8, oxunaeMoe KOJIUYECTBO NAKETOB, KOTOPHIE HYXKHBI Ui BOCCTAHOBJIEHHS
BCEX cOOOIEHMIt MapmipyTH3aTopa, paBHa 76516, He cuMTas MHUHHMAIBHYIO BEPOSTHOCTH

d-1
MapKHUpOBKH nakeToB, T0 ectb P(1— p)“~ . B naunom ciydae aTo 03HaYaeT, 4TO OXKHAAEMast

ofImee KOJNHYECTBO MAKETOB, HEOOXOIMMEIX JUIS IMOJIL30BaTeNd, YTOOBI BOCCTAHOBUTH BCE
coobmmenHs, He npesbimaet 2428118.

Ilenecoo6pa3Ho 06paTWTh BHHMaHHE HA TO, YTO TONBKO M/ OTAENBHBIX NAKETOB
OTIpaBJIECHBI MapIIPyTH3aTOpaMu U3 JiepeBa aTakd. Ecnu 3ajaueif HHUIMATOpA aTaKu SABISAETCS
ONIpENICTICHHE KOHTPOJBHOH CYMMBI, TO MAJIOBEPOSTHO, YTO MAKEThl, KOTOPbIE IOJYy4aeT

d
IOJIB30BaTeNb, sABJAETCA HemapkupoBauuele (¢ BepostHoctho (1—p)®) m  Gymyr

HCIIOJIB30BAHBI JUI HCKKCHHUS 3aMEYCHHBIX MTaKETOB.

AHaim3 Byx(a3HOroO IropuTMa CIIy4aifHOro CCHUIKM NMOR0OEH omHO(a3HOH BEPCHH.
OCHOBHBIM OTJIMYHEM SBJISETCA TO, UTO B IBYX(a3HOM QITOPUTME HYXHO IOJIYYUTh OT KaXOro
MapipyTH3aropa / cJoB, pa3AeNeHHBIX Ha m TOACIOB. TO €CTh HY)XHO IONY4YHTh NMAKETHl C
Kax/0i MapuipyTu3aropa B aepese ataku T. Takum 06pa3oM, 0XUIaEMOE KOTMIECTBO TIAKETOB
I TIOJTHOIO OTCJI)KMBAHHS PaBHa!

nlmH ,,;,,
p(-p)*!

BaxHo npoaHamu3upoBaTh BpeMs paboThl alropuTMa BOCCT@HOBJIEHHS COOOIIEHHS.
[TockonbKy KOHTpOJIbHAsE CyMMa CTAaTHCTHYECKH CiyyaifHa, TO ee MOXHO paccMaTpHBaTh
crmyqaitHO# xom—¢yHnkuueit. Takum 06pa3zoM, KOTHIECTBO CTOINKHOBEHHH MEXIY JIETHTUMHBIMH
coobmenussMu  HeOospmoe. B ngaHHOM ciyyae He paccMmarpuBaeTcs Ciaydail  co
chanscupuIEpOBaHHEIMA COOOIIEHUSIMH H CTOJKHOBEHHSAMH MEXITY HHUMH.

Ilenecoobpa3Ho CHavalla pPacCMOTPETh AITOPHTM BOCCTAHOBJICHHS COOOIIECHHMS VIS
omHodasHoM cxembl. Ilycte N — KOJMYECTBO pa3IMUHBIX IIAKETOB, KOTOPHIE IOIYYHI
TNIOJIB30BaTeNb, @ ¥ — KOJIMYECTBO MAapIIpyTH3aTOPOB B JepeBe araku. Eciau ecTb / vacTei
KaXJOro COOOIIEHUst M KaXJI0€ M3 HHX HMEET C—OUTHYI0 KOHTPOJBHYIO CyMMY, KOTOpas
ABJIACTCS CTATHCTUYECKH CIydalHOH, TO BEPOSTHOCTh TOTO, YTO JBa MaKeTa Cly4aHO HMEIOT

@

|
OJIMHAKOBHIH MHJEKC (parMeHTa i U KOHTpONbHyI0 cymMmy C, paBHa ————. Kpome TOTO,
/

G
27)
BEPOATHOCTE TOro, YTO ABa MapUIpyTHU3aTOpa OTHPABJIAIOT NMAKCThl ¢ OAHWHAKOBBIM HHIACKCOM

¢parMeHTa i MU KOHTpONBHOH cymmoil C, cocraBiser . Takum oOpa3oM, OxHuIaeMOe

(%)
KOJINYECTBO I1AKETOB C OJMHAKOBBHIM MHIEKCOM (parMeHTa i M KOHTposbHO#H cymmoil C He
N L
NpEeBBINACT | ——— + —
C
(1zcy 2

Jlna  mobGoit koHTponbHOM cymmbl C BpeMs pabOTBI IS BBEIYHCIEHHS BCEX
KOMOMHATOpPHBIX KOMOWHamui GJOKOB ¢ 3TOH KOHTPOJLHOH CyMMOH INpONOPLUHOHAIBLHO

Z=2yZ,...Z,_,, tne Z;, ecthb cNydyaiiHas NEpeMEHHasi, COOTBETCTBYIOIIAs KOJHYECTBY

naketoB ¢ (parMeHTOM HHJEKCA i I 3TOH e KOHTponbHOH cymmel C. Ilockonsky Z;

OTHOCATCS K Pa3IMYHBIM MOKa3aTeNsM (parMeHTa, TO OHH SBJSIOTCS He3aBUCHMBIMH. To ecTs,
OXHJIaeMoe BpeMsi paboTh! Ul IPOBEPKH BCEX KOMOMHALMIA 3aJaHHOM KOHTPOJIBLHOH CyMMbl C
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