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1-6eaim Pazgen 1 Section 1

Maremaruka MartemaTuka Mathematics

MPHTN 27.33.19

IlocTpoenue penieHus 3aJa4u ynpaBJisieMOCTH JIJisl JIMHEMHBIX
nHTErpo-auddepeHnnaaIbHbIX YPABHEHUN C OrPaHUYEHUSIMU

AiicaraymmeB C.A. — TOKTOp TeXHUYECKUX HayK, mpodeccop Kadeapbl auddepeHnaibHbIX
ypaBHeHU u Teopun yupapjeHus, Kazaxckuii HAIMOHAJIBHBIN YHUBEPCUTET UMEHH
anb-Papabm, r. Anmarer, Pectiydsimka Kazaxcran, +77272211573,

E-mail: Serikbai.Aisagaliev@kaznu.kz
AiicaraymeBa C.C. — kanauaar GpuU3NKO-MaTEMATHICCKIX HAYK, JOIEHT, BELyIIHi HAYIHDBII
corpyauuk HaydaHo-ucciie1oBaTeIbcKOro MHCTUTYTAa MaTeMaTUKN 1 MeXaHuKu Ka3axckoro
HAIMOHAJILHOTO yHUBepcuTera nMmenu ayib-Oapabdbu, r. Anmarhr,

Pecniybninka Kazaxcran, +77273773223, E-mail: a_sofiya@mail.ru

IIpenmaraerca MeTo 1 perieHns 3aa41 YIIPABAIEMOCTH JJIsl IIPOIECCOB OIMUCHIBAEMbBIX JTUHEHHBIMI
uHTEerpo-auddepeHInaJIbHbPIMI YPABHEHUSIMA C KPAEBbIMU YCJIOBUSIMU TIPU HAJUYIUU (DABOBBIX U
MHTErpajbHbIX OIPAHUYEHUIN C yIeTOM ONpAHWYeHnl HA 3HAYeHus yrpasienus. [lyrem BBemenus
BCIIOMOTATEIbHBIX YIPABIAIOMNAX DYHKIMI NCXOIHAsS KpaeBas 3aJada IOrDYKAeTCs B KPAEBYIO
3aJiady JIMHEHHOTO JuddepeHnuaibHOro ypapaerus. OnpeessieTcss MHOXKECTBO BCEX YIIpaBJie-
HUM, KaXKJIBII 9JIEMEHT KOTOPOI'O [EPEBOIUT TPAEKTOPHUIO JIUHEIHON CUCTEMBI U3 JIFOOOU HAYAIHLHOM
TOYKHU B JIIO00E 2KeJIaeMOe KOHETHOE COCTOsSHME. TaKoil mo/IX0 ] MO3BOJISEeT MOLYIUTh PABHOCUIb-
HbIe TOXKJIECTBA U CBECTU PEIIeHNs MCXOTHOI KpaeBoil 3a/1a4n K Ha4YaJIbHON 3a/1a4e OIITUMAJIbHOTO
yrupasiyieHust. CTposTcss MUHUMU3HUPYIOIINE TOCIEI0BATEIHHOCTH IPEIEIbHBIE TOYKNA KOTOPBIX sB-
JISTIOTCSI PEIEHUSIMU 319N YIPABJISIEMOCTH JIJTs JIMHEHHBIX UHTETPO-InddepeHInaIbHbIX YPaB-
HeHuit ¢ orpanndeHusIMUA. KOHCTPYKTHBHOCTD MPEIaraeMoro MeTO/a MOKa3aHa Ha IIPUMEpE.
KuroueBbie ciioBa: jmHelHble HHTETPO-1uddepeHITnabHbIe YpaBHEHNUsI, (DA30BbIe M HHTEIPAJIb-
Hble OIpAHUYEHUs, ONITUMU3AIIMOHHAA 3a/1a9a, MUHUMHU3UPYIOIINE 10C/IeJ0BATETbHOCTH.

ITlexTeysiepi 6ap ChI3BIKTHI MHTErPO-AudDEePEHITNAIIIBIK, TeHAEYJIepi YIITiH 6acKapbIMAOBLIBIK,
ecebiHiH memimMin Kypy
AiicaranueB C.O. — TeXHMKa FBIIBIMJIAPBIHBIH JOKTOPHI, o/i-Papabu arbiHarbl Ka3ak yiITThIK
yHUBepcuTeTi, muddepeHIuaIbIK, TeHIEYIeD KoHe bacKapy TeopusiChl KadeapachlHbIH, TPOMECCOPHI,
Amvarer, Kazakcran Pecriybukacer, +77272211573, E-mail: Serikbai.Aisagaliev@kaznu.kz
Aiicaramuesa C.C. - dpusnka-MaTeMaTnKa FHUIBIMIAPBIHBIH KAHIUIATH, JTOIeHT, oi-Papabu aTbHars
Kazaxk yarTeik yauBepcuTeri, Maremarnka yKoHe MeXaHUKA FBI3BIMU-3€PTTEY WHCTUTYTHIHBIH XKETEKIIT
FBIIBIMI KbI3MeTKepi, Anmarsl, Kazakcran Peciiybsinkacer, +77273773223, E-mail: a_sofiya@mail.ru

QPa3zasblK KoHe WHTErpasablK, COHIall-ak, Oackapy MoHiHe KOWBLIFaH IMeKTeysaepi 6ap Imexapa-
JIBIK IIIAPTTAPBIH/A ChI3BIKTHI HHTErPO- 1M PePEeHITNANIBIK TeHIEyMEH CUIIATTAIATHIH YEPiC YIIiH
OacKapbIMIBLIBIK, eceOiHIH ey o/icTepl YChIHbLIA L. KoMekii 6ackapyibl pyHKIIUAIAP/IBIH KO-
MeriMeH OepiJireH MeKapaJIbIK, €Cell ChI3bIKTHI (D depeHInaAIBIK TeHIEY/IiH [IIeKapaJiblK, ecebine
KeITipisei. OpOip 2JIEMEHTI CBhI3BIKTHI YKYIeHIH TPAEKTOPUSICHIH K€3 KeJITeH 0AacTanKbl HYKTEICeH
Ke3 KeJINeH KAXKETT1 aKbIPFbl HYKTere KOIMipeTiH 0apJiblk, 0aCKapyJIapiblH 2KUBIHBI aHBIKTAJIAb.
Mymnmait o7ic Teme-TeHIIKTI aIyra *KoHe OacTanKbl IeKapaJIbIK eCeNTiH MenriMin TniMai 6acKapy-
JIbIH H6acTalKbl ecebiniy menriMine KeaTipyre MyMKiaaik 6epei. MunuMyMIay el Ti30eKTEP Kyphl-
sagbl. QurapiplH MIEKTIK HYKTeJepl meKkTeysiepi 6ap ChI3bIKThI HHTErpo-audepeHIuaIbK, TeH-
JieyJiep YIiniH 0acKapbIMIBLIBIK, ecebiHiH mrerntiMaepi 00JIbIT TabbLIa bl. ¥ CHIHBLIFAH OJICTIH KYPbI-
JIBIMJIBIFBI MBICAJIA KOPCETLITEeH.

Tyitin ce3/ep: ChIBLIKTHI NHTETPO-TudMEPEHITHAIBIK, TEHAEYIED, (PA3abIK KOHE HHTETPAJIBIK,
MeKTeyaep, THIMIIK ecebi, MUHUMYMIAYIIbI Ti30eKTep.
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Construction of a solution of the controllability problem for
linear integral and differential equations with restrictions
Aisagaliev S.A. — Doctor of Technical Science of Differential equations and Control theory Department,
Al-Farabi Kazakh National university, Almaty, Republic of Kazakhstan,

477272211573, E-mail: Serikbai.Aisagaliev@kaznu.kz
Aisagalieva S.S. — Candidate of Physical and Mathematical Sciences, Associate Professor, Leading
Researcher of the Research Institute of Mathematics and Mechanics of al-Farabi Kazakh National

University, 477273773223, E-mail: a_sofiya@mail.ru

A method of solution of the controllability problem for the processes described by linear integral
and differential equations with boundary conditions in the presence of phase and integral
constraints with the constraints of the control values is supposed. The origin boundary value
problem is immersed to the boundary value problem of a linear differential equation by introducing
the auxiliary control functions. The set of all controls are determined, each element of which
translates the trajectory of the linear system from any starting point to any desired end state. This
approach yields to obtain the equivalent identities and reduce the solutions of the origin boundary
value problem to an initial optimal control problem. Minimizing sequences which limit points
are the solutions of the controllability problem of linear integral and differential equations with
restrictions are constructed. Constructiveness of the proposed method is shown in the example.
Key words: linear integral and differential equations, phase and integral constraints, optimization
problem, minimizing sequences.

1 BBenenue

PaccmaTpuBaercs mporiecc, OonucbiBaeMblii IMHEHHBIM UHTErPO - JuddepeHIua bHbIM ypaB-
HeHueM
b

&= A(t)x + B(t)u(t) + C(t) /K(t, T)v(T)dr+
t1 ¢ (1)
+D(®) / At V(NN + u(t), t €T = [to, ],

to
C KpaeBbIMI/I YCJIOBI/IHMI/I

(x(to) = xo, x(t1) =x1) € Sy x S1 C R*™, (2)
Py HAJIUYIUU (PA30BBIX OrPAHUYEHU
o) € G(t): G(t) = {x € R"J~(t) < L(t)x < 8(t), t € I}, 3)
UHTErpaJIbHbIX OI'DAHUYEeHUI
gi(z,u) < ¢, j=1,m1, gj(z,u)=c;, j=mg+1my, (4)
t1
p(an) = [I<at)a(0) >+ <b0.u(t) e, j =T (5)
to

a TakzKe OrpaHNYeHUl Ha 3HAUYCHUdA yIIPaBJICHUI
u(t) € U(t) = {u(-) € Lo(I, R™)/u(t) € Uy(t) C R™ mB. t €I}, (6)
v(r) € V(1) ={v(-) € Lo(I1, RP)Jv(1) € Vi(7) C R ws. T € I = [a,bl]}. (7)

ISSN 1563-0285 KazNU Bulletin. Mathematics, Mechanics, Computer Science Series Ne2(94)2017
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Bamaua 1 [Tycmov mnoocecmeo ¥ # 0. Hatimu wemeepky (u(t), v(T), xo, x1) € X m.e. natimu
ynpasaenua u(t) € U(t), v(r) € V(1) xomopuie nepesodam mpaexmoputo cucmemov, (1),
ucxodawyro u3 mowku o = x(ty) € Sy 6 momenm epemeru to 6 mouky xr1 = x(ty) € Sy,
t1 > to npu smom pewenue ypasnenus (1), dynruyus x(t) = x(t;ty, xo, 1, u,v), t € I,
xg € So, 1 € Sy naxodumes na mroocecnee G(t) C R™, a makoce 60046 PEWEHUSA CUCTIEMDL
(1) swvinoanenv, unmezpasvroe ozpanuvenus (4), (5).

AKTyaIbHOCTH pelnteHns 3a,1a91 YIIPABJISIeMOCTH JIJIsT KHTerpo-1ud hepeHnnaabHbIX YpaB-
HEHUIl ToKazkeM Ha OJIHOM ITpuMepe. PaceMoTpuM 3a1a1y n3ruba BICSIIErO MOCTa COCTOSIIIETO
u3 OaJsiku u menu. llenb n H6ajka coeauHeHbl MeXK Iy cOOO0i MOIBECKAMMU.

[Iycts | — pyiuna ynpyroit 0aiku ¢ 3aKperieHHbIMEI KOHIaMu, 1 — TOpU30HTAIbHAS PACTsI-
rUBAOIIAs CUJIA, HAYAJI0 KOOPIUHAT HAXO/IUTCS Ha JIEBOM KOHIE Oajiku, ocb O HAIpaB/ieHA
BJ10Jb Oasiku, a ock Oy mHampapiena Bau3. Ilycrs x, £ 0 < x < [, 0 < & < [ tekymme
koopjuHaThl. K Touke x = a mpusoxKeHa cocpejioTodeHHas cujia P, Ha Oajky jeficTByeT
pacipejiesieHHasi Harpyska ¢ II0THOCTBIo p(€) sinwt B ToUKe & U3MEHSIOMAsACs 10 BDEMEHN.

Kak ciemyer u3 (Kpacuos, 1975) dyHKIMs BJIUSHUS MMeET BUJL

el =€)
’ —(l—x)f 0<z<
Tl &~ T

Ecau p(§) nuneiiHas I0THOCTH GAJTKH B TOUKe &, TO CHJIA HUHEPIIUH MEXK/Iy TOUYKaMu & 1
¢ + A¢ B moment Bpemenu t pasaa (Kpacuos, 1975)

d*y _
ALY = p(e)y(E)? simwt - A,
riae y = y(z)sinwt, 0 < z < [. OyukIwms
I

y(x)sinwt = / G(x ) sin wt + w?p(€)y(€) sin wt]dE.
0

Orcroia ciiejtyer, 9TO0 MaKCHUMAJBHBIH u3rub OGajku y(x) BBI3BAHHBIN paclpe/IeIeHHOM
HArpy3Koii p(£) u cuiioii MHEPIIUK OIPEJIEJISIeTCs 10 (POPMYJIE

l l

0= [ G e+ [ G pe

0 0

rJle epBoe caaraeMoe U3rud 6aJIKi HOPOXKICHHBII CHIION HHePIUH, BTOPOe CJIaraeMoe — U3rub
U3 pacupeesieHHoil narpysku. Tak Kak u3rub OGajaKu OT COCPeJOTOYeHHOH cuiibl P paBen
G(z,a)P, To cymmapHBbIii n3rub 6aaKn

l
w(z) =y(z) + G(z,a)P = GxaP+/G £)dé+

Becrauk KasHY. Cepust maremarnka, Mexanuka, nadopmaruka Ne2(94)2017



6 Aiicarasmes C.A., Ajicaranuesa C.C.

l

" / Gl E)plE)y(©)de, 0<z <L

0

B caygae Bucsimero Mmocra 9acTh n3ruda OaJku nepejgaercs Ha mnenu. [lyers menb u 6aaku
COeJIMHEHBl MeXKTy coboil momseckamu, H — ropusoHTasbHbIe HaTszKeHus rend, z(z), 0 <
r < | — OTKJIOHEHHE ENU OT T'OPU30HTAJBLHOIO IIOJIOKEHHsI T10J] JefiCTBUEeM HAIPY3KU Ha
6anky. Torna dyukius z(x), 0 < z < [ gapiagercs permenneM uddepeHnaibHOro ypaBHeHHsI
(Umanasues, 1977)

d*z(z)
dx?
rie ¢(x) — pacupejiesieHHas HArPY3Ka BOCIPUHUMAS EIBIO.

Oynkims z(x), 0 < z < | gBisgercs JUHERHON oTHOCHTEIBHO n3rnba Gankn w(x). Cie-
JoBaTebho, z(x) = kow(x), ko = const, 0 < ky < 1. B sTom ciyuae, nzrub 6anku wq(z) =
(1 — ko)w(x), 0 < z < [. Pacupenenennast Harpyska q(x) = ki(x)w(z) = ki (z)(1 — ko)w(x),
ki(z) > 0,0 <z <, tae ki(r) — HArpYy3Ka COOTBETCTBYIOIIAS HA €MHUILY U3rHOa OaJIKIL.
[Moncrapisis 3uadenus z(x), ¢(x), 0 < z <[ B ypaBHeHHe IENH, Oy UM

H

a1y D) (@)1~ Ko)ue) = ks (@)1~ K[ a)P
l l
+ [ op@as+ [ G opeuel
rie y(z) = w(x) — G(z,a)P. Orciona cieyer, 4ro
l l
d;g”) Bo(z)u + Co(x /K:U§ €)d¢ + Dy(z /A £)de,
w(0) =0, w(l)=0, ze€]l0,l],
rie l
Bofe) = LI [ 6o €16l ande - G o)
Co(w) = Dyla) = — 1= R ey 6 — G,

Az, &) = G(x,6)p(E), u=P, v(§) = p(E).

[Tocsie 3amensl z, £ Ha t, T cooTBeTCTBEeHHO, Obo3Hauast w(x) depes x(t), t € I = [0, 4],
t1 = | ypaBHEHHE BHCAIIECIO MOCTA 3allAIICM B BHJIC

d*z(t)
dt?

:Bo(t)u+00(t)/K(t,T 7)dr + Do(t) /A .

ISSN 1563-0285 KazNU Bulletin. Mathematics, Mechanics, Computer Science Series Ne2(94)2017



IlocTpoenue perrenust 3372494 . . . 7

z(0) =0, z(t;) =0, tel=10,t].
[Momaras x(t) = x1(t), @1(t) = z2(t), JaHHOE ypaBHEHME 3alUIleM B BEKTOPHOI (dopme
t1 t1
&= Az + B(t)u+ C(t) /K(t, T)v(T)dT + D(t) /A(t, T)z(T)dT,
0 0
zo = (1(0),22(0)) € So, x1 = (z1(t1), z2(t1)) € Si,
uelU={ueR/0<u<p}, v(r)eV(r)={v() € Lo(I,R")
0<uwv(r)<py, T€l=10,1],

2(t) = @8) A= (g é) B(t) = (Bf(t)), C(t) = D(t) = (C’(?(t)>7

Po — HambOJIbINIEe 3HAYCHIE COCPEIOTOUCHHON CUIIBI, Py — HAMOOJIbIEE 3HAYCHIE PACIPEee-
neHHON Harpysku. Takum obpasom, ypasHeHme m3ruba Bucsimero mocrta umeer Bui (1.1).
[l raHHOTrO IIpHMepa, B YACTHOCTH, 3ajada ylpaBiseMocTn ¢opMyaupyercs tak: Haiitn
yipasyierne u € U, v(1) € V(7), urobbl usrub 6anku (1 — ko)x1(t), t € I ynosiaerBopsut dba-
3oBomy orpanmuennio 0 < (1 — kg)z1(t) < 0, Vt, t € I, noTeHnua bHast SHEPrus MpH U3rubde

rIe

t1
(1= ko) [@1(7)dT < ¢, rne §, ¢ — 3anaHHBIe YUCIA.
0

AnajiornvHble 3a/1a91 yIPaBISEMOCTH MOTYT ObITH COPMYIUPOBAHBI U B JPYTUX 00/1a-
CTSIX HAYKU Jisi HHTerpo-auddepeHnuaibibix ypasaenuii u3 (Boabsreppa, 1976), (Beumvan,
1987), (Pomanosckwmit, 1984), (Py6un, 1984), (Umanamues, 1977), (Dimymkos, 1983), (Huxo-
muc, 1979). CoBpemeHHAasi T€OPUsT MHTETPATBHBIX YPABHEHUN M T€OPHsl IKCTPEMAJbHBIX 3a-
JTad MTO3BOJIAIOT PENaTh CJI0KHBIE 33/IaYN YITPABIAEMOCTH 7S MHTErPOo-Tud depeHnnaaIbHBIX
YPaBHEHUN.

2 O0630p JuTEPATYyPHI

MareMaTUIecKUMI MOJIEISAMU MHOTHX SABJICHHHA B Pa3IUIHbIX 00JIACTAX HAyKH SBJISIOT-
cst uarerpo-auddepennuaibibie ypasHenus (Bosbreppa, 1976), (Besuman, 1987), (Poma-
noekuit, 1984), (Py6un, 1984), (Umanamues, 1977), (Daymkos, 1983), (Hukosuc, 1979).
Bonpocsl cyliecTBoBaHus, €IUHCTBEHHOCTH U METO/bl IIOCTPOCHHS IPUOJIMAKEHHBIX Ppellle-
Huil uHTerpo-muddepeHnnatbHbIX ypaHeHuit, korma u(t) = 0, t € I, v(t) = 0, 7 €
I} orcyrcrByioT a3oBble n MHTerpajbHble OrpaHuveHns ucciegoBanbl B (Beikos, 1957),
(Lakshmikantham, 1995), (Mmanasmes, 1981).

VccnenoBanue yupaBisieMOCTH IIPOIIECCOB OIMUCHIBAEMBIX MHTErpo- auddepenimalibHbl-
MU ypPaBHEHUSIMU IPU HAJUYIUU KPAEBLIX YCIOBUH, (Pa30BbIX U MHTEIPAILHLIX OIDaHrde-
HUil C y4eTOM OIpPaHMYEeHHOCTH PECYPCOB CHCTEMbBI ABJIAETCA HOBBIM HAIPABJICHUEM B TEO-
pun uHTErpo-auddepeHnuaabHbIX ypaBHeHuit. BorrpocaM ympasigeMocTn, HaAOII0aeMOCTH
U yCTONYMBOCTH YIIPABJISAEMBIX IIPOIECCOB OIMUCHIBAEMBIX OOBIKHOBEHHBIMU T HepeHITnab-
HBIME ypaBHeHUsAME T0cBsIeHbl paborel (Kpachos, 1975), (Kamaman, 1961 : 521-547), (Kpa-
cosckmit, 1968), (Fabacos, 1971), (3y6os, 1975), (/Iu, 1972), (Ananbesckuit, 2010 : 319-323),
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(Cemenos, 2012 : 1263-1277), (Emenbsinos, 2012 : 1516-1524), (Koposus, 2011 : 606-611),
(Bapra, 1977), (Aiicarammes, 1991 : 1476-1486), (Aiicaramues, 2005 : 17-34), (Aiicarasmes,
2012a : 826-836), (Aiicaramues, 20126 : 20-36), (Aiicarammes, 2015 : 147-160), (Aiicaramu-
eB, 2014), (Aitcarasumes, 2015). B gannoii pabore jeaercst MOMBITKA PACIPOCTPAHUTH ITHU
pe3yabTaThl Ha KHTErpo-auddepeHnuaabible ypaBHeHUs.

B pa6ore (Aiicarasmes, 2017 : 3-17) npusejieHO pellleHre 3a/1a4K: HAiTH HEOOXOUMOE 1
JIOCTATOYHOE YCJIOBUS CyIIECTBOBAHUS PEIICHI 3a0a91 YIIPABIAEMOCTH IPOIECCa OIUCHIBAC-
Moro uaTerpo-auddepennuaibabiM ypasaerueM (1) npu yeaosusx (2) — (7). Januas crarbs
siBJisiercst ipojioJizkenneM (Aiicaranues, 2017 : 3-17) u oHa CONEPKUT PE3YJIBTATHI OCTPOE-
HUsl pertenus 3ajadu. [Logpo6Hblii 0630p JuTepaTyphl cojepKarcs B pabore (Alicarasues,

2017 : 3-17).

3 Marepuan u MeTObl

B pabore (Aiicaramues, 2017 : 3-17) mokazaHo, 9TO pellleHUe 3aJ[a9l YIIPABJISIEMOCTH MOYKET
OBITH CBEJIEHO K PEIIEHUIO CJIE/IYIONIeN 3a/1a91 ONTHMAIBLHOTO YIIpaB/IeHU: MUHIMU3UPOBATh
dyHKIIMOHA

T(1t, 0, p1, P, pis w0, 1, ) = / {lun(®) — u(t)P+

—|—|/K (t, T)v(T)dT — wa(t) \2+|/ (t, \)Py(N)d\ — ws(t )2+

Hwt) — L) Py(B P}t — int

I[Ipu yCJIOBUAX

2=A()z+ Bi(t)pi(t) + Ci(t)pa(t) + Di(D)ps(t), 2(to) =0, L € I, (9)
p1(-) € Lo(1, R™), pa(+) € Lo(I, R?), p3(-) € Lo(I, RY), (10)
($0,$1> € SO X Sl C RZn, de DO = {d S le‘d > 0}, (11)
u(t) e U(t), v(r) e V(r), w(t) e Qt), tel, (12)

3.1 ITocTpoeHue pelieHus 3aJa49U yHOPaBJISIEMOCTU

Bsesiem cireryrormpe ob6o3HaeHs

Fi(q(t),t) = wy(t) —u(t), Fr(q(t),t) = /K(t,T)U(T)dT — wo(t),

t1

Fy(q(t).t) = / AN PyNAA — ws(t), Filq(t). ) = w(t) — LPy(t),

to

Q(t) = (0(7 '),Z(f,])),Z(tl,p)), tel
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Tenepsb dbyukuuonas (8) samnuiiercs B Buje

t1 t1

16) = [ Fatv).0dt = [(Fa(®).08 + |Fala(0). 0P+

to to

HEFs(g(1), )] + |Falq(t), t)]*)dt.
YacTHbIe TPON3BOIHBIC PABHBI:

% = Fou(q(t),t) = 2F1(q(t), 1),
8F(é(g,t) = Fou(q, 1) = —27K(t,7‘)w2(t)dt+27/bK*(t,T)K(t,U)v(a)dadt,
aFg;q; Do op: (¢, 1) = 2F1(q(t), 1) — By (1) (1),
%qu) = Fop, (g, 1) = —2F3(q(t), 1) — CT(1)¥ (1),
%pqg’t) = Fp,(q,1) = —2F3(q(t),t) — Di(t)(t),
aFoa(f’ Y Fula.t) = 2Pa.1),
OFy(q,t)

S = Funp(a.t) = 2Di(OFA(a.6) = 2D5()Fala. ) + 73 (0 F3(a.1)—

—2D5(t)F3(q,t) — 2my(t)P*L* Fy(q, 1),
0Fy(q,t . ) o
LD — B (008) = 25O R0.1) — 2T OFy(0o1) + w3 (0FS 0,0)

—2T (1) F5(q, t) — 2my () P* L Fu(g, ),

V@D _ (g, 1) = 203 (0)Fi0.1) — 205 (1) Fala. 1) + w50 F a.)-
—2T5(t) F(q, t) — 2m3(t) P*L* Fi(q, 1),
PLD) _ Foufg,0) = Fila,t) 2P L Fu(a. 1),
0Fy(q,t)

—2Ny3(t) Fs(q,t) — 2N5 (1) P L7 Fy(q, 1),
rie

t1 t1 t1

Falq,t) = —2 / PAA* (A, (VA + 2 / / PA* (L AN, o) Py(o)dod).

to to to
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Teopema 1 ITycmv mampuya W (tg, t1) noroorcumenrvno onpedeaennan. Toeda dynruyuonan
(8) npu ycaosuazx (9) — (12) nenpepuisno duddepenyupyem no Ppewe, epaduerm

J(0) = (J,(0), J,(0), J,,(0), J,,(8), J,.(0), J,0), . (0), ], (8), J(0)) € H,

7 p1 ’ Y p2 ’ Y p3

6 A10001 mouke 0 € X suuucasemcs no Gopmyae

Jo(0) = Fou(g, 1), ( ) = Fou(q,t), J,,(0) = Fop, (g, 1),
JI/)2 (ﬁ) - F0p2 ((Lt) (‘9) :t ( t)? Jw(e) FOw( 7t)7 (13>
T (0) = [ Fou(q,t)dt, T, ( = | For (0,0 Ji(0) = T Foalg, t)dt

dynxyua z(t,p), t € I — pewenue dugddepenyuanrvrozo ypasnenus (9), a dynxyua p(t), t € I
— PeWeHUE CONPAHCEHHOT CUCTNEMDbL

t1

b= Fo(g ) — AL(8)0, b(ty) = / Fouon (g, ). (14)

to
Kpome moeo, epaduenm J'(0), 6 € X ydosaemeopsem ycaosuro Jlunwuya
[7°(61) — J'(02) || < K161 — B2], V61, 02 € X, (15)

2de K = const > 0.

HoxkaszareasctBo. [lycrs (1), 0(t) + AO(t) € X, z(t,p), 2(t,p + Ap), t € I — pemtenne
ypasuenus (9). [Tycrs z(t, p + Ap) = z(t,p) + Az(t), t € I. Tak kak
¢ ¢ ¢
(p) = [ nBEnEr+ [ 20nComEr+ [ oD,
to to to

TO

t t t

Az(t,p) = /@(t,T)Bl(T)Apl(T)dT+/<I>(t,T)Cl(T)Ap2(T)dT—I—/@(t,T)Dl(T)Apg(T)dT.

to to to

CretoBaTesibHO,

|Az(t, p)] S/||<I>(t7T)IIIIBl(T)IIIApl(T)IdT+/||<1>(t7T)IIIICl(T)IIIApz(T)IdT+

+/H‘b(t,T)HHDl(T)HIAps(T)\dT < cil|Apifl + cal| Apa|l + 2| Aps|l, t e

TJe 1, Cy, cg = const > 0.
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[Tpuparenne yHKIIMOHATIA
AJ=J(0+ Ab) - J(0) = /[Fo(q(t) + Aq(t), 1) — Folq(t), t)]dt =
= /{[IFl(q +Aq, 1) — [Fi(g, )] + [[Fa(g + Ag, ) — | Fag, )]+
HIFs(g + Aq, ) — |Fa(q, 1)) + [| Falg + Aq, )|* — [Fa(q. t)P] 1.

Orcroma, ¢ y96TOM TOTO, 9TO:
a) |[Fi(q+Aq,t)*—|Fi(q,t)]? = =2 < wy —u, Au > +2 < wy —u, Aw;y > +|Aw; + Aul?,
Awl = Apl + Do(t)A.CEO + To(t)A.fEl + Tl(t)Ad + Nll(t)AZ(tl,p),
b b

6) |Fa(qg + Ag, )| — |Fa(q, )] = 2 < [ K(t,7)Av(r)dT — Aws(t), [ K(t,7)v(T)dT —

b a
wy(t) > +| [ K(t,7)Av(7)dT + Aws(t)|?, Aws = Apy + Do(t)Axg + To(t)Axy + Ts(t)Ad +
Nio(t)Az(t1, p);
t1 t1
B) |F3(q + Ag,t)]* — |F3(q,0)|> = 2 < [A(t,\)PAyd\ — Aws, [ A(t,\)Pyd\ — ws >

to to
t1

to
Ay = Az(t) + m(t) Az + mo(t) Ay + m3(t) Ad + No(t) Az(ty, p);
r) |Fy(q+ Aq, t)]? —|Fu(q,t)]* =2 < w— LPy, Aw — LPAy > +|Aw — LPAy|?, nony4aum

t1

AJ = /{AU*FOU(q, t) + Av*Fo,(q,t) + Api[2Fi(q. t)]—

. fo . i} . 16
CAR2Fs(q.8)] — ApL2Fs(q, )] + Aw* Fou(q,t) + Azt Fou (. )+ (16)
+Ax>{F0$1 (Q7 t) + Ad*FOd(Qa t) + AZ* (t)FOZ(Q7 t)+

+AZ"(t1) Foo1)(q, 1) + R + Ry + Rs + Ry }dt,

t1
rie Ry = |Aw; + Aul?, Ry = ]fK (t, T)Av(T)dT + Aws(t)|*, Rs = | [ A(t, \) PAyd) — Aws|?,
to
== |Aw—LPAy|2, R = R1+R2+R3+R4.

[Tonb3ysich TeopeMoit Pybunm o iepemMene mepeMeHHbIX THTETPUPOBAHISA UMEEM:

a)
/2</Kt7 T)dT — wa(t /KtTAU()dT>dt

b

:/b< -2 < /K*(t,a)w2(t)dt, Av(o) > da—i—/ < 27/bK*(t,U)K(t,T)U(T)deta

a to a
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Av(o) > do =< J (1), Av >p,,

t1 t1 b
J(r) = —2 / K (1, mr)ws (£)dt + 2 / / K*(t, ) K (£, 0)dodt = Fo(q,1):
to to a

t1 t1 t1
/2 < /A(t, A)Pyd\ — wg,/A(t, AN)PAyd\ > dt =

/< —2/P*A*(t,a)wg(t)dt,Ay(a) > do+

t1 t1 t1
+/ < 2//P*A*(t,a)A(t, A)Pyd\dt, Ay(o) > do =< J,(0), Ay >1,,
to to to
t1 t1 t1

Jy(t) = —Q/P*A*()\,t)w3()\)d)\ + 2//P*A*()\,t)A()\,U)Pydad)\ = Fy(q,t).

to to to

Pacemorpum mocseiane nBa craraemsie n3 (16). [Tockospky (em. (14))

/AZ*(tl)FQz(tl)(q,t)dt = AZ*(tl) / FOz(tl)(q,t)dt = —AZ*<t1)’¢(t1) =
— [ Glaz vl = - 182 0u + A7 ol -

=~ [ 180 A3(0) + BB B () + ApEICI(0) + A0 DDl (e)ds—
- [ A OlFua.0 - Awild = - [ Ap©B 0w
/ ApOCT (1)t - / BBODi vt~ [ A2 (1) Fonla. )t
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/ A2 (1) Fouieny (¢, £)dt + / AZ*(8)Fou(q, t)dt = — / Api(8) B (8)w(t)di—
o . ® ! o (19)
- [ anociwui - [ s i@

to to
3 (16) ¢ yaerom (17) — (19), mosytmm

AJ =< JQ/L(Q),AU >p, + < JL(@),AU >, + < J;Jl(é’)’Apl >, +
+ < J),(0),Apy >p, + < J)(0), Aps >1, + < J,(0), Aw >, +
+ < I3 (0), A e < T, (0), A >+ < T (6), Ad >+ (20)
. o 1
+R, |R| < «l|l0]?, R= [ Rdt.

to

Kax ciremyer u3 dopmyast (20) npoussoaaas Pperre dyukimonaa (8) mpu ycaobusx (9)
— (12) onpenensiercs o dopmyite (13).
[Iycts 0, O3 = 01 + A € X. Tak xak

|J(01) = J'(02)” < Li| Aq(t)[* + Lol Ap(t)[* + Ls|AGJ7,

e [Aq(t)] < La||AG]], [AY(@0)] < Ls[|[AG]], wo [[J(6r) — J'(6:)]] < KI[AG], V0., 6, € X.
Teopema s10ka3aHa.
cnonw3yst coornomenns (13) — (15) crponM moCIe10BaTEIbHOCTD

{en} = {una Un, Pins P2ns P3n, Wy Lons Lin, dn} cX

10 CJIeJIYIONIEMY aJrOPUTMY

U1 = Pyltun — andy(00)], Vg1 = Py[vn — andy(0,)),
Pint1 = Prg[pin — andy (6n)], P2nt1 = Prglpen — and,, (0,)],
Pant1 = Prg [p3n — O‘n‘];lag (02)]; w1 = Polwy, — anJ;,(0,)], (21)
Tont1 = Psy[Ton — O‘nJ;:o (0n)]; Tint1 = Psy[w1n — O‘nJ;l( n)l;
dn+1 = PD(? [dn — (Injél(gn)], n = 0, 1, 2, ceey

2
e 0 < a,, < Ko e >0, K > 0 — nocrosiunasg Jlummuna u3 Hepaserncrsa (15).
5

BBe,ZLeM MHO>KeCTBO AO = {9 e X | J(G) < J(eo)}, rae 90 = (Uo,Uo,plo,pgo,pgo,wO,
Zoo, T10, do) € X — HaYaIbHAS TOYKA s [OCJIe10BaTebHOCTH (21).

Teopema 2 [Tycmov vimoanenv ycaosus meopem 5, 6, nocaedosamensvrocms {6, } onpedens-
emca no gopmyae (21), U, V, LY(I, R™), LS(I, R®*), LS(I, R*), Q, Sy, S1, D — ozparuuenrivie
GuINYKABLE 3aMKHYMOBLEe MHodcecmea. Tozda:

1. wucaosasn nocaedosamenvrocms {J(0,)} cmpozo yowseaem;

2. |6, — Ons1|| = 0 npun — oc.
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Ecau, xpome mozo, mnoocecmeo Ng oepanuveno, mo:

3. nocaedosamenvrocms {0, C X asasemes munumusupyrowet, m.e. im J(6,) = J, =

inf J(0); T

feX

4. nocaedosamenvrocmo {0,}CX caabo cxodumes x mmoocecmey X., X,.#0, 6, AN 0,

npu n — oo,

5. cnpasedausa caedyroulan oueHKa CKOpoOCMU CLoouMOCU

ogj(en)—J*gﬁ, n=12,..., ¢s =const > 0.
n

6. 3adava ynpasasemocmu onpedessemasn coomuowenuamy (1) — (7) umeem pewerue mo-
2da u moavko moeda, kozda J(0,) = 0.

HokazareabcTBo. YTBepK/IeHus 1), 2) HEIOCPEJICTBEHHO CIIELYIOT U3 CBOMCTBA IPOEK-
MY TOUKK HA BBIITYKJIOM 3aMKHYTOM MHOXKecTBe 1 asiroputma (21). Tak kak dyunkunonas (8)
upu yejoBusx (9) — (12) saBiisiercs BBIMYKJIBIM, OPPAHUYEHHOE BBIYKJIOE 3aMKHYTOE MHOXKe-
ctBo Ao B pediiekcusroM GamaxoBom mpoctpanctse H ciabo 6ukommnaxtho, J(0) € CH(X),
To J () — cirabo nosryrenpepeiBer causy Ha Ag. Cregoarensro, dyukimonan J(6) qocruraer
HYDKHEl rpann Ha MHoxecrse Ag u Bepro Hepasenctso 0 < J(6,) — J(0,) < C||0, — Onia]|,
c=const>0,n=1,2,..., vae J(0,) = infger, J(0) = 5161}\1(1) J(0).

Orciona ¢ yaérom toro, 910 ||6, — O,41|| = 0 mpu n — 00 nMeeM: HOC/IE0BATEILHOCTD
{0,} aBaserca MuHHMEBEpYIOMIEit; TOCKOABKY {6,} C Ao, Ag — ciabo GUKOMIAKTHO, TO
an—ﬂ>6* IpH 1 — 00.

Tak kak 0 < J(60,) — J(0.) < Cl0, — Oniall, J(0,) — J(0ns1) > €l|0n — Onial]?, O
BepHO yTBepxeHue 5). Kak cmemyer us jemmbl 2, ecan snadenue J(6,) = 0, To 3amada
yupasisemoct (1) — (7) mveer pemenne. Samerum, aro ecau J(0,) > 0, Vo, o € X. Teopema
JIOKa3aHa.

[Iycrb tq, > to — HanMeHbIIee 3Ha4YeHue t1, 11t Koroporo J(6,) = 0. st perenust 3a1a4qu
ONTUMAJIBHOTO OBICTPOJIEHCTBIST HEOOXOANMO PEINUTh 3314y YIPABIAEMOCTH Jis 3HAYCHUI
ti1,t12, ..., TO€ T4 > t11 > 19 > ... > tlx.

3.2 Perrtenue npumepa

KoncrpyKTuBHOCTD IIpe/ijIaraeMoro MeTo/1a MOKaxKeM Ha, OJTHOM ITpUMepe.
IIpumep. PaccMorpum 3a/1a9y ylpaB/IsgseMOCTH CJIEIYIONIEro BUa

T =z +w(t) + /(costT)v(T)dT, rel,=[1,3], tel=1[12], (22)

1

2

To = us(t) + /etsxl(s)ds, tel, (23)

1
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2
91 (w1, T2, u1) / t) + x2(t) + wi (t)]dt < ¢4,
1

z(t) €G(), Git)={r e R*/e<m(t)<e? e—2<uay(t)<e*+2, tel},

2 6
u(t) € U= {u(-) € Ly(I,R?)) — 2 < uy(t) < 2, —4+%_%§
1
Sw(t) <+ e’ +6, wm tel},

v(r) eV ={v(:) € Ly(I,R")/ —1<wv(r)<1 ns. 7€},
_ (@) (D)) (:(2)
0= (50): == () == (56):
2o € So={0<z1(1) <e, e—2<my(l) <e+2},
v €8 ={0<21(2) <€, 2 —1<1y(2) <+ 1}
1. [Insa namHOrO npumepa

t

n(t) = / [22(7) + o) + wn (7)),

1

() = 21(0) + 22(8) + (1), (1) =0, n(2) =1 —d, d>0.
2. Teneps coorrorenust (21) — (24) 3anunryrest B Buje

3 2

£ = A&+ Biu+ O, /(cos tT)v(r)dr + D, /etsxl(s)ds, tel,

rie

3. JIuneitnas ynpasisgemasi CUCTeMa UMeeT BU/I,

y = Aly + Bﬂl)l(t) + Clw2<t) + Dl’ll)g(t), t e ],

y(1) =&, y(2) =&, wi()) € Ly(I, R?), wy(-) € Lo(I, RY), ws() € Ly(I, RY).
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dyHIaMeHTaIbHAS MaTPUIA PEIIeHn JIMHEHHOH oiHopoHOl cuctembl ( = A ompejers-
ercs 110 dpopmyJie

1 t—1 0
ot) = eMl — 0 (t _11)2 0 )
t—1 5 1
1 1—-¢t O
efAl(tfl) _ efl(t) 0 (1 _1 t)2 0 :
1—1¢ 5 1
1 t—7 0
_ 0 1 0
O(t,7) =0(t)0 1(7) = (t— 7_)2
t—1T1 5 1
Tak Kak
1 010
By =(By,Cy,D;)=10 1 0 1],
1 000

TO MaTpPHUTIA

2
W(1,2) = [ ®(1,t)ByB;®*(1,t)dt =
2
1

o [ 4—4t+ 27 22t 4 — 5t + 3t — 13
_ / 2 — 2t 2 (1—1)2 _
2 _ 43 2 7 2 5, b
1 \4—5t+3t"—t> (1—1) 5—7t+5t — 2t —1-5
8/3 -1 —1/4
=1 -1 2 /3 1,
—1/4 1/3 4/15
re rraBaele MuHOpBHl Ay = 8/3, Ay = 13/3, A = 973/1080.
Crenosarenbio, marpura W(1,2) momoxurensHo onpenesnernas. ObpaTHas MaTpUIa

Loso (19745 11/60  1/6
W(1,2) = o | 11/60 467/720 ~23/36
1/6 —23/36 13/3

Marpuna W (t,2) = W(1,2) — W(1,t), rue

4t — 2t% 4+ 2t3/3 — 8/3 2t —t* — 1
W(,t)y=| 2t—t*—1 2t — 2
4t — 5622 +83 —t1/4—-9/4 t—1*—t3/3—1/3

4t — 56224+ t3 — t1/4 — 9/4
t—1?+t3/3-1/3
Tt)2 — Tt?/2 4+ 5t3/3 —t1/2 +t°/10 — 19/15
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BekTtop
$1(2) — .2132(2) — .%’1(1)
a = (I)(l, 2)51 — fo = 1'2(2) — l’z(l) .
—x1(2) + $2(2)/2 +c1 — d

BekTop dyukmms
wi (1) pa(t) A, €0, 61) Nu(t)z(2,p)
w(t) = (@UQ(t)) = (Pz(ﬂ) + (A12(t7£0761)) + (ng(t)z(Q,p)) ;
ws(1) p3(t) Ais(t, 0, &1) Nis(t)z(2, p)

p0)= (5af) - anesosn = (GGG Mo = (WD)

T o= G G ) - (). e

rIe

wy(t) = pa(t) + Aia(t, &0, 61) + Nia(t)2(2,p), t e,
ws(t) = p3(t) + Aiz(t, 0, 1) + Ns(t)2(2,p), t e,
rie by z(t,p), t € I — pemenne nuddepeHnnaabHOr0 ypaBHeHHsT

= A1z + Bipi(t) + Cipa(t) + Dips(t), 2(1) =0, tel,

pi(-) € Lo(1, R?), po(-) € Lo(1, RY), ps(-) € Lo(1, RY).

3nech
A1 (t,60,&) = Bi®”

( (L,Hw=(1
A12(t7507€1> = qu’*(lat)wfl(l

A3, 60, &1) = D1®7(1, 1) (1
Nui(t)z(2,p) = —Bi®@*(1, )W !

) (Zl(t7p)> (AQI(t7§O>€1)) (NQl(t)Z(va))
t)] = | z(tp) | + [ A2t &0,81) | + | Na(t)2(2,p) |,
t Zg(ﬁ,p) A23(t7 60751) N23(t)2(27p)

z1(t, p) Ao (t, &0, &1) N (t)2(2,p)
2(t,p) = | 2(t,p) |, Aa(t:&0,61) = | Aoa(t,60,61) | Na(t)2(t,p) = | Naa(t)2(2,p) | -
23(t,p) Ags(t, &0, 1)
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4. OnruMmusanuonnag 3aja4a. g JaHHoro mpumMepa 3a1ada, ONTHMAILHOIO YIIPABJICHUST
(8) = (12) mmeer Bux

2 3
J(0) = J(u, 0, p1, pas py, 0, 70, 01, ) — / (o) — u(®) + | / cos(tr)o(r)dr—
1 1

—wsy(t)]? + | /etsyl(s)ds —w3(t)]* + |w(t) — LPy(t)|*}dt — inf

HpI/I YCHOBI/IHX
z = A1z + Bipi(t) + Cip2(t) + Dips(t), 2(1) =0, t€l,

pi(-) € Lo(I, R?), pa(:) € Lo(I, RY), ps(:) € Lo(1, RY),
($0,[L’1) S S() X Sl, de D= {d € Rl/d > O}, U,(t) € U, U(T) eV
wt) € Q={w(:) € Ly(I,R*) /e <wi(t) <€’ e—2<wy(t) <e*+2, mn. teT}

_ _ Lo I U
P—(IQ,O), L—(O 1), LPy—(yQ).

3 2
Oyuxuuu Fi(g,t) = wy — u, Fy(q,t) = [(costr)v(r)dr — wa, Fs3(q,t) = [eyi(s)ds —
1 1
ws, Fy(q,t) = w — LPy. Jna kaxmoro GuKCHpOBaHHOTO 0, = (Up, Vn, Pin, P2n, Pans Wn,

Ton, T1n, d) € X TpajgmentT dyHKIMOHAA BbIYuUCsiercs 1o dpopmyse (13).
MozkHO 1OKa3aTh, 9TO I JaHHOTO IpUMepa Ipe/ie/bHble 3HAUCHNsT MITHIMUABUPY IOIIIX
[IOCJIE/IOBATEILHOCTEH CJIe Ty IOIIIHe:

sindt sint 4 cos 2t
a(t) = (t1s(), e (1)), o) = 252+ T () = of -
2sin2t 24D N ettt rel (7) 1, 1<7<2,
— Ve(T) =
12 t+1  t+1° ’ -1, 2<71<3,

pra(t) = (p ”*<t>> , Prie(t) = ure(t), pro«(t) = uan(t),

p12*(t)
2

Pax(t) = /COS(tT)U*(T)dT, P3(t) = /etsyl*(S)ds, Y1 (t) = 71.(t) = €',

yon(t) = €' — 2sin 2t

e e?
woelt) = T2u(t), tEL, o = (e - 2sin2> ) T = (62 - sin4) !

/ (e (t) + 202 (8) + una (B)]dt = 1 — d.

— .TQ*(t), t e ], Wl*(t) = I’l*(t),

Buauenne J(0,) = J (U, Vs, Plas P2xs D3s, Wa, Toxs T1xy A ) = 0.
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4 Pe3ynbTaThbl 1 00Cy2XKJI€eHUE

B crarne mostydensl ciejiyioniue pe3ybTarhl: Pellenne 3aja4dn ynpaB/IsieMOCTH JIMTHEIHBIX
UHTErpo-TndPepeHInaJIbHbIX YPABHEHNN C OIPpAHUYEHUSIMEU CBEJICHO K HAYaJbLHOI 3aj1ade
ONITUMAJILHOTO ylipaByieHusd; /lokazano, 4To (pyHKIMOHAJ HEIPEPBIBHO M depeHImpyeM 1o
@perre 1 rpajrenT QyHKIIMOHATA YIOBJIETBOPsET ycaoBuio Jlummmia; mocrpoeHa MIHIMU-
3UpPYIOIIas IMOCJIeJ0BATEIbHOCTDL U MOJIyUeHa OIeHKa CKopocTu cxomumoctw; Co3maHa KOH-
CTPYKTHUBHAsI TEOPUs [JIsI PEIICHUS 3aJadu yIPaBISeMOCTU WHTEIPO-TuddepeHinaIbHbIX
ypaBHeHUil ¢ (pa30BbBIMU U UHTETIPAJILHBIMUA OTPAHUYEHUSIMU.

AKTyasbHBIMU U HEPEIIEHHBIMU MTPO0IeMaMi TEOPUH YIIPABJISIEMOCTH HHTETPO - i de-
PEHITNAJILHBIX YPABHEHUN C OTPAHUYCHUSIMU SIBJISIOTCS: MOJIyUeHnE HEOOXOIMMbBIX U JIOCTa-
TOYHBIX YCJIOBHIl Pa3permMOCTH OOIMMX 3324 YIIPABJISIEMOCTH, pa3pabOTKa KOHCTPYKTHUB-
HBIX METOJIOB HOCTpoeHusd ux perrenuii. [lebio jmammoit paboThl dBJIgeTCS cO3aHue o0Iei
TEOPHUH YIIPABJIAEMOCTH ITPOIIECCOB OMUCHIBAEMBIX HHTErPO-InddepeHITnaIbHBIMI YPaBHEHU-
sIMU C KPAEBBIMH YCJIOBUSAMHY ITPU HAJTMINH (DA30BBIX U NHTErPAIHLHBIX OI'DAHUYEHU C yIeTOM
OI'PAHUYEHHOCTU PECYPCOB CUCTEMBI.

5 3akJirodenue

TeOpI/IH YIpaBJIA€eMOCTH JUHaAMUYICCKHUX CHUCTEM ABJIACTCA OJAHHNM U3 Ha,HpaBﬂeHI/Iﬁ B Ka4de-
cTBeHHel Teopun g GepeHnuaabHbIX YpaBHEHUI BOZHUKIIEE OT TOTPEOHOCTEH HOBBIX 001a-
cTeil HAyKN U TEXHUKU, KAK OCBOEHIME KOCMIYECKOr0 IIPOCTPAHCTBA, CBEPX3BYKOBOI aBUaIii,
yIIpaBJIEHIE CJIOXKHBIMU TEXHOJOTMIECKIMU IIPOIECCAMHU, YIIpaBJIeHUE dJePHBIMUA U XUMUYIe-
CKHUMU DPEaKTOpaMH, a TaKxKe HeO6XO,ZLI/H\IOCTbIO pemeHnsd CJI02KHBIX HpO6ﬂeM 9KOHOMUKU 1N
9KOJIOTUH, €CTECTBEHHBIX U TEXHUYICCKUX HaYK.

JIlnnamudecKkas crucTeMa Ha3bIBAETCA yIPABJISEMON, €C/IA CYyIIECTBYET YIIPABJISIONIEEe BO3-
JIelicTBHE, KOTOPOe TEPEBOJUT TPACKTOPUIO CUCTEMBI U3 JIFOOOTO HAYAJBLHOTO COCTOSIHUSA B
JKeJlaeMoe KOHETHOe COCTOSHUE, OIpejie/ideMoe KPaeBbIMU YCJAOBUSAMU, TTPU 3TOM BIOJIb Pe-
IMIEHUsI CUCTEMbI BBITIOJIHEHBI (ha30Bble U MHTErPaJIbHbIC OTPAHITICHUS.

Wurerpo - nuddepenimaibHoe ypaBHEHNE CBA3BIBACT BOEJIMHO HACTOsAIIEE, OyIyIiee u
poIioe mporecca. Takue MareMaTHIecKue MOJE/N sIBJIEHI OoJiee ajleKBaTHO OIMCHIBAIOT
ux cpoiicrBa. OauH n3 co3maresieir KBaHToBoi MexaHuky B. Ieitzerbepr, B cBoeit kuurn " Ou-
3uka 1 dusocodus" gemaer ciemyromiee IpeanooKeHne: .. .0CHOBHOe ypaBHEHe MATEPHH,
paccMaTpUBaeMoe KakK MaTeMaTHIecKoe IpPeJICTaBIeHne BCeil MaTepuu, JO0JIKHO UMETh BH]
CJIOYKHOI CUCTEMBbI HHTErPO - JuddepeHInaibHbIX ypaBueHuii' .

Costana KOHCTPYKTHUBHAS TEOPHSA YIIPABJISEMOCTHU IPOIECCa OIMUCHIBAEMOTO JIMHEHHBIM
unrerpo-anddepeHnuaIbubiM ypasaenrneM. OCHOBOI IIpe/iyraraeéMoro MeTo/1a Pa3pennMOoCTi
3a/1a9M yIIPABISIEMOCTH SBJIsIeTCS BO3MOXKHOCTD CBEJIEHUS ee K OJIHOMY KJIacCy MHTerpaJibHO-
ro ypasuenus @pejrobma mepBoro pojia. [lokazano, 9ro i TOCTPOCHUS PEleHUs 33,191
YIPaBJIIEMOCTH HEOOXOMMO CTPOUTH MUHUMUBUPYIONINE MTOCICTOBATEIHLHOCTH JIJIsi HAYa  b-
HOIl 3a/1a91 ONTUMAJIBLHOIO yIIpaBJieHusd. PelenrnemM UcXoIHOM 3a/1a4uu ABJIAIOTCS CJ1abo Ipe-
JeJIbHbIE TOYKN MUHUMHU3UPYIONIUX TTOC/IeI0BATETHLHOCTEN.
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Wccitemyercst ycToMIMBOCTD, M3MEHEHUsI W T'PAHUIIBI ITOIBUYKHOCTH 000DIIEHHBIX ToKa3aTreseit JIs-
IIyHOBa JIMHEHHOW OJHOPOJHOM cucTeMbl uddepeHInajlbHbIX yPABHEHN C HEIPEPBIBHBIMU, CO
CTPEMANUMUCT K HYJII0 KOI(PDUIHEHTAMA IPU MAJBIX BO3MYINEHUSX, B CBA3U C ODOOIIEHHBIMA
IEHTPAJIBLHBIMA U C ODOOIIEHHBIMI OCOOBIMU TOKa3aTeJaMu. lIpuBesen mpuMep HEYCTONINBOCTH
0000IIeHHBIX TTOKa3aTesteil JIamyHoBa, Ipyu MaJIbIX BO3MYINEHUsIX cTpeMsiimeiics K nyso. Ompese-
JIEHa TOYHAsl BEpXHsisl IPAHUIA M3MeHeH!s1 0O0OIIEeHHbBIX [ToKa3aresieil JIsmyHoBa JuHeitHol cucre-
MBI TIPU MAaJIBIX BO3MYIIEHUSIX B OIPEEIEHHOM KJIACCe HEJMHEHHBIX cucTeM M depeHInabHbIX
yPpaBHEHUI TPUMEHEHUEM BEPXHEr0 0DOOIEHHOr0 MEeHTPABHOrO mokKasaress. Ompegesiena ToIHas
HIKHsASI TPAHUIIBI U3MEHeHnsT 00ODIIEeHHbIX ToKa3aTeseil JIamyHoBa JIMHERHOM CHCTEMBI TP Ma-
JIBIX BO3MYIIIEHUSIX B OIPEIEJIEHHOM KJIACCE HeJIMHEHHBIX cucTeM uddOepeHInaibHbIX ypaBHEHN
npuMeHeHneM OOOOIIEHHOI'O HUKHETO IEHTPaJbHOrO mokasaressi. Olpe/ie/ieHa BepXHsisl I'PAHUIA
u3MeHeHusi 00OOIIEHHBIX IOKazaTeseil JIdmyHoBa JUHENHOW CHCTEMBI IIPU MaJIbIX BO3MYIIEHUSIX
B OIIPEJIEJIEHHOM KJIacCe HEeJUHEHHBIX cucteM auddepeHnnaabHbIX YPABHEHUN UCIIOIb30BAHIEM
BepxHEro 060bIIEHHOT0 0c000ro mokazaresis. OnpeiesieHa HUXKHsIs TPAHUIA U3MEHEeHUsT 0000IeH-
HBIX TOKa3aTesei JIamyHoBa JHHEHHON CHCTEMBI IPU MAJIBIX BO3MYIIIEHUSIX B OIIPE/IEIEHHOM KJIac-
ce HeJTMHEHHDBIX cucTeM andepeHITnaIbHBIX YPABHEHUH UCIIOIb30BaAHNEM O0OOIEHHOTO HUYKHErO
0c000r0 MOKa3aTelsl. YCTAHOBJIEHO B3aMMOCOOTHOIIEHUST 0OOOIEHHBIX BEPXHEIO U HUYKHErO IIeH-
TPaJIbHBIX, 0DOOIIIEHHBIX BEPXHEr0 1 HUYKHEr0 0COOBIX MmoKasareseil. Jlano kpaTkoe onucanme 0600-
IMEeHHBIX ToKa3aTeseil JIsmynoBa, 0000IEHHOrO BEPXHETO U HUKHETO IEHTPAIbHBIX TOKa3aTesel,
00ODITEHHOr0 BEPXHETO W HUKHEr0 OCOOBIX MTOKa3aTe e, Kak 03poBcKkue PYHKINH B OMpeaeIeH-
HOM METPHUYECKOM IIPOCTPAHCTBE.

KuirrogyeBbie ciioBa: ycTOWYMBOCTE IIOKa3aTelieil, JuHeiiHble auddepeHalibHble CUCTEMbI, Ma-
Jible Bo3MyIeHne audGepeHImaibHbIX CUCTEM, TOYHbIE TPAHUIIHI.

A3 scep anran auddepeHINANIBIK, XKyiiejep
Anmubexos T.M., d.-M.F.11., quddepeHnuaiibk TeHeysep Kone 6ackapy Teopusichl KadeapachlHbIH,
upodeccop m.a., oa-Papabu aroiagarst Kazak YJTTolk Y HUBEPCUTET,
Asnmvarer k., Kazakcran Pecriybiimkacet, 77017477069, DurekTpor bk, momTa: tamash59@mail.ru

Kosdpdurmmentrepi y3imiccis, HoMMe YMTBLIATHIH CHI3BIKTHI OipTeKTi A depeHITnaIabIK TeHIeYIep
JKylieci a3 ocep ajFaH Ke3Jeri KaJimbliaama JIamyHOB KOpPCeTKIMTePiHiH OPHBIKTBHLIBIFDI, 63repici
JKOHE TMEeKapaJIapbIHbIH, KO3FAJIbICHI KAJIIBIIAMA OPTAJbIK KOHE KaJIblIaMa epeKIle KOpCeTKi-
mrepMeHeH OaityilaHbicTa 3epTTresiei. Hejire yMTBLIATBIH a3 ocep ajFaHa KaJjmnbuiama JIamyHos
KOPCETKIMTEPIHIH OPHBIKCHI3BIFEIH KOPCETETIH MbIca KelaTipiaren. zKorapsl KaJanblaamMa OpTa-
JIBIK, KOPCETKIIITIH KOJIIAHYBIMEH CBhI3BIKTHI eMec nuddepeHInaiiblK TeHIeyIePIiH, XKy ieaepiHiy
AHBIKTAJIFAH KJIACHIH A CHI3BIKTHI 2KYHeHIH 2KaInbliaMa JISIIyHOB KopceTKIITepiHiy a3 ocep aaraH-
JTa ©3TePICiHiH 19/ XKOTaphI MeKapachl aHbIKTAIFaH. TOMEHT1 XKa bl1aMa OPTAJIBIK, KOPCETKIMTiH
KOJIJIAaHYBIMEH ChI3BIKTBI eMec Aud hepeHnnaIblK, TeHIeyIepIiH KyieaepiHiy, aHbIKTaJFal KJia-
CBIHJIa, CBI3BIKTHI »KYUEHiH, KaanblaamMa JIAmyHOB KOPCETKIMTEePiHiH a3 ocep aJraHja ©3repiciHiy,
JIDJI TOMEHT1 IeKapachl aHbIKTaaraH. 2Korapbl KaJmblaMa €peKIle KOPCETKIITI Maila aHbIn
CBI3BIKTHI eMec auddepeHnnaablK, TeHIeYIep/IiH KyileJepinin aHbIKTAIFaH KJIACHIHIA ChI3BIKTHI
JKyHeHiH KaJmbLiaMa JISITyHOB KOPCETKIITEpiHIH a3 ocep ajraH/a 63repiCiHiH KOFaphl IeKapachl
AHBIKTAJIFAH.
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Tewmenri kaJbLIaMa epeKIle KOPCETKIIITI MaifiIaJaHbIll ChI3BIKTHI eMec TuddepeHInaIIbIK, TeH-
JeyJIepIiH XKyiiesepiHid, aHbIKTAJIFaH KJIACIH/Ia ChI3BIKTHI XKYHeHiH »KaJimbliaMa JIamyHoB KepeeT-
KimTepiHin a3 ocep ajraHIa ©3repiCiHiH TOMEeHTI mekapachl aHbIKTaaraH. 2KasmbuiaMa Koraprbl
2KOHE TOMEHTI OPTAJIbIK, YKaJIIbLJIaMa »KOFaPFbl )KOHE TOMEHTI epeKIlle KOPCEeTKINTED/IiH o3apa Ka-
THIHACTAPBI OPHATBHLIFAH. AHBIKTAJFaH METPUKAJBIK, KEHICTIKTe KaJbLiaMa JIsImyHOB KepCceTKi-
IITEPiHiH, KAJITBLIAMa, YKOFaPFbI 2KOHE TOMEHT1 OPTAJIbIK, KOPCETKIMTEP/IiH, 2KAJIbLIaMa, YKOFapPFbI
JK9HE TOMEHT1 ePEeKITe KOPCEeTKIMTEPIiH 63D DYHKIUIAPHI PETIH 1€ KBICKAIIIA CUITATTAMACHI Oepij-
T€H.

Tyitin ce3/ep: KOpCeTKIIMTep/IiH, OPHBIKTHIIBIFBI, CHI3BIKTHI A depeHInaIabK, Kyiie, mudde-
PEHIMAJIIBIK KYHEHIH a3 9cepJiepi, JIJ1 IeKapaJiap.

Differential systems under small perturbations
Aldibekov T.M., Dr.Sci. (Phys-Math.), acting professor of the chair of Differential equations and Control
theory, al-Farabi Kazakh National University,
Almaty, Kazakhstan, 477017477069, E-mail: tamash59@mail.ru

The stability, changes and mobility bounds of generalized Lyapunov exponents of linear
homogeneous systems of differential equations with continuous and tending to zero coeflicients
under small perturbations was studied with respect to the generalized central and generalized
singular exponents. An example of the instability of generalized Lyapunov exponents, under
small perturbations tends to zero was given. Using the generalized upper central exponents the
exact upper limit of change of generalized Lyapunov exponents of linear systems under small
perturbations was determined in a certain class of nonlinear systems of differential equations.
Using the generalized lower central exponents the exact lower bounds of change of generalized
Lyapunov exponents of linear systems under small perturbations was determined in a certain
class of nonlinear systems of differential equations. Using a special upper generalized exponent
the upper bounds of change of generalized Lyapunov exponents of linear systems under small
perturbations was determined in a certain class of nonlinear systems of differential equations.
Using the generalized lower special exponent the lower bounds of changes of generalized Lyapunov
exponents of linear systems under small perturbations was determined in a certain class of nonlinear
systems of differential equations. Mutual relations between generalized upper and lower central
exponents, upper and lower generalized singular exponents was established. A brief description
of the generalized Lyapunov exponents of the generalized upper and lower central exponents,
generalized upper and lower singular exponents as Baire functions in a certain metric space was
given.

Key words: linear differential systems, singular exponents, nonlinear differential systems, bound
of the solutions

1 BBenenue

AcuMnTorndeckue XapaKTePUCTUKH PEIIeHNT HEBO3MYIIEHHOR CHCTEMbI CIHTAIOTCS YCTOM-
YUBBIMHU, €CJIM MaJible B KaKOM-JIU0O CMBICJIe BO3MYIIEHUsST BBI3bIBAIOT MaJible N3MEHEeHUsI
ACHUMIITOTHYCCKUX XapaKTePUCTUK. Bepxuee n HmkHee 00600IEHHBIE EHTPAJIbHBIE TTOKA3a-
TeJIU, BepxHee U HUXKHee 0COObIe TMOKa3aTe/ Il JUHEHHBIX cucTeM auddepeHnnaabHbIX ypaB-
HEHU SIBJIAIOTCS YCTOMYMBBIMU XapaKTepucTukaMu. Bepxuuii 0000IeHHbII ToKa3aTeb JIs-
IIyHOBA SIBJISIETCS YCTOWYHBOI B KJiacce OOOOIIEHHBIX NMPAaBUIBHBIX JTUHEHHBIX CHCTeM JIHd-
depennuabHBIX ypaBHeHnit. Boobine roBopsi, 00obIeHHbIe TTOKa3aTem JIgmyHoBa HeyCcTol-
YUBBI NIPU MAJIbIX BO3MYIIEHUAX. B ¢BA3M ¢ 9TUM paccMaTpuBalOTCA CJICIYIONINE 3a1adu.
OrnpeieTuTh BepXHUE I'PAHUIIbI TTOJIBUKHOCTH ODOOIEHHBIX MToKazaTe el JIdimyHosa 1mo o1-
HOIIIEHUIO OOOOIIEHHBIX IEHTPAJIBHBIX TOKa3aTe el Ipu MaJjblx Bo3MyIeHusx. OnpenenTb
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HIDKHIE IPAHUAIBI TIO/IBUXKHOCTHA ODODIIEHHBIX ITOKa3aTreeil JIsaimyHoBa 110 OTHOIIEHUIO 0000-
IIEHHBIX [eHTPAJbHBIX ITOKa3aTeseil Mpu MaJibiXx BO3MyIneHusx. OupeaennTh BepxHUe I'pa-
HUIIBI TIOJIBUZKHOCTH 00OOIIEHHBIX TTOKa3aTeei JIamyHoBa 1o OTHOIIEHUIO 0OODIIEHHBIX OCO-
OBIX TOKa3aTeseil Ipyu MaJIbIX BO3MYyIIeHUAX. OnpeaenTh HUXKHUE IPAHUIbI TOIBUXKHOCTH
0000ITIeHHBIX TTOKa3aTe el JIsamyHoBa 110 OTHOIIEHIIO 0O0DIEHHBIX 0COOBIX ITOKa3aTe el IIPu
MaJIbIX BO3MYIIeHusIX. /laTh onucanne /i BBEIEHHBIX aCUMIITOTUIECKAX XapaKTEPUCTUK OT-
HOCHUTEJILHO O3POBCKOI KJIaCCH(PUKAIIUN.

2 O0630p JuTEpPATYyPHI

Acumrrorndeckoe 1moBejieHNe, yCTOWIUBOCTE U JIPYTHE CBONCTBA PEIeHUil, B TOM 9HC/Ie BO3-
MYIIeHHbIE CHCTEMBI MCCIE0BAINCH MHOTMMEU aBTOpaMu. 1[09ToMy He TpeTeH Iyst Ha MTOJTHO-
Ty ormeruM ciegytorme paborsl: (Coddington, 1955), (Levinson, 1949 : 40-45), (Bellman,
1947 : 357-386), (Bihari, 1956 : 71-94), (Massera, 1949 : 705-721), (Conti, 1957 : 588-592),
(Atkinson, 1958 : 690-708), (Diliberto, 1956 : 207-236), (Hartman, 1955 : 692-724). IlonsTue
yCTOIMBOCTH MoKasareseii Bosuukio B pabore (Perron, 1930 : 703-728), rae ycranosie-
Ha, 9TO ToKasaTean JIAmyHoBa MOryT ObITh HEYCTONYINUBBIMU. BepXHssT M HUKHSS T'DAHUIA
U3MEHEHHs ToKasaTesieir JIgmyHoa JimHeitHOM cucTeMbl JuddepeHnuajlbHbIX YpaBHEHUN ¢
HENPEPbIBHBIMU M OrpaHUYeHHbIME Kod(duimentamu Haiiyjenst B (Bunorpas, 1957 : 459-
461) u joka3aHa HEYJIYUIIAeMOCTb ITUX TDAHUIL B CJIy4ae TPEYTOJIbHBIX CHCTEM JIMHEHHBIX
cucreM uddepeHnuaabHbIX ypaBHenuit. ToYHOCTh 3TUX T'PAHUI] B OOIIEM C/Iydae JJoKa3aHa
B (Mmwrmmonmukos, 1969a : 1775-1784), (Musutnonmukos, 19696 : 99-104), (MumoHImKos,
1968). B (Mumnmmonmmkos, 1983a : 196-220), (Muumonmukos, 19836 : 1344-1356) mokasa-
e JIgmyHOBa U IeHTPaJIbHBIE ITOKA3aTe/ M PACCMATPUBAIOTCA B DoJiee OOIIUX CTPYKTypax,
B YaCTHOCTH JIAeTCs OlMCaHue, Kak 09poBckue (PYHKIUN Ha Oa3e BEKTOPHOIO PACCIOCHUS
cemeiicTBa MOP(MU3MOB U BBISICHSAIOT, YTO Pa3pyIleHne OTHOCUTETHLHO HEKOTOPBIX CBOHCTB
mokKasaresieil B cMbIcie KaTeropuii bapa HeTummaHo.

3 Marepuasa n MmeToabl

3.1 Ilycrpb nana jimbeitHas cucrema auddepennmuaibHbIX YpaBHEHI I
T = A(t)z (1)

tel=ty,+00),A(t) € C(I),|A{)| < Cap(t),

Ca>0,0(t) >0,0(t) € C(I), lim @(t) =0, /+OO o(s)ds = 4o0.

t—4o00 o

Omupegnensiem dyuknuio q(t) mo dopmye: ¢(t) = fti ©(s)ds. Ilpusesem npumep HeycTOli-
YUBOCTHU ODOOINEHHBIX ToKasareseit JIsmyHoBa, Ipu MaJjbIX BO3MYIIEHUSIX CTPEMAIencs K
HyJI10. PaccMOTpHUM JIMHEHHYIO CHCTEMY

L7
T = Tt

Ty = <ﬁ sinlnt + \/%coslnt— #) T2
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Dra JTMHEHHAS CHCTEMa UMeeT OTPHUIATE/IbHbIE 000OIEHHBIE TIOKA3ATE I OTHOCUTENIBHO (1) =
Vit , T.€., CHCTE€Ma, aCUMIITOTUYECKH yCTON4YnBa. Kciam Mbl j100aBUM K cucTeMe MaJjioe BO3MY-
IeHNe BUIA

0 0
2\/&5?% 0

TO BO3MYUICHHAasA CUCTEMa y2Ke MMeeT HECOI'PaHUYICHHOE pelIeHUrEe:

N __T . . _ T/t _ .
T =€ 2Vi, Ty :26\/Zsmlnt 26 /\/%6 \/Esmlntdt

1 9TO pellleHne nMeeT I0JI0XKUTEIbHBIN 0000IIeH b ToKa3aTe b JIgmynosa. Takum obpa-
30M, 00OOIIEHHBIE ITOKa3aTe /1 JIAImyHoBa JAHHOW IMHEWHON CUCTEMbBI PA3HATCS, T.€., HEYyCTOM-
IUBBI.

[IycThb

M (A,q), k=1,2,... n.

obobrentble mokazaresn JIsmyHosa suneiinoit cucremst (1). BBogum ciieryronuii Kiace Bek-
TOpHBIX QyHKIWM {(t,X) yIOBIETBOPSIONMX YCIOBUAM:

flt,z) e CLY, G=TxR" f(t,0)=0

|f(t,z)| < 8(t)|z], 6(t) € C(I), 6(t) >0, lim —% =0

obozuaunm Lg(p). Uccnemyercs: namenennst 0600MIEHHBIX OKa3aTeseit JIsamyHoBa JuHerHOI
cucrembl (1) mpu Boamytenusx u3 kiaacca Ls(y). PacemarpuBaercs ciemyrommast HelmHeiHAST
cucreMa, auddepeHnuaIbHbIX YPaBHEHMT

T =A(t)x + f(t,z), (2)

raef(t,x) € Ls(p).

Yro0bl HallTH TPAHUITLEI U3MEHEHUsT 0DODIIEHHBIX TOKa3aTe el JIamynosa JuneitHoi cucTeMbl
(1) mpu MaJIbIX BO3MYIIEHHSIX, MbI HCIIOJIb3yeM pa3paboranubie B paborax (Aldibekov, 2015 :
39), (Anmubekos, 2015 : 33-41), (Annubekos, 2016a : 47-54), (Anaubekos, 20166), (Ammube-
KOB, 20168 : 46-54), ycToiiunBbBIE ACUMIITOTUIECKUE XaPAKTEPUCTUKY JIMHEHOM cucrembl (1):
WO<A7 Q), W(A7 Q)y

QA q), Q0(A,q). lycrs

— 1 [
QA,q) = inf lim —/ R,(T)dr
t,

ReB(Aq) to+ q(t) Jy,

0OOBIIEHHBIN BEPXHUIT EHTPAIBHBIN MOKa3aTe/b JIHHEHHON cucTeMbr (1).
Teopema 1. O600IIEHHBII BepXHUT TIEHTPAJILHBIN [TOKAa3aTe b SIBJIIETCS BepXHEll rpaHuIei
0000IIEeHHBIX TToKa3aTeseil JIamynosa suneitnoit cucremst (1)

e (Aq9) <Q(A)q) , k=1,2,...n,
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[PUYEM 9Ta BEPXHsIsd MPAaHUIa 0000IEHHBIX OKa3aTeseit JIsamynosa Tounas B Kiaacce Lg(p).
Hokazarenscrso. st sioboro € > 0 u jyist mo6oro Hemysiesoro pemtenust X(t) jumHeiinoit cu-
crembl (1), 13 onpe/ie/ieHusi BEpXHEro 060BIEHHOTO TEHTPATBLHOTO TIOKA3ATEIsI UMEEM OIEeHKY

|2(t)] < D]z (ty)|e A0+ at)~a(to))

CremoBaTebHO, UCIIOJIB3Y4 OIIPEIe/IeHIe BepXHEro 0000IEeHHOro moka3areis JIsmyHosa, ec-
JIN OTCIOJIa TIepeiijieM K BepXHEeMY IPeJIeTy, TO BBITEKAET OIeHKa

Xlz,q] <Q(A,q) +¢
Yerpemstsigt € — 0, mosyanm x|z, q] < € (A, ) mosToMy MMeeM OIEeHKY
M (A,q) <Q(A)q) , k=1,2,...n,

B kitacce Ls(p) 0600IeHHBI BepXHUIT [IEHTPAJBHBII TTOKa3aTe b JuHeiiHo! cucTeMbr (1)
YCTONYUB BBEPX, CJICIOBATEIBHO, 9TO OIEHKA COXPAHSETCS P MAJIBIX BO3MYIIEHUSX U3 9TOTO
KJacca. JJocTuKUMOCTD JIOKAzKeM METOIOM MOBOPOTOB. Jljist Olpe/IeJIeHHOCTH BO3bMEM HEeHy-
aeBoe perrrenne x(t) Jmmeiinoif cucremsr (1) ¢ HadagbHbIM 3HadYeHHEM Z(tg) = Xo, KOTOPOE
olpejieisieT crapiinil 06o0IeH b MoKa3aTe b JIAIyHOBa U IIyCTh MMEeT MeCTO HePaBEH-
crBo x[z,q] < Q(A,q). ocrpoum Bo3myteHHyIO cucremy B Kiaacce Lgs(p). st moboro
e > 0 zacdurcupyem 1" > 0 Takoe, 9TO

e — 1
e29Mgin%e > 1, Tim

L S DT T 2 (A - &

[Iycts Ha orpeske 11 < t < Ty,Ty > T' BbIOJIHAETCA HEPABEHCTBO

. | S o5l —a(m) (4)
. 2

Crponm Bosmymenne B.(t) cremytomum obpasom. Ha orpeske [to, 1] monaraem B.(t) = 0.
Ha orpeske T} < t < Ty monoxum B.(t) = U1 () A(4)U(t) — U1 (#)U(t) — A(t) tae Ud(t)

€ €
OpTOI'OHaJIbHasA MaTpUIla B HpeO6pa30BaHI/II/I

z(t) = U-(t)z(t)
Bosmymiennasi cucreMa Ha oTpeske [tg, Th| umeer Bugy
2(t) = (A(t) + B:(1)) z(t) (5)

[Iycrs Ha npomexyTke (Ts, +00) umeercst orpesok T3 < t < Ty, vjie 11 HEKOTOPOTo peIlieHne
BOBMYIIIEHHO! crucTeMbl (5), BBIIOMHACTCA aHagornanoe nepasercTso (4). Torma amamorndmno
crponM Bo3MmyteHne B (t) ncxons n3 cucremsl (5). Eciu Takux mpoMeKyTKOB HET, TO BO3-
MYIIEHHe [0JIaraeM PaBHBIM HyJ0. TakuM 00pasoM, MocTpoeHHAst BOSMYIIEHHAS CHCTEMA B
cuity (3) umeer 0bobIIeHHbIH TTOKa3aTesb JIsmyHoBa

MA+B:) >Q(A,q) —¢
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CJIEJIOBATEJIBHO, B CHJLy IIPOU3BOJILHOCTH € > () BO3MYIIIEHHAs CHCTEMa HMEET PElIeHHE ¢ TeM
JKe HavdaJIbHBIM ycjioBueM (tg) = g, 0O6OOIIEHHBIN TOKa3aTes b JIsamyHoBa KOTOPOro paBeH
06OBIIEHHOMY BEPXHEMY IEHTPATbHOMY MOKaszaTe o JuHeiHoi cucremsl (1). CrenoBareib-
HO, OIleHKa To4Hasg. Teopema 1 nokasana.
CuencrBue 1. Ecim nmeer mecto pasenctBo Ai(A4,q) = Q(A,q), tae M(A,q) - crapmmii
0000IIEHHbIN TTOKa3aTe/ b JlsmynoBa nuneiinoit cucreMs! (1), To craprmmii 000OIEHHBIH 110
KazaTesib JIsgmyHoBa yeroitunBa BBEPX IPU MAJIBIX BO3MYIIEHHUSX n3 Kiacca Lg(p).
CaexncrBue 2. Ecim A\ (A,q) < 0u M (A4, q) = Q(A, q), rne A\ (A4, q) - crapimii 06001eHHbI
nokaszaresib Jlamynosa juHeitHoil cucremsr (1), TO HyJeBoe DelleHHE HEJIUHEHHON CHCTEMBbI
i depeHImaIbHbIX ypaBHeHnit (2) acuMIToTudecku ycroitunso mo JIsmyHoBy. VMeer me-
cTO DOJIee CUJILHOE YTBEPKJICHIE.
CaexncrBue 3. Eciu \(A,q) < 01 A (A,q) = Q(A, q), T0 HyIeBOE DellieHne HeJTMHEeRHO
cucrembl uddepeHnnaibHbIX ypaBHeHnit (2) c1ab0o 9KCIOHEHIINATIBHO YCTORUINBO OTHOCH-
TeJILHO (.
3.2 Ilyctp
1t
o) = swp tim s [ r(r)ds
ReH(A,q) t—+00 C](t) to
—0000IIEeHHbIII HUXKHII eHTPAJIbHBIN TOKa3aTe b JIHHEHHOH cucteMbl (1) OTHOCHTETHHO (.
Teopema 2. lImeer MecTO HEPABEHCTBO

w(Aq) < M(Aq),k=1,2,...n,

T.€., 0OODOIIEHHBIN HIKHUN MEHTPAJILHBIN TTOKa3aTe b sIB/IgeTC HIKHEN Tpanutieit 0600-
MIEHHBIX ToKazaTeseit JIsmynosa smneitnoit cucremsr (1). Kpome toro sra HizKHsis TpaHuIia
060bIeHHbIX TIoKasareseil JIgmyHnosa B Kiacce Ls(p) sIBIAsSETCS TOUHBIM.

Hokazarenncrso. st roboro € > 0 u jyist 106010 HeHyJIeBOro perienus X (t) JuHeiHON cu-
creMmbl (1), U3 onpeieieHns HIZKHErO 0OOOIIEHHOTO TIEHTPAJILHOIO TIOKA3aTe sl UMEEM OIEHKY

ds‘x(to)|€(w(A,q)fs)(q(t)fq(to)) < |z(t)]

CrietoBaTeIbHO, UCIIOJIB3YsI OTIPe Ie/IeHe BepXHero 0000IeHHOro moKa3are s JIsamyHoBa, ec-
JIM OTCIOJIa TIepeiijieM K BEPXHEMY IIPEJIe/Ty, TO BBITEKAET OIEHKA

w(4,q) —e < x[z,q]

Verpemitsasa € — 0 moryaum
w (A, q) < xlz,q].

CJIe,ILOBaTeJH)HO, nMeeT MeCTO HepaBEeHCTBO
Wo (A,q) < >\k (A,q),k = 1,2,...71,

Yro0bI 1TOKa3aTh, YTO 9Ta HUKHsS IPAHUIA 00OOIIEHHBIX TToKa3areei JIdmynosa B Kiacce
Ls(p) siByIsieTcst TOYHBIM, MIEPEXOJIUM K CONPSIZKEeHHON cucreMe MuddepeHInaibHbIX ypaBHe-
unii. Torga HUXKHUN KJj1acc 0OOOIIEHHBIX HUKHUX (DYHKIUN JTMHEHHONW CUCTEMbI (1) repexo-
JIUT B BEPXHMIT KJacc 00OOIIEHHBIX BepXHUX (DYHKIINN CONpsizKeHHO# cucrembl. Temepb Kak
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B TeopeMme 1 mocTpoum BO3MYyIeHHYIO cuctemy. [lo mocTtpoenuto mveem gocTuzkumMyo 0600-
IEHHYO0 BEPXHIO (DYHKIINSA, TOT/IA CONPsI?KeHHasT (DYHKITUS C OTPUTIATETbHBIM 3HAKOM STB/IsI-
eTcsl JIOCTUKUMO#T 00001eHHON HIKHel dynkmueir. CregoBare/ibHO, Oy/IeM UMeTh PereHne
BO3MYIIEHHO cHCTeMbl ¢ ODOOINEHHBIM ITOKasarejeM JIAmyHoBa COBIAIAIONIIM C HUXKHIM
0000IIEeHHBIM IIEHTPAJIBLHBIM IIOKa3aTeeM. Teopema 2 g0Ka3aHa.

CaencrBue 4. O606mieHublii mokasaresnb Jlsamynosa x[z,q] 106010 HEHyJIEBOro pere-
Hust X(t) HesmmeiiHON cucrembl uddepeHnnatbHbIX ypaBHeHuit (2) OTHOCHUTEIBHO (|, TJIe
f(t,z) € Ls(p) yaoBreTBOpsieT HEPABEHCTBY

w(A,q) <x(r,q) <Q(A,q),k=1,2,...n,

rie w(A, q), A, q) coorBercTBeHHO 0600IIEHHOE HUYKHEE U 000DIEHHOE BepXHEe IEeHTPAaJIb-
HbIe TT0Ka3aTe/u JInHeiiHoi cucrembl (1).
[Iyctn

Q(A,q)= inf N,

Nq€Bo(A,q)

06OBITIEHHBIN BePXHUIT 0COOBII MOKAa3aTe b OTHOCUTEIBHO (| CHCTeMBI (1).
Teopema 3. O600EHHBIIT BepXHUIT 0COOBIIT TIOKA3ATE b SIBJISIETCS BepxXHEil rpaHuteil 0600~
IEHHBIX HOKasareseit JIgmynosa smueiinoii cucremsr (1)

M (A,q) <Q(A)q),k=1,2,...n,

[PUYEM 3Ta OIEHKa COXPAHSIETCsI IIPU MAJIbIX BO3MYIIEHUSAX B Kiaacce Ls(p).
Hoxkazarenbcrso. st yoboro € > 0 u jyist Jio60ro HeHyJIeBOro perenus X(t) JuHeiHO
cucrembl (1), u3 ornpejiesieHnsi BEPXHEro 0000IIEHHOIO 0COBOr0 MMOKA3ATE IS UMEEM OIEHKY

[2(8)] < D (o) |40+ a0t

CiieioBaTe/IbHO, UCIIOJIB3Ysl OIPeJie/IeHIe BepXHEro 0000IIeHHOro moka3areis JIsamyHoBa, ec-
JIT OTCIOJIA TIepeiijieM K BEpXHEMY TIPEJIENTY, TO BHITEKAET OIEHKA

X7, gl < Qo (A q)+¢

Yerpemnsst € — 0, momyanm x|z, q] < Qg (A, ¢) 09TOMY nMeeM OIEHKY
)\k(A7Q) < QO (Aaq>7k = ]-727"'”’

Teneps B cmty TOTO, 9TO OOOOIIEHHBIN BEPXHUII OCOOBII IMOKa3aTe/Ib YCTONYUB BBEPX B
kiacce Ls(p) uMeeM, 9TO OlEHKA COXPAHSAETCS MPH MAJBIX BO3MYIINEHHsIX B Kiaacce Lg(p).
Teopema 3 noxazana.

[Iyctn
wo(A,q) = sup ny
nq€Bo(A,q)
—00OOIIEH B HUYKHUN 0COOBIIT TIOKA3aTe/Ib OTHOCUTEIHHO ( cucteMbl (1).
Teopema 4. O000ITICHHBINT HUYKHUN OCOOBIN TIOKA3ATE/ b SIBJIIETCS HUKHEH rpanuteit 0600~
MEHHBIX TToKazaresteil JIamyHosa muHeHoi cucremsr (1)

wo (A, q) <M (A, k=1,2,...n,
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[IPUYEM 9Ta OIEHKA COXPAaHSETC IPU MaJIbIX BO3MYIIeHuAX u3 Kiaacce Lg(p). Jokazarennb-
crBo. st sio6oro € > 0 u Jyist s1io60ro HenyseBoro perenus X(t) suneitnoit cucremsr (1), u3
orrpeieIeHUsT BEPXHETro 00OOIIIEHHOTO 0cO00TO TIOKa3aTe/ I UMEEM OIEHKY

ds‘x(to)|e(wo(A,q)fs)(q(t)fq(to)) < |z(t)]

CrenoBaTesIbHO, HCIOJIB3Ys OIIPEIeJIeHIe BEpXHEro 0000IeHHOro mokas3ares JIsmyHnosa, ec-
JIN OTCIOJIA TIepeiieM K BEpXHEMY IIPeesy, TO BRITEKAET OIEHKA

wo (A, q) —e < x|z, 4]

Yerpemstsasa € — 0 moryduM
w (A, q) < x|z, q].

CJIG,ILOBELTGJIBHO, nMeeT MeCTO HepaBEHCTBO
Wo (A,Q) < )\k (A,q),k = 1,2,...7’L,

Tenepnb B cuity TOro, 9T0 0O0OIIEHHBIN HUXKHIIT OCOOBII MTOKa3aTeIb YCTOMYNB BHA3 B KJIaCCE
Ls(p), BBITEKAET, UTO ONEHKA COXPaHSIeTCsl P MAaJbIX BO3MYyIeHusX B Kiaacce Lg(p). Teo-
pema 4 nokKaszaHa.

Teopema 5. Vmeer MecTo ciiefyIorie HEPABEHCTBA

wo (AaQ) Sw (A7Q) 7Q (AaQ) < QO (A> q)

HokazarenscrBo. Tak kak Hy(A, q¢) MHOXKeCTBO 0OOOINEHHBIX HUKHUX MOCTOSHHBIX OTHOCH-
TEJIBHO ( COJIEPKUTCA B MHOXKECTBE OOOOIEHHBIX HIMKHUX (DYHKIUH, TO U3 OIPeIeeHUs
0000IIIEHHOTO HUXKHEr0 0CODOTO IoKa3aTesss U 000DIIEHHOI0 HUKHEro IMEeHTPAJJbHOIO ITOKa-
3aress JuHeitHON cucrembl (1), cieayer nepsoe HepaBeHcTBO. Tak Kak By(A, q) MHOXKeCTBO
000DIIEHHBIX BEPXHUX IIOCTOAHHBIX OTHOCUTEIBHO (| COAEPXKUTCS B MHOXKECTBE 0DOOIIEHHBIX
BepXHUX (DYHKIMI JIMHEHHO# crcTeMbl (2), TO U3 onpeiesieHnsi 000BIIEHHOT0 BEPXHET0 0C060-
ro mokasareJist 1 060OIIEHHOIO BEPXHEro IEHTPAJIbHOIO TIoKa3aTe sl JInHeHoit cucrembl (1)
BBITEKAET BTOpPOE HepaBeHCTBO. Teopema b J0Ka3aHa.

Teopema 6. O606mIeHHbII TTOKa3aTesb JIgmyHoBa Y[z, q] a060ro HeHymeBoro perenus x(t)
HeJIMHeRHO cucreMbl uddepeHnuaibHbix ypaBHenuii (2) ornocuresnbho q, vae f(t,z) €
Ls(¢) ymoBiieTBOpsieT HEPABEHCTBY

Wo (A7 q) < X[ZL’,(]] < QO (A7Q>

rie wo(A, q), Q0 (A, q)- coorBercTBeHHO 0600ITIEHHOE HIZKHEE U 0000IIEHHOE BepXHee 0COObIe
nokasaresu JInHeiHoi cucrembr (1).

HoxkazarenncrBo. JlokazarenberBo cieayer n3 Teopembl 5. Teopema 6 pokasana. Cerment
[wo(A,q), (A, q)] aBisiercst GoJiee MUPOKOE I'PAHUINA MOJBUKHOCTH OOOBIIEHHBIX TOKA3a-
resteit Jlamynosa smHeitrol cucremsl (1). OTMeTHM, YTO 9TH IPAHUIBI ABIAIOTCS B HEKOTO-
PBIX CIydYasdX TOXKE JOCTUKKMMBI IIPU MAaJIbIX BO3MYIIECHUAX. B 9TUX CIydasix OHU ABJISIOTCH
TOYHBIMU I'PAHUIIAMU ITOJBUXKHOCTH 0000IIEHHbBIX MToKazaTeseil JIsmynosa. Mmerores Kiaccht
muddepennuanbubix cucrem, tie: 1)Qo(A4, q) = Q(A,q), 2) wo(A, q) = w(A,q), 3) umeer me-
CTO OJTHOBpEMeHHO 1) u 2).
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3.3 MHOKeCTBO JIMHEHHBIX OJHOPOIHBIX cucTeM g depeHnuaabHbIX YPaBHEHI yI0BI€TBO-
PSIFOIIUX YCJIOBUSIM JIMHEHHO# cucteMbl (1) mpeBpatuM B MeTpudeckoe mpoctpancTso MJ(p),
BBEJI METPUKY:

IA(t) — B(®)]|
p (4, B) = sup, 2~ BN
w(t)
OrmeTnM, Ha 9TOM MeTpuIecKoM npoctpancTse: \g(A, q), k = 1,2,...,n; - 0606IIeHHbIE 10~

kazaresnn JlsmyHoBa smHeiHON cncrembl (1) gBIsSIOTCS GIPOBCKUMHU (DYHKITHSIME BTOPOTO
kiacca. Clreyromue acCHMITOTHIECKAE XapaKTePUCTHKN JinHerHoi cucreMsl (1): wo(A, q)-
0600ITIeHHOEe HIZKHee 0COOBIN ToKa3aresb, w(A, q) - 0600IeHHOe HIZKHEee [eHTPaJIbHBIN 110-
kazaresib, (2(A, q) - 0b6obIeHnOe BepxXHee MEeHTPaIbHBIN HoKazaTe b, (A, ¢)- obobiennoe
BepxHee 0COOBI ITOKa3aTe b sIBISIOTCS O9POBCKUME (DYHKITUSIME IIePBOro KJjacca. I3 63pos-
CKOJl T€OpHH CJIe/yeT, YTO MHOYKECTBO TOYEK HEIPEPBIBHOCTU BCEX ITUX (PYHKIMOHAJIOB B
MeTprUaecKoM rpoctpancTse M (@) obpasyer BCIOLY IIOTHOE MHOXKeCTBO Gi.

4 PesynbraThl 1 06CyK/eHUE

OnpemeseHbl BepXHUE T'PAHHUIBI IIOJBUKHOCTA OOODIIEHHBIX ITOKa3aTe/Ieil 110 OTHOIIEHHUIO
00ODIIEHHBIX TEHTPAJIBHBIX MOKa3aTeseil mpu Majbix Bo3MmytneHusx. OupeseieHbl HUKHIE
IPAHUTIBI TTOABUKHOCTU OOOOIIEHHBIX MMOKa3aTe/ell 10 OTHOIIEHNIO ODODITEHHBIX EHTPA b
HBIX MTOKa3aTesell Ipu MaJjIblXx Bo3MyIneHnsix. OnpejeieHbl BepXHUEe TPAHUIIBI TOBUKHOCTH
000DIIEHHBIX ITOKa3aTe el 110 OTHOIIEHUIO 000DIIEHHBIX 0COOBIX IOKA3ATE e IIPU MAJIBIX BO3-
Mmyternsax. OrnpeieeHbl HUKHIE I'PAHUIBI TOJBUKHOCTH 00ODIIEHHBIX ITOKa3aTe el 10 OT-
HOIIIEHNIO OOOOIIEHHBIX OCOOBIX MTOKa3aTe/eil Ipu MaJIbIX BO3MyIeHusX. Jlano omucanue st
BBEJIEHHBIX aCUMIITOTHIECKAX XapPAKTEPUCTUK OTHOCUTEIBHO 09POBCKOI Kiraccudukanuu. B
UCCJIEIOBAHUN HAPSTy OOIUME METOJIaMU Kav9eCTBEHHON TeOpUH OOBIKHOBEHHBIX JTuddepen-
[UAJIBHBIX yYPaBHEHMIA, UCIOJIb3YIOTCS METOJIbl aCHMITOTHYIECKON Teopun auddepeHImaib-
HBIX CUCTEM, METOJIbl TEOPHH XapaKTEPUCTUICCKUX ITOKa3aTe 1eil JIMHeHHBIX JuddepeHInaib-
HBIX CUCTEM U MeTOJIbl Teopuu MyHKImil. Paccmorpentbie xapakrepucTuku g depeHiimaib-
HBIX CHCTEM UMEIOT OOJIBIIIOe TeOPETHIecKoe U MPUKJ/IaIHOe 3Hadenus. [IpuBeaersr ncropus
paccMaTpuBaeMbIX BOIIPOCOB U CBsI3aHHBIE ¢ HUME JurepaTypbl (Atkinson, 1958 : 690-708),
(Bellman, 1947 : 357-386), (Bihari, 1956 : 71-94), (Bunorpas, 1957 : 459-461), (Diliberto, 1956
: 207-236), (Coddington, 1955), (Conti, 1957 : 588-592), (Levinson, 1949 : 40-45), (Massera,
1949 : 705-721), (Mumonmukos, 1969a : 1775-1784), (Mwunonimukos, 1968), (Muuin-
ounwkoB, 19696 : 99-104), (Mwmummonmukos, 1983a : 196-220), (Muutnonmukos, 19836 :
1344-1356), (Perron, 1930 : 703-728), (Hartman, 1955 : 692-724).

5 3akJrouenue

Tounoit Bepxueit rpanuiieil MOJBUAKHOCTU 0OODIIEHHBIX TOKa3aTe el IPU MAJIBIX BO3MYIIEHU-
ax auddepennuaabHOl CUCTEMBI ABJISIETCS BepxHee 0000IIeHHOe TIEHTPAILHBIN TOKA3aTe h.
Tounoit HyKHEN TPAHUIIEH TTOIBUKHOCTHA 0O0OIIEHHBIX ITOKA3aTe el TPU MAJIBIX BO3MYIIEHU-
sax auddepeHInaabHON CHCTEMbBI SIBJISIETCsT HI2KHee 0000IIeHHOe eHTPAJIbHBIN IT0Ka3aTe b.
Jlokazano, 9To BepxHee 0000IEHHOE 0c000e TTOKa3aTe/Ib OIEHUBAET CBEPXY ODOOIIEHHBIX I10-
KazaTreJieil, a HIKHee 0000IIeHHoe 0cOD0e ITOKAa3aTe/b OIEHUBAECT CHI3Y 00ODIIEHHBIX TOKa3a~
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Tesiell IpU MaJIbIX BO3MYIIEHUX JuddepeHnuajbHoli cucreMbl. JlaHo omucanune o00OIEHHBIX
rokasareJieit, 0000IEeHHBIX ITEHTPAJIBHBIX ITOKa3aTeseil 1 0000IEeHHBIX 0COObIX ITOKa3aTesei
OTHOCUTEJILHO O9POBCKOI KJIaCCH(DUKAIIAH.

6 BiaromapHocTb

Pa6ora Bemosnena npu moauep:kke PhD Annarkaposoit M. M.

(1

2]
3l

[4]

(5]
(6]
(7]

(8]

(9]
[10]
(11]

[12]

(13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

Crcok JuTepaTypbl

Aldibekov T., Moldabek Zh. Some characteristics of the differential system //International conference on Advancement in
Mathematical Sciences. Antalya, Turkey. — 2015. — P. 39.

Atkinson F.V. On stability and asymptotic equilibrium. Ann. Math. — 1958. — Vol. 68, Ne 3. —P. 690-708.

Bellman R. On the boundedness of solutions of nonlinear differential and difference equations (6, 8) Trans. Amer. Math.
Soc. —1947. — Vol. 62. — P. 357-386.

Bihari I.A generalization of a lemma of Bellman and its application to uniqueness problems of differential equations (3,
6), Acta Math. Acad Sci. Hung. — 1956. — Vol. 7. — P. 71-94.

Coddington E.A. and Levinson N. Theory of differential equations. McGraw-Hill. — 1955. — P. 429.
Conti R. Systemi differenziali asintoticamente equivalent. Rend. Lincel. — 1957. — ser. VIII. — Vol. 22, Ne 5. —P. 588-592.

Diliberto S.P. and Hufford G. Perturbation theorems for non-linear ordinary differential equations. Ann. Math. Studies.
—1956. — Vol. 8, Ne 36. — P. 207-236.

Hartman P., Wintner A. Asymptotic integrations of ordinary nonlinear differential equations, ibid. — 1955. — Vol. 77
[VIIL.3; X.4, 8, 11, 13]. — P. 692-724 .

Levinson N. On stability of nonlinear systems of differential equations. Colloq. Math. — 1949. — Vol. 6, No. 2. — P. 40-45.
Massera J.L. On Lyapunov’s conditions of stability (6, 7). Ann. Math. — 1949. — Vol. 2, No. 50. — P. 705-721.
Perron O. Die Stabilitatsfrage bei Differentialgleichungen // Math. Z. — 1930. — No. 32. — P. 703-728.

Andubexos T.M., Mupsaxyaosa A.E., Aadastcaposa M.M. OB yCTORYUBBIX ACHMIITOTUIECKAX XaPAKTEPUCTUKAX qudde-
pernnanbubix cucreM // Becrunk KasHY. Cepusi MmaTemaruka, Mexanuka, nagopmaruka. — 2015. — Ne 2(85). —C. 33-41.

Anduberos T.M., Mupsarxynosa A.E., Ardastcaposa M.M., Monrdabex 2K.T. O6oOieHHbIE OCOOBIE TTOKA3ATEN JINHEHHON
cucrembl auddepenmanbubix ypasaernuit // Becrauk KasHY. Cepust maremarnka, mexanuka, nadopmaruka. — 2016. —
Ne1(88). — C. 47-54.

Aunduberos T.M. O6 onenkax perrenuii auddepennuanbubix cucreM, Mexaynaponsas nayunaa koudepennus "Cospe-
MEHHBIE POBJIEMBI MATEMATUKU, MEXaHUKHA W WHAMOPMATHKH NOCBsAmeHHas 25—metuio HezaBucumoctn Pecny6imku Ka-
3axcran. Kaparanga, 9-10 nekabps 2016 .

Andubexos T.M., Mondaberx 2.T. O paBHOMEPHOI OIEHKE CHH3Y DPELICHUN HEJIMHEHHOH cucTeMbl nuddepeHInaIbHbIX
ypasuenuii // Becruuk KasHY. Cepusi maTemaruka, Mexanuka, nadopmaruka. — 2016. — Ne4 (92). — C. 46-54

Bumnozpad P.5. OneHKa CKadKa XapaKTEePUCTHIECKOroO IMoKa3aTellst IpU MaJibix BosMmytuenusx // Jokmaaasr AH CCCP. —
1957. — T. 114, Ne 3. — C. 459-461.

Muanuonwuros B.M. T'py6ele cpoiicTBa mHelHbIX cucreM auddepeHnpanbabix ypasaenuii // Huddepenimanbabie
ypaBmenus. — 1969. — T. 5, Ne 10. — C. 1775-1784.

Muanuornuwuros B.M. JlokazaTeabCTBO JOCTUXKUMOCTH IIEHTPAJbHBIX TOKA3aTeJeil JIMHEHHBIX cucTeM AuddepeHaib-
HbIX ypaBHeHuil // Yemexu mar. mayk. — 1968. — T. 23, Ne 1. — C. 213.

Munnruornuwgurxos B.M. Jloka3zaTebCTBO JOCTUAKUMOCTH I[EHTPAJIBHBIX [IOKa3aTeseil JMHENHbIX cucteM auddepeHnab-
HbIX ypasHeHuil // Cub. maTemarmueckuii xkypuast. — 1969. — T. 10, Ne 1. — C. 99-104.

Muananuornwuros B.M. Baposckue knaccel dynkuumit u nokasarenu Jlamynosa. XII // Juddepennnanbabie ypaBHeHust. —
1983. — T. 19, Ne 2. — C. 196-220.

ISSN 1563-0285 KazNU Bulletin. Mathematics, Mechanics, Computer Science Series N92(94)2017



JunddepennuaabHble CACTEMBI . . . 33

(1]

2]
(3]

[4]

(5]

(6]

(7]

(8]

Bl
[10]
(11]

[12]

(13]

[14]

[15]

[16]

(17]

(18]

[19]

20]

References

Aldibekov T., Moldabek Z.T. "Some characteristics of the differential system". Int.conf. on Advancement in Math. Sciences,
Antalya, Turkey (2015) : 39.

Atkinson F.V. "On stability and asymptotic equilibrium". Ann. Math., vol. 68 (1958) : 690-708.

Bellman R. "On the boundedness of solutions of nonlinear differential and difference equations (6, 8)’". Trans. Amer. Math.
Soc., vol 62 (1947) : 357-386.

Bihari I. "A generalization of a lemma of Bellman and its application to uniqueness problems of differential equations (3,
6)". Acta Math. Acad Sci. Hung., vol 7 (1956) : 71-94.

Coddington E.A. and Levinson N. Theory of differential equations (McGraw-Hill, 1955), 149
Conti R. "Systemi differenziali asintoticamente equivalent’". Rend. Lincel., Ser. VIII, vol. 22, No 5 (1957) : 588-592.

Diliberto S.P. and Hufford G. "Perturbation theorems for non-linear ordinary differential equations". Ann. Math. Studies,
Vol. 8 (1956) : 207-236.

Hartman P., Wintner A. "Asymptotic integrations of ordinary nonlinear differential equations". IBID, vol. 77 [VIIL.3; X.4,
8, 11, 13] (1955) : 692-724

Levinson N. "On stability of nonlinear systems of differential equations". Collog. Math., vol. 6 (1949) : 40-45.

Massera J.L. "On Lyapunov’s conditions of stability (6, 7)". Ann. Math., vol. 2 (1949) : 705-721.

O. Perron. "Die Stabilitatsfrage bei Differentialgleichungen". Math. Z., vol. 32 (1930) : 703-728.

Aldibekov T.M., Mirzakulova A.E., Aldazharova M.M. "Ob ustoichivyh asimptoticheskih harakteristikah differentsialnyh
sistem. [Stable asymptotical characteristics of differential systems|"Bulletin of KazNU. Math., Mech., Inf. Series, vol. 2
(2015) : 33-41.

Aldibekov T.M. "Obobshiennye osobye pokazateli lineinyh sistem differentsialnyh uravnenii. [Generalized special
performance linear system of differential equations|". Bulletin of KazNU. Math., Mech., Inf. Series, vol. 1 (2016) : 47-
54.

Aldibekov T.M. "Ob ocenkah reshenii differentsialnyh sistem. [Estimates of solutions of differential systems|". International
scientific conference "Modern problems of Mathematics, Mechanics and Informatics"dedicated to the 25th anniversary of
Independence of the Republic of Kazakhstan. Karaganda, December 9-10, 2016.

Aldibekov T.M., Moldabek Z.T, Mirzakulova A.E., Aldazharova M.M. "O ravnomenoi otsenke snizu dlya reshenii nelineinyh
sistem differentsialnyh uravnenii [The uniform lower bound for solutions of nonlinear system of differential equations|".

Bulletin of KazNU. Math., Mech., Inf. Series, vol. 4 (2016) : 46-54

Vinograd R.E. "Otsenka skachka pri malyh vozmusheniyah [Bounds of the jump function on small perturbations|". Doklady
AN SSR, vol. 114 (1957) : 459-461.

Millionschikov V.M. "Grubye svoistva differentcialnyh uravnenii|[Rough haracters of differential equations|". Diff. uravn,
vol. 5 (1969) : 1775-1784.

Millionschikov V.M. "Dokazatelstva dostizhimosti tsentralnyh pokazatelei lineinyh sistem diff. ur. [Proof of the
approachability of cental exponents|". Uspehi mat. nauk, vol. 23 (1968).

Millionschikov V.M. "Dokazatelstva dostizhimosti tsentralnyh pokazatelei lineinyh sistem diff. ur. [Proof of the
approachability of cental exponents|".Sib.mat.jur., vol. 10 (1969) : 99-104.

Millionschikov V.M. "Berovskie klassy funktsii i pokazateli Lyapunova. XII [Baire classes of functions and Lyapunov
exponents. XII|". Diff.uravn., vol. 19 (1983) : 196-220.

Bectuuk KasHY. Cepus maTemarnka, MeXaHUKa, HHPOPMATHKA N92<94>2017



34 Akanbay N., Suleimenova Z.

IRSTI 519.21
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The questions about finding (conditional) mathematical expectations, the joint and marginal
distribution of different functionals from the trajectories of random processes, expressed through
the process itself, the ordinary stochastic integral and the stochastic Ito integral (stochastic
integrals are understood as integrals in the mean square sense) are among the important issues
of both the theory itself random processes and its numerous applications. But it is not always
possible to find (joint) distributions of the indicated functionals by direct computations, therefore,
they usually resort to some methods of finding the required characteristics. One of such methods
is the so-called method of differential equations, which reduces the problem of finding joint
distributions of functionals from random processes to solving (connected with these functionals)
partial differential equations.

The aim of the present paper is to find a joint distribution of the above-mentioned types of
functionals and the integrands present in the definitions of these functionals depend both on the
time and on the spatial coordinates.

To do this, we first derive an equation for the joint characteristic function of the functionals under
consideration and show that in some special cases the determination of the Laplace transformation
of the solution of this equation can be reduced to the solution of an ordinary differential equation
with constant coefficients. As an application, explicit distributions of some functionals of the
Wiener process are found and some of their possible applications are discussed.

Key words: Wiener process, stochastic integral, conditional mathematical expectation along the
trajectories of the process, joint distribution, joint characteristic function, Laplace transformation.

ITapabonanbik TeHAeyaep yiriH Koimu ecebiHiH BIKTUMAJABIKTHIK, IIEINyi TypaJsibl
Akanb6ait H. — ¢pus.-mar.rbuIbIM. KaH., mpodeccop M.a., oia-Papabu arsingarsl KasY Y-ain, Kaszakcran
Pecnybsukacer, +77077731463, E-mail: nourekel1953@Qgmail.com
Cyneiimenosa 3.1. — osi-@Papabu areiagarsl Ka3z¥ Y-#ig ara OKbITYIIBICH, JOKTOPAHT, KaszakcraH
Pecniybsukacer, +77078329346, E-mail: suleymenova2474@Qgmail.com

Kesneiicok mporiecTep TEOpUSACHIHIA YKOHE OHBIH, KOITEreH KOJJAHBLIBIMIAPBIHIAFE MaHbI3IbI
CYpaKTapblH, 6ipi — 0J1 Ke3JeHCOK IPOIECTEpiH e3/epi, 9AeTTEerl CTOXaCTUKAJLIK, HHTErpaJ-
JBIK 2KoHe VTOHBIH CTOXACTHKAJBIK WHTErPAJIIAphl (CTOXACTUKAJBIK, MHTErPAJIIAPhl OpTalla
KBaJPATTHIK, MarblHAIAFbl HHTEIPAJIAD PeTiHje TYCiHiaeHl) epHekTesren OyHKIMOHAIAPBIHBIH,
[IPOILIECTEP/IIH, TPAEKTOPUsIapbl OONBIHINIA aJbIHFAH (IIADTTHI) MaTeMaTHKAJbIK KyTiMJepiH,
GipJreckeH »KoHe MApPTHHAJILI yIecTipiMaepin Taby TypaJbl cypakTap. Bipak Gepinren dyHKIM-
oHasIap/piH (Gipsecken) yraecTipiMepin Tikesel ecenreysnep apkplibl Taby yHeMi MyMKiH Gosa
Gepmeiii, COHIBIKTAH KEPEeK CUIaTTaMaJjapabl Taby YImiH Oacka Kaugai ja Oip omicrepai Kojia-
HyFa Typa Kesemi. MyHnait omicrepin 6ipi — nuddepeHnuaiiplK TeHIeyIep 9ici Jer aTaaabl.
Byn omic Ootibiaima Ke3mefcoK MPOIeccTepain, (yHKINOHAIIAPBIHBIH OipJIeCKeH Y/IecTipiMin
Taby ecebi (Gepiiren dyHkipoHapapra GailyaHblCTbl) 1epbec TYBIHIABLIBL b depPeHIUAIIBIK
TeHJeyJIep/ii IIeNnTyTe KeaTipinesi.
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Byt :KyMBICTBIH MaKCAThI — (DYHKITMOHAJIAD AHBIKTAMAJIAPBIHIAFHl HHTErPAJI aCThIHIAFBI (DYHK-
[UsIJIAp YaKbITTAH YKOHE KEHICTIKTeri KODJAWHATTAH J1a TOYeJ i OOJIATHIH JKarjail YIIMiH YKOFapbl-
Jla atajrai QyHKIMOHAIIAPABIH Oipsecken yrectipiMin Taby. OJt yimiH ajapiMeH KapaCThIPBIIBIIT
OoThIpraH (OYHKIIMOHAJIAPIBIH, OipJIeCKeH CHUMIaTTaMaJIbIK, (DYHKIUSCHI YIIH COHKeC TeHJey aJjIbl-
HaJIbI Jla Kehbip Jepbec Karmaitiapiaa Oy Tenjey mernriMinid Jlammac Typaenaipyi koaddurm-
eHTTepl TYpakThl ojerTeri audepeHnnaabK, TeHIeyIep/ll Iemnyre Kearipyre 0oJIaThIHbI KOp-
ceriteni. Kosmanbry mbicanbl peringe Burep mporecinis, GhyHKIIMOHAIBI PETIHJE AHBIKTAJFAH
Keiibip GyHKIMOHAIIADIBIH, YIeCTipiMAepiHiH, affKbIH TYPJIepi TAOBIIFAH KOHE OHBIH KOJIIAHDBLITY-
JIAPBIHBIH, MYMKIH 060JIaTBIH Keibip Mocesesepi TaaKbIIaHFaH.

Tyitin ce3nep: Bunep mporieci, CTOXaCTUKAJIBIK, HHTETPAJI, IIPOIECC TPACKTOPHUIAPHI OONBIHIIIA,
IMApTThl MATEeMATUKAJIBIK KYTiM, OipJleCKeH yJecTipiM, GipJieCKeH cunarTaMaJblK, MyHKIms, Jla-
ILUTaC TYPJIEHIIPYi.

O BeposiTHOCTHOM perieHnn 3aaa4u Komm aja napaboimvyecknx ypaBHEHUMN
Axanb6ait H. — kanj.¢us.-mar.HayK, u.o0. npodeccopa, KazsHY um. ann-Papabu, Pecuybinka Kazaxcran,
477077731463, E-mail: noureke1953@Qgmail.com
Cyneitmenosa 3.11. — crapimmit ipenoaBaresb, jokropant KazHY nMm. ann-Dapabu, Pecrybimka
Kazaxcran, +77078329346, E-mail: suleymenova2474@gmail.com

Bormpocst 0 Haxoxgenun (YCJIOBHBIX) MATEMATUIECKAX OXKUJIAHUM, COBMECTHBIX 1 MaPIUHAJILHBIX
paCIpe/Ie/IEHuU Pa3INIHbIX (PYHKIIMOHAJIOB OT TPACKTOPUN CJIyIailHbIX IPOIECCOB, BHIPAKAEMBIX
gepe3 caMoro MPOIECca, OOBITHOTO CTOXACTHIECKOIO0 HHTErPAJIa U CTOXACTUIECKOro naHTerpasa o
(cToxacTuyecKue MHTErpaJibl IIOHUMAIOTCH KaK HHTEIPAJIbI B CPEJHEKBAIPATUIHOM CMBICJIE) OTHO-
CATCA K 9HMCJIY BayKHBIX BOIIPOCOB KaK CAMOW TEOPHU CJIYYaifHBIX IIPOIECCOB, TaK M €€ MHOIO-
qucsieHHbIX npustoxkenuii. Ho He Beerya ynaercst HaliTu (COBMECTHBIX) paCIpeIesIeHIH yKa3aHHBIX
GYHKIMOHAJIOB MPSIMBIMU BBIYUCIEHUSIMU, [TOTOMY OOBIYHO MPHUOEraroT K TeM WU UHBIM CIIOCO-
6aM HAXOXKJIEHUs HYKHBIX XapakTepucTuk. OTHIM U3 TAKUX METOOB SBJISIETCS TAK HA3BIBAEMBIi
MeTo1 uddepeHIraIbHbIX yPABHEHNI, KOTOPBI CBOIUT 33/1a9y O HAXOXKJIEHUU COBMECTHBIX PAC-
upejiesenuii GyHKIIMOHATIOB OT CJIyYailHbIX IIPOIECCOB K PEIeHHIO (CBA3AHHBIX C JAHHBIME (DYHK-
noHasiamu) nuddepeHIMaIbHBIX YPABHEHNH B YaCTHBIX [POU3BO/IHBIX.

[esnpro HacTosiIell pabOTHI SIBJISIETCS HAXOXKJIEHHE COBMECTHOTO PACIIPEJIE/IEHUs] YKA3AHHBIX BbI-
e BUJOB (DYHKITMOHAJIOB, [IPUYEM IIPUCYTCTBYIONINE B ONPEIEICHUSX STUX (DYHKIIMOHAJIOB II0-
JUHTErpajbable (DYyHKIMA 3aBUCIT KaK OT BPEMEHHOI, TAK M OT IIPOCTPAHCTBEHHOW KOODIMHAT.
Il aTOro cHadajia BBIBOJIUTCS YPABHEHHUE JIJIsi COBMECTHOW XapaKTEePUCTHIECKOH (DYHKIINU pac-
CMaTPUBAaEMbIX (DYHKIIHOHAJIOB U IIOKA3BIBAETCsI, YTO B HEKOTOPBIX YACTHBIX CJIydasiX HAXOXKJIEHIe
npeobpaszoanus Jlamraca peleHust 5TOr0 ypaBHEHUsI MOXKHO CBECTH K PEIeHHI0 OOBIKHOBEHHO-
ro auddepeHnuaIbHOrO YPaBHEHUS C IIOCTOAHHBIME KO durmenTamMu. B KadecTBe TPUIOKEHNS
HalIeHbl SBHBbIE BUJbI PACIPEJIEJIEHNsT HEKOTOPOro (byHKIIMOHAJIOB OT BHHEPOBCKOT'O IIPOIECCA U
00CY?KJIeHbI HEKOTOPBIE UX BO3MOYKHBIE MTPUJIOKEHUSI.

KimroueBbie csioBa: BunepoBckmit mporiece, CTOXacTUYIECKU MHTErpaJl, YCJIOBHOE MaTeMaTHIe-
CKOe OXKIJIAHUE TI0 TPAEKTOPUSIM IIPOIECCa, COBMECTHOE PACIIPE/IETICHNEe, COBMECTHAS XapaKTepu-
crudeckasi pyHKIMs, mpeobpa3oBanne Jlamiaca.

1 Introduction

In the theory of random processes it is well known that the solution of the Cauchy problem
for parabolic partial differential equations is closely related to the finding of conditional
mathematical expectations on the trajectories (associated with the initial equation) of
diffusion processes. Thus, if A — is an infinitesimal (generating) operator (Gikhman, 1977) of
the diffusion process &, t > 0 — then this operator is definite on all finite twice continuously
differentiable functions differential operator of not higher than second order and this operator
can contain only derivatives of the first and second orders (for example, for multidimensional
Wiener process W, = (W}, W2, ..., W) its generating operator is defined on all bounded
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and uniformly continuous with its frequent derivatives of the first and second order functions

1
f and on them it is equal to EA f, where A — the Laplace transformer). Then the probabilistic
solution of the Cauchy problem

Ju(t, x)
ot
can be written in the form (Gikhman, 1977)

u(t, z) = M, lexp{/tC(ﬁs)dS}uO(&) +/texp{/50(€u)dU}h(€s)d8], (2)

0 0 0

= Au(t,z) + C(z)u(t,x) + h(x),u(0,z) = up(x), (1)

where the sign M, means taking a conditional mathematical expectation over all output at
the initial time ¢ = 0 from the point x(§, = x) trajectories of the process & (it is clear that
in this case it will be necessary to impose certain conditions on the functions ¢, g, ug and on
the domain of the operator A).

Further, the representation (2) can be used to find the joint characteristic functions, hence

t T
the joint distribution, of the functionals of the form h(&), [ g(&)ds, h(&), [ g(&)ds, where
0 0

7 — is the moment of the first attainment of some set.
In (Gikhman, 1977), (Wentzel, 1996) this method (the method of differential equations)
was applied to find the joint characteristic function of the functionals I (t) = ®(W;), Ix(t) =

t t
[ g(Wo)dWs, Is(t) = [ f(W;)ds, where Wy, t > 0 — (one-dimensional) Wiener process, I5(t)
0 0

— is a stochastic integral of Ito, I3(t) — is a stochastic integral of a random function (integrals
are understood as mean-square integrals).

In this paper we generalize the results of [(Skorokhod, 1970), (Akanbai, 2014 : 8)| and
refine and correct some results of (Akanbai, 2014 : 8) on the cases when the functions g and
f also depend on time: g = g(t,x), f = f(t,z), t > 0, v € R'. Namely, first we obtain

a parabolic equation for the function u(t,z) = M, [Il (t) exp{lg(t) + Ig(t)}], where now

¢ ¢
L(t) = [ g(t—s, W5)dWs, I;(t) = [ f(t—s, W,)ds. Furthermore we will use the this equation
0 0

to find the joint characteristic function of functionals I;(t), I5(t), I3(t). In the particular case,
when g = g(t,z), f = f(t,x) we arrive to the results of (Skorokhod, 1970), and passing to
the Laplace transformation of the found joint characteristic function, we reduce the problem
to the solution of an ordinary differential equation with constant coefficients. After this, by
making an inverse Laplace transformation, we obtain the final result (the joint distribution of
the considered functionals). In conclusion, as an example, the distribution of the functional
I5(t) is found in the case when the function ¢(t,z) = signz.

2 Literature Review

Finding the distribution of functionals from random processes, expressed by ordinary
(stochastic) integrals and Ito stochastic integrals, are very important problems in the
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theory of random processes (Gikhman, 1977 : 568). It is also well known that obtaining
a probabilistic solution of the Cauchy problem for parabolic equations reduces to finding
conditional mathematical expectations along trajectories with appropriately constructed
random processes. In particular, in Wentzel (1996: 320), in terms of infinitesimal operators
of the process and conditional mathematical expectations on the trajectories of processes,
formulas are given that give probabilistic solutions of Cauchy problems for various parabolic
equations with coefficients depending only on the spatial coordinates. In (Skorokhod, 1970 :
304) solved the problem of finding a joint distribution of functionals of the Wiener process

t t
Wi, t > 0, species, ®(W,), [ f(Ws)ds and [ g(W,)dW;, where ®(z) is a sufficiently smooth
0 0

function, functions f(x), g(x) are piecewise continuous and bounded functions on each finite
interval, and it is shown that the joint characteristic function of these quantities can be
found as the solution of some parabolic equation. In (Akanbay, 2014 : 8), these results were
generalized to a wider class of functions f and g.

In the paper, the results of the last two papers will be generalized, and the results
(Akanbay, 2014 : 8) will be refined to the case when the functions f and g also depend
additionally on the time, and the distributions of certain functionals of the Wiener process
will be found as applications.

3 Methods of research

3.1 Derivation of the differential equation for conditional mathematical expectation

u(t,x) =M [@(Wt) exp{Ig(t)} exp{lg(t)}]

Consider a function (conditional mathematical expectation)

(3)

( (t—s,Ws)dWs tf(t—s,Ws)ds
u(t,z) = M, [@(Wt)eofg . eOf ]

where W, — is Wiener process, the sign M, means the conditional mathematical expectation
by all trajectories of a Wiener process that go from the point x € R in the initial moment
t=0:M(.)=M((..)/Wy = z), and the integrals which are in the power of exponents
are, respectively, the Ito stochastic integral in the Wiener process and the usual stochastic
integral from the random functions (Gikhman, 1977), (Wentzel, 1996), where the integrals
will be understood as the RMS limits of the corresponding integral sums.

Furthermore one can assume that the given functions f(¢,z), g(t,z) and ®(x) are
continuous by t and x and limited with their derivatives up to second order functions.

Our goal here is to prove that the function wu(t,z) defined by (3) is a probability
representation of the solution of the Cauchy problem for the parabolic equation

8ugt,x) _ %a ?);t;x) » 7x)8uétx,x) . Egz(m)”(t’x)]u@,x), "

where t > 0, z € R = (—00,4+00), u(0,z) = ®(x).
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It is noted that the formula (3) can be rewritten in another form, in the form of
unconditional mathematical expectation
t

fg(t—s7W5+x)dW5+ftf(t—s,WS)ds]
0

u(t,x) =M [@(Wt + x)ed (3"

The formula (3) is derived from the following equations:

t t
(t—8,Ws)dWs+ [ f(t—s,Ws)ds
A[rlé(ﬂé)egg 4 ]

ftg(t—su(Ws—Wo)-i-Wo)dWs-l-ft J(t—s,(Ws=Wo)+Wp)ds
0

:M[®((Wt—Wo)+WO)~eO /Wozgj] =

t — — t —
—~ [ g(t—s,Ws+z)dWs+ [ f(t—s,Ws+z)ds
:A4F@%+xymg 0 ]

Y

W, = W,(0) = W, — W,.

In the equation this fact was used: the process Wt = W, — Wy is also (not dependent on
Wy) Wiener process (in (3') we have again designated this process W; as W;).
The performing of the initial condition u(0,z) = lifgl u(t,z) = ®(z) follows directly from
t

the formula (1):

uw(0,z) = M, ®(Wo) = M(P(Wo) /Wy = z) = M(P(x) /Wy = x) = O(x),

The existence of continuous derivatives u., (¢, x), u’, (t,x) follows from the possibility of
differentiating of the right side of (3') by x twice under the sign of expectation. Introducing
the function

¢ t
h(t,z) = /g(t — 5, Wy +x)dW, + /f(t — 5, Wy + x)ds, v(t,z) =",
0 0

we get

u(t, z) = M| ©(W; + z)v(t, x)

?

ul,(t,z) =M [(I);,(Wt +z)v(t,z) + (W, + x)ul(t,x)| =

Q! (Wi + x)v(t, ) + P(Wy + x)v(t, x)h,(t, )|,

=M

ur (t,x) =M [CI)gx(Wt + 2)vo(t, z) + 20 (W, + x)v(t, x)h. (¢, x)+
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FO (W, + 2)o(t, 2) (B, (¢, )% + B(W, + 2)o(t, 2)h! (¢, m)] -

= M{v(t, x)

((I)Zx(Wt + ) + 20 (W + x) X

t ¢ 2
><(/g;(t—s,Ws—i—x)dWs—i-/f;(t—s,Ws—i—x)ds) +
0 0

t

¢ 2
+O(W; + ) (/ gh(t — s, Wy + x)dW, + / fo(t — s, W, + x)ds) +
0 0

t

+®(W; + x) </ gu(t — s, Wy + 2)dW, + /f;’z(t — s, Wy + x)ds)] }
0

0

Further, by defining a new Wiener process: W(At) = Wy ar — Way, we can write

Y

u(t + At,z) =M [CD(WS(At) + Wasr + x)v(t + At, )

where

v(t + At,z) = exp{h(t + At, :U)} =

At At
= exp{/g(t + At — s, Wy)dW, + /f(t + At — s, Wy)ds+ (5)

0 0

+/ g(t — s, Ws(At) + Way)dW,(At) + /f(t — s, Ws(At) + WAt)dS}

As it is known from (Gikhman, 1977), (Wentzel, 1996), the process W (At) is not
dependent on Wa,, and sigma algebra Fcpy = oWy 1 0 < s < Aty (F<pr — is the

smallest o — algebra containing all events of the form {W, € B,0 < s < At,B € 3(R)},
B(R) — is Borel o — algebra on R) Wiener process.

Next, using the measurability of exponent of .#<a¢, which is in the right-hand side of (5)
and contains the integrals from 0 to At independence of integrals from 0 to ¢ of exponents of
F<a¢ and properties of conditional expectations with respect to the sigma-algebra, one can
write:

u(t + At,x) = M| M(®(x + Ws(AL) + Way)v(t + At, I)/gzgm)] =
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At At
:Mexp{/g(t+At—s,x—i—Ws)dWS—i—/f(t—i—At—s,x+WS)ds}-
0

0
t

MO(z+W(At)+Wa) exp{/g(H—At—s,Ws(At))dWs(At)+/f(t—I—At—s,Ws(At))ds}.

The presentation of (3') shows that the latter expectation is equal to u(t, x + Wa,). Thus, we
find that

u(t + At,x) =

- M (6)

At At

exp{ J gt + At —s,z+W)dW,+ [ f(t+At—s,z+ Ws)ds}u(t,x + WAt)]
0 0

Now, referring to the conditions on the functions f(¢,x), g(t,z) and to the fact that at small

At (At —0),

At
Wase ~ v At, Wzt ~ Ata /g<t + At — 5, T + Ws)dWs ~ g(tax)WAh

0

At At
/ / G+ Dt — 51,04+ W )g(t+ Al — 9,0+ W, )AWa,dWs, ~ g1, 2) - Wi,

00
At
/f(t + At — s,z + Wy)ds ~ f(t,x)At,
0
let’s expand the right-hand side of (6) by the accurency up to o(At). Then we can write

u(t+ At,x) =M | (14 g(t, x)War + f(t, x) At + %gQ(t, 2)W3, + o(At))u(t,r + Was)| (6)

In its turn

ou(t, ) 182u(t,x)
ox 2 Ox?

Putting this found expression in the right side of the (6’) and similarly, leaving only the terms

up to order At, we get

u(t,r + War) = u(t,z) + - War + WX, + o(At).

182u(t, )

2 Or2 ’ Wit + g<t7 Qf)U(t, .23) - Wart

dult,
%'WAt‘F

u(t+ At,x) =M [u(t, x)+

ou(t, )
Ox

1
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In the latter ratio we calculate the required expectations. Then taking into account that
MWay =0, MW3, = At, we obtain

1 0%u(t, x)

- At + g(t, x)aug;,x) - At+

+f(t, x)u(t,x) - At + %QZ(t, x)u(t,x) - At + o(At).

thus
_u(t+ At z) —u(t,z)  10%u(t,x) ou(t,z) |1,
iy A0 = 20U gt 28y | L2004 p ) |t 2). ()

From this relation (7) implies the existence of a right derivative of u(t, z) with respect to t.
Since it is continuous, there exists a two-sided derivative which coincides with the right one.
Eventually we obtain the theorem.

Theorem 1 Let f(t,x), g(t,x) and ®(z) are continuous with respect to x and t and limited,
together with their derivatives up to the second order (inclusive) functions.

Then defined by formula (3) (or the formula (3')) function u(t,z) int > 0, x € (—o0, +00)
satisfies the differential equation (4).

Comment 1 One should note that in (Skorokhod, 1970) a similar theorem was proved for
the case when the functions f(t,z) and g(t,z) do not depend on time, and the first theorem is
proved in the case of g(x) = 0, after that the final result is obtained by replacing the original
function. We also note that in (Akanbai, 2014 : 8) another, but not completely rigorous, proof
of this theorem is given.

3.2 The equation for the joint characteristic function

The proven theorem allows us to find the joint characteristic function of the functionals
t

t

L(t) = Wi, L(t) = [gt — s, Ws)dWs, I1(t) = [ f(t — s,Ws)ds, as a solution of some
0 0

parabolic partial differential equation.

In fact, let p(t, x, 21, 29, 23) is a (conditional) joint characteristic function of the functionals
I (t), I(t), I3(t) (21, 29,23 € R):

<,0(t, X, 21, %9, 23) — Mx(6i2111(t)+izz]2(t)+iz3f3(t))‘ (8)

If in theorem there are ®(z) = ¢*1% instead ®(x), the function g(t,x) = izyg(t, x) instead
of g(t,r), the function f(¢,z) = izsf(t,x) instead of f(¢,x), then according to the proven
theorem, the conditional characteristic function ¢(t, x, z) (see (8)) where z = (21, 29, 23), can
be found as a solution of the equation:

8¢(t,x,z) _ 18290(157367 Z)
ot 2 0x?

0
+iz99(t, x)

(0,2, 2) = e,
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It is clear, that the function of ¢(¢,0, 2) = ¢(t,0, 21, 29, 23) is what we need (unconditional)
joint characteristic function of I1(t), I5(t), I3(t). In the general case it is not possible to find
a solution of equation (9). Therefore, we consider the particular case of equation (9). We
will assume that the functions g and f are independent of t: g(t,x) = g(z), f(t,z) = f(x).
Then, using the Laplace transformation with respect to ¢, the solution of the particular case
of equation (9) can be reduced to the solution of an ordinary differential equation. To do
this, we multiply both sides of the new equation by e~ (A > 0), then integrate with respect
to t from zero to infinity.

If we denote the Laplace transformation ¢(t, x, z) with respect to t by @(\, x, z) we obtain
the equation for this function

]- 82()5()‘7 x, Z) . 8@()‘7 z, Z) . Z% 2 ~ o 1xz1
5 o2 + Zz2g<$)a—x + (iz3f(x) — 59 () = Mo\, 7, 2) = =", (10)

The solution of the equation (10) should be restricted to the entire real axis, and since
~ 1
lp(t, x, z)| <1, it shall be |p(t,x, 2)| < 3

In this case, the equation (10) is performed at all points of continuity of f(z) and g(z),
Op(t, x, z)
Jr

and at points of discontinuity of these functions its derivative is continuous

Comment 2 With the passage to the limit, one can make himself sure that the equation (10)
holds for piecewise constant and bounded on every finite interval function of f(x) and g(x).

3.3 Finding the distribution of the functional I(t fszgnW AW

In our equation (4) g(x) = signz, f(x) =0, and thus the equation (4) is written as follows:

ou(t,x)  %u(t,x) Ou(t,x)
g agz TS Faulba),

u(0,z) = 1.

t o0
iz [ signWsdW
go(tm,z):Mx(eO ), o\, x, 2) /_’\t (t,x,z)dt
0

and the equation (10) has the form

Further,

19%¢(\ 0p(A 2 ~
5% + izsigna - % — (% +ANp(A\,z,2) = —1. (11)
The equation (11) can be written separately for the cases of x > 0 and = < 0.
In the case x > 0 the equation (11) is transformed into the equation with constant (i.e.
independent of z) coefficients

19?¢(\, x, 2) tis Ip(\,x,2)  2*

5o iz T - (2 + Mo\ x,2) = —1, (12)
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and in the case of x < 0 in the equation with constant coefficients

100\, z,2) . 09\, z,2) 22 _ B
§T—ZZ-T—(—+)\)§O(/\,JZ,Z) =—1 (13)

2
The roots of the characteristic equation of the homogeneous part of the equation (12) are
s1 =1z + V2, s = —iz — V2, and the particular solution (12) is a function ¢ (A, x, z) =
1 2

= In a similar way we solve (13). As a result, we find that the general

2 20\ + 22
solutions of the equations (12) and (13) are the functions (respectively)
, , 2
S(\ —C (—iz+V2N\)z C (—iz—V2\)z > 0:
90( 73372) 1€ + Cqe +2)\+22’ x ’
. : 2
B\ —C (iz+V2N)z C (iz—V2\)z <0
QO( 75672) 3¢ + Cae +2)\—|—Z2’ T >

where C4, Cy, C3, Cy — are constant.
Since the function @(\, z, z) is bounded, we get that C; = 0, Cy = 0, from the continuity
of (A, z, z) with respect to x it follows that Cy = Cs.

In this way
=~ —1z2—V2\)x 2
QD()\,LE,Z) = Cge( 20 + 2/\—+22, x > 0;
> _ (iz+V2X\)x 2
go(/\,x, Z) = Che + m, x < 0.

0P\, x, 2)

Further, using continuity of Ld by x we get that Cy = 0.

Thus, the solution of the equation (9) is the function

~ - 2
go()\,x,z):go()\,o,z):2/\+22: o

A1+ ﬁ)

Now the goal is to represent @(A, 0, z) as a Laplace transformation of some function (¢, 0, z).
i.e. as a representation of p(A,0,2) as

o0

©(N0,z2) = /e_’\tgo(t,O,z)dt. (14)

2

For this purpose we expand the function (A, 0, z) in the domain < 1 in the series:

_ 1 L= (1) 22
(A, 0,2) = —2:—2%:
>\(1+Z—) Mmoo A
2\
F oo —1). 20 —At 0 -
= /Z( o2 oe dt = /e_’\tgo(t,O,z)dt.
2n n!
o n=0 0

Becrauk KasHY. Cepusi maremarnka, Mexanuka, nadopmaruka Ne2(94)2017



44 Akanbay N., Suleimenova Z.

We used the well-known relation

% At 1
—Atn_ 4n
/e dt = )
nl )\n+1

0

Further we can write:

00 0o o] tz
~ _ —At (=" (t22)" _ At 9
SO(/\y 0, Z) = /6 (Z Z”—TL' dt = e Me 2 dt.
0 n=0 0
Thus, the characteristic function of a functional (¢ f signWsdW is a function ¢(t,0, z) =

tz2

6_7, i.e. I(t) is a normal random variable with zero mathematical expectation and a
variance equal to t: I(t) ~ A47(0,t). ((We note that another erroneous result was obtained in
(Akanbai, 2014 : 8)). However, this result could be obtained directly from the relation (see

2 w0 tz?
formula (14)) i Lofexp -\t — Y dt.

t
3.4 Finding the distribution of the functional W; + f signWsdW
0

Next we consider the functional
t

I(t) :/90,1<Ws)dW57
0
1+ signx

where go,1(v) = ——

=1, 2>0; goa1(z) =0, z <0. Then

¢
1) = 5 Wi+ [ signi.ai),
0
as a sum of normal random variables, I;(t) — is a normal random variable. Let us find the
distribution parameters [;(t).
Obviously M, (t) = 0, variance
¢ ¢
DI (t) = i(t + 2cov(Wr, / signWedWy) +t) = %(t + cov (W4, / signWdWy)).
0 0

for simplify the notation, we denote below f(z) = signz. Then

cov Wt,/f Ws)dWs) /f Ws)dWy)
nh_{goZM[ ) (Wi, = W W),
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where the points of division 0 = sy < 51 < 83 < ... < 8,1 < 8, = ¢, max(s; — s;_1) — 0.
KA

Denoting, as before, through %, = o{W,, : u < s} the smallest o — algebra generated by a
Wiener process up to the moment s and using the properties of the conditional mathematical
expectation, for the i — th summand of formula (15) we can write:

M [f(wszﬂ)(W WSZ 1)Wt} = MM [f(WSiﬂ)(WSi - Wsiq)Wt/’gZSi} =

= M [f(W,_ )Wy, = W ) MW/ F)] = M [f(We_ ) (W, — We )W ],

because the random variable f(W, | )(W,, — W, ,) is measurable with respect to the o —
algebra Z;,, and the Wiener process forms a martingale with respect to the family of the o
— algebra F, - M(W,/F,) =W,, 0<s<t.

Further, since W, | is measurable with respect to .%,, ,, and Wy, — W, | does not depend
on %, _,, we obtain

M[FWa )W, = W W] =

:M[f(WSifl)(Wsi—Wsi,l) I W OWaiy - (W, = Wi, 1)]

= M[M(F(W, )Wy, = Wa 2 F0) |+ MM(W, (W, = W, )/ 2,) =

= Mf(Wsl 1>M<W WSZ 1 ) M(W Ws’ 1)

=M f(Ws,_)(si = si-1) = Mf(W,,_,)As; =0

3

2 4 M‘WSH

Thus
t t
cov(Wt,/signWdeS) = M/(WtsignWs)dWs = 0.

0 0

So,
1 1

DIl(t) = it’ T.C. Il(t) ~ JV(O, it)

Then,

¢
L(t) =W, + /signWSdWS = 2[,(t) ~ A(0,2t).
0

4 Results and discussion

Using the methods of the theory of Markov processes, it is proved that the function u(t, )
defined by (3) gives a probabilistic solution of equation (4).

Further, from (4) we obtain an equation for the joint characteristic function of the
functionals under consideration and show that in one particular case the solution of this
equation can be reduced to the solution of an ordinary differential equation As an application

¢

of the results obtained, the distributions of the functionals (¢ f signWsdW, and
0
I(t) = W, + I(t) are found.
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Apparently, in what follows it will be possible to introduce some concrete functions f and
g so that the solution of equation (9), or even equations (10), can be found explicitly. In turn,
this would allow us to find a distribution in a more complicated way of certain functionals
from the Wiener process. For example, if instead of the Wiener process W;, ¢ > 0, consider
the process W; = W, + ct, where ¢ is a nonzero constant (IW; is a Wiener process with drift),
1 d?
2 dz?
(4) would be written in terms of this operator. Further, to solve the analogue of equation (4),
we could apply the method of this paper.

then the infinitesimal operator Wt would be the operator A, = + cd—, and equation
T

5 Conclusion

In this paper, we found the joint characteristic function of the functionals of the Wiener
t t

process I1(t) = ®(W), L(t) = [ g(t—s, W,)dWy, I3(t) = [ f(t—s, W)ds, where the integrals
0

0
are understood as mean-square integrals (I5(¢) — is a integral Ito, I3(¢) — is the integral of a
random function), and the functions ®, g, f satisfy certain smoothness conditions. It is further
shown that when the functions g and f do not depend on the time variable, then finding
the Laplace transformation of the joint characteristic function reduces to solving an ordinary
differential equation. Unfortunately, it is possible to solve this last equation explicitly only
in certain special cases.

As an application of the results obtained, the distributions of some functionals of the
Wiener process are found explicitly.
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MakaJiaJia aKmapaTThIK-aHAIUTHKAJIBIK, XKYeaepIi KOIJIaHa OTBIPBIN KOFapbl OKY OPHBIH THUiMJTL
bGacKapy »KOJIBIH YChIHAIBI. MaKaIaHbIH MaKCAThl aKIIapaTThIK-aHAJIATAKAJBIK, Kyierep MeH KOJI-
JaHyIIbLIAPABIH ©3apa OalljIaHbIC TOCLIIEP] »KoHe POJIAEepiH cuarTay OOJIbII TabbLIa bl 3epPTTe-
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2KY3€re achIPbLITy MbICAJIIAPBI KEJITiPLIIi.
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aKIapaTTHIK-aHAJUTUKAJIBIK, 2Kyite, Power BI.

IIpumeneHue 0b6J1a4YHOM CJIy>KObI GU3HEC-AHAIUTUKN B MHMOPMAIMOHHON MH(MPPACTPYKTYpe
BVY3a
MyTanos I'M. — a.1.1., mpodeccop, pekrop, Kazaxckuii HarmonaapHblil yHuBepcuTeT nMmenn ajab-Papadn, r.
Aumvarsr, Pectiyosnka Kazaxcran, +77273773320, E-mail: info@kaznu.kz,

MawmsikoBa 2K. /1. — k.1.H., tupekrop UHCcTHTYTa MEDOPMAIMOHHBIX TEXHOJIOINH U WHHOBAI[HOHHOI'O
passutus, Kazaxckuil HaIlMOHANLHBIH yHUBEpcuTeT nMeHn ainb-Papabu, 1. Anmarsl, Pecrnybauka
Kazaxcran, +77273773326, E-mail: Zhanl.mamykova@kaznu.kz,

Hamupbaesa ['M. — HagaqbHUK yIopaBjeHUs [0 PA3BUTUI0 NH(MOPMAIMOHHON 6u3Hec-joruku Kazaxckoro
HAIMOHAJILHOTO YHUBepcHuTeTa nMeHu aib-Papadu, r. Asnmarel, Pecriybimka Kazaxcran, +77017550998,
E-mail: g.nadirbaeva@kaznu.kz,

Komnrora O.JI. — nokropanT, Kazaxckuii HalmoHaJIbHBIN yHUBEpCcUTEeT nMeHu ajib-Papabdu, r. Ajmarsr,
Pecnybuinka Kazaxcran, +77056503104, E-mail: Oxana.Kopnova@kaznu.kz,

Kaitnaposa A.M. — HagaJIBbHUK OT/ENA MO PA3BUTHIO MHMOPMAIMOHHBIX cucTeM, Kazaxckuit
HAIMOHAJILHBIN yHUBepcuTeT nMeHn ajab-DPapabu, r. Ajmarel, Peciybsimka Kazaxcran, +77057616645,
E-mail: Aleksandra.Zhaidarova@kaznu.kz,

Kucray6aes E.Bb. — navanbauk otjesna mianuposanus u mouutopunra VT pecypcos, Kazaxckmit
HAIMOHAJILHBIN yHUBepcuTeT uMenu ajib-Papabu, r. Ajmarsr, Peciybsinka Kazaxcran, +77073763125,
E-mail: Erlan.Kistaubayev@kaznu.kz

B jtaHHO# cTaThe MpeJJIoyKEeH MTOJIX0] PENIeHUs] 33/ 1a9l CTPATErnIECKOr0 YIIPABJIEHUs By30M C UC-
[IOJIb30BAHUEM HHQOPMAIMOHHO-AHAITUTUIECKON cucTembl. [lesib MaHHONM CcTaThyu 3aKJIFOYAETCS B
ONUCAHUU POJIell U COCOOOB B3AMMOIEHCTBHUSI TOJIB30BaTE el ¢ MHMOOPMAITNOHHO-aHAJIUTHIECKOHN
cucremMoit. MeTo10/I0rn4ecKyo OCHOBY HCCJIEIOBAHNUS COCTABUIN TEXHOJIOTMH HHTE/IEKTYAIHHOTO
aHaJIN3a JAHHBIX, TaDJIMIHbIE U TpapUIecKue TPUEMbl BU3YaIH3aINN HHOOPMAIINT, & TAKKE CPE/I-
cTBa OU3HEC-aHAJINTHUKY. B KayecTBe HHCTPYMEHTAPUS [JIs PEIIeHNs TPAKTHYECKUX 33/184 UCIIOJIb-
3yercs cirykba Power Bl nmozsosisiioniast co3maBarh HHTEPAKTUBHBIE TTAHEJIN U OTYETHI O Hanbosee
BayKHBIX MeTpuKax. [IpakTuyeckasi 3HAUMMOCTh MaTEPUAJIOB, IPEJICTABIEHHBIX B JIAHHOI CTAThe
SABJISIETCsl OIpeie/IeHre OCHOBHBIX MHMOPMAIMOHHBIX ITOTOKOB, POJIb CHCTEMbI MEHEIKMEHTA Ka-
9ecTBa U MECTO AHAJMTHIECKON CJIy>KObI B OpPraHU3allui yupasjieHus By30M. OIHMCAHBI METOJIbI
XpaHeHHs] W Iepeadn JAHHBIX ¢ ITOMOINBIO 0OJIAYHBIX TexXHoJornit n Kybos jganubix. Ompeese-
HO MeCTO MH(MOPMAIMOHHO-aHAJIMTUIECKON CUCTEMBI B €JIMHON KOPIIOPATUBHON MH(MOPMAIMOHHOM
cucreme By3a. lIpejicraBiieHbl IpUMEpHI pean3anuu WHMOOPMAIMOHHO-aHAJIATHIECKON CACTEMbI
KaszHY na obaaunoit mardopme Power BI.
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TeJIBHOCTH, NH(MOPMAITMOHHO-aHATIUTHIeCKas cucTema, Power BI.
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1 Introduction

A management of the university, an improvement of the quality of the scientific and
educational process is a complex task that requires systematic and timely analysis of
comprehensive and reliable information on the status and problems of the university activities,
that is possible only as a result of the introduction of modern information technologies in the
management of the university and their continuous improvement. Therefore, higher education
institutions are constantly searching for effective ways of managing scientific and educational
activities (SEA), in this regard, the information infrastructure of the university is developing.

Information infrastructure is represented as a set of solutions of the university’s own
developments, which are mainly aimed at automating educational activities, using distance
education technologies, information sites and individual local developments, with third-party
solutions, such as: automation of financial and economic activities, electronic document
management systems, use of management software for administration of key resources and
services, training software and software solutions for managing IT resources.

The university strategy should be linked with a set of activity goals that describe what
should be done well to implement the strategy. Each of the activities of the university, taking
into account the tasks to be implemented, can be characterized by a set of indicators that
allow to record the state of work in this direction and the dynamics of its development. The
most significant are the indicators that characterize the state of the main resources of the
university.

Goals of the university should be developed based on the status of indicators, and the
formation on their basis of an indicative plan for the development of the university for the
future period. The expression of the targets in the form of indicators that characterize the
socially and scientifically significant results of the university SEA will allow to evaluate and
plan the desired state of development of the educational system, create a monitoring system
that includes the process of collecting, monitoring and making management decisions in real
time, hat will solve the problem of measuring the achievement of the goal through the result.

Along with the performance of analytical functions, indicators are a strong instrument of
control action. The indicators record what is controlled in the managed system, what changes
in the characteristics of the system become the subject of reporting and, accordingly, the
primary focus of the management bodies. Through the target values of indicators, the vector
of development of the system is set: some changes in the characteristics of the system are
encouraged, while others, on the contrary, are punished.

Today, the requirements to the management of the university are increasing, which causes
the inclusion of information and analytical systems in the management loop. The information
and analytical system in the management system of the scientific and educational activities
of the university should not only provide the administrative management of the university
information on the current and prospective state, but also identify problem areas for the
functioning of the university SEA, and develop corrective actions to strengthen the work in
this direction.
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2 Literature review

Information-analytical systems, like business intelligence, are quite a new direction in the
study of the company’s development prospects. The main sources that reveal the theoretical
aspects of data organization for storage and analysis are the works of Alekseeva T.V., Ameridi
Yu.V., Luzhetskyi MG (As of May 19, 2017 Alekseyeva T.V., Electronic book), Kornipaev
I. (Kornipayev 1., 2013: 118), Hull E., Jackson K. , Dick D. (Hull E., 2011: 229), Laffenguell
D., Weidrig D. (Laffenguell, 2016: 418), Khimonin Y.U. (Khimonin Y., 2009), Moss L. (Moss
Larissa T., 2003: 576) presenting in their works the basic principles of work and requirements
for software. The methodology for constructing business models and describing the functional
requirements for the system is described in the papers of Ranjan J. (Ranjan J., 2005: 60-
70), Kobern A. (Kobern A., 2002: 263), Cooper A. (Cooper Alan, 2004: 328), Minto B.
(Minto Barbara, 2008: 272), Wigers K. (Karl E. Wiegers, 2014: 736), Osterwalder A., Pigneur
Y. (Osterwalder Alexander, 2011: 288), Barilenko V.I. (Barilenko V.I., 2009: 414), Schmits
D. (Schmitz Dominik, 2010: 346). Practical implementation of information and analytical
solutions platforms is described in the works of Ethan M. Rasiel I.M., Friga P.N. (Ethan M.,
2009: 224), Paklin N.B., Oreshkov V.I. (Paklin N. B., 2013: 704), Ralston B. (Ralston Barry,
2011: 277), Larson B. (Larson Brian, 2009: 741), and a group of authors led by Desmeister
B. (Desmeijter Browne, 2010: 549). The main qualities that should be paid attention and
developed for the analyst are described in the works of Pererva A.D., Ivanova V., Yepishina
E.V. (Pererva A., 2012: 304), Goel S. (Goel S., 2013: 11), Robert A(As of May 20 2017, Robert
Alvin, electronic book), in the analytical report of Oracle (The project analytics framework
Oracle Business, 2012: 18), Daly M. (As of May 16 2017, Daly Marshall, electronic book),
Eckerson W., Hackathorn R., McGivern M., Twogood C., Watson G (Eckerson W., 2009:
40-48).

Analyzing these sources, the main goals and tasks of automation of the information and
analytical system were identified; the implementation environment and hierarchy of levels
of access to data were chosen. As a system of data sources, corporate information systems
have been adopted, such as "Univer "Science "1C System of electronic documentation (SED)
"Directum System of access control (SAC) "Perco Excel spreadsheets. As a platform for
implementation is selected a subsystem of cloud access Power BI.

3 Materials and methods

3.1 Formulation of the problem

The Information and Analytical System (IAS) is a modern, highly effective tool for supporting
the adoption of strategic, tactical and operational management decisions based on a visual
and timely provision of the entire set of data to users responsible for analyzing the state of
affairs and making management decisions (As of May 19, 2017 Alekseyeva T.V., Electronic
book).

The complex of information and analytical systems affects the entire management vertical:
corporate reporting, financial and economic planning and strategic planning.

The main purpose of the IAS is dynamic representation and multidimensional analysis of
historical and current data, analysis of trends, modeling and forecasting the results of various
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managerial decisions (As of May 19, 2017 Alekseyeva T.V., Electronic book ).

The purpose of IAS development in the corporate information system (CIS) loop of the
university is to create an aggregating system for extracting data from various sources of CIS,
transforming them and unloading them into the storage, in order to build up operational and
intellectual data analysis for their effective consumer perception.

The corporate information management system of the university CIS is a set of programs
aimed at automation and management of various business processes of the university, based
on the process approach that allows to systematically develop each direction of the university
activity and organize work on the creation and maintenance of software development by the
staff of information departments of the university (Mutanov G.M., 2012: 164), . (Mutanov
G.M., 2013: 276), (Mutanov G.M., 2014: 158).

The result of the use of IAS tools are (As of May 19, 2017 Alekseyeva T.V., Electronic
book ):

— Regulatory analytical reports focused on the needs of users of different categories;

— means of interactive analysis of information and rapid construction of reports by non-
programmers using the usual domain concepts

The presence of IAS in the university CIS circuit will help to solve such problems as:
1) compilation of consolidated reports and provision of consolidated information on the
activity of the university (key performance indicators, the dynamics of their changes and
trends); 2) carrying out a comprehensive assessment of the university activities based on
the constant monitoring of its four most important aspects (educational process, research
activities, educational process, international activity, finance, relations with the outside world,
innovations); 3) operational monitoring of the main activities of the university and decision-
making.

Nowadays cloud technologies are rapidly spreading into business structures, IDC analysts
confirm that cloud technologies help businesses grow faster. Cloud platforms for business
intelligence make it possible to make the results of data processing and analysis available,
to quickly introduce the results of analysis into the business processes of the organization.
Thus, we believe that for the development of TAS in the outline of the university information
infrastructure, it is necessary to use a cloud-based business intelligence service, like Microsoft
Power BI.

3.2 Architecture of cloud-based business intelligence service

Power BI is a set of business intelligence tools for analyzing data and providing valuable
information. Power BI information panels are a single center with real-time data update
available on all devices, in which business users get a complete view of the most important
metrics (link to BI site). Benefits of Power BI (As of May 12 2017, Chto takoye Power BI?,
electronic resource):

— All organization data on the same dashboard.

— Creating excellent interactive reports (table presentation, visualization, the ability to
share reports)
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— Coordinated analysis throughout the organization (reliable reusable data models to
ensure consistency in reports and analytics in your organization).

— Convenient embedding of business intelligence directly into the application (the ability
to embed on the pages of the site, PowerPoint presentations).

— Ubiquitous access to data (connect to hundreds of data sources, regardless of their
location and type).

Power BI can combine all organization data, both cloud and local. Using Power BI
gateways, you can connect SQL Server databases, Analysis Services models and many other
data sources to the same information panels in Power BI. With Power BI you can safely
publish reports to your organization and configure automatic updates to ensure that all
users receive up-to-date information (As of May 12 2017, Chto takoye Power BI?, electronic
resource).

The figure 1. shows the architecture of Power BI cloud platform.

Power Bl service

50+ apps

@. ry | Log in

o 0)|G

4

Power Bl communication

Access = =

Power Bl Desktop

Publication

Organization data system

Figure 1 — Architecture of Power BI cloud platform.

To use the Power BI cloud platform in the university CIS framework, you must adhere to
the following principles: (As of May 19, 2017 Alekseyeva T.V., Electronic book ):

consolidation of all information processes of the university;

— embedding the system in the already established organizational structure of the
university;

— coordination of efforts of all divisions in the performance of assigned tasks;
— openness of the system for further development;

— integrated use of all available methods of analysis;
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— information ethics - "from everyone - to the common safe and from it to everyone".

Currently in Al-Farabi Kazakh National University (further KazNU) information systems
are used in the information infrastructure: systems of in-house development (IS "UNIVER-
the system of automation of the educational process, "Science the system of accounting for
research activities, System of indicative planning and rating based on IS "UNIVER");System
of electronic documentation "Directum"; System of accounting and personnel records ("1C:
Enterprise 8.2"); System of access control "Perco 2.0"; System of statistical reporting of the
contact center "VolPTime Contact Center".

These information systems were integrated with Power BI cloud platform, with the aim
of building ITAS in the KazNU CIS contour (figure 2).

Subsystem of data .
System of data collection and Sub_system Uf data Storage device Analytical system Subsystem of cloud access
sources delivery integration subsystem

IS «Univern A \
|| ‘ J Simulation Searches
IS «Science» /)/ Cubes
/}/ | 41—
| -
-
J Statistical reporting - E_
— =

Indicative indicators -

=

- Analytics (operational, [—#! .
SAC «Percon [ intellectual) \J D ‘

'
spreadsheets

i

IS «1C» ]

SED

«Directum»

- g
e

Subsystem of information and analytical system administration

Devel t of data integrati dules Devel t of
Monitoring Process initialization Configuration S ORISR S Lere mnrrnu e, c, Software
Engi Analyst and processing Compliance with the views, queries and data cubes Monitoring Process initialization Engineer
ngineer-Analys . . P & P . Logging Configuration and processing Fixing of information
regulations for the issuance of reports Saving N
the generated reparts Control of data entry security events Antivirus protection management Managing User
regulations User statistics Accounts Granting the right of access to the system Fixing events System
. of the changed configuration of subsystems Logging user access Administrator

Figure 2 — [AS architecture of KazNU CIS.

As you can see from figure 2, at the level of the administration subsystem, work is carried
out: on the configuration of business intelligence services, the development of presentations
at the data presentation level. In this IAS architecture (figure 2), roles are clearly positioned:

— The role of a software engineer: the Development of data integration modules;
Development of views, queries and data cubes; Monitoring of data representations;
Process initialization; Logging of system processes; Configuration and processing of data
scenarios; Fixing information security events; Fixing events of the changed configuration
of subsystems.

— The role of the system administrator: Managing antivirus protection; User account
management; Granting users the right to access the system; Log user access.
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— The role of the analyst engineer: Monitoring of data representation; Process
initialization; Configuration and processing of data scenarios; Implementation of
regulations for the issuance of reports; Saving generated reports; Control of the data
entry regulations; User statistics.

For proper organization of data, and configuration of dashboards, as well as the formation
of data processing scenarios, it is very important to understand the data structure model in
the university IAS (figure 3). Such a hierarchical representation of the data model is based
on the fact that there is a system of indicative planning and a rating system in the outline
of the university CIS. It is aimed at assessing the activities of teaching staff, departments
and faculties. In addition, in the IS "UNIVER"and "SCIENCE"are implemented systems for
automating the statistical reporting of the educational process and accounting for research
activities. From such systems as: "1C: Enterprise 8.2 "Directum "Perco 2.0"VoIPTime
Contact Center"primary data are being unloaded to build forms of operational reporting.
For each data category from figure 3, a methodology for calculating the indicator should
be provided, in order to configure data processing scenarios and build dashboards for the
cloud-based business intelligence service (Mamykova ZH.D, 2013: 64-70).

Strategic boards
[ [}

—— ]
== =] —]
—— | ]

Analytical indicators

Statistical indicators

i

Indicative indicators

1

Yy

Statistical reports

)

Statistical indicators

)

Primary data

Operational data |_

Methodology of the indicators calculation

Figure 3 — Model of the data structure in KazNU TAS.

As a system of indicators for building a cloud business intelligence service, the following
categories of indicators were used: statistical indicators (educational process, research work,
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social work, international activity); Financial and economic indicators, personnel records;
Indicators of indicative planning and rating; Indicators of administrative and organizational
activities (work time records, workflow indicators, QMS indicators, indicators of IT services
provision); Indicators of the accreditation of the university; Indicators of the University
Strategy; Indicators of operational monitoring of production and economic activities and
security services.

4 Results and discussion

4.1 The role of the analytical service in the management of the university

In Al-Farabi KazNU the Center for Situational Management (CSM) was established. Tasks
of the CSM: 1) information and analytical support of the university; 2) monitoring of the
educational process; 3) prompt response to the emergence of extraordinary situations.

Figure 4 shows the model of the CSM analytical service work that works closely with
the working groups of departments (in the areas of the educational process, research work,
educational process, financial and business and production activities, administrative and
organizational management, international activities and strategic management, QMS, IT
services). The analytical service should be guided by the normative and methodological
documents of the university (these are the Provisions of departments, QMS procedures,
instructions, regulatory documentation of the departmental ministry, strategic documents
of the university). Engineers-analysts of the analytical service of the CSM have access to
databases of key subsystems of the university CIS. To organize the work of the analytical
service, a methodology for collecting reports on indicators and methodology for constructing
analytical reporting have been developed.

Working groups (Academic
Affairs Department, Department of
Scientific and Innovation Affairs,

Department of Educational Works, Normative and
Department of Financial and methodological
Economic planning Affairs, documentation (regulations,
Department of industrial lssues, instructions, QMS p rocedures,

Administration Department, Strategy
Center, Institution of Information
Technologies and Innovation
Development)

'y A

Strategic documents)

Analytical Service of the

Center for Situational
Management
" b
Statistical Reporting Database - Methodology for collecting
of university CIS (indicators) reports on indicators
(Univer, Science,1C, Perco, Methodology for constructing
MS Excel) analytical reporting

Figure 4 — The state model of the analytical service.
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Figure 5 presents the model of access of the university management to visual data
representations, according to the university system of indicators. As you can see from figure 5,
the data is processed, according to the following steps: data collection from the departments
(automatically from the CIS information systems, by preparing MS Excel files); Reporting
(configuring dashboards); Monitoring of activities; Delivery reporting (role model access).
What are the benefits of the pro-rector in the areas of activity: operational monitoring of
activities; Monitoring of the development strategy of the university in the main areas. For
the rector of the university all indicators for monitoring are available, in order to monitor the
state of development of the university. The Director of the CSM can carry out operational
monitoring in all areas of the university activities, as well as promptly respond to the emerged
extraordinary situations.

— ~ e
vice-rector for economic
affairs

vice-rector for academic vice-rector for scientific and vice-rector for social
o,

First vice-rector < 2 .
affairs innovation development

T T ‘ i

Operational reporting

Data collection from

Monitoring activities
departments 8

Reporting formation

[ Reporting Delivery

‘ Transactional systems of the university Integration of data

Figure 5 — The model of access to the data of the university management.

During the implementation of the project on the use of cloud services in business
intelligence in the university CIS, we came to the conclusion that it is necessary to organize
new business processes (figure 6), as: Analysis of models and monitoring of the performance
indicators of the university; Development of a set of measures to develop the activities of
the university; Assessment of the effectiveness of the university. To solve this task, a working
group was formed with the participation of QMS specialists to develop the above-mentioned
business processes. The organization of these business processes will require the development
of certain procedures and instructions for the quality work of users.

Each department of the university, in organizing its processes, should allocate performance
indicators and primary data, specify where the data is generated (in which system, in which
reports, at what intervals). This information should be reflected in the documented procedures
of the unit and the business process. In addition, each unit should identify the person
responsible for collecting, analyzing and recording data for a particular line of business.

At the QMS level, it is necessary to develop a documented procedure "Collection,
analysis of primary data and analysts on the main activity of the university with the goal of
consolidating a single indicator bank and creating a system of role access to data categories, a
reliable data source. An analysis of the work done allows us to talk about the need for a culture
of "data collection and analysis the development of the "situation-action map"methodology.
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Analysis of models and
monitoring of indicators of
the university activity

Development of a set of
measures for the
development of the university
activity

The procedure for the
collection and analysis of
indicators Analysis of
indicators of development,
ratings, etc.

Scenario analysis of the
advantages of the university
Development of a strategy
and a set of measures
Implementation of measures

Evaluation of the
effectiveness of the university

System analysis of the
university activity Motivation
of personnel on indicative
indicators

Culture of data collection
and analysis

Development is required

The system of goals of the
“situation-action” map

The development of the
rating incentive system

Figure 6 — Organization of new processes in the business process map of the university.

In figure 7. the results of the implementation of IAS KazNU on Power BI cloud platform

are presented.

c no Hay e
i Ha i A3biKe (8

Ci no nnca

exodaujux é 54 Thomson Reuters (e paspese

axynnrer Kaenpa

paspese grakynsmemoe) gakynsmemos)
C no nnc, Ha C no nnce
A3blIKE 8 KasHY c KKCOH MOH PK (e paapese
a Py (8 paspese paxynmemos)
tbakynsmemos)
ara obroBACA Adin ik
= no nncs R 06 pozp Ha A3bIKe
axodawux @ B[] Scopus (@ papese (paKynbmemos) KasHY um. anb-®apabu
187 5166 e

;: fi JJ_JJ,,JJJJJJJI

Figure 7 — Power Bl dashboard, report visualization.

5 Conclusion

Summarizing the results of this article, we will list the advantages of introducing IAS into
the corporate information system of the university:

1) TAS that created on the basis of PowerBI business intelligence system allows you to
provide operational and statistical data consolidated from various sources of data.

2) TAS allows you to visualize the performance indicators of the university and, as a
consequence, evaluate the effectiveness of the university.
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3) The role of QMS in this system is to develop unified procedures for collecting primary
data for further analysis and decision making.

4) The role of the analytical service is to organize interaction with the working groups of
departments for the operational collection, reporting and monitoring of the activities of the
units and structures of the institution.

5) The role of a software engineer is to develop views, queries and data cubes, as well as
control the integrity of the information presented.

6) Via to the implementation of cloud storage of information and the provision of reports,
the process of obtaining data by decision-makers is simplified.

Thus, the use of cloud technologies for analyzing, storing and transferring data can easily
be embedded in the information infrastructure of the university thereby ensuring ease in
obtaining the necessary information. This approach to presenting data seriously saves time
in making strategic decisions to the head of the organization, providing a complete picture
of the scientific, educational and financial activities of the institution.
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Ha [POCTpaHcTBax nMeH, B ToM udncie "Cunxpornzarop TOPU" | pazpabarsiBaemsiii B Kommanuu
cucreMHbIX uccienopanuii "@akrop". [logpobHo usmaraercs dopmasbHoe moHsATHe " TaHHBIX" | HC-
nose3yemoe B rexuosiorun TO®PU, npocrparctso umen TODPU u pyHKIIMOHATILHBIE BO3MOYXKHOCTH
cuuaxpornzaropa TODU no obmeny maHHbIME 1 MeTaTaHHBIMA. OYHKITMOHATHLHO CHHXPOHU3ATOD
OCYIIECTBJISIET COMOCTABJIEHUE METAJAHHBIX PA3JIMIHBIX NWH(MOPMAIIMOHHBIX CUCTEM Ha OCHOBE CH-
CTeM KOJIMPOBaHUs, AaBTOMATHIECKN ([0 PACHHMCAHUIO) WM BPYUIHYIO IIPOM3BOIUT (GOPMHUpPOBAHUE
MeTaIaHHBbIX, OOMEH METaJ[AHHBIMU C JPYTUMHU CUCTEMAMU, (POPMUPOBAHUE JIAHHBIX JIJIs IePe1adn
JIpyroii cucreme, mpueM U nepejady Habopa JaHHBIX u3/B Apyroi(-yo) uHdOpMAUOHHO(-YI0)
cucrempi(-y) u T.1. O6MeH JAHHBIMU, OCHOBaHHBIH Ha tpocTpancTse umen TODPU, moxer ocy-
MECTBIATHCA B ABTOMATHIECKOM PEKUME Ha OCHOBE CHHXPOHU3AIUHU MeTaJaHHbix. KiroueBbie
cJIoBa: JjaHHble, MeTajaHHble, o0MeH JganabiMu, OLTP, OLAP, npocrpasncTBo nMeH.

AxrmnapaTTbIK >Kyiiejiep apachlHIa M3JIIMETTEPMEH aJIMacCy >KOJIJapbl MEH IIpobJjeMasiapbl
Fabbacos M.B. — d.-m.r.K., gorent, "@Pakrop" x)yiieaik 3epTreyiep KOMIAHUICHIHBIH 6AC TUPEKTOPHI,
Kaszakcran Pecriybimkacer, +77019082511, e-mail: mars@factor.kz
Kyanos T.2K. — "®@akrop" xkyiiesik 3epTTeysiep KOMIIAHUSICBIHBIH 6e/iM MeHrepyimici, Kazakcran
Pecniybuinkacsr, +77013006556, e-mail: tolybay@factor.kz

Exi Hemece oyan mga Kem akIapaTThIK, KYyHeaepiH e3apa MOJIMETTEpMEH aJMacy IpOIeci Kyp-
et 2KoHe KaxKkerTi ecer 6ouibin TabbLiaabl. COHFBI VI OHXKBLIIBIKTA OYJI €cem KOJIMEH eHri3y
ofticiHeH OacTam KyHesepiH e3apa aBTaMaTTaHIbBIPBLIIIaH TYpAe MOJIMETTEpMEH ajIMacy JIeHreil-
ime feitin ©3iHIH SBOIOIUSIIBIK, KOJIBIH OTTi. ByJl 2KyMBICTA aKIIapaTThIK, Kyiejaep apachlHIarbl
e3apa MOJIIMETTEPMEH aJIMACY/Ibl YHBIMJIACTHIPY/IbIH Ka3ipri 3aMaHIarbl OPTYPJIi TEXHOJIOTHSIa-
PBI KapacTbipbLiaibl, conblH, inmuge OLTP- men OLAP-:kyiiesiepinin, apacblHIaFbl aJMacy IPoIe-
crepi KamTeLirad. ETL, MDM cusakTbl TeXHOJIOTASIAPIBIH YKOHE eciMIep KeHICTiriHe HeriznearexH
TEXHOJIOTUSJIAP/IbIH, CUIIATTaMAJIapbl KeJITipiaren, coubH, iminge "@akrop" xkyiiesnik 3eprreysep
KOMIIQHUSCHIHAA, KacaJbll »kKaTkal "TODU cunxponmsaropnt" xaiibl ce3 kosraarad. TODOU
TEXHOJIOIUSICBIHIA KOJIaHbLIaThiH "MoasiverTep " Tyciniri, TO®U ecimaep xenicriri :kone TODOU
CUHXPOHU3ATOPBIHBIH, (DYyHKIIMOHAIIB MYMKIHITTIKTEP] YKaH-2KaKThl 3epTTesreH. OyHKIMOHA-
JIbI acliall peTiHJe CUHXPOHU3ATOP KOJTay Kylesepi Heri3iHje opTypJli aKIapaTThIK Kyilesrepiiy,
MeTaMaJIiMeTTepIH CofikecTeHIipesii, aBTOMATThl TypAe (Gesrisenren Kecre GOMbIHIIA) MeTAMOIII-
MeTTepl JaibIHIalIbI, 0acKa aKIAPATTHIK YKYIHeJepMEH METAMOIIMETTEPMEH aJIMaca Ibl, 0acKa
XKyitenepre 6epy VIMiH MoJiMeTTep/i MalbIHaaiiapl, 6acKa KyieaepaeH MoIiMeTTep KUBIHTHIFBIH
KaObLIIai bl 2KoHe bacKa 11a KymbicTap arkapaabl. TODU eciMuep KeHIiCTIriHe Heri3aeares MoJIi-
METTEPMEH aJIMacy KYObLIBICHI METaMOJIMeTTep/li CONKECTEHIIPY apKACHIHIA aBTOMATTAHIBIPHI-
JIFAH TYPJE KYPYl MYMKIiH.

Tyitia ce3pep: moiimerrTep, MeramadjiiMertep, Motimerrepmen anmacy, OLTP, OLAP, ecimuep
KEeHICTIri.
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Approaches and problems of data exchange between information systems
Gabbassov M.B. — Ph.D., General director of System Research Company "Factor", Republic of
Kazakhstan, +77019082511, e-mail: mars@factor.kz
Kuanov T.D. — Head of Department of System Research Company "Factor" , Republic of Kazakhstan,
+77013006556, e-mail: tolybay@factor.kz

The exchange of data between two or more information systems has always been an urgent and
complex task. Over the past three decades, this task has passed its evolutionary path from a
manual mode of exchange to the possibility of automatic data exchange between systems. In this
paper, various modern technologies are considered for the organization of data exchange between
information systems, including between OLTP and OLAP-systems. The description of technologies
ETL, MDM and technologies based on namespaces, including "The synchronizer TOFI" | developed
in the System Research Company "Factor". The formal notion of "data" used in TOFI technology,
the TOFI namespace and the functionality of the TOFI synchronizer for data and metadata
exchange are described in detail. Functionally, the synchronizer compares the metadata of various
information systems based on coding systems, automatically (on schedule) or manually generates
metadata, exchanges metadata with other systems, generates data for transmission to another
system, receives and transmits a data set from / to another (s) Information system (s), etc.
Data exchange based on the TOFI namespace can be performed in an automatic mode based on
metadata synchronization.

Key words: data, metadata, data exchange, OLTP, OLAP, namespace.

1 BBenenmne

Ob6Mmen JaHHBIMU MEXKJTy JByMs U 0Oojiee MHMOPMAIMOHHBIMUA CHCTEMAMU BCETJIA SBJISIICS
AKTYaJbHOW U CJIOXKHOM 3ajadeii. 3a MOcCseHIe TPU JECATUICTHS JaHHAs 3a/1a49a ITPOIILIa
CBOI 9BOJIIOIMOHHBIN IIyTh OT PYYHOTO criocoba oOMeHa JI0 BO3MOYKHOCTH aBTOMATHIECKO-
ro obMeHa JJAHHBIMU MeXKJIy cucreMaMu. B jannoit pabore paccMaTpUBAIOTCH PA3IHIHBIE
COBPEeMeHHbIe TEeXHOJIOTUN JIjIsi OPTaHU3aIi OOMeHa JAHHBIMU MeXK Ty HH(MOPMAIMOHHBIMI
cucremamu. Tepmunbl " manubie" u "undopmarnmontas cucrema" MOHUMAIOTCS B CMBIC/IE CTAH-
napros (ISO/IEC 2382-1:1993:1-20) u (ISO/IEC 2382:2015:1-30) cooTBETCTBEHHO, a MMEH-
HO: JIaHHBIE — ITO/IJIAIOIIHEeCs] MHOTOKPATHOW MHTEPIpETAINH MIpeJICTaB/IeHne NHPOPMAIUT B
dopMaIM30BaHHOM BH/JIE, IPUTOIHOM JIJIs I€PEJatn, CBI3U U 00pabOTKHU; MHMOPMAINOHHAS
CUCTeMa — CHCTeMa, ITpeHAa3HaYeHHAd JIJId XPaHEHUs, TONCKa U 00pabOTKN MH(MOPMAITIHT, 1
COOTBETCTBYIOIIIE OPraHM3AIMOHHbBIE PECYDPCHI (UeI0BEeUeCKIe, TeXHIIECKHe, (DIHAHCOBbIE T
T.71.), KOTOPbIe 00ECIeYnBAIOT U PACIPOCTPAHSIIOT HH(DOPMAIIHIO.

2 O630p JuTepaTypbl

CyIiecTByIOT MHOXKECTBO KJaccudukanun UHMOPMAIMOHHBIX CHCTEM, JIJIsi HAIUX IeJei
MBI TIOJeJIUM Bce HMHMOPMAIMOHHBIE cucTeMbl Ha JjiBa Kiacca: OLTP-cucremsr (On-Line
Transaction Processing) u OLAP-cucremsr (On-Line Analytical Processing). OLTP-cucrembr
[PETHA3HAYEHDBI /I aBTOMATH3AIUU OINEPAIIMOHHBIX OU3HEC IPOIECCOB, B KOTOPBIX, KaK
[IPABUJIO, UCIOJIB3YIOTCS CTPYKTYPUPOBAHHBIE, TIOBTOPSIOIIIECs 3a/a491 00pabOTKN JAHHDBIX.
OLAP cucrembl, njin cucTeMbl CKJIQIMPOBAHUS JIAHHBIX, TPEHAZHAYCHDI JIJIs1 AHAJNTUIECKO
obpaborku 60X 00beMoB JAaHHbIX. Tepmun OLAP BBénm Darap Komn B mybsukauu B
»)kypuasie Computerworld B 1993 rogy (Codd Edgar F., 1993 : 56), B KOTOpOii OH TIpe1/I0KMIT
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12 npuHIUIIOB aHAIUTUYECKON 00pabOTKM, IO aHAJIOTUU C 12-10 MpaBUJIAMU JIJIA PEJISAIIUOH-
HBIX 6a3 JaHHBIX, chopMyaInpoBaHHBIME UM ke jecatuierneM panee (Codd Edgar F., 1970 :
377-387). I'naBHBIN IPUHIIUIT KOHIENIMN CKIaJANPOBAHUS JJAHHBIX COCTOUT B TOM, YTO K JIaH-
HBIM, COXPaHsAEeMbIM JIJIsi aHaJIM3a, MOXKET OBbITh obecriedeH Hanbosiee 3(PPEKTUBHBIN JTOCTYIT
TOJIBKO IIPU YCJIOBUY BBIJIEJICHHUs] UX U3 ONEPAIMOHHON (TpaH3aKIMOHHON) cucreMbl. Takoe
pas/iesieHue CUCTEeM IIPUBEJIO K TOSBJICHUIO 3a/1a91 MUTPAIUU JAHHBIX M3 OJIHOI'O TUIIA CUCTEM
B CHUCTEMBI JIPYTOrO THIIA.

Taxkas knaccuduralys nHGHOPMAIMOHHBIX CUCTEM BBIJIC/ISCT CIETYIONNE BO3MOXKHBIE TH-
bl OOMEHa, JIAHHBIMU MEK/Ly HUMU:

1) obmen manubiMu Mexk ity OLTP-cucremamus;

2) murpanus jganibix u3 OLTP-cucrem B OLAP-cucremsr;

3) oomen nanubiMu Mexk 1y OLAP-cucremamu.

3 Marepuasbl 1 MeTO/IbI

3.1 O6men mauubiMu mexkay OLTP-cucremoii u OLAP-cucremoii

Ucropuvecku mepBoit mosgBuiaach 3ajada murparmu gaHHbix u3 OLTP-cucrem B OLAP-
CUCTEMBI, OCHOBHBIM HWHCTPYMEHTOM I pelrenusi KoTopoil spisercss ETL-tnpuoxenue
(extraction, transformation, loading — usBiievyenue, npeobpa3oBaHue U 3arpy3Ka JAHHDIX).
[Ipunoxenus ETL uzsiekaior nndopMaluio u3 OJJHOINO WU HECKOJIbBKUX UCTOYHUKOB, Ipe-
00pa3yioT ee B opMaT, MOJJIEPKUBACMBII CUCTEMOI XpaHeHUud u 00pabOTKM, KOTOpas sB-
JIAETCs TIoJIydaTe/IeM JIAHHBIX, & 3aTeM 3arpyzKaioT B Hee MpeoOpa30BaHHYIO UH(MOPMAIIHIO.
Nsznaganbno ETL-crucreMbl UCIOIb30BAINCH JJIsI IIepeHoca uHdopMann u3 0ojee paHHUX
BepCHil Pas/IMIHbIX HHMOPMAIIMOHHBIX CUCTeM B HOBbIe. B Hacrosmee Bpemsi ETL-cucrembr
BCce 0OoJjiee MUPOKO MPUMEHSIOTCS UMEHHO I KOHCOJIMJIAINN JAHHBIX C IEJIbI0 MX JIa/Ihb-
Hefiero ananza. O9YeBUIHO, YTO MOCKOJIBKY X/I MOryT cTpouThCsS Ha OCHOBE PA3/JIUIHBIX
MoJieJteli TaHHBIX (MHOTOMEDHBIX, PeJIAIHOHHBIX, THOPUIHBIX), To U mporecc ETL momken
pa3pabaThiBaThCA ¢ YIETOM BCEX 0COOEHHOCTEl uciob3yemoii B X/ Momesu.

HeszaBucumo ot ocobennocteil mocrpoerust u (gpyukmuonupoannsg ETL-cucrema mork-
Ha 06GecievunBaTh BBIMOJIHEHUE TPEX OCHOBHBIX STAIOB Ipoliecca tepenoca janubix (ETL-
IIPOIIECCHI ):

— wu3BjevYeHue JaHubix. Ha 3TOM 3Tame jJanHble U3BJIEKAIOTCS U3 OJIHOIO WJIU HECKOJIb-
KUX UCTOYHUKOB U MOJITOTABIMBAIOTCA K ITpeodbpazoBannio. Cie/lyeT OTMETUTD, 9TO JJIs
KOPPEKTHOTI'O IIPEJICTABJICHASA NAHHBIX ITOCJIC X 3arpy3KN B XPAHUJINIIE JAHHBIX U3 UC-
TOYHUKOB JIOJI?)KHBI U3BJIEKATHCA HE TOJIHLKO CAMU JIAHHbIE, HO U NH(MPOPMAIIHS, OITUCHIBA-
I01as UX CTPYKTYPY, U3 KOTOPOit OYIyT chOPMUPOBAHBI META/IAHHbBIE JIJIsl XPAHIJIHIINA,;

— npeobpazoBanue janubix. [IponsBojgarces mpeodpazoBanue popMaTOB U KOJUPOBKHU JIaH-
HBIX, & TaKyKe X 0000IIeHne U OUYNCTKA;

— 3arpy3ka JaHHBIX - 3alliCh MPEOOPA30BAHHBIX JIAHHBIX B COOTBETCTBYIOILYIO CUCTEMY
XpaHEeHUSI.

[Iepememenne nanuabix B mporecce ETL MoxkHO pa3dbuTh Ha I0CIEI0BATEILHOCTD IIPOIIE-
JIyp, NPEJICTaBIEHHBIX CJIeLyToleil (hyHKIMOHAIBHON cxeMoil (puCcyHOK 1):
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1) usBieuenue. lanHble U3BJICKAIOTCS U3 HCTOTHUKOB U 3arPyrKafOTCsA B IPOMEKY TOTHYIO
00.J1aCTh;

2) nouck ommbok. [TpousBomuTest MpoBepKa JAHHBIX HA COOTBETCTBHUE CIHEIUMUKAIASIM 1
BO3MOKHOCTB IIOC/IeIyToIeit 3arpy3ku B X/1;

3) npeobpazoBanue. [JaHHble TPYNIUPYIOTCS U MTPE0OPa3yIOTCs K BULY, COOTBETCTBYIOIIE-
My crpykrype X/I;

4) pacrpejiesienne. [{aHHbIE PACIIPEIENISIIOTCS HA HECKOJIBKO IIOTOKOB B COOTBETCTBUU C
OCODEHHOCTSIMH OpraHU3allii MpoIecca ux 3arpy3ku B X/1;

5) BcraBka. /laHHbIE 3arpyKAOTC B XPAHUJIUIIE-TIOJY YATEb.

HocToYHMERN "

AaHHBIX SERNARHNG MpeobpazoraHue

xn
VyeTHLIE Sarpyaxa
CHCTEMBI 4[\ =
HWETKA
Aanuia ki ™ panHbx ™ Nannse
CYER —l/
JNokaneHbee
OOEYMEHTHI
CrpykTypel MeTtapaHHsle s MeTanannbie
INeKTROHHBIE
ApXMBEI

BHewHWe

WCTOMHMEN

Pucyunok 1 — O606mennast cxema mporeccos ETL.

3.2 O6men panabiMu mexxay OLTP-cucremamn

JIoBOJIbHO YacTO BO3ZHUKAIOT 3aja4da ooMeHa jganHbiMu Mexk 1y OLTP-cucremamu, Hampumep,
CUCTEMOI yIIpaB/IeHUS KaJIpaMU U CHCTEMOil (puHAHCOBOTO yd4eTa. B mocienune rojsl s
TaKUX TleJIell TpejjiaraeTcs MCIO0JIb30BaTh HOBBIM KJAcC KOPHOPATUBHBIX cucrteM — MDM
(Master Data Management — ynpasienue Macrep-janabivu ). Macrep-JaHtbie - 970 JaHHble,
coJiepKaliie KJI04YeBy0 HHPOPMAIUIO O OM3Hece, B TOM HHC/IEe O KJIUEHTaX, O IPOJIYKTaX,
o paboTHHKax, 0 TexHOjorusX 1 Marepuanax (Hepusk, 2007 : 54-62). Macrep-nanubie cre-
UUIHBl T€M, YTO OTHOCUTEJILHO PEJIKO U3MEHSIOTCA W 110 CBOEH MPUPOJie He ABJIAIOTCH
TPaH3aKIIMOHHBIMI. B oIpejie/IeHHbIX CIydasdx MacTep-/IaHHble MOIePKUBAIOT TPAH3aKITU-
OHHBIE TIPOIIECCHI U ONEPAINU, HO B OOJIBINEH CTEeeHr OHU UCIOJIb3YIOTCS I aHAJTUTUIECKOMN
JIeSITEJIHOCTHA U TIOJTOTOBKUA OTYETOB.

Nuorna nna MDM ucnonb3yercd aabTepHATUBHOE Ha3BaHUE — yIIPABJIEHUE CIIPABOYHBI-
v ganasivn (Reference Data Management, RDM). IIpeanasnagenne MDM cocrout B 06ec-
MeYeHNN T1eJIOCTHOTO B3IV Ha OCHOBHBbIE KOMIIOHEHTHI OM3HEcCa, TaK KaK TaKWe CHUCTEMBI
o0ecrevnBalOT CUHXPOHU3UPOBAHHBIE CIIPABOYHUKM /st oOMeHa jaHubiME Mex iy OLTP-
cucremamu. [lojmuHHas CII0XKHOCTH MacTeP-JIAHHBIX 3aK/II0YAETC He B HUX CAMUX, a B OIU-

Becrauk KasHY. Cepusi maremarnka, Mexanuka, nadopmaruka Ne2(94)2017



64 la66acos M.B., Kyanos T./I.

CBHIBAIOIINX WX METaIAHHBIX. MeTajaHHble, OMUCHIBAIOIINE MacTeP-JaHHbIe, MOTYT IIpeTepIie-
BaThb OT HECKOJbKUX €JINHUIL JI0 COTEH N3MEHEHUI B MECHIl, OTC/IE’KUBATH BCE TU N3MEHEHUST
B CTUXUITHO cJioxkuBiieiicss cucreme MDM npakrudeckn HeBo3MOKHO. Perrenune mpobsiembr
CJIOYKHOCTH COCTOUT B CO3JaHUU OTJAeIbHOM enunHoit cpeqasl MDM, Koropas OyeT BBITOTHATD
obe yHKIMU — U cOOP, U HpeJCTaB/ICHNE JIAHHBIX JIJIs [IOCJIE/IyIoNeil o0paboTKu cpejicTBa-
Mu OuzHec-ananTukn. Co3/lanme Takoi CpeJibl MOYKET OBITh PEaM30BAHO B TPEX BapUAHTAX
(Yepusk, 2007 : 56-60): 1) deneparusnbiii, 2) nHTerpupoBaHHbIil, 3) rubpuaHbii. [Ipu de-
JIEPATUBHOM TIOJIXOJIe KOHIIEHTPATOp MacTep-JaHHbIX (master data hub) B coorBercTBHE €
YCTaHOBJIEHHBIMY ITPABUJIAMU OCYIIECTBJISET ACUHXPOHHBI OOMEH JaHHBIMU, YTOOBI ODecrre-
YUTH COIVIACOBAHHOCTH MacTep-JaHHbIX. OCHOBHON MpeIMeT JIedTeJTbHOCTU 3aKJIIOYaeTCs B
dopmyupoBanuy 3TUX MpaBuil. [IpenMynecTBOM 9TOro MoJXO/a SBJISETCS HEBMEIIATE h-
CTBO B JIEHICTBUSI CYIMECTBYIOIMNX CUCTEM U COXPAHEHUE KOHTEKCTa, a HEJIO0CTaTKOM — TO,
9TO OH 3P PEKTUBEH JIUIIHL TPU OTHOCUTEIHLHO HEOOBITOM pa3HoOOpa3uu MacTep-/IaHHbIX U
He BBIJIEP:KUBAET HATPY3KU IIPH YCJIOKHEHUH CPeJIbl MacTep-IaHHbIX. VIHTerpupoBantoe pe-
IIeHre 3aKJII09aeTcd B CO3JaHnu aBTOHOMHOM cuctembl MDM, criocobnoit camocTosTebHo
cobupaTh U3MEHEHUs B MacCTeP-JIaHHbIX. B TakoMm ciiydae Bce 9TU JIaHHBbIE XPAHATCA B IEH-
TpaJn30BaHHOM perno3utapuu. Jlauubiii moaxo obecrieanBaeT Hanbo e TOJHOE U aJIeKBaT-
HOE TIPEJICTABIEHNEe MACTeP-TaHHbIX. | MOPUTHBIH TOIXO0/T ABJISIETCA TTPOMEKYTOTHBIM MEK Ty
HEPBBIM U BTOPBIM ITOIXO/IaMHU.

3.3 O6men gauubiMu mexkay OLAP-cucremamu

B nocienee gecsatusierre B nHMOPMAIIMOHHBIX TEXHOJOTUAX C Pa3BUTHEM HUHTEpHETa C¢hOop-
MUPOBAJINCh HOBBIE IMOJXOIbI K aBTOMATU3AIMU OOMEHa JaHHBIMH MEXKJIy CHCTeMaMU, OC-
HOBAHHBIE Ha IPOCTPAHCTBAX UMEH, 0OJiee OPUEHTUPOBAHHBIN HAa OOMEH JIAHHBIMU MEYKLY
OLAP-cucremamu. I1pu sToM, co3/1a€TCsT TPOCTPAHCTBO UMEH, B KOTOPOM OIUCHIBAETCST HEKO-
TOPBII (hopMaT JAHHBIX M, BO3MOXKHO, MeTaJaHHbIe B 9TOM (opMmaTe. 3arpy3Ky U BBITPY3KY
JIAHHBIX ¥ METa IaHHbIX OepeT Ha cebs cucremMa, KoTopasi yaacTByeT B OOMeHe JJAaHHBIMU, WUJIN
paspabaTbhIBaeTCs CIIeraibHasd CUCTEeMa, KOTopas CHHXPOHU3UPYET MeTaJlaHHble U obecrie-
YUBaeT aBTOMATH3UPOBAHHBIN oOMeH maHHbIMEH. OTiandne or MDM cucrem 3akiodaercss B
TOM, YTO METaJIaHHbIE OIPEICTAIOTCHA MPOCTPAHCTBOM MMEH M OT KOHKPETHOW CHCTEMbI He
3aBUCHUT.

B Coemunennbix mratax Amepuku ¢ 2005 roja paspabareiBaercst ipoekt NIEM (National
Information Exchange Model) — Hannonasbuas mozenn obmena undopmanueit (Odurmaiib-
ueiit caiit poekra NIEM). NIEM — sto cnioncupyemast npasuresibecrsom CIHIA naunmartusa,
HaIpaBJIeHHasd Ha o0Jierdyenne ooMena nHopMaImeit Mex, 1y rocy/1apCTBEHHBIMU U 9aCTHBIMU
opranmzanuamu. [lepBonadaabHO aKIEHT Jejajics Ha MPaBOOXPAHUTE/IbLHbIE OPraHbl, Opra-
HBI TOCY/IaPCTBEHHOM 6€301MacHOCTH U ATEHTCTBO 110 IPE3BbIYafiHbIM CUTYAIAM, HO 00/1aCTh
pUMEHEHHUsI CTaHapTa noctosiauo paciumpsiercs ([Ipucimia Yonmenn, 2010). Hoseie XML-
HHUAIMATUBBI B PaAMKax JiellapTaMeHTa I0CTUINH, JellapTaMeHTa HAIlHOHaIbHONI 0e3011acHOCTH
u B apyrux opranax Biactu CIIA npemxycmarpusator npumenenne NIEM B kadecTBe 6a30B0i1
MOJIEJIN JIAHHBIX ¥ METOJI0JIOTUH JIJIsi 00eCIeveHnsT B3aUMOJIEHCTBUS JJAHHBIX U ITPOTPAMMHOTO
obecriedyeHns1, COKpaIleHns BpeMeHN pa3paboTKu IPpUIoKeHnii ooMeHa nHOpMAaIueir 1 MHO-
FOKPATHOT'O KMCIIOJIB30BAaHUA WHTEIEKTYAIbHOIO KAIlUTaa U 3HAHUI B PA3HBIX ITPOEKTAX.

Monens XML-panneix NIEM obecrieanBaer 6J10KK 1151 onucanusi oommux oobekTos. O -
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Hako cama Mojieb NIEM wHe ompenenser Bcio mHMOpMAIUO Jijisd OOMEHa COOOIIEHUSIMU.
Ona He CcO/IePKUT HIKAKUX KOHKPETHBIX THUIIOB COOOITIEHII NN KOPHEBBIX d1eMeHTOB X ML-
JIokyMeHToB. dTo0bl ucnosbzoBath NIEM, HeoOX0MMO MOCTPOUTH JTOKYMEHTAIUIO ITaKeTa
obmena undopmarmeiir NIEM, uin cokpamenno IEPD NIEM (NIEM Information Exchange
Package Documentation). IEPD wusBiekaer HeoOXoIuMble KOMIOHEHTHI M3 MOJIEJIeil sipa
NIEM u jmomMeHOB, HOIOJHsIET UX JJIsi CO3JaHus cucTeMbl ooMena undopmanueit. IEPD co-
JIEPKUT HECKOJIbKO apTedakTon: - XML-cxembrl, onpejessitornue dactb mogean NIEM s
JAHHON cucTeMbl, Tak HasbiBaeMas "cxema mojmuoxkecTBa" (subset schema);

— cXeMma, OIPEJIe/IAIoNIAas KOPHEBON 9JIEMEHT CHCTeMbl OOMEeHa, WM cxeMa OOMeHa
(exchange schema);

— cxeMma, omnpeJiessionias pacimpenust K Mojgesn NIEM - cxema pacuupenusi (extension
schema));

— JOKyYMEHTallusd 110 CUCTEME O6M€Ha, TaKas KaK JHuarpaMMbI UML, IIPpUMEPDLI, OITUCAHUA.

Sasiaga cozaaress IEPD — cocraButh cxemy oOMeHa, ompeie/iuB KOPHEBOI 9JIeMeHT U Oa-
30By10 cTpYKTYpy coobmiennii ([Ipuctmmra Yomamesu, 2010). NIEM cranoBurcst BazkHeRmmm
crangaprom oomena XML-undopmariueit jgjist rocyupexgennii CIIIA u ux nndopMamonubx
IIapTHEPOB, XOTsI OHA HE sIBJIsIeTCS T'OTOBOI cucTeMoii oOMeHa nHMOpMaIlieii.

Ecsmm NIEM ctpout cucremy obMeHa JaHHBIMHU, OCHOBBIBASCH Ha T'OTOBOW MOJIEN IIPE]I-
MEeTHOI 00JIACTH, YTO CHJIBHO YIIPOIIAeT CO3JaHNe TaKOH CHCTEMBI, APYToil MyTh 3aKJ/II0va-
eTCs B CO3JIAHUN YHUBEPCAJIBLHOrO (popmaTa JIAHHBIX, HA OCHOBE KOTOPBIX CO3JAI0TCH MOJIEIN
[PEIMETHOM 00/IaCTH KayK/IbIM CYO'bEKTOM CAMOCTOSTE/IHHO. Toraa MbI ITOJTy 9iM T€ K€ CaMble
MOJIEJTU, HO BO3HUKAET ITPO0JIeMa CUHXPOHU3AIUK TUX Mojeieit apyr ¢ apyrom. Jlns ycio-
BUil Halleil cTpaHbl BTOPOW IIyTh 0OoJiee TMPEINOYTUTEIEH, TAK KaK y HaC HET KPUTUIECKOi
MacChl TOCTPOEHHBIX MO/Ieel.

[IpomerkyTounbiM BapuanToMm sBisiercd wmHummaruBa SDMX  (Statistical Data and
Metadata eXchange), mojyiep:kuBaemasi BaHKOM MeXK/IyHAPOJHBIX pacuéToB, EBporneiickum
Hentpanmbubim bankom, Espocrarom, Mexaynapoanbiv BasmorabiM QoHJIOM 1 HHBIMU Opra-
HU3AIUSMHA, BKIIOYas cratuctudeckue nojpasaenerns OOH (Odurmanbubiii caiit dbopmara
obmena ganabiMu SDMX). Tlocennsist Bepcusi crangapra Oblia Beinyiiena B amnpese 2011
roja. B 2013 roagy SDMX 6bu1 yrBep:Kaer ISO B kadecTBe MeXKIYHApPOIHOIO CTaHIapTa.
Janublit crangapt nMeer crienudUKaIUu JJIsd Psjia IPEJIMETHBIX 00J/acTell, TAKIMX KaK KO-
HOMUKA, COIMaIbHOe 00C/IyKUBaHNE Hace/lenusd, jemorpadud u Jap. Mcnoab3zoBanue JamHoro
CTaHJAPTa IPEJIIOIAraeT MeHTPAIN30BAHHYIO apXUTEKTYPY OOMEHa CTATUCTUYECKUMU JIaH-
HBIMH, TaK KaK BCE CTATUCTHYECKHE TTOKa3aTeN U 00bEeKTHI 3aKOIMPOBAHBI CIIENNaTbHBIM 00-
pasoM, 1 OOMeH JIAHHBIMU IIPOUCXOJUT B YTBEPZKJIEHHBIX CTaHIapToM Kojax. [lomb3zoBaTenn
cucTeMbl OOMEHa JIAHHBIMU HE MOTYT JI00ABUTH HOBBIE MMOKA3ATE/N WA OOBLEKTHI CAMOCTOSI-
TeJILHO, BCE JIOJIZKHO IIPOUCXOIUTH TeHTpain3oBanuo. pyrum vegoctarkom SDMX spiisiercs
€ro OpPUEHTAINS TOJHKO Ha CTATUCTUYECKHE JIaHHBIE.

Cy1iecTBy0T MHOYKECTBO JIpyTruxX hOpMaToOB OOMEHa JAHHBIMA JJIsT aBTOMATH3AINN TTPO-
1ecca oOMeHa MHOpMAIe JIjIsd Pa3IndHbIX IpeaMeTHbIX obsracreil. [IpuBenem Kiaaccudu-
Karnuio 3Tux Gpopmaros coriacHo padbore (Axkarkun, 2014 : 35) B Tabsune 1.
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Tabaruua 1. — Kaaccugpurayusn modeaeti dannolx 0as 0bmena ungpopmayued.

Bung monenm

Hazpanue mosesm

[ocynapcrBennoe ypasjeHue

Hamunonaimbaast Mozeab odOMeHa mHOpPMAIIei
NIEM. www.niem.gov

praBHeHI/Ie BO3YHIIHbIM JIBU2KEHUEM

Mosenbr obMeHa a’pOHABUTAIIMOHHON HHOOP-
Marmeit AIXM. www.aixm.aero

Mojiesib 0OMeHa MeTeopPOJIOruIecKoin THGOP-
Marueit WXXM. www.wxxm.aero

Moygens obmena wuHOpMaIeir o 1oJeTe
FIXM. www.fixm.aero

CraTncruka

OTKpBITEIA (hbopMaT 0OMEHa CTATHCTHIECKIMUI
nanabiMa SDMX. www.sdmx.org

Yupasnenue YC

Aspik oOMeHa — JAaHOBIMEA O
gaiinpix  curyanmax — EDXL.
open.org/committees

Ipe3BbI-
WWW.0asIs-

Co6op naJsioron

CrangapT aBTOMaTHIeCKOro oOMeHa mHMopMa-
el (puHaHCOBOrO cuera. www.oesd.org

Tamoxkua

Mopesib NaHHBIX BCEMHUPHON TOProBOi OP-
rammzainn (BTO). WCO DATA MODEL.

www.wcoomd.org

Yupasienue nndpacrpykrypoit UKT

CIM.

Obmas  wundopmalrmonHas
www.xml.coverpages.org

MOJEJIb

YipaBjeHue BOOPYZKEHHBIM ITPOTHBO-
CTOSTHUEM

OObequHeHHAsT MOJIE/Ib JAHHBIX 110 OOMEHY
nndopMaleil s yiupaBjeHus, KOHTPOJIA 1
koucyapTupoBanuss HATO (STANAG 5525) u
CIHIA (JC3IEDM). www.lib.znate.ru

[lonroToBKa rocymapCTBEHHBIX YCJIYT
K IIEPEeBO/Y B 9JIEKTPOHHBIA BUJL

Mojiesib nHMOpMAIMOHHON CUCTEMBI, peaJiu-
3YIOIIell MEePEBOJT T'OCYIAPCTBEHHBIX YCIYT B
9JIEKTPOHHBIN BU/I, TIyTEeM OPTaHU3aIluu Hepas3-
PBIBHOTO, CBSI3HOT'O M IEJOCTHOI'O IIPOIECCa
UX TOJTIOTOBKU M TIOCJIEIYIONIETO TPUMEHEHU S
[OJIy9eHHBIX Pe3yJIbTaToOB (MeTaJIaHHbIX, MO-
JeJieit, MPOTeCCOB) /I MCIOJHEHUsT TOCYIap-
CTBEHHBIX YCJYI B aBTOMATU3UPOBAHHOM pe-
xKume. www.kbpm.ru

YipapiieHu€e KI3HEHHBIM ITUKJIOM U3~
JeJIust

Cranmapr oOMeHa JAHHBIMA MOJEIN WU3IeJIus
STEP. www.wikipedia.org/wiki/step

B upusenennoii Tabsmiie OTCYTCTBYET MPOTOKOJ OoOMeHa (hUHAHCOBBIME JaHHbIMEU FIX
(Financial Information eXchange) — mporokos mepeiadn JTAHHBIX, SBJISTOMIAICT MKy Ha-
POJIHBIM CTAHIAPTOM JIJIsI OOMEeHa TaHHBIMU MKy YIaCTHUKAMU OMPXKEBBIX TOPTOB B PEKU-
Me peasibHoro Bpemenu. IIporokos FIX msnagasibio cosman B 1992 1. jiy1d repegadn uHGOP-
MAaIK O Toprax akiuamu Mexkay komrmanugmu Fidelity Investments u Salomon Brothers. B
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HACTOSIIIEEe BPEMsl IMMUPOKO HCIIOJIB3YeTCsl TOPTOBBIMU CHCTEMAMU JIisi OOMeHa (DUHAHCOBDI-
MU JIaHHBIME U coBepiienust Tpansakiumii (Odwunuanbheiit caiit nporokosra FIX). ITporokos
FIX nomiep:kuBaeTcs OOJIBITUHCTBOM KPYIHEHITNX OAHKOB M 3JIEKTPOHHBIMU TPEHIUHIOBbI-
MM CUCTEMaMHM, & TaKKe KpyIHeHmuMu oupxkamu Mupa. OTInauTe sbHON 9epToil IPpOTOKOJIa
SABJISIETCS TO, UYTO B HEM 3aKOIUPOBAHBI HE TOJBKO CTPYKTYPa IepelaBaeMbIX JaHHbBIX, TO U
JIEHCTBUST, KOTOPBIE TIOJTYyYalOIasi CTOPOHA JIOJIZKHA BBITIOJIHUT.

OCHOBHBIMU HEOCTATKAMU ITPUBEIEHHBIX CTAHIAPTOB, KAK OTMEYAJIOCH BBIIIIE, SIBJISIOTCS:

— obecriedenrie 0OMeHa TOJIBKO OTPAC/IEBBIMU JIAHHBIMU;

— HOJIEP2KKa TOJIBKO HeHTpaHHBOBaHHOﬁ APXUTEKTYPbI obMeHa JaHHBIMHA.

3.4 ObMeH JJaHHBIMU C TIOMOIIBIO cuHxpoHusaropa TOPU

lna permenus npobsieMbl OOMeHa JAHHBIMUA U METaIAHHBIMU Pa3JIMIHbIX (POPMATOB Ha OC-
HOBE CTaHJApTa C MCIOJIb30BAHUEM DPAa3IMYHBIX apXUTEKTYD OpPraHU3alluu Mporecca oOMeHa
JIAHHBIMU U MEeTaIAHHBIMEI BO3HUKAET HeOOXOIMMOCTDb B pa3pabOTKe HOBOI'O eJUHOro (ropma-
Ta obMeHa U MHMOPMAIMOHHON CUCTEMBI IOJJIEPYKKHU IIporiecca obmena. PaszpabaTbiBaeMblit
dbopmar j1o/KeH yiaoBIeTBOPATH cieytonuM TpeboBarusivm (la6bacos, 2015 : 12):

1. s Bo3amoxkHOCTH Tiepegadn "0osbimmx " qanHbIX GOpMAT JIOI2KEH UMETh KOMIIAKTHBIHT
CUHTAKCUC;

2. Jomxna OBITH BOBMOXKHOCTD II€pe/IaBaTh KaK BCe MeTaJlaHHble, TaK U YACTU MeTaIaH-
HBIX;

3. CDOpMaT JOJIZKEH obecreunBaTh MHOT'OA3BIYHYIO IIOAJIEPZKKY

4. NuctpymeHTapuil JOKEH MOJIEPKUBATH MEXQHU3M BEO-CEPBUCOB U JIPYTHUX TEXHOJIO-
I'MYeCKUX MEeXaHU3MOB B3aMMOJIEUCTBUSI CUCTEM;

5. CTpyKTyphl JAHHBIX W METaJIaHHBIX JOJIKHBI 00pabaThIBATHCS OJMHAKOBO, CXeMa He
JIOJIZKHA HAKJIaIbIBATH JIOMOJHATE/IbHBIE TPpeDOBaHUsI K 00pabOTKe;

6. PopmMmar JO/KEH obecriednBaTh paclio3HaBaHUEe OpraHa, IMOJJIEPKUBAIONIEr0 MeTa aH-
HbIE, TO €CTh IOJJICPKUBATH OIMMCAHUE CCHLJIOYHBIX METAIaHHBIX;

7. @opmaT JIOJIZKEH MTO3BOJISTH OIKUCHIBATH CBONMCTBA, HE 3aBUCAIIUEC OT BPEMEHU;
8. @opmMaT JIOKEH MO3BOJISITH OIMCHIBATH HEYHMC/IOBBIE CBOWCTBA;
9. @opmar JI0JKEH MOJJEPKUBATH CTPYKTYPhI, OCHOBAHHBIE HA Kybax.

[Tepeunciennpit Habop TpeboBaHUil ABJISIETCS OYEHDb CJIOYKHBIM U IPOTHBOPEYUBBIM JI/Isi
peasmzanuu. PaspabareiBaemas B KoMmmanun cucreMmubix ncciepoBannii "@akrop" Komer-
st oOMeHa JaHHBIMI OCHOBaHa Ha (pOpMaIn30BaHHON Mogesn JaHHbIX TexHoorun TODU,
KOTOpasi MO3BOJIAET OMUCHIBATH ITPOU3BOJIbLHBIE JIAHHLIE B BUJIE ONPEJIEIECHHON CTPYKTYPHI.
Cucremy oOMeHa JAHHBIME IPEJJIATAETCS CAEIATh B BUJE CHCTEMBI OOMEHa COOOIIEHUSIMM,
4T0 COBOKYIHO ¢ popmaTom jaHHbIX TO®DU 1103BOJISIET BBIJIEPKUBATE [T€PEUUCICHHBIE BbI-
e TpeOOBAHMS.
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Mogenb manubix TODU (T'ab6acos, 2013 : 14-16) maer Gosee dopMasbHBI abCTpaKT-
HBII anmapar, JiJIsi TIpeJicTaB/IeHnst 1 00pabOTKU JAHHBIX HE TMPUBA3BIBASCH K OIPEJIe/IEHHOM
cTpyKType XpaHerus. B gacraoctn, mozesb ganuabix TODU moxkeT OBITH TIepeBeieHa B pe-
JIAIMUOHHYIO U APYTyIo cTpyKTypy. lannbie B Texuonorun TO®PU onmcsiBaiores: hopmynoit

(O, P, sl 4], [T1) = V([T1), (1)

rae O (Owner) — Bragenern ganabix, P (Property) — cBoitctso, s (Status) — craryc JanHbIX,
q (Author, Provider) — nocrasmuk jganubix, T (Time) — nepuoj| ujim akTyaabHbIH HHTEPBA
nanubix, V' (Value) — snauenue jganubix. Heobszareababie s/iemeHTh B hopmyste (1) 3akimo-
YeHBl B KBaJIPATHBIE CKOOKM.

B 6aze manabIx nHMOPMAIMOHHO-aHAJIUTHIECKO cucTeMbl XpanaTcs " nannabe". /lamabre
BCerja SBJIAI0TCA 3HAYEHINEeM HEKOTOPOTO CBOMCTBa KAKOrO-Tnb0 00beKTa B HEKOTOPBI T1epu-
oy Bpemenu. [Tosromy ykazanue o6bekTa (K KOTOPOMY OTHOCATCSI JIAHHBIE), CBOCTBa (Onpe-
JIEJISIFOTIETO TUII JIAHHBIX ), CTATYCA U MOCTABIIUKA JIAHHBIX M BDEMEHHOTO HHTEPBAJIA JOJIZKHO
OJIHO3HAYHO MIeHTHUIMpoBaTh JaHHbe. B ciydae texnomornn TODU B kadecTBe 00bHEK-
TOB JIAHHBIX BBICTYMAKT O0BEKTHI UJIN OTHOIIEHHST MEXKTY O0beKTaMu (3JIEMEHTHI CYIIHOCTE(
"Tunr o6bekroB" n "OTHOmeHnsa Mexkty TrnaMu o0bekToB" coorBercTBenHO). B KadecTBe
CBOWCTBA, BBICTYIIAIOT IK3EMILIAPDBI cyriHOCTH "cBoiicTBO". CBOMCTBO XapaKTepusyercs TH-
oM ceoiicrBa. B rexunosorun TODU cymecrBytor 8 Tumos cBoiicTs: 1) cBO#CTBO Ha OCHOBE
bakTopoB; 2) CBONCTBO Ha OCHOBE U3MEPHUTE/ICl; 3) CBONCTBO HA OCHOBE aTpuOyTOB; 4) CBOIi-
CTBO Ha OCHOBE THIIOB O0bEKTOB; ) CBOIICTBO Ha OCHOBE OTHOIIEHUIT MEXK /Ty TUIIAMU OO'bEKTOB;
6) CBOICTBO Ha OCHOBE €JMHUIL U3MEPEeHNsT; 7) KOMILIEKCHOe CBOMCTBO; 8) Ipylia CBOWCTB.
JlaHHbIe SIBJIAIOTCS 3HAYEHUSIMU COOTBETCTBYIONIMX CBOiCTB. KaxK10e cBOMCTBO MOXKeT Mpu-
HUMAaTh HECKOJIbKO 3HAYEHWil JId KarKJI0ro (pPUKCHPOBAHHOIO Tepuoja U (PUKCUPOBAHHOIO
06beKTa, KOTOPbIE (3HAYEHNUST) OTIIMIAIOTCS CTATYCOM ¥ /I [OCTABIIUKOM JIAHHBIX.

Ecin y6parts Bce Heobsi3aresbHble 3eMenThl (hopmysta (1) Beirusaut kax (O, P) = V| aro
BbIpaKaeT TOT (akT, UTO JIIOObIe JTaHHbBIE SIBJISETCS 3HAYEHHEM HEKOTOPOrO CBOWCTBA Iist
HEKOTOPOro obbekTa (Biajesbiia). Hampumep, ecii — KOHKPETHBIN YeJ0BEeK, — CBOWCTBO
"oyt westoBeka" , To V' paBHO ofHOMY M3 3HadeHuin "mykckoit" wim "kenckuit". Samerum,
YTO BCE CBOWCTBA MOXKHO Pa3JIe/UuTh Ha JBE IPYIIIBI: CBOWCTBA, KOTOPbIE IPUHUMAIOT 3HAYE-
HUS B 3aBUCHMOCTH OT KOHKPETHBIX ITIEPUOJIOB, W CBOMCTBA, 3HAUEHUsT KOTOPBIX HE 3aBUCST OT
pery/sipHbIX TepruojioB. B mepBoM ciiydae Mbl TOBOPHM, UTO 3HAYEHHE CBOWCTBA 3aBUCHUT OT
THIIA TEPHOJIA, & BO BTOPOM CJIydae — He 3aBUCHUT OT THIIA MepHojia. Ken 3HadeHme cBOHCTBA
3aBUCHT OT THIIA TIEPUOJIA, TO OHO MEHSIETCsI PErYJISIPHO OT OJHOIO MEPHOJIA K JIPYTOMY, HAIIPH-
Mep, e3KeMEeCSIIHO UJIH €3KeroHo. Eciin ke 3HaYeHne CBONCTBA He 3aBUCUT OT THUIIA [IEPUO/IA,
TO 3HAYCHHWE CBOWCTBA C TEUYCHMEM BPEMEHU MOXKET MEHSITbCS, HO 9TO U3MEHEHHE HEe HOCHUT
PEryJISPHBIN XapaKTep, a MEeHsIeTCsI CIydaitHO B JiI000it MoMeHT Bpemenu. CJie/10BaTeIbHO, B
9TOM CJIydae y 9TOro 3HAYeHUsI eCTh aKTyaJbHbII nHTepBas Ku3Hu. Taxkum obpaszom, B hop-
myqie (1) GykBoit B JieBOit yacTu 0603HAYEH KOHKPETHBIN T1epuos, (MMEIONHi THIT Ieprojia), a
B IIPABOIl YaCTU — aKTyaJIbHbI HHTEPBAJI KU3HU 3HAYCHUSI JTAHHBIX ([IPOU3BOJILHBIN HHTED-
BaJI BpEMEHHU, He IPUBsI3aHHBINA K Tully repuojia). CoOTBETCTBEHHO, €C/Ti 3HAYEHIE CBONCTBA
P saBucur or Tuna nepuona, to dopmyna (1) samuceiBaerca B suge (O, P, [s],[q],T) =V,
TO €CTh B 9TOM CJIydae B JIEBOH YaCTH sIBJIsIeTCsl 00s3aTebHBIM aTpubyToM (COBIAIAET C
KOHKDETHBIM TIEPHOJIOM), a B IPaBoil dacTu orcyTcTByeT. Kean ke 3HadeHue cBoiictBa P He
3aBUCUT OT THIA Hepuoja, To dopmyna (1) samucsBaercs B Buge (O, P, [s],[q]) = V(), To
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€CTb B JIEBOIl YaCTU OTCYTCTBYET, a B IPABON YACTH SIBJIAETCS O0sI3ATEILHBIM aTPHOyTOM
(akTyasJbHBI MHTEPBAJ 3HAYEHHUs JIAHHBIX). MOMEHT BpeMeHH eCTb MHTepBaJ BPEMEHH, Y
KOTOPOT'O HA4aJI0 U KOHEI COBIAJIAIOT.

Eciu y6parh Bce HeobgzaTebHbIE 3/ieMeHThl, TO dopmyda (1) 3amuceiBaercst 160 B BU-
ne (O,P,T) =V, mubo B Buge (O, P) = V(). Ho npu 3amanabx Biia/esblie, CBOcTBE 1
[EepUo/Jie 3HAUYCHUE JAHHBIX MOXKET OIPEJIEIIThCsd HeoHOo3HAIHO. (CKarKeM, BaJIOBBII BHYT-
PEHIHUIT IPOJIYKT (CBOMCTBO) KAKON-/IMO0 CTpaHbI (BJIaJIesIen) 3a Olpe/ieIeHHbIi 1o (Ilepuo)
UMeeT HECKOJIbKO 3HAYCHUN: ONepATUBHOE 3HAYCHUE U OKOHIATETHLHOE 3HAYCHUE. DTH 3HAUC-
HUs OTJIMYAIOTCA cTaTycaMu JaHHbIX. CTaTycamMy JaHHBIX MOTYT ObITh TaKhe 3HAYEHUS KakK
IJIAHOBOE U (PaKTUUIECKOe, IIPeIBAPUTETLHOE U OKOHYATE/IHLHOE, YTBEPKIEHHOE I CKOPPEKTHU-
poantoe u 1. Craryc jgaHHbIX B hopmyiie (1) obo3Hauen 6ykBoii s. BosMoxKHbIe 3HAUEHMSI
cTaTyca JAHHBIX SBJSIOTCS aTpubyToMm cBoiictBa. B Texuomorun TO®U B kadecTBe craTyca
JIAaHHBIX BBICTyIAeT 3HadeHus pakTopoB. Kpome craryca y 3HadeHUsT JaHHBIX MOTYT OBITH
MOCTABIMUKN MaHHBIX. [locTaBMUKN JAHHBIX — 9TO CYOBEKTBI, KOTOPbIE PETUCTPUPYIOT WU
U3MEPSIOT JIaHHBIE. ¥ OJHOIO U TOr'O K€ JIAHHOI'O MOTYT ObITh HECKOJILKO MmocTaBimukos. [lo-
cTaBIUK JaHHbIX B dopmyse (1) obosnauen GykBoii . Bo3MoKHbBIE OCTABIIMKU JIAHHBIX
SIBJISIFOTCS @TPHOYTOM CBOCTBA. ATpHOYTHI TAHHBIX B JIeBOil dacTu dbopmysbl (1), a nmeH-
HO BJIaJIeJIel] TJaHHBIX, CBOMCTBO, CTATYC, MOCTABIIUK, IEPUOJT, HA3BIBAIOTCST KOOPAMHATAMU
JAHHBIX, a [paBasg 9acTb V HA3bIBAETCH 3HAYEHUEM JAHHBIX. 3HAUYCHUE JTAHHBIX MOXKET
UMeTh pa3/IMYHble THUIIbI, TaKHe KAaK YUCJIO0, CTPOKa, Jara, (pakTop, oO0beKT, dailyi u T.1.
Tun 3HaYEHUS JAHHBIX TAKXKE OIPEJIEIIeTCs CBOUCTBOM. JIJIsi INCIOBBIX JIAHHBIX Y 3HAYUEHUS
IOSIBJISIETCSI €Ile OJIHa KOOP/IMHAaTa, Ha3blBaeMasd eJuHuIell n3MepeHus. Toraa o600IeHHY 0
dbopmymy (1) MoKHO HammcaTh B BUIE

(07 P, [m]v [3]7 [Q]’ [T]) = V([T])7 (2)

riae m (Measure) — equHuna u3mepenus. Kak ormernin BbIle, 31eCh B JICBOH 9acTh — Ie-
pUOJi, B IpPaBOil YacTU — aKTyaJbHBII MHTEPBAJ JIAHHBIX M 00d3aTe/IbHO MPUCYTCTBYET B
onuoit gacru dpopmyssl. Popmyia (1) win (2) omnpejesser KOHKpeTHOE 3HAYEHUE JAHHBIX
WM KOHKpeTHoe jaHHoe. [Ijig opranusamnyuyu aBTOMaTHIecKoro obMeHa JTaHHBIMU HeOOXO/IU-
MO, 9TOOBI ITEPEJAONINe U IPUHIMAIOIINE CHCTEMbI OJHO3HAYHO PACIIO3ZHABAIN KOOPINHATHI
JIAHHBIX, HEe Tepsisl CEMAHTUKU OTHOINEHWI MeXKIy KOOpJWHATaMHU. TakuM oOpasoM, 3ajiada
ABTOMATHUYIECKOT'O O6MeHa JaHHBIMU CBOJUTCA K CMHXPOHHU3aIIN KOOPAWMHAT JdaHHBIX Me}K‘ILy
cucremamu. [TosTomy paspabarbiBaemasi cucreMa u HasbiBaeTcs "cumaxpormsarop TODU" |
TaK KakK [VIABHOI 3a/1a9eil siBJIsieTCsl CAHXPOHU3AIUST MeTaIaHHbIX (KOOD/IMHAT JAHHBIX ) 0OMe-
HUBAIOIIUXCSA CUCTeM, ocHOBaHHas Ha Mojean JaHabix 1TOPU. CunxpoHusamus KOOPINHAT
JIAHHBIX SIBJISIETCS CJIOXKHOM 3a1adeil, KoTopas JIOJIXKHa IPOU3BOAUTLC Y€JIOBEKOM. 3ajiadeil
cuaxponnzaropa TODU apisgercs gacTudHas aBTOMaTH3AINs STOrO Iporecca. s sToro
JIOJI?KHBI OBITH OIMMMCAHBI CTPYKTYPbI KOOPJUHAT JIAHHBIX U CHCTEMbI UX KOJIUPOBAHUSI.

Kaxkgast 13 mepedncaeHHbIX KOOPJIUHAT OolpejesieHa B Oa3e JaHHbIX B TabJUIIaX U3Mepe-
uuit. I1pu sToM KaKkjas M3 HUX, KakK IIPABUJIO, ABJISETCA 3JeMEHTOM HEKOTOpOil bojee 00-
eit CyIHOCTH, KOTOPYIO Ha3oBeM "KoHTeiinepoMm KoopanHaTer". To ecTh, Bageser] JaHHbIX,
ABJIAETCA 3JIEMEHTOM KOHTeﬁHepa BJIa/JICJILIIEB, CBOHCTBO $SBJISIETCA JIEMEHTOM KOHTeﬁHepa
CBOWICTB, WHTepBAJ BpeMeHU (WM MepUOJ) sIBJISIeTCs] SJEMEHTOM KOHTelHepa MHTEeDBAJIOB
BpeMenn (neprooB). [IpuueM ojiuH KOHTEHED KOOPIMHAT MOXKET ObITh BJIOXKEH (SIBJISITHCSI
9JIEMEHTOM) B JIPYTOil KOHTEHED KOOPMHAT.
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Mpbr nipejiiiosiaraeM, 9To Ji0dasi KOOPJNHATA JAHHBIX UMEET OJHY U3 CJEYIONUX CTPYK-
TYyp, WIN, IPYTAMH CIIOBAMU, ABJIAETCA JIEMEHTOM OJIHON M3 CJIEIYIONMUX CTPYKTYD:

1. Dnement;
2. Crucoxk;
3. Uepapxus;
4. Ky®.

Takume cTpyKTYpBI IPUCYTCTBYIOT BO BCeX MHGMOPMAIIMOHHBIX CUCTEMAaX, TaK KaK 00bEK-
ThI (BJIAJIEJIBIBI JJAHHBIX ), CBOWCTBA, IEPHO/IBI 1 JAPYTHe KOOPIANHATHI SIBJISIFOTCS, KAK OIIICAHO
BBIIIIE, dJIeMeHTaMu 0oJjiee CJIOXKHBIX CTPYKTYP B mHMOpMaImoHHON Mojen. COBOKYITHOCTD
BCEX 9JIEMEHTOB KOODJMHAT JAHHBIX M UX KOHTEeHHepoB (CTPYKTYD) HA30BEM MeTaaHHBIMU
KOHKPeTHO 6a3bl JanHbix. O1HON 13 r/IaBHBIX (DYHKINNE CUHXPOHU3ATOPA ABJISI€TCS aBTOMA-
TU3UPOBAHHBIA OOMEH M CHHXPOHMU3AIldsl METaJaHHbIX. TakuM oOpa3oM, MeTaJaHHbIE MIPE]I-
CTaBJIAIOT COOOI OIMCaHNe PA3JIMIHBIX CTPYKTYP KOOPANHAT JAHHBIX M CBA3EH MEKJIy HIMHU.
Hamnpumep, BirajienbiieM JaHHBIX OOBITHO SIBJISIETCSI HEKOTOPBI 00BEKT, KOTOPHI caM sIBJIs-
eTCs IK3EMILIAPOM HEKOTOPOro Kjacca OOBbEKTOB, IIPU 9TOM OOBEKTHI B 9TOM KJIACCE MOTYT
UMEeTh CTPYKTYPY CIHUCKa Wan mepapxuu. Torga MeTaJaHHBbIE COIEpKAT OIMUCAHNE KJIACCa C
OIIpeIeJIeHHOM CTPYKTYPOil OObEKTOB U OIMCaHUE BCEX OOBEKTOB 3TOTO KJacca.

B obmeM Buae KaxKAbIil 9K3eMILISIP MeTaIaHHBIX MOXKHO HAaIlnCcaTb (POPMAaJbLHO B BH-
e Di(Dy(...Dy(FE)...)), tme D; — KOHTeliHEpbI KOOPMHAT BJIOKEHHBIX JIPYT B JIPYTa,
KOOp/MHATa JaHHbIX. KarK el KOHTeliHep KOOPAMHAT M KOopnHaTa F mMmeeT CBOIO CTPyK-
typy u tun. B rexunosorun TO®DPU kouTeiiHepamMu KOOpAMHATHI "Biiajesiel JaHHbIX sIBJIs-
I0TCS KJIACChl OOBEKTOB, THUILI O0BEKTOB, OTHOIIEHHUS MEXKJIy THIIAMU OOBEKTOB, KOTOPBIE
COOTBETCTBEHHO MMEIOT CTPYKTYPY Hepapxusi, nepapxus u Kyo. KoHTeitHepaMu KOOPIUHATHI
"cBOICTBO TaHHBIX" SBJISIIOTCST CBOMCTBA HA OCHOBE M3MEPUTEISI U I'PYIIThI CBOWCTB, KOTOPHIE
NMEIOT CTPYKTYPY KyD U CIIMCOK cooTBeTcTBeHHO. KOoHTeliHepamMu KoopanHaTH! "cTaTyc jjaH-
HbIX" ABJISIOTCA (PaKTOP, KOTOPBI MMeeT CTPYKTYPY CcHucoK. KoHTeitHepaMu KOODIUHATHI
"mocraBmMUK JAHHBIX" SBJIIETCS KJIACC 0OBEKTOB U THII 00HEKTOB, KOTOPbIE UMEIOT CTPYKTY-
py cimcok wian uepapxus. KonreiitnepamMu KoopauHaThl "mepuond" sBJIsI€TCs TUII IIEPUOIOB,
KOTOPBII NMeeT CTPYKTYPY CIIHCKA.

Ha ocrose konmnenmun ganuabix TOPU pazpaborano npocrparctso nmen TODU, B koro-
poM ornucanbl popMasbHble cTPYKTYphl Hanubix (la66acos, 2016 : 45). IIpocTpancTBo nMeH
TO®U cocrout u3z ciepyommux XML-cxem:

— base.xsd — xpanuT 6a30Bble KJIACCHI;
— metadata.xsd — XpaHUT KJ1acChI Jiyid pabOThl ¢ METAIAHHBIMU;

— data.xsd — xpaHUT KJIacchl s pabOThI ¢ JAHHBIMIT;

message.xsd — XpaHUT KJIaCChI JIJId pabOThI ¢ COOOIIEHUSIMHT;

Kaxk et daiin xpauuT B cebe onmcaHne IPOCThIX TUIIOB, IVI00AIbHBIX JIEMEHTOB U CO-
crapabIX TUOB. Cuaxponuzarop TO®U sBisiercss OTaeIbHBIM BEO-ITPUIIOXKEHNEM, KOTOPBIi
MOXKeT ObITh uHTerpupoBaH ¢ 1maardopmoit TODU kak ee MOILYIb.
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O yHKIMOHAIBHO CHHXPOHU3ATOP OCYIIECTBIISIET COIIOCTABICHUE METAIAHHBIX PA3JIMIHBIX
nHGOPMAIMOHHBIX CHCTEM Ha OCHOBE CHCTEM KOJMPOBaHUS, aBTOMATHYECKH (IO pacrimca-
HUIO) WM BPYYHYIO IPOU3BOIUT (GOPMUPOBAHUE METAAHHBIX, OOMEH MeTaJaHHBIMU C JIPY-
I'MMU CHCTEMaMU, CAHXPOHU3AIMIO METaIaHHbIX, (DOPMUPOBAHUE JAHHBIX /I [epeJIadu Ipy-
roii cucreme, MpUeM U Iepeiady Habopa JaHHBIX U3/B APYyroi(-yio) nHMOPMAINOHHO(-YIO)
cucreMbl(-y) U T.JI.

4 Pe3synabTaThl 1 00CYXKJIE€HUS

OOMeH TaHHBIME € UCTIOIb30BaHeM cuaxporn3aTopa TODY ocHoBaH HA CHHXPOHU3AIINN Me-
TaJJAHHBIX OOMEHUBAIONINUXCA cucteM. Ecim Jipyrue cucreMbl 0OMEHa JIAHHBIME, OCHOBAHHBIE
Ha IIPOCTPAHCTBAX UMEH SIBJISIOTCS IIPEIMETHO-OPUEHTHPOBAHHBIMU, TO IIPOCTPAHCTBO UMEH
TODU, B 5TOM CMBICIIE, ABJIETCS yHUBEpcaabHbIM. HO C/I0XKHOCTH BHEJIpEHUs IIpejiara-
€MOT'0 TIOJIX0/Ia 3aKJII0YAeTCsd B HEOOXOJIUMOCTH KOJUPOBATH KAXKIbIH SK3EMILIAP CYITHOCTH
nHGOPMAITMOHHOM cucTeMbl. DddeKT oT BHeipennst mpoctpancTa nver T ODU moxkeT ObITH
[OJIyYeH B CjIydae IPUHATHUS €r0 B KaUeCcTBE CTaH/IapTa B OTPAC/IM WM FOCYIaPCTBE.

5 3akJroueHue

B crarbe npuBeieHbl 0030p CYIIECTBYIOMIMX METOI0B OOMEHa JTaHHBIME MeXKIy WHMOpMAI-
OHHBIMHU cucTeMamu. IToapoOHO ommcaHa TEXHOJIOTHsSI OOMEHA JIAHHBIMU M METAIAHHBIMU C
ncnoJib3oBannem cuaxponnsatopa TO®U. CpaBHeHne ero BO3SMOXKHOCTEN € JIPYTUMA TEXHO-
JIOTUSIMU II03BOJISIET CJIeJIaTh BBIBOJL O HMEPCIIEKTUBHOCTHU Pa3padaThIBAEMOI'0 IIOIX0/IA.

Pabora BbIIOIHEHA TIPU MOJJIEPKKE I'PAHTOBOIO (DUHAHCUPOBAHUS HAYIHO-TEXHUIECKUX
nporpamm u npoekroB Komurerom nayku MOH PK, rpant Ne 4502 /T'®4.
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Automatic text summarization is an actual problem when working with a large amount of
information. Most of the algorithms that work on the basis of statistical data build a summary
text content by counting the similarity of text units and units importance. Text unit could be a
word, sentence or paragraph, in our case unit is a sentence. Similarity is considered the presence
of key-words in the sentences. Key-words are words that indicate the topic of the text. In this
research work we will describe an automatic extraction of key-words dictionary, where key-words
are N-grams with N from 1 to 5. Two algorithms were implemented: getting of words that occur
only in one of two different corpora and getting of words with high importance. Importance of N-
gram denotes its belonging to the topic of the text. Used text languages are Russian and Kazakh.
The algorithms show important results, both of them make sense in constructing of full key-words
dictionary.

Key words: automatic extraction, key-words, N-gram.

H3BieyeHue cioBapsi HA OCHOBE CTATUCTUYECKUX JIAHHBIX
Mycuna A.B., 6bakajaBp TeXHUKH U TeXHOJOrni, Kazaxckuil HAIlMOHAJILHBINA YHUBEPCUTET
nmMenn ayib-Papabdu,
r. Anmvarer, Peciybiinka Kazaxcran, +77759295274, E-mail: mussina.aigerim95Qgmail.com Ay6akupos
C.C., PhD, Ka3zaxckuit HAIIMOHAJIBHBIN YHUBEPCUTET NMeHU aJib-Papadu,
r. Anmarer, Peciiybiuka Kasaxcran, +77002200051, E-mail: aubakirov.sanzhar@gmail.com

ApTomarudeckoe pedepupOBaHUE TEKCTA ITO aKTyaIbHas pobieMa 1npu pabore ¢ GOJIBIINM KOJIH-
1ecTBOM nH(MOpMAITUU. BOJIBITUHCTBO aJITOPUTMOB, KOTOPhIE pA0OTAIOT HA OCHOBE CTATUCTHIECKUX
JIAHHBIX, [TOJICYNTHIBAIOT CXOXKECTh TEKCTOBBIX EJIUHUIl U UX BA’KHOCTBH IIPU COCTOBJIEHUN KPATKO-
ro comepxkanus. TeKCTOBO# enuHUIEH MOXKET OBITH CJIOBO, IPEJJIOXKEHUE WM maparpad, B Ha-
IeM cIydae 9To npefyoxkenne. CXOACTBO CINTAETCS HAJUINEM KJIIOUEBBIX CJIOB B IIPE/JIOXKEHUSIX.
KirogyeBsie ciioBa - 9TO €j10Ba, KOTOPbIE YKA3bIBAIOT HA TEMATHKY TeKCTa. B 9T0il ncciemoBaresb-
CKOit paboTe MBI OIMINUM aBTOMATHIECKOE N3BJIEUYEHNE KIIIOUEBBIX CJIOB, i€ KJIIOYEBBIMU CJIOBAMHU
siBstiorcst N-rpamMvbl ¢ N or 1 g0 5. Peasim3oBaHbl J[Ba ajiropuTMa: IOJIyYeHUE CJIOB, KOTOPBIE
BCTPEYAIOTCST TOJIBKO B OHOM U3 JIBYX PA3HBIX KOPILYCOB U TOJIyYEHUE CJIOB C BBICOKON CTEIEHBIO
BazkHOCTH. BazkuocTs N-gram 0603HaYaeTCst €ro IPUHAJIEXKHOCTHIO K TeMaTHKe TeKcTa. Vcmorb-
30BaHbBl TEKCTHI HA PYCCKOM M Ka3aXCKOM sI3bIKax. AJITOPUTMBI TIOKA3BIBAIOT BayKHBIE DE3YJIbTATHI,
00a MOTYT OBITH UCIIOJb30BAHBI B CO3/IAHUN IIOJTHOIO CJIOBAPS KJIIOYEBBIX CJIOB.

KiroueBbie cjioBa: aBTOMATHYIECKOE M3BJIEUEHNE, KJIIOUEBbIe cIoBa, N-gram
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Morinai aBToMaTThl pedepepey - Oyl aKImapaTThIH VJIKEH CAHBIMEH XKYMBIC iCTey Ke3iHeri o3eK-
11 Mocesne. CTaTUCTUKAJIBIK AEPEKTEP/iH HEri3iHAe KYMBIC iICTEHTIH AJrOPUTMIEPiH, KOIIIiIir
MOTIH/IIK OipJ/IIKTEPIiH YKCACTBIFBIH YKOHE OJIAPIBIH KBICKAIA Ma3MYH Kacay Ke3iHIeri MaHbI3/Ibi-
JIBIFBIH ecenreiini. MoTiaaik Oip/iik peTinmge ce3, ceitiieM HeMece 6oJiM 6OJTybl MYMKiH, Oi3/TiH Kar-
naitna oyii- ceitiem. Ceilyiemaepe KiaT ce3nepis, 60JIybl, YKCACTHIK, O0JIbI caHajaabl. Kiar ces-
JIep - oJiap MOTIHHIH Ma3MYHBIMEH OOJIMBICHIHA HYCKAUTBIH co3iep. OChbl 3epTTey *KYMBICHIHIA 613
aBTTOMATTBI TYPJE KT CO3AEPl aLyIbl CANIATTANMBI3, Oy kepae N - rpamvasap N 1-men 6a-
crar b-Ke fiefiin KT ce3mep 6osbin Tadbuiaapl. Kaszipri ramga eki aaropurtM icke achIpbLIIBL OIap
- Op TYpJIi €Ki KOPIIyCTap/IblH TeK KaHa OipiHe Ke3eceTiH co3Aep/Ii aay KoHe KOFaphl Joperkei
MaHBI3IBLIBIFEL 0ap ce3epai airy. N -rpaMMaiapblH, MaAHbI3IbLIBIFBI OHBIH, MOTIHHIH Ma3MYHBIHA
TuicTiirine Kapait 6enrineneni. Kasak »kKoHe opbICc TLIAepiHaieri MaTiHIED KOJJIAHBLIILL AJro-
PUTMIEP MaHBI3IBI HOTUXKEJIED KOPCETYIE, eKeyl JIe TOJIBIK, KLJIT CO3/EP CO3/IrH Kypy OapbIChIH A
mai qaTaHbLTY bl MYMKIH.

Tvyiiin ce3aep: aBTOMATTHI MIBIFAPBII ALy, KiATTI co3mep, N-gram

1 Introduction

The amount of information is extremely growing up, data processing is becoming time and
resource consuming. The solution could be the usage of text summarization, which is the
object of study. Getting only meaningful part of the text will give approximately the same
knowledge as full text does. During the research on this technology, we are faced with the need
to use key-words dictionary. Without the knowledge about semantic and syntactic meaning
of words and phrases it is very hard to find out key-words of the text topic. The only thing we
have to use is statistical data as frequency of occurrence. Dictionary extraction is the subject
of our study. The goal of this research work is to extract topic dictionary of key-words. Our
final goal is to develop automatic summarizer that will effectively work on our corpora.

2 Related works

The article (Chuleerat 2003: 9-16) presents an algorithm for extracting the most significant
paragraphs from the text in Thai, where the significance of the paragraph depends on the
local and global properties of the paragraph. The main emphasis is on the knowingly correct
distribution of paragraphs, Thai language is very different from European languages and is
more similar to Chinese and Japanese in terms of fuzzy division of words and sentences. We
use the Russian and Kazakh languages, which have a clear sentence structure. However, if
the text of the message is large enough, this algorithm can be used to identify significant
paragraphs. The (Mandar 1997: 39-46, Fukumoto 1997: 291-298) works propose that each
word in text can have weight and depending on this weight it is possible to denote the
important part of information. However, article (Fukumoto 1997: 291-298) uses words weight
among a paragraph and the extraction unit in this work is a paragraph. The works (Federico
2016: 65-72, Yacko 2002) mainly depict one view of summarization methods. Authors
suppose that each sentence has connection with other sentences and this connection is their
similarity. In the work (Federico 2016: 65-72) TextRank algorithm presented, which is the
most popular in text summarization. It uses the similarity of sentences in words to identify
informative sentences. The main feature is denoted in construction of a graph with sentences
as vertex(tops) and similarity connections as edges, where each edge has its value calculated
from similarity function. In work (Yacko 2002) similarity of sentences defined in common
words, sentence with more connections recognized as informative. The way of constructing a
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graph seems the most preferable since it operates with sentences, and similarity functions use
statistical data as word frequency. Comparing of all words may cause distortion of results, to
prevent this it is useful to consider only important words, key-words. In work (Iain 2016) a
method of identifying the most important words using the corpora of texts from songs of a
certain genre is proposed. The author defines the coefficient Mw as an indicator of belonging
to the genre. The coefficient is calculated by the formula

metal

_ w
Mw T lOg brown
w

where N™¢% is the frequency of occurrence of the word w in the body of lyrics and
NPrown s the frequency of occurrence of the word w in the Brown corpus (Wikipedia Brown
Corpus). To calculate the "emergency"of the word, we decided to use the above formula, in
our case N™%l is replaced by Ny, 7"Y=""* _ the frequency of occurrence of the word w in
the emergency message body and N2 " is replaced by N”¢** is the frequency of occurrence
of the word w in the news bulletin. According to these data, a list of the most and least
"emergency"words is constructed. Applications of many algorithms and methods of text
analysis depends on statistical information about text (Riedl 2012: 47-70), statistics about
N-grams are an important building block in knowledge discovery and information retrieval
(Berberich 2013: 101-112). In this project work, segmentation of text is considered according
to words of different lengths within a single sentence. In the English literature, the term
tokenization (The Art of Tokenization) is used. To denote a segment, we use the term N-
Gram. N-Gram are sequences of adjacent words or tokens in a text document or line, where
N is the length of the sequence (Berberich 2013: 101-112). A sequence of two consecutive
elements is often called a bi-gram, a sequence of three elements is called a trigram. At least
four or more elements are designated as N-grams, N is replaced by the number of consecutive
elements (Wikipedia N-grams). For the calculation of N-grams already developed technologies
such as Elasticsearch (Elasticsearch engine guide) and SRILM (The SRI Language Modeling
Toolkit) (Srilm project). In (Ngram count), calculation of repetitions of N-grams in the body
of texts or in a sentence using a finite automaton is shown. The summary evaluation process
described in (Federico 2016: 65-72, Sandeep 2009: 521-529) and they involve usage of ROUGE.
Recall-Oriented Understudy for Gisting Evaluation (Chin-Yew Lin 2004: 74-81) is a set of
metrics used in automatically generated summary evaluation and in machine translation. This
kind of evaluation does not useful for us, because it assumes comparison of automatically
produced summary and human generated summary, “ideal summary”. This project work d
not assume interaction with human. The hypothesis from work (Sandeep 2009: 521-529) stays
that the summary must act as the full document, such that their probability distributions are
very close to each other. Authors propose application of KL (Kullback-Leibler) Divergence,
the calculation of entropy of summary, in evaluation process.

3 Source and methods

In this research work we will consider the case of processing the information about emergence
situations along the news data. We have used corpora of news articles from web. For this
purpose web crawler was implemented. It parses 21 state web-sites and 22 news portals.
We categorize news articles to «News», that are news messages about general human life,

Becrauk KasHY. Cepusi maremarnka, Mexanuka, nadopmaruka Ne2(94)2017



76 Mussina A.B., Aubakirov S.S.

and «Emergency News», that are messages with notifications about some danger and/or
unfavorable situations.

3.1 Tools used

To preprocess text, index and extract N-gram we used the following tools: Apache Lucene,
Elasticsearch and Apache OpenNLP. Apache Lucene is a library from the Apache Software
Foundation for full-text search, it is also used in computational linguistics. Apache Lucene
provides many tools for building indexes based on the TF-IDF model. Using Apache Lucene,
we removed all stop-words from the texts, extract all N-gram from 1-gram to 5-gram and
built indexes. Elasticsearch is a search tool based on Apache Lucene. The main feature of
elasticsearch is the ability to perform high-speed search in the database with a large number
of documents using indexes. Apache OpenNLP is a tool for working with natural language, it
can perform various operations with text, such as tokenization, division of text into sentences.
The tokenization of OpenNLP has been replaced by ShingleFilter’s tokenization, since the
latter is able to extract N-gram from sentences of different lengths at once, while OpenNLP
alone can only split sentences into separate words. The used corpora is classified and marked
with meta data (message title, publication date, TF-IDF, tags). Data are classified into
"News'"and "Emergency News".

3.2 Implementation of algorithms

We have implemented the algorithm for extracting the emergency N-gram dictionary and
calculating the "emergency"of N-grams. At this stage, N = 5 (phrases of up to 5 words).
Both algorithms extract and count the N-gram frequency.

Algorithm 1: Extract and calculate the frequency of occurrence of N-gram: 1. We retrieve
all messages of the given class. Proceed to step 2. 2. We form a common text from the
title lines and the main text of the messages. Proceed to step 3. 3. We divide the text into
sentences. We proceed to step 4. 4. We extract all possible N-gram and perform the calculation
of frequency.

Algorithm 2: Extracting the vocabulary of extreme words. 1. We extract the N-gram with
the frequency of occurrence according to the algorithm 1. Proceed to step 2. 2. Write the
N-gram from the text, that classified as "Emergency Newsto emergency dictionary if the
N-gram is missing from messages classified as "News".

The calculation of "emergency"performed, according to the formula presented in section
2, Related works. Two types of N-gram are considered for which calculation is performed.
The first type is N-gram with minFreq greater than 1 in two types of messages. The second
type is N-gram with minFreq greater than 5 in two types of messages.

Algorithm 3: calculation of "emergency"N-gram. 1. We extract the N-gram with the
frequency of occurrence according to the algorithm 1. Proceed to step 2. 2. We check that
N-gram from «Emergency News» is not among the N-gram from "News". If it occurs in both,
proceed to step 3. 3. If the N-gram occurs in messages of the class "News"and "Emergency
News"more or equal to minFreq (the minimum frequency of occurrence), then calculate for
its "emergency". Proceed to step 2.

In the work (Tain 2016), the author highlight the possible distortion of the results of the
third algorithm, caused by rare words. As a decision, only words that occur at least 5 times
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in both cases are taken into account. In this paper we denote this solution by minFreq. If the
frequency of occurrence of N-gram in both classes is greater than or equal to minFreq, then
"emergency"is calculated for it.

4 Results and discussion

Table 1 - Source data for dictionary extraction

Amount
News articles classified as «Emergency News» 2592
News articles classified as «News» 75.901

In Table 1 presented data about corpora, amount of news articles classified as «Emergency
Newss» and «News». General news is nearly 30 times more than emergency.

Table 2 - Algorithm 1 results

Amount
N-grams from «Emergency News» 483.052
N-grams from «News» 26.774.077

Amount of N-grams by algorithm 1 presented in Table 2. There are more news articles
classified as «News», because of this amount of N-grams is also more, almost 55.4 times.

Table 3 - Algorithm 2 results

Amount
Dictionary of emergency N-gram | 202.884

Table 3 shows that about 280 thousand N-gram occurs in news articles of both classes.
The rest is the dictionary of emergency N-gram.
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Table 4 - Top-10 most frequent from the dictionary of emergency N-gram

Dictionary key-words N-gram Frequency

1 | aBmennit morojpsr (weather phenomena) 160.0

2 | nporHo3 BaxkHeiimmx gBienuii morojsl (forecast of the 158.0
most important weather phenomena)

3 | Baxkueiimux spennit moroasl (the most important 158.0
weather phenomena)

4 | asnenuit morozabl uHbopMmaruu (weather phenomena 116.0
information)

5 | moromer nadopmarmn (weather information) 116.0

6 | HpOrHO3 BaKHEHINUX ABJECHUN TOro/bI UH(MOPMAIIUH 115.0
(forecast of the most important weather information)

7 | BaxHejimux sByeHnit noropl nHbopMarmu (the most 115.0
important weather information)

8 | morogel  wmHbopMaru  duamana  prio (weather 98.0
information of the branch of the PPP)

9 | BaKHEHIIMX SABJIEHUI TOro/bl WHMOpManuu duimaa 98.0
(the most important weather information of the branch)

10 | morompt uHDOpMarmn hunana (weather information of 98.0
branch)

All the phrases, from Table 4, within the current corpora are found only in messages of
the class "Emergency News". The top 10 emergency words are presented on the frequency of
their occurrence. All ten N-grams which are on the top connected with each other. Probably
the one very common sentence repeats in most of emergency news.

Table 5 - Algorithm 3 results

Amount
N-gram with computed «emergency», in case of minkreq=1 | 280.168
N-gram with computed «emergency», in case of minkreq=>5 19.293

The number of N-gram for which the "emergency"was calculated by algorithm 3 is shown
in Table 5. The calculations were carried out with minFreq equal to 1 and 5. As can be seen
with minFreq = 1, the amount of N-gram equals the number of N-grams not included in the
dictionary of emergency words by algorithm 2.
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Table 6 - Results of algorithm 3, minFreq = 1

“emergency” > 0 | “emergency” < 0 | “emergency” = 0
N=1 669 24018 1071
N=2 5852 41059 19030
N=3 7619 26843 31499
N=14 7554 20337 35338
N=5 6887 16480 35912

The number of N-grams with “emergencies” greater than 0, less than 0 and equal to 0 in
case of minkFreq = 1 presented in Table 6. When “emergency” is equal to 0, it means that
N-gram occurred in the “NOTIFICATION” messages the same time as in “NEWS” message,
since in formula 1 we use logarithm. Here we can notice that amount of uni-grams is more
less than other N-grams.

Table 7 - Results of algorithm 3, minFreq = 5

“emergency” > 0 | “emergency” < 0 | “emergency”’ = 0
N=1 223 6364 31
N=2 1040 4080 302
N=3 1141 1760 407
N=14 967 954 355
N=5 776 587 306

The number of N-grams with “emergencies” greater than 0, less than 0 and equal to 0
in case of minFreq = 5 presented in Table 7. Here bi-grams and tri-grams occur more than
other N-grams.

Table 8 - Top-10 N-gram with high «emergency» in case of minkFreq=1

“emergency 7 N-grams “emergency” value
1 | HOI3eMHBIX TOJIKOB (tremors) 4.532599493153256
2 | semsierpsicenue maruuTyoil (earthquake of magnitude) | 4.436751534363128
3 | cBemenuit onyrumoctn (sensibility data) 3.8918202981106265
4 | anmarsl rpanune (almaty border) 3.8501476017100584
5 | meronnmueckas skcreauims (methodical expedition) 3.713572066704308
6 | ceiicmosorndeckas (seismological) 3.713572066704308
7 | onbiTHO MeToueckas (expertly methodical) 3.713572066704308
8 | ceficMosiormuecKasd OIBITHO MeTommuecKad skcrequnus | 3.713572066704308

(seismological experimental expedition)
9 | ceficMmosIoTHIUECKALd OIIBITHO Meroauydeckada | 3.713572066704308
(seismological experimental methodological)
10 | ombiTHO  MeTosmuecKas  srcneauims  (experimental | 3.713572066704308
expedition)

The top 10, shown in Table 8, mainly consists of N-gram about earthquake. Indeed, these
words and phrases can rarely be found in the usual news. However, the result is slightly
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distorted due to words that usually appear together, for example, the phrases from 5 th to
10 th are from the same sentence and their “emergency” is also equal. Probably the whole
phrase is presented by 8 th N-gram. This means that usually people use the same sentence
construction when they write about earthquake.

Table 9 - Top-10 N-gram with low «emergency» in case of minFreq=1

“emergency 7 N-grams “emergency” value
1 ne (particle) -9.167328481382892
2 | 6oitbama (according to) | -9.105757331783742
3 Typasnl (about) -8.835210463664092
4 6ip (one) -8.668711839055147
5 kr (kg) -8.426173793029069
6 6omazpt (will be) -8.352554369474591
7 | memsekerTik (the state) | -8.345455428161928
8 ko (road) -8.339261982923576
9 Goser (was) -8.328934041955529
10 Oy (this) -8.294216292881348

The low "emergency"of N-gram at minkreq = 1 is presented in Table 9. These words
and phrases are more common in probably all news article, but they appear more in general
news. For example, 6 th and 9 th presents the time form of the same auxiliary verb, 4 th is
a number, 5 th the measure abbreviation. All N-grams, or more concrete uni-gram, are in
Kazakh language.

Table 10 - Top-10 N-gram with high «emergency» in case of minkFreq=>5

“emergency 7 N-grams
1 | marauTymoit (magnitude)
2 | obbsBieHo mTOopMoBoe (storm announced)

“emergency” value
3.040184036124825
2.929287174145838
2.929287174145838

3 | 00BbABICHO  MITOPMOBOE
warning announced)

4 | nporuo3 BaxHeiimux sipieruii (forecast of the most
important phenomena)

5 | Bakmeitmux gsienuit (most important phenomena)

6 | TOpHBIX pailoHaX aJMATHHCKON (mountainous areas of
Almaty)

7 | kM 1oro 3amasn (southwest km)

8 | semuserpscenue (earthquake)

9 | mporuos Baxueiimux (forecast of the most important)
10 | stmnenTp 3emiterpsicerns (earthquake epicenter)

npejgynpexjaerne  (storm

2.8965256234705428

2.8965256234705428
2.70805020110221

2.662587827025453

2.631089159966082

2.608843551018762
2.5508646175797978

Comparing the results from Table 8 and Table 10, you can see that the N-gram about
earthquake mostly appears in “Emergency News”. In table 10, where minimum frequency
value is equal to 5 in both classified news articles corpora, predominantly represented N-
grams about storm. We can say that “News” articles also often use N-grams about storms.

ISSN 1563-0285 KazNU Bulletin. Mathematics, Mechanics, Computer Science Series Ne2(94)2017



Dictionary extraction based on statistical data 81

Table 11 - Top-10 N-gram with low «emergency» in case of minFreq=>5

“emergency 7 N-grams “emergency” value
1 | men (I) -7.959683517398391
2 | xomne (and) -6.909709889225459
3 | cbopmoii (team) -6.692827882439268
4 | yuin (for) -6.665220379421287
5 | xaHa (new) -6.664153885765531
6 | Bcrpeun (meetings) -6.5789733956449306
7 | cymmy (amount) -6.354080143708786
8 | nmeer (has) -6.350594807621779
9 | mamux (our) -6.344173302776835
10 | maxkmiuca (mazhilis) -6.306275286948016

Table 11 shows words and phrases rarely found in emergency news. These N-gram more
characterize the news of the class "News".

The main distortion in results caused by list of stop-words, which is not full, because
of that dictionary contains abbreviations and not meaningful N-grams. Another problem
connected with absence of stemming support. The results could be more clear and effective
with applying of Russian and Kazakh stemming algorithm. Some N-grams, mostly uni-
grams, has equally popular variations. Here variations are N-grams with changed affix part.
Generally, they are the same, but dictionary extraction algorithm takes them as different
N-grams. For example: “ceficmosiorudeckux”; “ceficmosiorudecknit”’, “ceiicmosiornteckast”. All
previous words translated to English as “seismological”, they have difference only in affixes
that denote the number and gender of noun to which those adjectives connected. We should
take into account the existence of N-grams with place names, for example “ITo:xxap B "Aby
Habu [Tnaza"”. The "Aby /labu [1naza"is a name of building, but since such N-gram, “IToxxap
B "A6y [abu Ilnaza"”, does not appear in “NEWS” messages, it was written to dictionary.
Finally, during tests we have noticed that some notification N-grams do not appear in
dictionary, for example “Ilogzemunie Tomukn”. Each word exists in dictionary separately, but
not together. This situation is possible because such N-gram does not appear in “NEWS”
messages corpora and as a result the “emergency” could not be calculated. We should take
into account such N-grams.
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5 Conclusion

Table "Top 10"show that N-gram associated with accidents, assurance and search and
rescue (SAR) operations are most often found in the emergency messages body. To get
mostly full dictionary we can replenish results of Algorithm 2 (Extracting the vocabulary of
extreme words) with words and phrases from results of Algorithm 3 (calculation of N-gram’s
emergency) with "emergency"above some defined threshold value. We need to calculate this
threshold value since the results of Algorithm 3 showed that N-gram, most suitable for one
particular class, can occur in texts of both classes.

Future work. The results of extracting the vocabulary of emergency words and calculating
the "emergency"of words in the future will be used in identification of important part of text.
The importance of text unit will be defined via its local properties, the presence of N-gram
from dictionary, and global properties, the presence of nearby text units with high values of
local properties. It is planned to use this importance identification in automatic document
summarization.

This work was partially supported by the grant of the Committee of Science of the
Ministry of Education and Science of the Republic of Kazakhstan (project 3350/GF4 MON
RK).
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CBEJEHUNA OB ABTOPAX

Aticazanues Cepurbati Abduzanuesus - npodeccop Kazaxckoro HaroHAJILHOTO yHUBEPCATETA UMEHH
aab-Papabu, JOKTOP TEXHUIECKUX HAYK

Aticazanuesa Cogusa Cepurbaesna - riaaBubIl HaydHblit corpyaunk HUW maremMaTnku u MeXaHUKH
KazHY uwm. anp-®Papabu, kanaumar Gu3nko-MaTeMATHIECKAX HAYK

Axanbati Hypcadvik - n.0 npodeccopa Kazaxckoro HaImoHaIbHOIO yHUBepcuTeTa nMenn ajib-Dapabm,
KaHIUIAT (PU3UKO-MATEMATHIECKUX HAYK

Aanduberos Tamawa - u.o npodeccopa Kazaxckoro HarmonapHOTO yHUBEpCcUTeTa nMeHN ajib-Dapabdm,
JIOKTOP (PUBUKO-MATEMATHIECKUX HAYK

Aybarxupos Canorcap - mokropanT Kazaxckoro HaIfMOHAJILHOTO yHUBEpCHTETa UMeHH ajib-Dapadbu

T'abbacos Mapc Bexkasuesuy - reHepasibHbII qupekTop KoMmuanuu cucreMHBIX uccienoBannii "®Dak-
Top . AcTaHa, KaHIUIAT (PU3NKO-MATEMATUIECKIX HAYK

2Katidaposa Anercardpa - HaYaIbHUK OTIE/IA 110 PA3BUTUIO MH(OPMAIMOHHBIX cuCcTeM, HCTUTYT UH-
GbOPMAIMOHHBIX TEXHOJIOTUI U WHHOBAIMOHHOTO pa3BuTHs, Ka3axCKuil HAIIMOHAJILHBIN YHUBEPCUTET
nMeHn aJib-Papabdbu

Kyawnos T./[. - 3apenyromuii oraenom Komiaauu cucreMHbIX uccienoBannii "®@akrop r. Acrana

Konnosa Oxcana Jleonudosna - moxropant Kazaxckoro HalmoHAJbHOIO YHUBEPCUTETa UMEHU AJTh-
Dapabu

Kucmay6baes Epaan - Ha9aJbHUK OT/ENa MIaHupoBanust u mouutopuura UT pecypcos, UucTturyT un-
bOPMAIMOHHBIX TEXHOJIOTUI ¥ WHHOBAIIMOHHOTO pa3BuThs, Ka3axcKonii HAIMOHAJIBHBIN YHUBEPCUTET
nmenn atb-Papabdbu

Mymanos Iarumxaup Mymarosuw - pekTop Kazaxckoro HalmoHaJILHOTO YHUBEPCUTETA WMEHU ajlb-
®Dapabu, JOKTOp TEXHUYECKMX HayK, rpodeccop, akamemuk HAH PK

Mamwvixosa XKana Jorcymanezaruesna - nupekrop MHCTUTYTa MHGOPMAIMOHHBIX TEXHOJIOTUN 1 WHHO-
BAIIMOHHOTO pa3BuTus, Kazaxckuil HaIMOHAJBHBIN yHUBepcuTeT nMmern ajtb-Papabu

Mycuna Atieepum Boaamosna - 6axajaBp TEXHUKH M TEXHOJIOrHN Ka3aXCKOro HallMOHAJIBHOIO yHU-
BepcuTeTa uM. aab-Papabu

Cyaetimenosa 3osa Hsmeneyosta - nokropanT Kaszaxckoro HallmOHAJILHOIO YHUBEPCUTETa UMEHU AJlb-
Dapabu
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K CBEAEHVIO ABTOPOB

B xypnasi "Becrauk KazHY. Cepust maremaruka, Mexanuka, nagopmaruka' mpuHIMAOTC HabpaH-
HbIe TOJIBKO B TeKCTOBOM dopmare TEX2e Ha Ka3zaxCKOM, PYCCKOM MJIN aHIVIMHCKOM sI3bIKAX, paHee
He OIyOJIMKOBaHHbBIE IPOOJIEMHbBIE, 0030pHBIE, JUCKYCCUOHHDBIE CTATHU B O0DJIACTH €CTECTBEHHBIX HAYK,
IJIe OCBEIIAIOTCH Pe3YJIbTAThl (DYHIaMEHTAJIBHBIX U IPHUKJIQIHBIX UCCJIEJOBAHUIA.

MarepuaJibl cireflyer HampasJaTh 1o ajpecy: 050040 Anmarsr, yir. anb-Papabu, 71, kopiryc 13, Hayaro-
HCCJIeI0BATEIbCKIN HHCTUTYT MexaHnuku u maremaruku KasHY uwm. anb-Papabu, kab. 125, rer. 377-
32-23. Duiekrponnas noura: Lazat.dairbayeva@gmail.com (0OTBETCTBEHHOMY CEKPETapIo PEIKOJLIETUH,

Haupbaesa JI.M.)

Crarbsi JIOJI2KHA, COIIPOBOXKIATHCS IIUCBMOM OT yUPEXKJEeHNsI, B KOTOPOM BBINIOJTHEHA, JJaHHAs pabora,
rjie yKasbiBaloTcs ceejenns 06 aropax: @.1.0. nmoaHocTh0, MeCTO ux paboThl, JOJKHOCTD (HA3BAHUE
By3a, 1eHTpa 6e3 cokpamlenuii, daxyibrera, Kadeapsl), pabounii Tesedon, dake, e-mail, gomainnuii
aJipec U KOHTaKTHBIH TeIedoH.

B pemakmuro HEOOXOIUMO MIPEICTABUTD JIEKTPOHHYIO BEPCUIO CTAThU: tex-ailyibl paboThl u (ailiibl
PUCYHKOB Ha oxHOM jfucke. s dailjioB pUCYHKOB PEKOMEH IyeTCs UCIIOIb30BATH CPEJCTBA OCHOBHOTO
naxkera BTEX2e nim dopmar eps [em. m.7]. Ykasssaercs ko mo Y/IK. B pemakuuio tak:ke mpencras-
JIAeTcCd OTTUCK pa6OTI)I B /IBYyX 3K3eMILJIdpaXx.

Ob6beM cTaThbu, BKIIOYAsT CIUCOK JINTEPATYPDI, TaOJIUIBI U PUCYHKH € TOJPUCYHOIHBIMY HAJIIACIMHA,
AHHOTAINY, HE JTOJ2KEH IPEBBINATh 17 cTpaHull ne4arHoro rekcra. Munnmanabubiii 06bem crarbu - 6
CTDAHUIL.

CTpyKTypa cTaTbu.

IlepBaga crpanuna:

1) Iepsas crpoka - Homep YK, BoipaBHUBaHEE - 110 JIEBOMY KPalO, MPUQT - IOy KUPHBII.

2) Hazpanue crarbu (3arosioBok) JIOJIZKHO OTParkaTb CyTh U COIEPYKAHKE CTATbU U IIPUBJIEKATH BHU-
Manwue dnrtaresisi. HazBanue H0/KHO O6bITH KPATKUM, HHGOPMATUBHBIM U HE COJEPKATH YKAPTOHU3MOB
i ab6pepuaryp. OnTuMasbHasl JJIMHA 3ar0JI0BKa - 5-7 ¢J10B (B HEKOTOPBIX caydasx 10-12 cios). Ha-
3BaHUE CTATHU JIOJI?KHO OBITH IIPEJCTABIEHO HA PYCCKOM, Ka3aXCKOM M aHIJIMACKOM si3bikax. HaspaHnue
CTATbU TPEJCTABIISETCS Oy KUPHBIM MIPUMTOM CTPOYHBIMU OyKBAMU, BEIDABHUBAHUE - IO IEHTPY.
3) ABrop(bl) cTaThU - C yKa3aHUeM UMeHU U (DAMUJINN, YIEHON CTelleHH, YIEHOrO 3BaHMs, 3AaHUMAeMOil
JIOJIZKHOCTH, MecTa pabOThl, TOPOJI, CTpaHa, KOHTAKTHBIN TejaedoH, email - Ha PycCcKOM, Ka3aXCKOM U
aHIUACKOM si3bikax. CBeleHnsi 00 aBTOPax MPEeJICTABJISIIOTCS OOBIYHBIM IIPUMTOM CTPOYHBIMU OYKBa-
MU, BBIDABHUBAHUE - 110 IIEHTPY.

4) Annoranus oobemom 150-500 ¢10B Ha PYCCKOM, Ka3aXCKOM U aHIJIAHCKOM s3bikax. CTpyKTypa aH-
norarnuu Briodaer B cebs caemyromue OBA3ATEJIBHBIE nyukrer: "BerynurenbHoe cioBo 0 Teme
uccaenoBanus. "llejib, OCHOBHBIE HAIIpABJIEHUs W WU HAy4IHOrO McciaedoBanus. "Kparkoe ommcanue
HAy4HOI U IPAKTUYIECKO# 3HaunMocTu paborsl. "KpaTkoe onucanne Meromosioruu uccjegoanus. "Oc-
HOBHBIE PE3YJIBTATHI U AHAJIN3, BBIBOJLI UCCIIEI0BATEILCKON paboThl. "IleHHOCTh TPOBEJIEHHOIO UCCITe-
JoBanus (BHECEHHDIH BKJIaJ JAHHONH pabOThl B COOTBETCTBYIONLYIO 0baacTh 3uanuil). "IIpakruyeckoe
3HAYEHNE UTOTOB PAabOTHI.

5) Kuniouesble csioBa,/ciioBocoueTanus - KOJMIECTBOM 3-5 HA PYCCKOM, KA3aXCKOM U AHIJIMIACKOM sI3bl-
Kax.

IMocaenyromast crparnna (HOBasi):

6) BBeienue coCcTOUT U3 CJIEAYIONMX OCHOBHBIX 3jieMeHTOB: "OGOCHOBaHUE BLIOGOPA TEMbBI; aKTyaJIb-
HOCTBb TeMbl uau mpobsieMbl. B 0bocHOBaHUM BBIOOpPA TEMBI HA OCHOBE ONMCAHUS OIIBITA ITPEJIIEeCTBEH-
HUKOB COODIIAeTCs O HAJINIUU NPOBJIeMHOl cuTyanuu (OTCYyTCTBUE KAKUX-JIUO0 MCCJIeI0BAHU, 1OAB-
JIEHHE HOBOT'O OOBEKTa U T.J.). AKTYaJbHOCTb TEMbI OLPEEJISeTCst OOIIUM UHTEPECOM K U3YIeHHOCTH
JaHHOI'O O6"])€KT&7 HO OTCYTCTBUEM UCYUEPIILIBAIOIIMUX OTBETOB Ha MMeEIONIUEeCd BOIIPDOCHI, OHa JTOKa3bI-
BaeTCsl TEOPETHYECKONW MJIM MPAKTUIECKON 3HAYNMOCTBHI0 Tembl. "OmpenesieHne o0bekTa, IpeMera,
nesieil, 3a/1a9, MeTO/I0B, ITO/IXO0B, TUIIOTE3bl U 3HAYEHHUs! Baleil paborsl. [less nccieoBanus cBsizana
C JI0Ka3aTeJbCTBOM TE3WCA, TO €CTh MIPEJICTABICHUEM IIPEIMETa MCCJIEI0BAHNA B N30PAHHOM aBTOPOM
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acIleKTe.
7) Marepuas u MeTompl - JIOJIZKHBI COCTOATH U3 ONUCAHUS MATEPUAJTOB M XOJa PabOTbI, & TaKxKe
[TOJTHOTO OIUCAHWS UCTIOIB30BAHHBIX METOJIOB. XapaKTEePUCTHKA UJIH ONMUCAHNE MATEPUAJIA UCCIIEI0BA~
HUsl BKJIIOYAET €ro IPeJICTABIEHNE B KAYECTBEHHOM U KOJIMIECTBEHHOM OTHOIIEHUH. XapPaKTEPUCTUKA
MaTepuaJia, - OJMH 13 (PAKTOPOB, OIPEIEISIIONINI JOCTOBEPHOCTh BBIBOJIOB M METOJIOB MCCJIE0BaHUS.
B sTom pasmesnie onmchiBaeTcsi, Kak mpobsiema Oblia m3ydeHa: moapobHast wHMOpMalus 0e3 MMOBTO-
peHusi paHee OITyOJMKOBAHHBIX YCTAHOBJIEHHBIX IIPOIEIYP; MCIOIB3YeTCsl UIACHTUMUKAIUS 000PyI0-
BaHUs (IPOIrPAMMHOIO ODECIIEUEHHMsI) U OLMCAHUE MATEPHAJIOB, C 003aTe/IbHBIM BHECEHUEM HOBHU3HDI
[IPU UCITOJIb30BAHUU MATEPUAJIOB U MeTOJI0B. HaydHast MeTOI0IOrus JOJIKHA BKJIIOYATH B ceOst: - MC-
CJIETOBATENLCKUH BONIPOC(-bl); - BBIIBATAEMYIO TUIOTE3y (TE3WC); - ITAIBI MCCJIEIOBAHUS; - METOIbI
WCCJIEJIOBAHUST; - PE3YJIBTATHI UCCIIEJOBAHUS.

8) B cekumu 0630p JUTEPATYPBI - JIOJKHBL ObITH OXBa4eHbI (DyHIAMEHTAJIbHbIE U HOBbIE TPY/bI 110
UCCIIeyeMOit TeMaTHKe 3apyberkKHbIX aBTOPOB Ha aHIVIMACKOM #a3bike (He MeHee 15 TPYyJIOB), aHAIN3
JIAHHBIX TPYJIOB C TOYKHU 3PEHUs] UX HAYIHOTO BKJIAJA, & TaKyKe Mpo0esibl B UCCIEIOBAHUN, KOTOPHIE
Bur gonosasitere B cBoeii crarbe. HEJIOITYCTUMO nHajmudyune MHOXKECTBA CCHLJIOK, HE UMEIOIIIUX OTHO-
eHust K paboTe, UM HEyMECTHBIE CYyXKIEHUsI O BalllMX COOCTBEHHBIX JOCTHXKEHUSIX, CChIJIKM Ha Bamu
MIPEIBLIY e PAOOTHI.

9) B pasuene Pesyibrarsl u O6cyxKeHue - IPUBOAUTCA aHAJIU3 U OOCY2KJEHUE IOJIYICHHBIX BaMU
pe3yIbTaToB UccaeaoBanust. [IpUBOMSITCS BBIBOMY IO TIOJIYY€HHBIM B XOJI€ UCCICTOBAHUS PE3YJIbTATaM,
PACKDBIBAETCS OCHOBHASI CYTh. U 9TO0 OMH M3 caMbIX BaXXHBIX PA3JIeJ0B cTaThu. B HEM HEOOXOIAMMO
[IPOBECTU aHAJIN3 PE3YJIbTATOB CBOEH pabOThI U 00CYXKJIEHWE COOTBETCTBYIOIINX PE3YJIbTATOB B CPaB-
HEHUU C NPEeJbIAYIIUMI paboTaMu, aHAIIM3aMU U BBIBOJIAMU.

10) Baxiniouenue, BBIBOABI - 0000IIEHNE W MOABEIECHUE MTOMOB PabOTHI Ha NAHHOM 3Talle; HOITBEpP-
JKJIeHMe UCTUHHOCTY BBIJIBUTAEMOI0O YTBEPKICHNUsI, BBICKA3AHHOIO aBTOPOM, U 3aKJII0UEHHE aBTOpa 00
U3MEHEHNN HAYyJIHOTO 3HAHHUS C YUETOM IOJYYEHHBIX DPEe3y/IbTaTOB. BBIBOIBI HE JOJKHBI OBITH ab-
CTPAKTHBIMU, OHHU JIOJKHBI OBITH HCIIOJIB30BAHBI st 0O0OIEHUs Pe3yIbTaTOB UCCJIEIOBAHUS B TOI
WM WHOM HAy4HOI 00JIacTH, C ONMCAHWEM IIPEJJIOXKEHUN WM BO3MOXKHOCTEH JjiajibHeineil paboThl.
CTpyKTypa 3aKJIIOYeHUs] JOJZKHA COJIEPXKATH CJIEIYIONre BOIPOChl: KaKOBBI 1€/ U METOJIbl MCCJIe-
noBanus! Kakne pesymbrarsl mosxydensi! KakoBol BbiBogbl! KakoBbI mMepCHEKTHBBI U BO3MOXKHOCTH
BHEJIpEHMUsI, TIPUMEHEHNsT pa3paboTKu?

11) Cumcok UCHOMB3yeMOl JUTEPATyphl, Wi Bubanorpadudeckuii crmcok cocrouT u3 He Menee 30
HaMMEHOBAHUIl JTUTEPATYPbI, U 13 HUX HOHEOOXOIUMO MPEJCTABUTH CIIUCOK JIUTEPATYPHI B JIBYX Bapu-
AHTaX: IEPBBIA - B OpUTHHAJE, BTOPOH - POMAHU3UPOBAHHBIM ajihaBuToM (TpaHcaurepanus). Poma-
HU3UPOBAHHBIN CIUCOK JIMTEPATYPbI JOJKEH BBIIVISAETh B cleiyoneM Buje: aBrop(-bl) (TpaHciaure-
parus) — (rog B KPYIVIBIX CKOOKAX)— HA3BAHUE CTATHU B TPAHCJIUTEPUPOBAHHOM BapHAHTE [IIepeBoj
HA3BAHWsI CTATHU HA AHTJIMACKWI sI3bIK B KBAIPATHBIX CKOOKAX|, HA3BAHME PYCCKOSI3BITHOTO MCTOUHUKA
(TpaHcamTepanus, OO aHTIMHACKOE HA3BAHWE - €CJH €CTh), BBIXOJHBIE JAHHBIE ¢ 0003HAYEHUSIMA HA
anruiickoM sizbike. Harpumep: Gokhberg L., Kuznetsova T. Strategiya-2020: novye kontury rossiiskoi
innovatsionnoi politiki [Strategy 2020: New Outlines of Innovation Policy]|. Foresight-Russia, vol. 5, no
4.(2011): pp. 8-30.

Crmcok sureparypbl npejcrasisgercsa B ajidasutaoMm nopsyke, u TOJIBKO te paboTsi, KoTOpbIe 11H-
tupyiorcs B Tekcre. CTmwiib 0OpMIIEHUST CIIUCKA JINTEPATYPBI HAa PYCCKOM U Ka3aXCKOM SI3bIKE CO-
rinacao 'OCT 7.1-2003 "Bubaunorpadudeckas 3anuch. bubaunorpadudeckoe omucanue. Obime Tpe-
GoBaHug u npasuwia cocrasienusa" (rpebosanne K uznanusam, Bxoggamux B nepedenb KKCOH). Crub
odopmiienrss POMaHU3UPOBAHHOIO CIIUCKA JIUTEPATYPbHI, & TAKXKe MCTOYHUKOB Ha aHIJIMACKOM (Jpy-
IOM HMHOCTPAHHOM) sI3bIKE [[JIl €CTeCTBEHHOHAYYHLIX M TexHudeckux Hanpasienuii - Chicago Style
(www.chicagomanualofstyle.org).

B nannoMm pa3zjesie HEOOXOIMMO yUI€CTh:

a) IluTupyrorcst OCHOBHBIE HaydHbBIE I1yOJIMKALIUY, [IEPEIOBbIE METO/IbI UCCIIEJOBAHNSI, KOTOPBIE TIPUME-
HSIOTCS B JAHHON 00JIACTH HAYKHU U HA KOTOPBIX OCHOBaHa paboTa aBTOpA.

6) M36eraiite upe3aMepHBIX CAMOIUTUPOBAHMIA.

B) Usberaiire upesmepubix ccbuiok Ha nybiukanuu asropos CHI'/CCCP, ucnosb3yiite MEPOBOIi OIIBIT.
r) Bubamorpaduiecknii Ciucok JIoKeH CofepKaTh (yHIaMeHTaIbHbIe U Hanbosiee aKTyaJbHble TPY-
JTbI, OILyOJIMKOBAHHbBIE U3BECTHBIMU 3apyOeKHBIMU aBTOPAMU U UCCJIEIOBATESIMUA 10 TeME CTaThU.
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12) Ccpuiku Ha muTHpPyeMble pabOThI B TEKCTE JAI0TCA B CKOOKAX, ¢ yKAa3aHUEM II€PBOTO aBTOpa pabo-
ThI, 1O u3aHus: Homep crpanuil(-bl). Hanpumep, (Samecckuit 1991: 25). B ciryuae, Hagu4uus B CIUCKe
JINTEPATYPHI HECKOJIBKUX PabOT OHOTO M TOTO K€ ABTOPA, W3JAHHBIX B OJMH T'OJl, TO JOMOJHATETHLHO
K TOJy m3manus nobasasercs oyksa "a "6"u r.n. Hanpumep, (Camxyosa, 2001a: 15), (Caxyosa, 20016,
22).

6. 2Kypnan npuiepKuBaeTcst IUHOrO CTUJIS U [IO3TOMY IIPEIbSABIISAET Psi 00mux TpeboBanuit K ohopm-
JieHnio pabor. Mcxonupiit (HeoTTpaHCIMPOBAaHHBIN) tex-ailyl I0JKeH [EeJMKOM IOMEIIAThC B MOPH-
30HTAJIBHBIX PAMKAX KPaHa 38 BO3MOXKHBIM HCKJIIOYEHNEM MaTPHIL U TabJIMI[ U TPAHCIUPOBATHCS Oe3
nporectoB IANTEX2e u coobiennit 0 KpaTHBIX W HEOMPEJIEeJeHHBIX MeTKaX, OOJIBININX [MePEOJTHEHHBIX
¥ He3aIlloJHeHHbIX Ookcax. He cieqyer ompemessiTh MHOTO HOBBIX KOMaHJ, m300peras COOCTBEHHBIN
CJIeHT. ABTODBI MOT'YT MOJIPY?KATh JAPYTHe CTaHJAPTHBIE CTUJEBbIE MAKEThI, HO TOJBKO T€, KOTOPbIE
He BXOJAT B IPOTHUBOpedHe ¢ makeramMn amsmath m amssymb. EcrectBenno daitn, Kpome Bcero mpo-
4Jero, JIOJI?KeH ObIThH IIPOBEPEH Ha OTCYTCTBUE I'PAMMATHYECKUX U CTHJIMCTHYECKHX OInbOoK. Crarhu,
HE YIOBJIETBOPSIONINE ITUM TPEOOBAHMSM, BO3BPAIIAIOTCS Ha JIOPAbOTKY.

DTajoHHBI 0O6pa3er; paboThl ¢ JeMOHCTparueil rpaduKkn, ¢ TpeaMOyJIoil yCTpanBaomeil peIakIiiuio,
CIUCKU THIWYHBIX OMMOOK 0(DOPMIIEHUST U METOJIBI UX YCTPAHEHUSI MOYKHO ITOJIYIUTh B DEIAKIIH UJIH
Ha caiire KasHY um. anp-®apabu http://journal kaznu.kz.

7. I'padudeckne dailabl ¢ pUCYHKAMHI TO2KHBI OBITH TOJIBKO KA9eCTBEHHBIMH YePHO-OesbIMu B op-
Mare .eps , JMOO BBITOJHEHHBIMHU B JIATEXOBCKOM (ropmare. Pucynkn B 3Tmx opMaTax Je/IaioTcs,
HAIIPUMED, C IOMOIIBIO MOIIHBIX MaTeMaTnyeckKux nakeroB Maple, Mathematica wiu ¢ momorpio ma-
kera Latexcad. KauectBenubie rpadudeckue dailjibl clie/laHHbIE IPYTUMEU IPadUIeCKUME TPOrPaMMa-
MU JIOJZKHBI OBITH CKOHBEPTUPOBaHBI B (popMmat .eps ¢ nomornibio Adobe Photoshop uiau koueeprepa
Conversion Artist. Bece pucyHKy JT0JKHBI OBITH y2Ke UMIIOPTUPOBAHHBIMEU B tex-hailsl u mpejcraBiis-
IOTCSI B PEIAKIMIO BMECTe ¢ OCHOBHBIM (baitmom cratbu. ['paduieckue dpopMaThl,0TIMIHBIE OT BBIIIIE
YKa3aHHbIX, OTBEpPraroTCcHd.

Penaknust BupaBe oTKa3aThCs OT BKJIIOYEHUsI B pabOTy PUCYHKA, €CJIM aBTOP HE B COCTOSIHUU ObecIte-
YUTh €ro Ha/|jIezKalnee KadecTBO.

YBarkaeMble 9ATATENH, BBl MOXKeTe HojnucaTbes Ha Hail KypHai "Becruuk KasHY. Cepus maremarn-
Ka, MexaHnkKa, nadopmarnka’, Koropblii BkiodeH B Karajgor AO "Kazmoura""TASETHI 11 2KYPHAJIBI".
KomuaecTBo HOMepoB B rog, — 4. HeKe 11t MHIMBULyaJIbHBIX HOIIUCINKOB, IPEAIIPUASI TN U OPraHu3aIuNl —
75872, monmucHas 1ieHa 3a rof, — 1200 Tenre; MHAEKC JbIOTHON MOJIIUCKH JIJIST CTYJ/IEHTOB — 25872, moanucHast
IeHa 3a 1o/ Jiyid ctyaeHToB — 600 TewHre.
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