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XepCOHCHKHI HAIlIOHAJIBHUI TEXHIYHUN YHIBEPCHUTET
I'EHEPYBAHHS BUITAJIKOBUX ITPOLECIB IMHAMIYHUMUA CUCTEMAMUA

bazamo cucmemu npedcmagnaiomscs 3a 00noMo2010 OupepenyiarbHo2o pieHAHHS, WO
38's13y€ 6XIOHUL CUCHAN 3 6UXIOHUM. IMnyrbcHa xapakmepucmuka h(t, u) € npocmo po3s 30Kk,
KOMU 6XIOHUM CUSHATIOM CILYHCUMb IMNYIbC 8 MOMEHM 4acy u. Y O0awit cmammi po3enssymi
Memoou peanizayii cucmemu, Wo onUCYeEMbCs OUpepeHyiatbHUM PIGHAHHAM N-020 NOPAOKY 3
nocmitiHumu  koeghiyicumamu. bByov-ske HecuneynsapHe JiHIlIHe NepemeopeHHs BeKmopa
cmamny eede 00 HO8020 yasieHHsA cmaHry. OmpumaHo oucnepciline piBHAHHA, WO He MICIMUMb
NPULIHAMO20 CUSHATLY | € MAMPUYHUM DieHAHHAM Pikkami.

Knwouosi cnosa: mampuys cmawmy, mampuys YRpasiiHHA, 2eHepayisi nosi0oMIeHb,
Kosapiayitina QyHKyis, IMRYIbCHA XAPAKMePUCTUKA, OLIU WyM, OUCNePCIliHA MaAMPUYs..

A.O. IBIMOBA, B.C. IbIMOB

XepCcOHCKUH HAlMOHAJIBHBIN TEXHUUECKUI YHUBEPCUTET

TEHEPUPOBAHUE CJTYYAHHBIX MIPOIIECCOB JUHAMHUYECKUMHA
CUCTEMAMHA

MHnoeue cucmemvl npedcmasisaiomcs NOCPeoCmeom OupghepeHyualbHo20 ypasHeHus,
CBA3bIBAIOU|E20 8XOOHOU CUSHANL C 8bLIXOOHBIM. HmnynvcHas xapakmepucmuka h(t, u) ecmo
npoOCmo peuteHue, Ko20ad BXOOHbIM CUSHALOM CLYICUM UMNYIbC 8 MOMEHM eépemeHu u. B
OaHHOU  cmamve  pPacCMOmMpenvl — Memoobl — peanu3ayuu  CUCmeMbl,  ONUCbIBAeMOU
ougpepenyuanbhvim  ypasneHuem n-020 NOPAOKA C HOCMOSAHHLIMU KOIPduyuenmamu.
Jioboe mecuneynapuoe auneliHoe npeodOpazoeanue 6eKmopa COCMOSAHUS 8edem K HOBOMY
npeocmaenenuto  cocmosinus.  IlonyueHo OucnepcuoHmoe YpasHeHue, He  COOepiHCUm
NPUHAMO20 CUSHALA U ABTAEHC MAMPUYHBIM YpasHeHuem Pukkamu.

Kniouesvie cnosa: mampuya cocmosnus, Mampuya YnpaeieHus, 2eHepayus
coodwenutl, KOBAPUAYUOHHASI (DYHKYUS, UMNYIbCHASL XAPAKMEPUCMUKA, Oenvlii uwyM,
OucnepcuoHHas mampuyd.

G.0. DYMOVA, V.S. DYMOV

Kherson National Technical University

GENERATION OF RANDOM PROCESSES BY DYNAMIC SYSTEMS

The article is devoted to the analysis of the behavior of dynamic systems of various
nature. Many dynamic systems are represented by one or several differential equations
connecting the input signal with the output one. The impulse response h (t, u) is a simple
solution when the input signal is the input pulse at time u. All processes in the system are
generated by passing white noise through a linear system with time-varying parameters. The
article discusses the three main ideas of the description of systems using differential
equations. The methods for implementing the system described by an n-th order differential
equation with constant coefficients are given. Any non-singular linear transformation of the
state vector leads to a new representation of the state of a linear dynamical system. Systems
with time-varying parameters and multichannel systems with many inputs and outputs are
considered. Using the example of a system that generates two output messages, it was found
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that the excitation function is a vector function. For the problem of modeling a message, it is
assumed that the exciting function is white noise with a matrix covariance function, and the
initial conditions can be random variables. The next step was to consider the solution of the
equation of state of the system and the properties of the transition state matrix for the case of
a system with constant parameters. By performing some transformations, a dispersion
equation is obtained that does not contain the received signal, so it can be solved before
receiving information of any nature and used to determine the transfer coefficients of a linear
dynamic system. In the general case, it is impossible to explicitly obtain an exact analytical
solution, but the equation is obtained in a form convenient for integration on a computer. The
dispersion equation is the Riccati matrix equation, which is used to identify and predict the
state of a dynamic system, namely, to determine the basic matrices of the equations of state
and observation.

Keywords: state matrix, control matrix, message generation, covariance function,
impulse characteristic, white noise, dispersion matrix.

ITocTanoBka npodaemu

JIiHiliHI CHCTEMH XapaKTEePHU3YIOTHCS 3a TOMIOMOIO0 IMITYJIbCHOT Xapakrepuctuku h(t,
u) abo mpocto h(7) y Bunanky 3 mocTiiiHUMH B 4aci nmapamerpamu. BiMiHHOIO 0COOIHMBICTIO
TAKOTO OMHCY € Te, M0 BXIAHWW CHUTHAJI BBAXKAETHCS BINIOMHUM Ha iHTepBaii -0 < t < oo,
ImmynibcHa XapakTepuctrka h(t, U) sBIS€THCS TPOCTO pillicHHSIM AU(EPEHIIIHHOTO PIBHSHHS,
KOJIM BXiTHUM CHTHAJIOM CITY’KUTb IMITYJIbC B MOMEHT 4acy U.

AHaJIi3 OCTAHHIX JOCTiIKeHb | myOaikanii

IcHye Tpu pilieHHS AJIs OMKUCY CUCTEM 3a JOMOMOT0I0 TU(epeHITIHIX PIBHSIHb.

[Tepmie pimeHHs MOB's3aHE 3 MOYATKOBUMH YMOBAMH 1 3MIHHUMU CTaHY MPH PO3IIISIII
nuHaMmidHuX cucteM [2, 6]. CTaH cHUCTEMH BHU3HAYA€ThCA SK MiHIMalbHA KIJTBKICTh
iH(opmarrii mo/10 BIUIMBIB MOMEPEIHIX CUTHAIIB Ha BXOJ1 CUCTeMH, HEOOXI1THE JIJIsi TIOBHOTO
onucy BUXimHOro curHaimy npu t > 0. 3MiHHI BEJMYMHHU, IO MICTATH II0 iH(pOpMaIliio, €
3MIHHHMH CTaHy. SIKIO 3ajqaHi CTaH CHCTEMH B MOMEHT 4Yacy {p Ta BXIOHWI CHUTHall Ha
iHTepBaii Big ty 10 t), TO MOXHA 3HAWTH SIK BUXITHUA CUTHAJ, TaK 1 CTAaH CUCTEMH B MOMEHT
yacy 1.

Hpyre pimeHHs 3BOAUThCS 10 peamsaiii (abo MomemtoBaHHs) IuU(EpEHIIHHOTO
PIBHSIHHS 32 JOIIOMOTOIO aHAJIOrOBOTO 0GUKCTIOBaYa. MOro MOKHa PECTABUTH SK CHCTEMY,
IO CKJIAJAEThCsl 3 1HTErPaTopiB, JIAHIIOTIB 31 3MIHHMMU B Yaci Koe]illieHTaMH Tmepezaul,
CyMaTOpiB 1 HeNmiHIHMX O€31HEpUiHHUX MNPHUCTPOiB, O0'€IHAHUX TaKUM YHHOM, II100
BIITBOPUTH HEOOXiJHE CIIBBIIHOLIEHHS MIX BXIIHMMH 1 BUXIIHUM curHanamu. [louaTkoBa
ymoBa )(tp) BUCTymae TyT SK 3MIIIEHHS Ha BUXOJIl IHTErparopa. 3MilleHa BUXiJHA HArpyra
1HTerpaTropa € 3MIHHOIO cTaHy cuctemu [1, 2,4, 5, 9].

Tpere pilieHHs BIIHOCUTHCS J0 MUTAHHS TeHepallii BUMaIKoBOTo mporiecy. ko u(t)
€ BHUIMMAIKOBUM TiporiecoM abo Y(tp) € BumagkoBa BenmuuMHa (200 BOHU 0OWABA €
BUMAJAKOBUMU), TO Y(t) € TaKOK BUMAAKOBUHN MPOLIEC.

Merta pocJainkeHHs

Jns BU3HAueHHS KOE(Ii€HTIB cucTeMH AU(BEpEeHIINHUX pPIBHSAHB, IO OINHUCYIOTh
TUHAMIYHY CHCTEMY, HEOOXIJIHO OTPUMATH TaKe PIBHSIHHS, K€ HE 3aJICKUTH BiJl BXITHOTO
CUTHaA.

BukJiiageHHs1 0CHOBHOI'0 MaTepiajy J0CaiIKeHH S

Posrnsinemo cucremy, sika ONUCYeThes AU(PEPEHLIHHUM PiIBHSIHHIM BUY:

YOO+ P YT @)+ Po(t)y(t) =bou(t),

e y(n)(t) — n-a moxigHa Bix y(1);
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pi(t) — omeparop nudepeHiiroBaHHS;
u(t) — curHai Ha BXOJIi CHCTEMHU;
by — BaroBwmii koedirieHT.

JUist BU3HaYeHHs pO3B’SI3KYy PIBHSHHS N-0T0 MOPSAKY HEOOXiTHO 3HATH 3Ha4eHHs J(1),
ey y(”'l)(t) B MOMEHT yacy to. [lepmmm KpokoMm TpW 3HaAXOJpKEHHI peamizamii B dopmi
aHAJIOTOBOTO OOYMCITIOBA4Ya € MOJETIOBAHHS YIICHIB JIBOI YAacTHMHHU I[bOTO PIBHSHHS.
Hactynuuii Kpok mojsirae B TakOMy B3aEMHOMY 3'€JHAHHI ITMX BEJIWYHMH, 100 BKa3aHe
piBHSHHS 3amoBosbHsIOCH. JludepeHuiaabHe pIBHAHHSA BH3HAYa€ BXiJHA Hampyra Ha
cymartopi. BBogmmMo TmOYaTKOBI yYMOBH, 3a/lal04i BH3HAYCHI 3MIIIEHHS Ha BHUXOJaX
iHTerpaTopa. 3MiHHI CTaHy € 3MillleH1 HAapyTru Ha BUXO/II iIHTerpaTopa.

[Ipocrimie npairoBaTé 3 BEKTOPHUM JU(PEPEHITIATBHIM PIBHSIHHSIM MEPIIOTO MOPSIIKY,
HIXK 31 CKaJIIpHUM U EepeHIliaIbHUM PiBHSHHAM N-TO.

Hexain

X ()= y(t),
X (1) = Y(1) = X, (1),

X, () = YD) = %1 (),

n n
(0 =YV ) == proy I ® +bg == prixie (1) +bou(t),
k=1 k=1

[Mo3naunBmm cucremy X;(f) uepe3 MaTpUIIO-CTOBIEIb, TOMIYaEMO, IO CKAJIIPHOMY
PIBHSHHIO N-OT0 TOPSIKY €KBIBaJECHTHE HACTyMHE N-MipHE BEKTOPHE PIBHSHHS TEPIIOTO
nopsaaky [2, 9, 10]:

%:xm = AX(t) +Bu(t), (1

ne A — MaTpHIs CTaHy CHCTEMH;
B — marpuus ynpasininHs (BXO1y).

Bekrop x(t) € BekTopoM cTany ais AaHO1 JNiHIKHOI cucTemH, a (1) — piBHSIHHAM CTaHy
cucteMu. Byap-sike HECHHTYISIpHE JIiHIMHE TIepeTBOpeHHs BekTopa X(1) mae 1HIIMIA BEKTOP
crany. Buxinna nanpyra y(t) nos's3ana 3 BEKTOpoM cTaHy piBHsAHHsM [7, 11, 12, 13]:

y(t) =Cx(t), (2)
ne C — MaTpullsg BUMIpPIOBaHHS.

PiBusnnst (2) BuxigHe piBHsSHHA cuctemu. PiBHsaas — (1) 1 (2) — mOBHICTIO
BHU3HAYAIOTh CUCTEMY.

Jnst cucteM 31 3MIHHMMH B 4aci TMapaMeTpaMH B SIKOCTI OCHOBHOTO YSIBJICHHS
PO3IIISIHEMO BEKTOPHI piBHAHHA [3, 9]:

dx(t)
dt

= A(t)x(t) + B(t)u(t), 3)

y(®) =COx(), 4
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ne X(t) — BekTop cTany;
A(t) Ta B(t) — 3minHI MaTpuili qudepeHIliiHOTO PIBHIHHS;
u(t) — curHai Ha BXOJi CUCTEMH, MPOLIEC TUITY O1JIOT0 LIyMYy;
C(t) — MmaTpuIs BUMIpIOBaHHS.

PiBusinHs (3) — piBHSHHS CTaHy CUCTEMH, a (4) — BUXIJIHE PIBHSIHHS CUCTEMH.
BukopucToByIOUH B SIKOCTI BX1JHOTO BILTUBY OUTHI ITyM

E[u®u(n)]=ao(t-1),

MOKHa MOJEJIOBAaTH €Ki HecTalioHapHI BUIAIKOBI mporecu. HecramionapHuii mporiec
MOXeE 3'IBHTHCS HaBITh TOMAI, Koiau Mmatpuii A ta B mocriiini, a Xo(t) — merepmiHoBaHa
BenuuuHa [2, 7].

PosrnsmeMo cucremy, sika reHepye nBa BuxigHuX moBimomuieHHs Yi(t) Ta Y,(1) (puc.

1.
I'enepatop I'enepatop I'enepatop
M) CHTHAJIIB OJHIET y—l(t)> % CHTHAJIIB OJHIET y—Z(t)> &b BEKTOPHUX :%
hopmu hopmu CUTHAIIIB

“Xl(t) “Xz(t) “ x(t)

Puc. 1. T'enepanisi 1BOX MOBiIOMJIEHB.

CraH nepioi CHCTEeMH OIUCYEThCS PIBHSIHHIMMU:
X1 (1) = Ap(Ox; (1) + By (Duy (1),
y1 () =Cr(Ox1 (1),
ne x;(t) — N-mipHUIT BEKTOp CTaHy.
[IpencraBieHHs APYroi CUCTEMH, aHAIOTIYHO J0 TMEPIIOoi, Ta Ma€ BUTIISI
Xp (1) = Az (DX, (1) + B, (DU, (1),
y2 () =Ca (X, (1),
ne X, (t) — M-MipHHIA BEKTOp CTaHy.

€MHa BEKTOpHA CHCTEMa PIBHAHB 3 JBOMIPHHUM BEKTOPOM CTaHy € OUIBII 3pyYHUM
CIOCOOOM OTHCY ITUX JIBOX CUCTEM:

[ x®
= [Xz(t)} ’

A®) :[Alm 0 }

0 Ax®
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B(t) {

_ju®
o= Lz(t)}

Bit)y 0
0 Byt

c) =[Cl(t) 0 }

0 Cy)

t
Y :{)ﬁ( )} .

y2()
Pesynbryroui audepeHuianbHi piBHIHHSA MalOTh BUTIIS!
X(t) = A1) +B(Hu(t), ()
y(t) =C(Ox(1). (6)
30ymKyroda (QyHKIIISI € BEKTOPHOIO.
Jlnst MozieNfoBaHHsI TIPOIIECY MPHUITYCTUMO, IO 30y/Kyroda QyHKIiS — OLTUi mym 3
MaTpPUYHOIO KoBapiamiifHoro gyHkiiero [12]:
Eu(u(z)]=Qds(t-17),
ne Q — BiI’eMHO BU3HAUEHA MATPUIIS.

Bbnok-cxema nporecy MoeIOBaHHs Oy/ie BUTJIATH HACTYIIHUM YHHOM (puc. 2):

u(t B(t + X(t) C(t y(t)
é (® > + 1/s — (® =
nxp m xn

Nt .

o . IHTETpaTOp . .
MaTpHUYHUN TiJICUITIOBAY 13 MaTpHUYHUM MMiCUITIOBAY 13
3MIHHHUM B 4aci IIOCHIEHHIM 3MIHHHUM B 4aci IIOCHIEHHIM

X(t)
nxn

MaTPUYHUM M1ICUTIOBAY 13
3MIHHUM B 4acl IIOCUJIEHHSIM

Puc. 2. Cxema renepauii npouecy Y (t).

[Ipn BUMaAKOBHX MOYATKOBMX YMOBaX HEOOXITHO 3aJaTH KOBapialiiHy (QYHKINIO i
cepeqHe 3HaueHHs E[X(t;)] B mOYaTKOBHI MOMEHT uacy npu to [2, 13]:

Ky (to>to) = E[X(tg) X (to)]- (7)
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[ToB's3aH1 TIpoIIeCH MOKHA MOJIETIOBATH IMIJISXOM 3aMiHM JlIarOHAJIBHUX MAaTPHUIlb B
(5), (6) 1 (7) MaTpuIIMU 3aTaILHOTO BUTIISY.
ko piBHSHHSA (5) — OHOPIAHE PIBHIHHS 3 MOCTIHHUMHU KOe]illi€HTaMH, TOII:

X(t) = AX(t),
3 MOYaTKOBOO YMOBOIO X(1p). Axmro X(t) Ta A — ckansipu, TO pO3B’ 30K Ma€ BUTJIISL;
x(t) =e Aty (t,) .
J171s1 BEKTOPHOT'O BUIAJIKYy MOKHA TTOKA3aTH, 10
x(t) = A 0)x(t),
e eAt BU3HAYA€THCA HGCKiH‘-IeHHI/IM pAaoOM:

2,2
eA(t)=I+At+A t

+o

ne | — oqunnyna mMaTpuiis.

DYHKIIIO ™) mosnaunmo yepes D(t-t)) = D(7). Dynkiis D(t-t)) sBuseThCS

MEePEXiTHOI0 MATPHUIICIO CTAHY CUCTEMH, SKa BHU3HAYAETHCS SIK (QYHKIIS IBOX 3MIHHUX D(t,
to), 10 3a10BOINBHSIE TU(EPEHITIATBHOMY PIBHSHHIO

D(t,1p) = A @ (L,ty) (®)
3 MOYaTKOBOIO yMOBO1O D(1y, to) = 1.

Po3B’s130Kk B Oyb-sIKWi MOMEHT 4acy Ma€ BUTJIS:
X(t,to):(l)(t,to)X(to) . 9)

JIJist HEOTHOPIAHOTO BUITAKY 3arallbHUN PO3B’SI30K MICTUTh OAHOPIIHUN 1 YaCTHHHHIMA
PO3B’SI3KU BUTJISIAY:

t
X(t) =@ (t.t)) X(tg) + [ @ (t.7) B(r)u(r)d7 . (10)

ty

JliHifiHI cucTeMH 3 MapaMmeTpamH, M0 3MIHIOIOTBCS B 4Yaci, XapaKTepU3YIOThCSA 3a
JOMOMOT 00 iMIynibcHOT xapaktepuctuku N(t, 7) 3a ymMoBH, 110 BXijHa BeJIWYHHA BiJOMa Ha
iHTepBaii Big —oo 110 t [3]. Takum urHOM,

t
y(t) = [h(t,0)u(r)dz. (11)

—00
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VY OupIIOCTi BUNAJAKIB BIUIMB IOYaTKOBOI YMOBHU X(—o0) B (10) He mposiBIsS€THCH,
oTXxe, npuitMaeMo i piBHOIO HyI0. Toai oTpruMaemMo

t
y(t) =C(t) [@(t,7)B(r)u(r)dz. (12)
[Topisatoroum (11) ta (12), maemo

CHd(t,7)B(r), t>7,

0, MpH iHIUX t.

h(t,f)z{

Marpumi C(t), ®(t, 7) Ta B(7) 3anexarp Big ySABICHHS CHUCTEMH, aje MaTpUYHA
IMITyJTbCHA XapaKTEPUCTUKA € €IHHOIO.

BcraHoBUMO CTaTHCTUYHI BJIACTUBOCTI BeKTOpHUX mporieciB X(t) Ta y(t), komu u(t) €
BHOIPKOBOIO (PYHKITI€I0O BEKTOPHOTO BUIIAIKOBOTO MPOIIECY TUITY OLIOTO IITyMYy:

E[u®u’ (1)]=Qs(t-7).

B3aemHa xopensuis Mixk BekTopoM cTany X(t) cucremu, mo 30ymIKyeThCs OLTHM
mrymoM U(t) 3 HyJIbOBUM CEPEIHIM, 1 BX1THOIO BEJIMUYHUHOIO U( 7), 110 TOPIBHIOE

Ky (t,7)=E[xu' ()]. (13)

s po3puBHA (DYHKITiSE MA€E BUTIIS

0, T>1,

Koto={ JBOQ o=t . (14)
O(t,7)B(7)Q, ty<r<t.

[TinctaBumo (9) y BuzHauenss (13), Toai oTpumMaemo
t
Ky (t,7)=Eq | ®(t,t5)X(ty) + IQ(t,a) B(a)u(a)da Ju' (1) ,
to
IIe o — Jac 3aIli3HIOBAHHA.

Baecemo wMaremaTudHe OYIKyBaHHS IIiJI 3HAK IHTErpajga 1 MPUITYCTUMO, IO
movaTkoBUi cTaH X(1y) He 3anekuTh Big U(7) mpu 7> ty, Tomi

t t
Ky (t7) = [®(t,a)B(a) E[u(e)u’ (r)]da = [®(t.2)B(@)Q5(a-1)da.

to to
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[Tpu 7>t et Bupa3 nopiBHIOE HyII0. Ko 7= 1, a nenpTa-QyHKIIs CAMETPUYHA, TaK
SK € MEXKEI KoBapiamiiHoi (yHKII, TO HEOOXIAHO B3STH TUIBKM TOJOBUHY IUIONI OiJist
MPaBoi rPAaHUYHOT TOUKH IHTEpBaTYy. TaKUM YHHOM,

Ky (1) = ‘D(t DBOQ.

BuxopucTtoBytoun pe3ynbTaT, IKHid BUIUTHBAE 3 (8), OTpUMAEMO BHpa3, pO3TalIOBAHUN
y Apyromy psaky dopmyiu (14).
Skmo 7<1, MaTUMEeMO

Kxu(t,r)zéq)(t,r)B(r)Q, T <t, (15)

0 BiAnoBigae tperboMy psanaky dopmynu (14). Oxpemuii Bunanok (15) mae micie, KO
MOKJIaCTU 7 —> {

limt Kywt7)=B(1)Q .

3BiaCH B3aEMOKoOpesiiiHa QyHKIlis BuxigHoro Bektopa Y(t) ta u(7):
Ky (t,7) = CHK,, (t,7) .
[Toznaunmo
A ) =K, (L),
OTtxe,
A= EIXOXT ()], (16)

Hudepenniroroun o6uaBi yacTuHu piBHIHHSA (16), oTprMaemo:

dA,(t) | dx(t) T dx" (t)
<Ol 0.7 o 250 an

[TincraBnsroun (5) B mepmuii wieH (17), orpuMaemMo:
[dx(t) T(t)} E{[Aamx®) + Boum]xT o}, (18)

BuxopucroBytoun BnactusicTh (15) no apyroro uneny (18), orpumaemo

[dx(t) T(t)} ADALD+5BOQET .
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Tonmi pumcmepciitHa Matpuil Bektopa crtany X(f) cucremu (5) 3a70BOJIBHSE
nudepeHiiagIbHOMY PIBHSIHHIO

Ay®) = ADAL D)+ Ay (AT ) +BOQB (1) (19)

3 IOYaTKOBOIO YMOBOIO

Ax(ty) = E[x(t)X" (to)].

BucHoBknu

Hucnepciiine piBHsAHHS (19) HEe MICTUTh NPUHHATOrO CUTHATY, TOMY HOro MOXKHa
pO3B’s3yBaTH 10 TpUioMy Oyab-skoi iH(OpMaIlii Ta BUKOPUCTOBYBATH JIJIsi 3HAXOJKEHHS
KoedirieHTiB nepenadi. /lucnepciiine piBHSHHS € MaTpUYHUM pPIiBHSHHAM Pikkarti, sike 3a
JIOTIOMOT'OF0 METOJa MiJICTAHOBKK B po0OOTI [8] 3BOAUTHCS 10 JHIHHOTO AUEpEHIIaTbHOTO
PIBHSHHS, PO3B’SI30K SIKOTO TPaHC(HOPMYETHCS B 3BOPOTHOMY HAIpsiMi B PO3B 30K PiBHSHHS
Pikkari, o € BIOCKOHAJICHHSM METOAY BH3HAUCHHS OCHOBHUX MATPHUIb JHHAMIYHOI
CHCTEMH 3 BUKOPUCTAHHIM PiBHSAHHS PikkaTi.
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