[HOOPMATUKA TA MATEMATHUYHI METOZ B MOJIEJIFOBAHHI = 2012 = Tom 2, Ne2

Mathematics Subject Classification (2010) 97M50 Informatics and Mathematical Methods in Simulation
Vol. 2 (2012), No. 2, pp. 129-133

FEATURES OF DENIAL-OF-SERVICE ATTACKS IN
INFORMATION SYSTEMS

Marek A. Aleksander', Mikolaj P. Karpinski’, Uliana O. Yatsykovska’

! State Higher Vocational School in Nowy Sacz,
ul. Zamenhofa, 1a, 33-300 Nowy Sacz, Poland; e-mail: aleksmar@pwsz-ns.edu.pl
2 University of Bielsko-Biala,
ul. Willowa, 2, 43-309 Bielsko-Biala, Poland; e-mail: mkarpinski@ath.bielsko.pl
3 Ternopil Ivan Pul’uj National Technical University,
56 Ruska str., Ternopil, 46001, Ukraine; e-mail: price@ukr.net

The paper proposes a mathematical model of communication of client-server that includes
the probability of compromised node and the number of all possible routes that can have an
admission to access points, have done a comparative characteristics of attacks DoS / DDoS
in information systems.

Keywords: computer network, denial of service, mathematical model

Introduction

Because the principle of open networks and access to them are specific features of their
structure and processes of operation, such as openness, protection [1], characterized by
significant heterogeneity [2]. At present, special attention focuses on new areas of
development and improvement of data networks. Among them should provide wireless
(mobile) networks. Such networks provide the user with unique opportunities for fast access
to remote network resources, including the global network Internet, limiting his mobility, not
linking to the wired communication lines [3].

With the development and complication of the tools, techniques and processes of
information processing increases dependence of modern society on the degree of security
used his information technology [4].

Computer network providing every opportunity for exchanging data between the client
and server, but now widely distributed attack denial of service clients, the determination of
distributed attacks in the network is particularly acute. The most common types of such
attacks are DoS / DDoS attacks, which deny certain users of computer network services.

With the constant development of computer networks and the increasing number of
users grows and the number of new types of attacks to denial of service. DoS / DDoS attacks
are characterized by a straightforward implementation complexity and resistance, which poses
new problems of researchers, who are still not yet resolved. Analysis of recent publications
shows that exercise is accompanied by attacks: interception of confidential information to
unauthorized use of network bandwidth and computational resources, the spread of false
information, violation of network administration.

The main part
To solve the task should use the classification of information threats, DoS / DDoS

attacks and formalized models [1] measure the impact on job performance computer network.
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B po6orti po3risiHyTO 0COOIUBOCTI EIEKTPUYHUX MPOLECIB Y IMIYJILCHUX NIEPETBOPIOBaYaX
MOCTIHHOI ~ Hampyrd  MOAYIBHHX  CTPYKTYp 3 TPAHUYHO-DO3PUBHUM  PEKHMOM
(YHKI[IOHYBaHHSI MPU HEINEHTUYHOCTI 1HIYKTUBHOCTEH CHJIOBMX KaHamiB. OTpumaHo i
HaBEJICHO OCHOBHI pPO3PaxyHKOBi CITIBBIJHOLIEHHS CTPYMIiB y €JEMEHTaX KaHANiB IpU
PI3HUX cHCTeMaXx YIpaBJiHHS, po3po0iieHa METOMKA Ta HABEJCHO NMPUKIIAAN BH3HAYCHHS
ENIEKTPUYHHX MTAPaMETPIB EIEMEHTIB CUJIOBUX KaHANIB.

KarwudoBi cioBa: meperBoproBad MOCTIHHOI HANpyrd, TPaHUYHO-PO3PUBHUN PEKHUM,
CHJIOBU KaHall, MOJLYJIbHA CTPYKTYpa, EIEKTPHYHI TapaMeTpu

IHocranoBka npodaemu

[TobynoBa xepen eneKTPOKUBIEHHS JJIs PISHOMAHITHOTO YCTaTKyBaHHS, K1 BOJIOJI-
I0Th 33JJaHUMU TEXHIKO-€KOHOMIYHUMU MMOKa3HUKAaMH, 3a0€3MeUyIOTh AKICHE Ta HaJliTHE KUB-
JICHHS, 3 MOXJIMBICTIO MaclITa0yBaHHS € Ba)KJIMBOI HAayKOBO-TEXHIYHOIO 3afaueto. OauH 3
BAYKJIMBUX MOKA3HUKIB — HAJIMHICTh CUCTEMHU, 0 SKOI BXOJUTH JKEPEIIO €JIEKTPOKUBICHHS —
yacTtiule nepersoproBay nocriiiHoi Hanpyru (IIITH), npunnunoBo He Moke OyTH BUIIOIO 32
HAJIHHICTh IMEPETBOPIOBAYA.

AHaJi3 1ocaixKeHb i nydaikauii

MonynbHiI nepeTBOpIOBayl MOCTIHHOT HANpPyrd HAXOJATh MIMPOKE 3aCTOCYBaHHS B
JDKEpelax KUBJICHHSI PI3HOMAHITHOTO NMPU3HAYEHHS, 30KPEMa B JDKEpENIax eNeKTPOKUBICHHS
BIIIOBIIAJIBHOTO OOJIaHAHHS.

Kinpkicte cunoBux kananis (CK) N (puc. 1) obupaerbes 13 yMOB HaJIi{HOCTI, SIKOCTI,
MacarabapuTHHUX, JWHAMIYHUX MOKa3HMKIB, KoediumieHta kopucHoi aii [1, 2]. omaTtkoBo
3MEHILIUTH JUHAMIUYHI BTpaTH 3a PAXyHOK HEPEKIIOUEHHS CHJIOBUX KIIIOYIB — BKIIIOYEHHI
TPaH3UCTOPHOTO 1 BUMKHEHHS J10JHOIO KIIIOYIB IpPHU HYJIBOBOMY CTPYMI, MOJIIIIUTH
JTMHAMIYH1 TOKa3HUKH MOXJIMBO IIPU I'PAaHUYHOMY UM PO3PUBHOMY PEXKHMI CTPYMY JApOCENs
[2-4].

VY Bimomux pobotax [2, 4] oTpUMaHO MaTeMaTWYHI MOJENI 1 OMHCAHO EJIEKTPUYHI
MIPOLIECH SIK B OJIHOMY CHJIOBOMY KaHaJli, TaKk 1 B MOJyJIbHOMY II€PETBOPIOBaUl B LIVIOMY IPU
IZIGHTUYHUX [apaMeTpax €JIeMEeHTIB 1 pIBHUX Hampyrax Jokepen skusieHHa st CK, mio
MMOHUXKYIOTh, MABUIIYIOTH Ta IHBEPTYIOTH (pucC. 2).
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Puc. 1. Crpykrypa momynsnoro IIITH: AIDK — mkepeno NmEepBHHHOTO €IEKTPOXKUBICHHS,
CKi, CK,,..., CKy,..., CKy — BignoBiguo 1-uii, 2-u,..., k-ui,..., N-uii cuiaosi kananu, CY —
cucrema ynpasiinHd, U, — Hanpyra xkuBieHHsa CK, U,, — nHanpyra HaBanTaxkeHHs1 CK
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Puc. 2. Cxemu cuiIOBHX KaHaJiB: a) IOHWXKYIOYOI, ©) MiABUINYIOYOI, B) IHBEPTYHOUOi
CTPYKTYp

BuainenHs HeBUpilleHUX paHillle YACTHH 3arajbHoOI NpodJeMu

Ha npaktuiii HEMOXXJIMBO OTpUMATH MOBHY 1IEHTUYHICTh €JIEMEHTIB — B IMEPILY Yepry,
npoceniB iHAykTUBHOCTEW CK, HEIIEHTUUHICTD SAKUX, B 3aJIEKHOCTI BiJl TEXHOJIOT1l BUTOTOB-
JIEHHS, TEMIIEpaTypH, CTPyMY, HEPIBHOMIPHOTO CTapiHHS MaTepiaiiB, Moxke ckiaaatu 10 30%
[5]. HeBpaxyBanus nporo akropa — po3kumay napamerpiB enemeHTiB CK, mpu3BoauTh 10
HEPIBHOMIPHOTO PO3MOJAUTY HAaBaHTAXEHHA MDK HHUMH Ta TEPEBUINEHHS TOMYCTUMHX
rapamMeTpiB €JIE€MEHTIB, K1 JI0 HUX BXOJATh.

dopmy/IIOBaHHS Lijeil cTaTTi

[{uuro cTatTTi € aHaii3 eIeKTPUYHUX apaMeTpiB 1 MPOLECIB MOAYJIbHUX IIEPETBOPIOBA-
YiB MOCTIHHOT HANIPYr'dl 3 TPAHUYHO-PO3PUBHUM PEKUMOM (DYHKI[IOHYBAHHS MpPHU HE1IEHTHY-
HOCTI JJpoceNiB L, CHIIOBHX KaHaJIIB T4 CTBOPEHHS METOJUKH iX PO3paxyHKYy.

BuxkJjaa ocHOBHOIro Marepiajy q10CaigKeHHs

PerymioBanns crpymy apocens i (t), HNUISIXOM 3MIHA TPHUBAJIOCTI PETYITIOI0UNX

IMITynbCIB (#, =var) M 4acTOTH MepeTBopeHHs (f, = 1/T, = var), I03BOJsiE peryiOBaTH

144



[HOOPMATUKA TA MATEMATHUYHI METO B MOJIEJIFOBAHHI = 2012 = Tom 2, Ne2

Hanpyry HaBaHTakeHHd U, INpu rapaHTOBaHOMY I'DaHMYHOMY YM PO3PMBHOMY PEKHUMAaX y

BChOMY J1ana3oHi peryIrOBaHHS.

B nmpunnmmi, MmoxnuBa pizHa peanizanis cucrem ynpasiiaHsa (CY) [1, 6], BHacmigok
yoro enekTpuyHi npouecu B CK OyayTs Takox pi3Hi. baratooOpa3HicTh cUCTEM ympaBIiHHS
MoxaynbHux [1ITH 3 rpaHu4YHMM 1 pO3PUBHUM PEKUMOM (PYHKIIOHYBAHHS MOKJIMBO 3BECTH K
TPHOM OCHOBHMM THIIaM (10 €JIEKTPUYHUM IIpOLiecaM B CHJIOBUX KaHaJaX):

1) CVY 3 po3noaiieHHsIM 0HOTO IMIyscy yrpasiinHasg Ha Bci CK, mpu HeoOXximHOCTI 3
BinoBiAHUM 3cyBoM (CVY). IIpu oMy BUKOHYETHCSI yMOBa PIBHOCTI Yacy HAaKOIUYEHHS Y
Beix CK: ¢, =1, ;

2) CY 3 He3anexHuUM (OPMYBaHHSAM IMITYNIbCIB yIpaBiiHHS B koxHoMmy CK 1 3
HEraTUBHUM 3BOPOTHHUM 3B’A3KOM IO CTpyMY HaBaHTaxxeHHS B kaHaiax (CVY3). IIpu npomy
BUKOHYETbCS YMOBA PIBHOCTI cepe/iHIX cTpyMiB HaBaHTaxkxeHHsI CK: / hyy = /

b
Hepy

3) CY 3 crpymkoBuMm perymoBaHHsIM B (CVY3). Ilpu 1pboMy BHUKOHYETHCS yMOBa
PIBHOCTI aMILTITY/IHUX 3Ha4YCHb CTPyMiB B enemenTax CK: [, =171, .

Bu3HaunMo BIJHOLIEHHS aMILITYyIHUX (IHAEKC ,), CepenHIX (IHAEKC ), Alrounx (0e3
IHJIEKCY) 3HA4YeHb CTPyMIB B eneMmeHrax mrooux asox CK — gpocemsax [, [ 1

tpausucropax I, Ly, Ly, monax I, Iy, ., Iy, . 1 3pydHOCTI aHanizy i 3anmcy

Lepk » Lk >

Oynemo mnopiBHIoBatu cTpymMu Jobdoro k-oro CK ¢ /-um CK, B sfKOMy rapaHTOBaHO
NOCATAETbCSl TpaHWYHMNA pexuM (yHkuioHyBaHHs. JlomatkoBe npomymenHss — Bci CK
(GYHKIIIOHYIOTh 3 OJIHAKOBOIO YacCTOTOIO MEPETBOPEHHS, JJISl YOro Moxe OyTH 3aCTOCOBaHA
CHUCTEMa YIpaBiiHHS, omucaHa y [6], ska 3abe3neuye ¢ynkmionyBanHs omgHoro CK y
TPaHUYHOMY DPEXHUMI, HIIUX y PO3PUBHOMY 3 OJHAKOBOIO YACTOTOK MEPETBOPEHHS Ta
PIBHOMIPHUM 3CYBOM €JIEKTPUYHMX MPOIIECIB.

[Tpu CY | BUKOHY€ETbCA yMOBa:

Hy Hy 2 (1)

ne t, , t, — BIIIOBIJHO Yac HAKONMYEHHSI €HEpPrii B /-OM U k-OM KaHaJlax.

"y Hy

pu piBuocti Hanpyr xuBnenns U, =U, i nasautaxenust U, =U, 3 BpaxyBaHHIM
IPaHIYHO-PO3PHBHOTO PEXKUMY aMILIITYy CTPYMIB [, JUist IFOOOTO k-Oro KaHaiy Oyzb-sKoi

CTPYKTYpH (TIOHIDKYIOUO1, MIZIBUIIYIOYOI, 1HBEPTYIOUOi) MOKJIMBO 3alUcaTH Ha IHTEpBaJiax
BIJIMOB1THO HAKOTIMYEHHS 1 3BOPOTY:

1} 1 ¢ 1 1
I =—\u, \t)dt=——|\u, (t)dt=—-U, K, T,=——-U, K, T,, 2
my Lk L, ( ) Lk Ly ( ) Lk L, Tk Lk Ly "6k ( )

ne
u, , U ;, — Hampyra, mo MPUKIAIAETBCA JIO JIPOCEIIO k-oro CK BIAMOBIAHO Ha

Hi;
IHTepBaax HAKOIMYCHHS ¢, 13BOPOTY /, ;
L, — IHOYKTUBHICTB IpOCes k-0ro KaHaiy;
T, — nepiof nepeTBOPEHHS;
K, =t, [T, K, =t, [T, —xoediuienTn HaKOMMYEHHS i 3B0POTY k-OTO KaHATy.

3 (2) mpu pisrocti U, =U, , U, =U, takox cuinye BukoHauHs 1yist CY, yMOBH:

=t,, K, =K,, K, =K, . 3)
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BpaxoBytoui (1) ammiiTyHi 3HaYeHHS CTPyMIB OyJb SIKOTO k-Oro KaHally BUpPa3UMO
yepes3 BIAMOBIAHE aMILIITY/JHE 3HAYEHHSI CTPYMY IEPUIOro KaHally:

1, =1,LJL. 4)

OcCKUIbKY cepeiH1 1 A1F04l CTPYMU MPSIMO MPOTMOPLIHHI aMILTITYJHOMY 3Ha4eHHIO [2, 4],
a xoe¢iuienTn HakomudeHus K, =K, 13Bopory K, =K, pisui (3), npu CV, cepenHi 1
aitoui crpymu enemeHTiB cxeM CK po3noiuisiioTbesl aHaJOriuHO aMIUTITYAHUM 3HA4Y€HHSAM

CTPYMIB, 3BOPOTHO MPOMOPLIAHO IHAYKTUBHOCTAM IpOCEiB KaHaiiB, mpu mpomy Bci CK
(YHKIIOHYIOTh B TPAHUYHOMY PEXHUMI:

1

Ly =51, (&, +K, )=1,, L/L,
1

Ly =51 Koy = liry, L Ly
1

IVD% Elm‘ KsA VDcp, Ll /L

)

L, =1, K, /3=1, L/L,
1

VD, :Imk ng /3 :IVDI Ll/Lk

3a nepmuii «6a3o0Bui» MokHa npuiiHaTH Oyab sikuii CK Ta 3acrocyBaTu Afisi HBOTO

dbopmynu TpaHuyHOTO pexumy [2, 4], Tak sk Bci kaHamu npu CY; ¢yHKIIOHYIOTH B
TpaHUYHOMY pexuMi (puc. 3(a)).

iLi(t) iLi(t) iLi(t)
lLk(t) iLk(t) iLk(t)
(. iLi(t)
t>
a 0 B

Puc. 3. [liarpamu ctpyMmiB npoceniB /-oro u k-oro CK npu L, = 1 2 a) CYy, e 1, =21

m;

t, =t, . t, =t,;6) CYy, e I, =~2I,, 1, \f \f ;B) CY3, xe I, =1, ,

1 1
tuk _Etnl ’ tsk _Et‘ﬁ

[Tpu CVY, BUKOHY€ETbCA yMOBA PIBHOCTI cepe/iHiX cTpyMiB HaBaHTakeHHs CK:

1, =1, . (6)
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Posrnsinemo posnoaun crpymiB B CK Ha mpukiiaji NOHMKYIOUOT CTPYKTYPH, IS SIKOT
CTPYM HaBaHTa)KECHHS BIANOBLNAe cTpyMy apocensa [, =1, [2].
Pk Pk

Cepenniit cTpyM papocensi k-Oro CHJIOBOTO KaHaly IOPIBHIOE CEPEIHBOMY CTPYMY
JPOCETIS TIEPIIOTO KaHAIY:

1, :%1 (k, +K, )=1, :%1 (x, +K, ). 7

pk My el m

[Tpu miacTanoBIi B (6) 3HaYeHBb KOS(IIIEHTIB HAKOMWYEHHS 1 3BOPOTY 3 (2) OTpUMaeMo:
1 I, L I, L, 1 I L 1 L
—] | =M Ty | =] =] JLJ/L, . 8
2 ’”"(ULHT v, r) 2™u,r U,T m =L/ L ®)

[Ipu oMy amIutiTyAH1 3Ha4eHHs cTpyMiB B eieMeHTax CK po3noauisitoThCsi 3BOPOTHO
MPOTIOPIIAHO KOPEHSIM KBaJpaTHUM IHAYKTHBHOCTEH JpOCENIB KaHaIiB. AHaJIOTTYHUN
pe3ysbTaT OTPUMAHO VISl CTPYKTYP, 110 MIABUILYIOTH 1 IHBEPTYIOTb .

[TincraBnstouu (8) B (2), BUBHAYUMO pO3MOALUT KOE(]ILI€EHTIB HAKOMMUYEHHS Ta 3BOPOTY B
CK:

Knk :KHI Lk/LI ’ Ksk = 6 Lk/LI . (9)

Hitoui ctpymu B enemenTtax CK mpu migcranoBmi (8) 1 (9) B (5) posmoauisarbes
HaCTYITHUM YHUHOM:

ILk :ILI (Ll/Lk)]/4
IVTk :IVTI (Ll/Lk)]/4 . (10)
IVDk :IVDI (Ll/Lk)]/4

[Ipu npomy CK 3 mMakcumanbHUM 3HAUY€HHSM IHAYKTUBHOCTI Oyne (yHKI[IOHYBaTH B
IPaHUYHOMY DPEXKHMI, 1HIII — B po3puBHOMY pexumi (puc. 3(0)). BiamosigHo 3a 06a3oBuii
«nepmmi» cmig npuiaaty CK ¢ L, =L, 10 SKOro miIiiayTh CIIBBIAHOIIEHHS I'DaHHY-
HOTO pexumy [2, 4].

[Tpu CVY3; BUKOHY€ETbCA yMOBA PIBHOCT1 aMILTITYJTHUX 3HAUY€Hb CTPYMIB B KaHaIaX:

I, =1, . (11)

[TigcraBnstoun (11) B (2), BU3HaAUMMO po3M0/1UT KO€(illi€EHTIB HAKOIIUYEHHS 1 3BOPOTY B
CK:

K, =K, L/L, K, =K, L/L . (12)
KoediienTn HakonMueHHs 1 3BOPOTY B KaHaJaX PO3MOAUISIOTHCS MPSIMO IPOHOPLIITHO
IHAYKTUBHOCTSIM KaHaJliB.
CepenHi 1 Ait04l CTPYMHU B €JIeMEHTaX KaHaIB OTpUMaeMo, mijctasisitoun (11) Ta (12)

B (5):
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L :ILC[,I Lk/L]
Iy :IVTCPI Lk/L]

Pk

1 Dy, 1 VD, Lk/ L,

(13)
ILk :ILI Lk/L]
IVTk :IVTI Lk/L]

IVDk :IVDI Lk/L]

Cepenni crpymu B CK po3nofiisitoTbes OpsAMO MPOMNOPLIAHO, a Al0Yl CTPYMHU MPSMO
MPOMOPLINHO KBaPATHUM KOPEHSIM 3Hau€Hb 1HAYKTUBHOCTEH KaHaIB.

[Ipu CVY;, amanoraao CVY,, CUIOBUNA KaHAI 3 MAaKCHMAaJIbHOIO IHIYKTHBHICTIO
(GYHKIIIOHYE B TpaHUYHOMY pekuMi (puc. 3(B)), BIAMOBIAHO HOTO CIiJl NPUNHHATHU 32 0a30BUM
CMEPIIHI.

Ha puc. 4 mnpuBeaeHo 3aleXHOCTI BIIHOIIEHb AaMIUNTYJHUX 3HAa4Y€Hb CTPYMIB
enementis 1, /I, (puc. 4(a)), cepemmix sHauenb I /1 r, o i, /IVTcpl o /IV%

(puc. 4(6)) Ta mitounx 3uavenp ctpymis B emementax CK 1, /I, , I [1;, Ly [1y,

(puc. 4(8)) Bix BigHoweHHs iHAyKTHBHOCTEH CK.

AHaini3 oTpuMaHUX CHIBBIIHOIIEHbD 1 3aJI€KHOCTEHN MOKa3ye:

1) Enextpuuni mpouecu npu HeigeHTUyHOCTi ApoceniB B CK 3anexaTs Bif TUIY
CUCTEMH YIPABJIIHHS 1 HE 3aJIEKUTh BiJl TUITY CUJIOBOTO KaHaIy.

2) [Ipu CVY, Bci cWJIOB1 KaHAIU MOXYTh (YHKI[IOHYBAaTH y rpaHUYHOMY pexkumi. [Tpu
CY, ta CY3; — B rpannyHomy pexuMi ¢yHkuionye CK 3 MakcuMalbHUM 3HAuY€HHSAM
IHAYKTUBHOCTI, 1HII1 — B PO3PUBHOMY.

3) HeimentuuHnicte apoceniB B OUTBIINI CTENeH]1 BIUIMBAE (puc. 3) Ha CTPYMHU €JIEMEH-
TiB cunoBux kaHaiiB 3 CY, BianosinHo enementu CK 3 CY| HeoOxinmHO oOupaT 3 OUTIINM
3armacoMm 1Mo CTPYMY 1 OTYXHOCTI, 110 PO3CIFOETHCA.

4) Haii6u1pm OnM3bKi MO 3HAYEHHSIM JIIOYMX CTPYMIB 1, BIANOBIAHO, MO MOTYKHOCTI,
10 PO3CIIOETHCS 1 TEMIIEPATypHUM peskuMamM oaHOTHUIHI enemeHTu CK 3 CVY).

Buxonsum 3 BUIIEBUKIAACHOIO, MPOMOHYETHCS METOAMKA BU3HAUYEHHS €JIEKTPUUYHHUX
napamerTpiB s ao6oro k-oro CK MoIynabHOT CTPYKTYpH, sIKa CKIAAA€ThCA 13 5 OCHOBHHUX
IariB.

Hlar 1. Bubip nepmoro «0azoBoro» kanairy. Busnauaemo CK (BBaxkaemo ioro
MEepIINM), TapaHTOBAaHO (YHKIIIOHYIOYOIro B TpaHMuHOMY pexkuMi. L{im kanamom Oyne CK c
MaKCHMaJIbHUM 3Ha4eHHAM IHAyKTuBHOCTI L =L mia CY, n CVY3 1 6yap axuii CK s
CVY npu HeiIeHTUYHOCTI APOCEITIB.

Iar 2. BuzHaueHHs nmapameTpiB rpaHudHoro pexxumy. s nepmoro CK, mo dynxkii-
OHY€E B IPaHHYHOMY PEXHMI, BU3HAa4aeMO [4] koediuienTn Hakonm4eHHs K, , 3Bopoty K, .

Hlar 3. I3 ymMmoBU PIBHOCTI CyMHU C€peIHIX CTpyMiB IO Kojiam HaBaHTaxkeHHs1 CK cTpymy
N

HaBaHTAXKCHHS 21 .
k=1

U . . .
=1, = RH , YMOBHU BIIIIOBIJHOCTI CTPyMY HABAHTAXKECHHS CTPyMY

Pk P

H

apocens I, (t):iLk (t) (W1 CTPYKTYpH, IO MOHWXKYE) YM CTPyMy Aioja i, (t):iVDk (t) (s
CTPYKTYPp, 1110 NIABUIIYE Ta IHBEPTYE) 1 iX cuiBBigHOMIEHD (5) st CYy, (6) ansa CVYa, (13) s
CVY; npu He 1IEHTUYHOCTI JPOCENiB BU3HAYAEMO CEepeiHild cTpyM apocens [, (Uil CTpyk-

pl
TypH, L0 MOHUXKYE) un faiona [, (WISl CTPYKTYpH, IO MIABHUINYE YU IHBEPTYE) MEPIIOTO
P
CK.
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Hlar 4. BusHaueHHs aMIUNTYAHUX, CEPENHIX, IIOYMX 3HAYEHb CTPYMIB EJIEMEHTIB
nepwmoro CK 1 yactoTu neperBopeHHs. I3 cepennboro crpymy apocens yu aioga (war 3) u
rapaMeTpiB rPaHUYHOrO PeXUMY (1Iar 2) BU3Ha4aeMo (5) aMIUITYAH1 3HaYeHHs cTpymy [

ml >
cCepelHl M [iIoud 3Ha4yeHHs cTpyMmiB eneMeHTiB mepmoro CK a rtakox [4] uacroTy
NIEPETBOPEHHs f,, IIPU LIbOMY HalJileHa yacToTa 3araiabHa Juid Beix CK.

Hlar 5. Busnauenns crpymiB ta napametpis k-oro CK. Ilo cniBBigHOmeHHAM (3-5) s
CYy, (6, 8-10) mna CVY,, (11-13) mna CY; npu HE 1IEHTUYHOCTI JPOCETIB BU3HAYAEMO
€JIEKTPUYHI MapaMeTpu (CTpYMHU B €JIeMEHTaX, KOe(IllieHTH HAKOMWYEHHS 1 3BOPOTY) IS
moboro k-oro CK.
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05 075 1 195 Lkil1 15 04& 0.75 1 1.26 Lk/LT 15
a 0
2 I I
Ik ! ! !
(] N AR PiRRE Pt 7
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Puc. 4. 3anexHOCTI BIIHOIIEHb &) aMILUTITYAHUX, 0) Cepe/iHiX, B) AIFOYMX 3HAYEHb CTPYMIB B
CK 3 cucremamu ympasiinas CYi, CY,, CV;

Ipuxaan 1. Crpykrypa, mo nonmwkye 3 CVY 1 HeineHTHUHICTIO ApoceniB CK.
Hlar 1. O6upaemo nepmmiit CK L, (Oynpb sixuii).
[ar 2. Buznauaemo 13 [4] mapamerpu rpanngHoro pexxumy (1-oro CK):

K, =UU,, K, =1-K, .
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10.0. I'ynuenko

Iar 3. Tak sik B CTPYKTYPI, 1110 MIOHUXKYE, CTPYMOM HABaHTAXKEHHS € CTPYM JPOCEIs, 3
ypaxyBaHHSM (5) 3amuIlEeMO CHUCTEMY PIBHSHB, 3BIIKM BHU3HAUYMMO BEIMYHHY CEPEIHBOTO

ctpymy apocens nepmoro CK:
L/L,
L/L,

L chl
L LCPI

UJR,

1+sz

k2k

I, = IL.CPI L]/LN = IL""

N
z Lep, —

H

Iar 4. Busnauaemo ctpymu (5) enemenTiB nepmoro CK u yactoty QyHKIIOHYBaHHS

[4].

UK,
I, :21%, IVTW] =1,K, /2, IVDcm =1,K, /2, 1= 77
15 m,

=1, K, + KB, 1y =1, K, 3. L, =1, K, 3.

Iar 5. Busnauaemo ctpymu eneMeHTIB 1 napamerpi (3-5) k-ux CK.

K :KH]’ Kek:Kel’ Imk:ImlL]/Lk’ ILv:IL L]/Lk’

Hy

Ly =1, Ll/Lk’ Iy, :IVDCPILI/Lk’ ILk:ILIL]/Lk’

Ly =1, L)L, I, =1, L/L,.

TakuM 4YMHOM, BH3HAUEHO BCl OCHOBHI €JIEKTpUYHI NapameTpu moayiabHoro IIITH

noHmxkyro4doro tumy ¢ CVY;.
Hpuxaan 2. Crpykrypa, mo nigsuurye 3 CVYs.
Hlar 1. O6upaemo nepmmit CK L, =L _
Lllar 2. Buznagaemo 13 [4] mapamerpu rpanndHoro pexxumy (1-oro CK):

H :UH_UV!’ 6 KH Un'
1 U 1 k U

K

Iar 3. Tak sk /Ui CTPYKTYPH, 110 MIABUILYE, CTPYM HaBaHTAXEHHsI BIAMOBIAAE CTPYMY
niona, 3 ypaxyBaHHaM (13) 3amumiemMo cuUCTeMy pIBHSHB, 3BIIKM BH3HAYUMO BEIMYHHY

cepenHbporo cTpymy aiojaa nepuioro CK:

I VD I VDep, Lz/ L,
Ly, = IVDcpI L3/L1

P3

U,/R

H

S TELR
1+1/L12Lk
k=2

= IV.DC‘DI LN/L] = IVDCPI - v

IVD

PN

N
z VDep, —
k=1

150



[HOOPMATUKA TA MATEMATHUYHI METO B MOJIEJIFOBAHHI = 2012 = Tom 2, Ne2

Ilar 4. Busnauaemo ctpymu (5) enemenTiB nepmoro CK u yactoty QpyHKIIOHYBaHHS

[4].

L,=2ly, /K, , I, =1,/2, I, =1,K, /2, f= UfIK ’
15 m

1, =1, &, +JK, N3, 1n =1, K 3. I, =1,JK. /3.

Iar 5. Busnauaemo ctpymu enemeHTiB U napamerpu (11-13) k-ux CK.

K, =K, L/L. K, =K LjL, I, =1,, I, =1, LL,

My m pi

Ly, =1, Lk/L]’ IVD% :IVDCPI Lk/Ll’ ILk :ILI'\/Lk/L] )

Pk Pl

IVTk =y, Lk/L] > IVDk :IVDI\/Lk/LI .

TakuM 4YKMHOM, BH3HAYEHO BCl OCHOBHI CTpyMH 1 mapameTrpu monayibHoro IIITH
nigBuiytodoro tumy 3 CVYs.

BucHoBkm i MNEPCHNEKTUBHU MOJAJTbIINX JIOC.]'li)])KeHI) nepmoro

1) Knacudikoano cucremu ynpasiinHg monyiabHuMu [IITH 3 rpannyHO-po3puBHUM
(GYHKIIOHYBaHHSIM.

2) Po3pobneHo maTteMaTH4yHl MOJEINI CHIBBIAHONICHb aMIUTITYJHUX, CEPEIHIX, TIF0UNX
ctpymiB B enemeHtax CK, BKIIOYEHHX MOAYJIBHO NpPU HEIAEHTHUYHOCT! IHAYKTHUBHOCTEH
JPOCEIIB CUJIOBUX KaHAJIB JJIi OCHOBHUX CTPYKTYpP U CUCTEM YIIPaBIIIHHS.

3) Po3poOnena MeronuMka BH3HAUEHHS €JIEKTPUYHUX NIapaMeTpiB — CTPyMiB B
enementax CK, koe(ili€HTIB HaKONWYEHHS 1 3BOPOTY, YacCTOTH IEPETBOPEHHS IIpU
HEIGHTUYHOCT1 1HIYKTUBHOCTEHN APOCENIB 1 HAllpyr *KUBJCHHS KaHaTIB, y3arajibHeHa HIJis
OCHOBHUX CTPYKTYp CHJIOBHX KaHaJlB M CHCTEM VIPABIIHHS, IO J03BOJSE OTpPUMaHI
MaTeMaTU4HI MOJieJli BUKOPUCTOBYBAaTH MJJIi HAyKOBHUX Ta IH)KEHEPHHMX PO3PAXYHKIB, IO
MPOLTIOCTPOBAHO MPUKIIATAMH.

B nepcrekTuBax mojanbliuX JOCITHKEHb MOXHA BUIUIUTH PO3pOOKY MaTeMaTHYHHUX
Moenel s BUNAAKIB HEIEHTUYHOCT] Halpyr €JIeKTPOKUBJICHHS, JOCIIIKEHHS eeKTpHY-
HUX HpPOLECIB, PO3pOoOKY METOIUK MPOEKTYBAHHS MOAYJIbHHMX JIKEpEJ >KUBJIEHHS Mpu
HaNHOUIBII MOXJIMBUX PO3KUIYBAHHSAX MAapaMeTpiB €JIEMEHTIB M 3 3aCTOCYBaHHS WMOBIPHHX
METO/IIB BU3HAYEHHS PEXMMIB IO 3aJaHUM JOIMycKaM Ta 3aKOHaM pO3MOJUTY HapaMeTpiB
€JIEMEHTIB.
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SJEKTPUYECKHUE ITPOIECCHI MOAYJbHBIX IPEOBPA3OBATEJIEA IOCTOSAHHOI'O
HANIPAKEHUST C TPAHAYHO-PA3PBIBHBIM PEZKUMOM ®@YHKIIMOHUPOBAHMSI ITPA
HEUJAEHTUYHOCTU UHAYKTUBHOCTEHN CUJIOBBIX KAHAJIOB

I0.A. I'yHuenko

Onecckuii HAIMOHAIBHBIN MOJUTEXHUYECKUN YHUBEPCUTET,
mpocr. lleruenko, 1, Oxecca, 65044, Ykpauna; e-mail: 7996445@mail.ru

PaccMoTpeHbl 0COOCHHOCTH 3JIEKTPUYECKUX MPOLIECCOB B MMITYJILCHBIX MPe00pa3oBaTesix
nocrostuHoro HanpspkeHust (IITTH) MoAymbHBIX CTPYKTYp C TpaHUYHO-pa3pbIBHBIM
pexUMoM (DYHKIIMOHHPOBAHUSI TIPH HEUIEHTUYHOCTH Jpocceneld cuioBbix kaHanos (CK).
[Tonmy4eHs! ¥ IpUBeEHB OCHOBHBIE PACUETHBIE COOTHOIIEHUS TOKOB B 2JIEMEHTAaX KaHAJIOB
NIPU Pa3IMYHBIX CHCTEMax YIpaBJICHHs, pa3paboTaHa METOAMKA M NPUBENCHBI MPUMEPHI
ompeneneHus aekTpuueckux napamerpon CK.

KaroueBsbie cioBa: npeoOpa3oBaTenb MOCTOSHHOTO HAIPSHKEHUs], TPAHUYHO-PA3PBIBHBIH
PEeXUM, CUIIOBOH KaHaJI, SJIEKTPUUECKUE NTapaMeTpPhl

ELECTRIC PROCESSES IN MODULAR DC CONVERTERS WITH THE BOUNDARY-
DISCONTINUOUS OPERATING MODE BY NONIDENTICAL INDUCTANCES POWER CHANNELS

Yuriy A. Gunchenko

Odessa National Polytechnic University,
1 Shevchenko Ave., Odessa, 65044, Ukraine; e-mail: 7996445@mail.ru

Electric processes in modular DC converters with the boundary-discontinuous operating
mode by nonidentical inductances power channels are described. Received and summarizes
the estimated ratio of currents in the channels under different control systems. The method
of determining electrical parameters of power channels is developed.

Keywords: DC converter, boundary-discontinuous mode, power channel, electric
processes
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