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OJIH MIAXII JIO MOBYI0BA
THINBIIY AJTHbHAX MATEMATHYHUX MOJEJEN 3AXACTY
Y BE3/IPOTOBUX CEHCOPHUX MEPEKAX

Beryn

be3aporosa cerncopna mepexa (bBCM) — 11e rpyma «po3yMHHX» aTYUKIB 3 1HOPACTPYKTYPOIO
0€3IpOTOBOTO 3B’SI3KY, MPU3HAYCHOIO JJIsI MOHITOPUHTY YMOB HaBKOJIMIIHBOTO ceperoBumia. Lls
TeXHOJIOTIs € 6a30BUM MOHATTAM [HTepHETY peuelt (IoT). BCM MoxyTh nepenaBaTi KOH(IICHIT i1-
Hy iH(OpMaIlito, MPAIIOI0YX Y HE3aXHUILEHOMY cepeloBHILi. Uepes 11e B MPOEKTYBaHHI MEpEXi MOT-
piOHO BpaxoByBaTH BiAMOBiAHI 3axoam Oe3neku. OmHaK OOYMCITIOBAIbHI OOMEKEHHS BY3JIB,
OOMEXEeHHI TIPOCTIp JUIsd 30epiraHHsl JaHUX, HECTIMKE JHKEPEeNno >KUBIICHHS, HECHAIIMHWA KaHAaJ
3B’SI3KY Ta omeparlii 6e3 Harisay € 3HAUHUMU MEPelIKoIaMu JIsl 3aCTOCYBAHHS TEXHIYHUX METOMIB
KiOepOe3neK y X Mepekax.

IcHyr0TH MaTeMaTH4YHI MOJENI I0JJ0 BUBUEHHS MOLIMPEHHS MIKiAJIMBOTO MPOrpaMHOro 3abes-
nedeHHs (I13) y BCM, ski MoxxyTb OyTH Ti00aibHUMH (YPaxOBYIOTh TOIIOJIOTIIO 3B SI3KY MIX BY3-
namu bCM, arne He BpaxoBYIOTh iX 1HAMBIAYaNbHUX XapakTepucTuk) [1 — 8], abo iHAuBIAyaTbHUMH
(YpaxoByIOTh 1HIUBiZyanbHI OCOONMBOCTI BY3IB, aje HE BPAXOBYIOTh IJI00ANBbHUE Xapakrep iX
B3aemozii) [9 — 15] mopensmu. Kpim Toro, icHyro4i Mojeni MoKHa Kiacu(ikyBaTy 3a TUIIaMH B3a-
emoii (HenepepBHi [3 — 5] Ta auckperHi [1, 2, 6 — 8, 9 — 15], aerepminosani [1, 3 — 5, 7, 10 — 14]
Ta CTOXaCTU4Hi [2, 6, 8, 9, 15] Tom10) Ta BUKOPUCTAHHSAM MaTeMaTHUYHOTO anapary (cuctemMu aude-
peHLiadbHUX PiBHAHD Y YacTuHHUX noxigaux (CHPYII) [3, 4, 8], cuctemu 3BUUaiiHUX qudepeHti-
anpHux piBHsaHb (C3/AP) [1, 5, 7], xnitunni aBromatu (KA) [9, 10, 12], nanutoru Mapkosa (JIM)
[2, 6, 11], areaTHe MonemoBaHHs [13 — 15] Tomro). IcHyroui Momeni MalOTh MEBHY CHEIUQIKY Ta
MO>KJIMBOCTI IIIOJI0 3aCTOCYBaHHS iX 70 moOynoBu crparerii 3axucty BCM BiJ HIKiAIUBOrO Mpo-
rpaMHOTo0 3a0e3MedyeHHsl. AJle TaK0>K BOHU MatOTh IE€BHI HEJIOJIIKU. 30KpeMa, YpaxoBYyIOUn 0COOIH-
BOCTI OTPUMAaHHS JaHUX LOJ0 CTaHy Tiel uM iHmoi rpynu By3niB BCM, neit nporec He MOXHA po3-
INIJaTH Y CYTO HemepepBHOMY a00 CyTO IHMCKpETHOMY 3a yacoM pexkuMi. Lli n1Ba gakropu maroTh
OyTH MO€IHAHI.

VY crarTi po3rIsSHYTO HOBY HETIEPEPBHO-IAMCKPETHY MOJIeNb IOMMPEHHS mKiamuBoro [13 uepes
BY3JIM O€37POTOBOI CEHCOPHOI MEpexi, sika 0a3yeThCsl HA CUCTEMI TaK 3BaHUX TUHAMIYHUX PIBHSHB
3 IMITyJIbCHUM BIUITMBOM Ha YaCOBIW IITKaJII.

Onuc moxesi

PosrisHeMo fesKy 6e3IpOTOBY CEHCOpHY Mepeky. li HemepepBHe (yHKIIOHYBaHHS MOKHA
CIIOCTEpIraT JMIle Ha JIeSIKUX 1HTepBajlaX 4yacy; Ha 1HIIUX )K€ IHTepBajlaX MOXIIMBOCTI CIIOCTEpe-
XKEHHSI 0OMEXYIOThCSI OKPEMUMHU TOYKOBHMHM IepefayaMiu BiAnoBigHOi iHGopMarlii. Tox s mo-
Oy/Z0BU MOjieNl BUHUKA€E HEOOXIIHICTh BUKOPUCTOBYBAaTH MaTeMaTHuYHI 00 €KTH Ha HelepepBHO-
JTUCKPETHUX TIPOMDKKax yacy. OJHI€I0 3 TEOpii, fAKa JO3BOJISIE 1€ 3POOUTH, € TEOPis JUHAMIYHUX
piBHSAHD Ha YacoBUX mikanax [16]. KirouoBumMu MOHATTSIMH I1i€l Teopii, HEOOXITHUMH HaM y TMoja-
JIBIIOMY, € yacoBa Imkana (T ) — 1oBibHA 3aMKHEHA HEITOPOKHS ITiIMHOKHHA MHOXHHH JTIHCHUX

yuce, ornepatop crpubka repen o(t) :=inf {VS eT:s> t} , JenbTa noxigna (X"), sKka € y3araib-
HEHHSIM TOHATHh 3BUYAMHOT MOXI/THOI Ta PI3HUIIEBOTO ONEpaTopa, a TAKOXK MaTpUYHA EKCIIOHEHITia-
neHa Qynkuis €, (t,s) [16].

Hexait nocmimxyBana BCM mae neBHI TOMOJIOTIYHI XapaKTEPUCTHKH 1 KOXKEH 11 By30:1 nepely-
Ba€ B OJJHOMY 3 KJIACiB:
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1) copuiiHATIMBOMY S, A€ NAaTYMKU HE 3apaxkeHi mKigmmBuM [13, ame MaioTh COpUHHATINBI
1o Takoro [13 iHauBiAyanbHI 00UUCITIOBATBHI XapaKTEPUCTHKH;

2) BusiBieHoMY E, yepe3 maTumku sikoro mpoinnio mkigmse [13, ane BoHM HE MOXYTh mepe-
JaTH MOro Ha CYMDKHI JaTYMKH 4Yepe3 1HIUBIIyaIbHI XapaKTEPUCTUKH OCTAaHHIX Ta OCOOJIMBOCTI
camoro oTpumanoro I13, a Takox iX BJIacHi XapaKTePUCTUKH;

3) 3apaxxeHomy |, maT4MKK SKOro 3apakeHi mKiamuBuM [13 Ta MarOTh MOXKIMBICTH POOUTH
crpoOu 3apa)XKeHHs 1HIINX;

4) BigHOBJICHOMY R, maT4Mku sKOoro HaOyBarOTh THUMYACOBOTO IMYHITETY, ITICJISI YCIIIIHOTO
BUJIAJICHHS IKiyBOro [13, 41 BCTAHOBJICHHS BUIPABIICHb O0C3MEeKH;

5) BimxuinoMy D, B skoMy aT4yuku HE MiAJIATalOTh BIIHOBJICHHIO (HAIIPUKJIA, iX MOTYKHICTh
IIBUJIKO BUUEpIIajacs, KOJIU BOHU Oynu 3apaxkeHi mkigmBuM [13; abo uepes (i3uuHi MOMIKOHKEH-
Hs, He TIOB’s13aHi 3 [13, He MOXYTh MpaIfOBaTH TOIIIO).

Ha innuBimyansHi 0COOMMBOCTI, Yepe3 sKi KoxkHui By301 BCM nepedyBae y TOMy 9 iHIIOMY
KJIaci, BIUIMBAIOTh Pi3HI YMHHHUKH, 30KpeMa Taki (pakTopw, siKi HE MOB’sA3aH1 3 0COOJIMBOCTIMU IIKi-
JUTUBOTO TIPOTPAMHOT0 3a0€3MEUCHHS: TUIl CEHCOPHOTO BY3JIa, HOro 00YMCIIIOBAJIbHA MOTYXKHICTB,
piBEeHb CIOKMBaHHS €HEprii, MOXJIMUBICTh Mepenadi Ta npuiiomy iHdopmaiii, MeTon 300py JaHUX,
MIPOTOKOJIM MapHIpyTU3aIlii TOMIO.

Hns nobynoBu  Mozeni  (YHKIIOHYBaHHS  MEPEXi  BH3HAUMMO  JCSKUHA  BEKTOP

X(t)=CO| ()<1,X2,X3,X4,X5) — BEKTOp KUIBKICHMX 3HA4YCHb BY3JIIB MEPEKi KOKHOTO 13 HABEICHUX
Buie 1’ satu kiacis (S, E, I, R, D) y koxxuuit Moment vacy { crocrepexenns. To, SIKIIO po3riisaaTH

(GyHKIIOHYBaHHS BY3JIiB MEpEkKi 0€3 MOMXIIMBUX BTOPTHEHb, MOJICIUTIO MEpEeXi Oyie Jesika cucrema
JUHAMIYHUX PIBHSHb Ha YaCOBIN IIKai BUILY

x* = A{t)x+ f (1), 1)

e x(t) eC,, (T@J) R — 5-BUMipHUI BEKTOP-CTOBITYHK rd -nenepepBHuX,

A -pudepenuiiiosanux [16] dynkuiit, T, ) =[t;;00); =[t;;0) "T; A(t) — (5x5) -BumipHa mMaTpu-

ust, komroneHtn sikoi € rd -uenepeppuumu dynxuismu; f(t) € C (T, R°) — rd -HemepepBHa

to);

BEKTOp-(QYHKLIA. Y L1 Mozenl 3HaueHHs t, BH3Haua€ MOYAaTKOBUN MOMEHT 4acy CIIOCTEPEKECHHS,
a KOMIIOHEHTH A(t) ta f(t) — xapakTepUCTHKKN NETEPMIHOBAHOTO 3B’SI3KY MIXK IT’IThbMa KJIacaMH

BY3JIiB BCi€l 0e3ApoTOBOI ceHcopHOi Mepexi. KpiM Toro, meBHi iHAMBIIyadbHI 0COOIUBOCTI BY3JIiB
(30kpema, ix poOounii LUK, JHOACHKUN (akTop OOCIYrOBYBaHHS TOIIO) y AESIKI MOMEHTU 4Yacy
Ja0Th MOXJIMBICTh BU3HAYATH KUIBKICHI MMapaMeTpu caMoi Mepexi, sIKki MaTeMaTHYHO MOKHA OIH-
caTH sIK Jesikl KpaiioBi ymoBH y cuctemi (1). 3okpema, y 11 yMOBH Oyzie BXOJUTH MOYaTKOBa yMOBa
I110/10 HAsIBHOI KUIBKOCTI BY3J1iB y IOYaTKOBHI MOMEHT 4acy i :

X, (o) +% (t) +%; (t) + %, (1)) + %5 (t, ) =n.
Bei Taki ymMOBM MOXKHa BiZOOpa3uUTH 3a JOMOMOTOIO JIIHIHHOrO BEKTOPHOro (hyHKIliOHana
(:R°—>R", 1e m — 3aranbHa KinbkicTh ymoB. Tox, 3 ypaxyBaHHaAM cucTemu (1) mMaTtumemo
KpaiioBy 3amauy:
x* = Al)x+ f (t),

X=«a, )
ne o € R™ — m-BumipHa BekTop-KOHCTaHTa. OCKiIBKH X yMOBa M =5 He mepenbdayaeTses, TO Kpa-
ioBa 3anayva (1), (2) € HerepoBoro. HeoOxiaH1 Ta 10CTaTHI YMOBH PO3B’sI3aHHA TaKuX 3ajad 3a Jio-
MIOMOTOI0 METO/Ty TICEBI000epHEHUX MaTpullb [17] Oymu otpumani B po6oTi [18].

Bpaxyemo Ternep, 1o mija BIinBoM mmkiaueoro I13 y Busnaueni momenTn dacy t, (K =12, ...)
BiOyBaeThcsl 3MiHa mapameTpiB BCM, sika He cropimHeHa 3 1i mpupoaHuM (YHKIIOHYBAHHSM.
dakTopu 1UX 3MiH MOKYTh OYTH TIOB’s3aHi, HAMPUKIIAJ, 13 caMUM TUIOM mIKijymBoro [13, mexaHi-
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3MOM HOr0 PO3MOBCIOJKEHHS UM LIJUIIO MOIIMPEHHS IIKIUTMBOTO Koay. Toi Taki MOMEHTH 4acy
t.(k=12, ..., p) y3anponoHoBaHiii Mojeii OyIyTh BU3HAUaTH HASBHICTb BiJIIOBIJHOI IMITYJIECHOT

i
x(t, +0)=Bx(t,)+a, k=12,...,p. (3)

YMOBU iCHYBaHHSI PO3B’s3KIB HETEPOBOi KpallOoBOi 3ajadyi, sika CKIAAAEThCS 3 JIHIHHOI HEOI-
HoOpiaHOT nuHaMiyHOI cuctemu (1), KpaitoBoi ymoBH (2) Ta immynscHOI aii (3), Oynu oTpuMmani B
po6oTi [19] y BUrIs/11 TAKOTO PE3YIIBTATY.

Teopema. Jxwo A(t) € C, (T, R*>®), B, € M(R), k =1p, mo HeodHopidHa Kpaiiosa 3a0a-

to);

ya (1),(2),(3) € poss’sznolo  modi U mitbku  moodi,  KOAU  HEOOHOPIOHOCMI
f(t)eC, ([a; bl /{t.}; RS), a _eR’, vk =1p ma a eR™ 3ad060abHs10Mmb YMOGU
PQ; (a —(F ()) =0 ) (4)

oe PQ* — (d xm)-sumipna mampuys, wo ckraoaemocs 3 d '=m—rank Q zinitino nezanexcrux psio-
d
ki mampuyi (MxM)-eumipnoi Mampuyi-npockmopa PQ* ‘R™ > N(Q), PQ* =1,-0QQ", Q" -

(5xm) -6umiprna mampuys, wo € eournoro nceedoobepuenoio 3a Mypom — Ilenpoyszom [17] 0o mam-

puyi Q=1(S,(-t,) — cmanoi (Mx5) -eumipnoi mampuyi, S,(,S) — acoyiviosana 3 nocridosuicmio

{Bk ,tk}k:1 ma Hopmosana 6 moyyi t, mampuys iMny1bCHUX nepexoois, AKa Mae U2J0.

e (t,s), t , <s<t<t;
SA(t,s)=1qe,(t,t, +0)(1 +B,)e,(t.,9), t , <s<t <t<t,
e (tt +0) [T L1 +B))eat; t, s +0)] (1 4B Jen(t,s), t,<s<t <..<t <t<t,,
s<tj<t

t
F(t)= .[SA(t’ o(s)) f(s)As+ Z Sa(tt; +0)a; . Jluwe ona mux i mineku mux neoonopionocmei f

t a<t;<t
a,, o, ora saxux euxomyemovcs ymosa (4), szaoaua (1), (2), (8) mamume r-napamempuuny

(r:=5-rankQ) cim 10 ninitino neszanexchux po3s a3Kie 6udy

f
x(t;c,) =S, (LR, ¢ +G||a ||(t), ¢ eR", (5)
a
de B, — (5xr)-eumipna mampuys, wo ckradacmocs 3 T JAiHIIHO HE3ANEHCHUX CMOGNYIE
(5x5) -s6umipnoi MaAMPUYi-npoEKmopa Py 'R* > N(Q), R, =1,-Q"Q,
f A
Gl|a ||t)=F({)+S,(tt)Q" {a - KJ‘ S,(o(s))f(s)As—1 Z Sa(t; +0)a, } —  y3a2anbHenull
o t a<t; <

onepamop I pina neoonopionoi kpatiosoi 3aoaui (1), (2), (3).

Tox, (hakTHYHO MarO4YM BIAMOBITHI YUCENHbHI 3HAYEHHS HEOIHOPITHOCTEH, SKi, OYEBHJIHO,
OTPUMYIOTHCA 3 BIAMOBIAHUX YMOB 3B’SI3HOCTI KJIaciB BY3JiB, iX iHAMBIIyaTbHUX XapaKTEPUCTUK Ta
0COOIMBOCTEN 11 MIKITIMBOTO MPOrpaMHOro 3a0e3rneueHHs, MO>KHA 3MO/IETIOBAaTH () YHKI[IOHYBaH-
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Hs BCi€l 6€3/IpOTOBOI CEHCOPHOT Mepexi y BUIUIAII KpaioBoi 3aaayi A iIMIYJIbCHOT AMHAMIYHOT
CHUCTEMH Ha YacOBIH IIKaIl BUITY
A
X" =AM)x+f(t), teT,,
x(t, +0)=Bx(t,)+a, k=12,...,p,
X =,
sIKa 32 BUKOHAHHS BU3HAYECHUX YMOB (4) Ja€ MpOrHo30BaHi HACHIIKK y BUIIIS po3B’si3KiB (5).

s 3ano0iranHs HeOaKaHUX HACTIIKIB Yepe3 MOMMPeHHs MKiuuBoro [13, BukopucToByroun
3alpONOHOBAHY MOJEIb, MAEMO Pi3HI MOXIIMBOCTI, 30KpeMa KOPUTYBaHHS YMOB, SIKi BIUTHBAIOTH HA
napameTpu HeofgHopinHocreil f, a, Ta o .

BucunoBxu

CyuacHuii piBeHb PO3BUTKY TEXHIKH Ta TEXHOJIOTIH XapaKTepU3yeThCsl MOCTIHHIUM PO3LIMPEH-
HSAM PI3HOMAHITTS W CKJIQJHOCTI MEXaHIYHMX Ta KEpOBAaHHMX O0’€KTiB, (DYHKIIIOHYBaHHS SKHX
BiIOYBa€ThCSl B HEMEPEPBHO-TUCKPETHOMY 32 4acoM pexumi. OIHUM i3 TaKuX 00’ €KTIB € Mporec
MOMIUPEHHS MIKIJTUBOTO MPOTPaMHOTO 3a0€3MEeUeHHs y 0e3POTOBUX CEHCOPHUX Mepexkax, Moc-
TiliHE 3pOCTaHHS TEHICHIIN 0 SKUX 0OYMOBJICHE X BUKOPUCTAHHSM SIK €IMHOTO BUIY CaMOOpra-
HI30BaHOT Mepexi nepeaayl JaHUX 3 HAHMEHIIIOIO TPYAOMICTKICTIO Ta MAJIOBUTPATHICTIO.

Crizx 3a3Ha4MTH, IO MOTPU TPUBATY ICTOPII0 CEHCOPHUX MEpeX, KOHLENIis ix moOyaoBu oc-
TATOYHO He chopmyBayacs. ToX BUBUCHHS MEBHUX BIACTUBOCTEH TAaKUX MEPEK € TYKE BAKIUBUM
SK JUI BITYM3HSHOI, TaK 1 JJIS CBITOBOI HayKW. BB TOTO, JJISi CTPATEriYHO BAXJIMBHUX TaTy3el
KpaiHH, 30KpeMa 00OPOHHOI, 3aXUCT OE3IPOTOBUX CEHCOPHUX MEPEX € JIy)KE BaXKIUBOK CKIIAJ0-
BOIO.

3anpornoHoBaHO HOBY MO/IE/b MOIIUPEHHS MIKIAJTMBOTO MPOrPaMHOT0 3a0€3MeYeHHs], sIKa OMu-
CYETBCS JISIKOIO KPaoOBOIO 3371290 JISI IMITYJIbCHOT JMHAMIYHOT CHCTEMH Ha YacOBIM IIKaJIi.

Chnmcok jgireparypu:

1. LiuB. Malware propagations in wireless ad hoc networks / B. Liu, W. Zhou, L. Gao, H. Zhou, T. H. Luan,
S. Wen // IEEE Trans. Dependable Secur. Comput. 2018. Vol. 15. P. 1016-1026.

2. Wu X. Nodes availability analysis of NB-loT based heterogeneous wireless sensor networks under malware
infection / X. Wu, Q. Cao, J. Jin, Y. Li, H. Zhang // Wirel. Commun. Mob. Comput. 2019. Vol. 2019.

3. Queiruga-Dios A., Encinas A. H., Martin-Vaquero J., Encinas L. H. Malware propagation models in wireless
sensor networks: a review, 2016 // International Joint Conference «SOCO’16-CISIS’16-ICEUTE’16». 2017. Vol. 527.
P. 648-657.

4. Zhu L., Zhao H., Wang X. Stability and bifurcation analysis in a delayed reaction-diffusion malware
propagation model // Comput. Math. Appl. 2015. Vol. 69. P. 852-875.

5. Feng L. Modeling and stability analysis of worm propagation in wireless sensor network / L. Feng, L. Song,
Q. Zhao, H. Wang // Math. Probl. Eng. 2015. Vol. 2015. P. 1-8.

6. Shen S. A non-cooperative non-zero-sum game-based dependability assessment of heterogeneous WSNs with
malware diffusion/ S. Shen, H. Ma, E. Fan, K. Hu, S. Yu, J. Liu, Q. Cao // J. Netw. Comput. Appl. 2017. Vol. 91.
P. 26-35.

7. Acarali D. Modelling the spread of botnet malware in loT-based wireless sensor networks/ D. Acarali,
M. Rajarajan, N. Komninos, B. B. Zarpelao // Secur. Commun. Netw. 20109. \Vol. 2019.
https://doi.org/10.1155/2019/3745619.

8. Shen S. SNIRD: disclosing rules of malware spread in heterogeneous wireless sensor networks / S. Shen,
H. Zhou, S. Feng, J. Liu, Q. Cao // IEEE Access. 2019. Vol. 7. P. 92881-92892.

9. Wang Y., LiD., Dong N. Cellular automata malware propagation model for WSN based on multi-player
evolutionary game // IET Netw. 2018. Vol. 7. P. 129-135.

10.A. M. del Rey, J. H. Guillén, G. R. Sanchez. Modeling malware propagation in wireless sensor networks with
individual-based models // Conference of the Spanish Association for Artificial Intelligence. Springer. Cham.
Switzerland. 2016. P. 194-203.

11.Wang T. Propagation modeling and defending of a mobile sensor worm in wireless sensor and actuator
networks / T. Wang, Q. Wu, S. Wen, Y. Cai, H. Tian, Y. Chen, B. Wang // Sensors. 2017. Vol. 17(1). P. 139.

12.Batista F. K., A. M. del Rey, Quintero-Bonilla S., Queiruga-Dios A. A SEIR model for computer virus
spreading based on cellular automata, 2017 // International Joint Conference «SOCO’17-CISIS’17-ICEUTE’17». 2018.
\ol. 649. P. 641-650.

ISSN 0485-8972 Paoiomexnixa. 2021. Bun. 206 81


https://doi.org/10.1155/2019/3745619

13.Bose A., Shin K. G. Agent-based modeling of malware dynamics in heterogeneous environments //
Secur. Commun. Netw. 2013. Vol. 6. P. 1576-1589.

14.Hosseini S., Azgomi M. A., Rahmani A. Agent-based simulation of the dynamics of malware propagation in
scale-free networks // Simulation. 2016. Vol. 92. P. 709-722. https://doi.org/10.1177/0037549716656060

15.Batista F. K., del Rey A. M., Queiruga-Dios A. A new individual-based model to simulate malware propagation
in wireless sensor networks // Sensors. 2020. Vol 8 (3). P. 410. https://doi.org/10.3390/math8030410.

16.Bohner M., Peterson A. Dynamic equations on time scales. An introduction with applications. MA. Boston :
Birkhauser Boston Inc, 2001.

17.Boichuk A. A., Samoilenko A. M. Generalized inverse operators and fredholm boundary-value problems.
Netherlands. Utrecht: Koninklijke Brill NV. 2004.

18.Agarwal R. Fredholm boundary value problems for perturbed systems of dynamic equations on time scales /
R. Agarwal, M. Bohner, A.Bo7ichuk, O. Strakh// Mathematical Methods in the Applied Sciences. 2014.
https://doi.org/10.1002/mma.3356.

19.Strakh O. P. Linear noetherian boundary-value problems for impulsive dynamic systems on a time scale //
Journal of Mathematical Sciences. 2014. Vol. 201 (3). P. 400-406. https://doi.org/10.1007/s10958-014-1999-4.

Haoitiwna 0o peoxoneaii 01.10.2021

Bioomocmi npo asmopis:

Koryx €Bren BogoamMupoBHY — KaHJA. TEXH. HayK, AOLEHT, JOUEHT Kadeapu KidbepOesmekn, CyMCbKHi
JepXaBHHUI yHiBepcuTeT, YKpaiHa, e-mail: yevgenkotukh@gmail.com; ORCID 0000-0003-4997-620X; Google
Scholar: https://scholar.google.com/citations?user=5BH3EG4AAAAJ

JIro6uyak Bodomumup OnexcaHapoBu4 — Kaua. (i3.-MaT. HayK., TOLCHT, 3aBimyBau kadeapu kibepOesmekw,
CyMChKHii iepXaBHUI yHIBepcuTeT, Ykpaina, e-mail: v.liubchak@dcs.sumdu.edu.ua; ORCID 0000-0002-7335-6716

Crpax Onaekcanap IlerpoBuu — xaHn. (i3.-MaT. HAyK, CTapInii BUKIagad kadenapu kibepoesmekn, CyMChKHiA
JIep KaBHUM yHiIBepcuTeT, YKpaiHa, e-mail: 0.strakh@dcs.sumdu.edu.ua; ORCID 0000-0002-7680-5716.

82 ISSN 0485-8972 Paoiomexnixa. 2021. Bun. 207


https://doi.org/10.3390/math8030410
https://doi.org/10.1007/s10958-014-1999-4
mailto:yevgenkotukh@gmail.com
mailto:v.liubchak@dcs.sumdu.edu.ua

