BucHoBku. BapianiiiHo-rpagieHTHI MeToau 30IraroThesi Kpaile,
HDK BIIOMI TPali€HTHI METOH (30KpeMa, METOJ HalCKOPILIOro CIryc-
Ky) 1 HE HOTpe6yIOTL 3HaHHS MEX CIIeKTpa orepaTtopa. Tomy 3acTo-
CYBaHHS iX 70 3aja4 3aXHCTY iH(popmauii B IHYOPMALIHHO-KOMYHI-
KallifHUX CHCTEMax 1 Mepekax € aKTyaJIIbHUM 1 EPCHEKTHBHUM.
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PO PO3B’A30K ®YHKIIIOHAJIBHO-
JAUOEPEHIIAJIBHOI'O PIBHAHHA
JAHAMIYHOI MOJIEJII PO3BUTKY MIIMPUEMCTBA

AHOTAUIA. Y ny6nikauii docnidxeHo npobnemy nobydosu OuHamiyHOI modeni
po3sumky nidrpuemcmea 8 ymosax KpeoumyeaHHs1 ma Kopomkompusanux 30-
BHILUHIX 8rnusi8 Ha 8UPOBHUUMBD, a makox rnobydosu po3e8’si3Ky ¢byHKIOHaIIbHO-
OughbepeHuianbHO20 PIBHSIHHST 3i 3MIHHUMU KoedbilieHmamu, Hecmarnum 3ari3HeH-
HSIM ma iMrynbCcHoro Oi€to, sike onucye 0aHy MoOersib.

KJ/TKOYOBI CJIOBA: duHamiyHa cucmema, iMnynbcHe dughepeHuianbHe PieHsH-
HS, HeniHiliHe 3ani3HeHHsi, pyHOameHmarnbHa (QyHKUIs, CrpsXKeHe PIGHSIHHS,
acumnmomuyHa cmilkicmb, mpusianbHull PpO38 sI30K.

AHHOTALUMIA. B nybnukayuu uccriedyromcesi npobnemsl nocmpoeHusi OuHamu4ec-
Kol Modenu pa3sumusi MPeOnpuUsMuUsi 8 YCriosusiX KpeoumuposaHusi U KOpomKospe-
MeHHbIX 8HeWHUX 8030elicmeautl Ha npou3sodcmeo, a makxe rMocMpPOEHUSs PelueHus
byHKUUOHarbHO-0UGhhepeHyUabHO20 YpasHEHUs C MepeMEeHHbIMU  KoeghulyueH-
mamu ma umrnyrbCHbIM 8030elicmaueM, Komopoe oruchigaem daHHy0 Moderb.

KJ/TKOYEBBIE CJIOBA: duHamu4eckasi cucmema, umnyrbcHoe OughghepeHyua-
IIbHOe ypaeHeHue, HernuHelHoe 3ana3dbieaHue, chyHOaMeHmarnbHas yHKUUS,
COMPSKEHHOE ypasHeHUe, acuMnmomuyeckasi ycmolyueocmb, mpueuanbHoe
peweHue.
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ANNOTATIO. In article we analyse the problems of the construction of a
dynamic model of development of enterprise in the conditions of crediting and
of external influences on the production, as well as the construction of the
solution of functional-differential equation with variable coefficients and
impulses that describes this model.

KEY WORDS: dynamical system, impulsive differential equetion, nonconstant
delay, fundamental function, conjecture equetion, asymptotic stability, trivial
solution.

IMocTranoBka 3agaui. /luHamiuHa MOJIeNTb PO3BUTKY MIATNPHEMCTBA
B YMOBaX KpeIUTYBaHHs Ta KOPOTKOTPUBAJIMX 30BHIIIHIX BIUIUBIB Ha
BUPOOHUIITBO OMUCYETHCS PiBHAHHSM [10]

A'(1) = —a(®) A1)+ c(R(g(1) +1(0), (1

zie A(f) — BapTICTh OCHOBHHX BUPOOHMYHMX (POHNIB, a(f) — TeMII BU-
OyTTsI OCHOBHUX (POH/IIB, IHBECTYBAaHHS KOIITIB BiOyBa€ThCS 3a pa-
XYHOK KPEUTHUX pecypciB /(7), Ta Iesikoi YaCTUHU ¢(f) YUCTOTO MPHU-
OyTky R(g(f)) sAxkWii 3aJe)KWTh BN TOMEPEAHIX CTaHIB JUHAMIYHOL
CHCTEMH.

SAxuio yuctuii npubytok R(g(f)) mpsmo nponopuiﬁHo 3aJIEKUTh
Bi oHxiB A(g(7)) 3 KOCDILIEHTOM NPOIOPLIHHOCTI ¢, @ BAPTICTH OC-
HOBHHX BUPOOHHYNX (OHIIB A(h) i IMITYJIbCHBHO 3MIHIOETHCS Ha BEIU-
YuHy b; B TEBHI MOMEHTH dacy, To piBHsSHHS (1) 3amumierbcs y
BUTJISIII IMITYJIBCHOTO A (EepPEeHIIIATBHOTO PIBHSHHS 13 3ali3HEHHAM

A1) = —a()At) +c(t)qgA(g) + (1), t#t,, (2)
A, +0)=(1+Db) A1) +B,, t=t¢,.

HMonomizkHi pesyabTaTi. IMynbcHI qudepeHIianbHl PIBHAHHS 13
3alli3HCHHSIM B OCTaHHI JICCATUIITTS NIPUTATYIOTH yBary 6aratbox Jo-
CIIIHUKIB 3aBJUIKH X MIMPOKOMY 3aCTOCYBAaHHIO y Pi3HHX 001acTsix
HAYK{ Ta TEXHIKH. 3a JIOTIOMOTOI0 IIUX PiBHSHB MOKHA OIUCATH IPO-
IIECH, 5IKi, 3 OTHOTO OOKY, 3aJeKaTh BiJ TOTO, IO BIAOYBaiIoCs B TO-
nepeiHi MOMEHTH 4Yacy, a 3 IHIIOTrO, 3a3Hal0Th KOPOTKOCTPOKOBHX
3MiH, TPUBAJTICTh SKHX € TyXe He3HauHOK. BaXKInBy poisib y po3BHUT-
Ky MaTeMaTH4YHOI Teopii iMIyJIbCHUX PiBHSIHB Bijirpania mepiia B CBi-
Ti MoHOTpadis A. M. Camoiinenka ta M. O. Ilepectioka [1], sika Oyna
nepeKiaZieHa aHrmicbkoro MoBoio [2]. IlpoTsroM ocTaHHIX pPOKiB
3’sBrsIach Oarato MoHorpadii i myOsikariii 3a TEMOI IMITYJIbCHHX
piBHSIHB [3—06], K1 MPOIOBXKYIOTh JOCTIIKEHHS B IaHi# cdepi.

PosrissreMo  pyHKIiOHATEHO-TUEPEHITIaTbHE PIBHIHHS 3 IMITY-
JLCHOIO JTI€T0, aHAJIOTIYHE PIBHSHHIO (2):

x(t) = c(t)x(g(t) - a(O)x(0)+ f(B), t#t, 3)
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x(t, +0)=(1+b)x(t,)+B,, =1,

ne c(t), a(t), f(t), g(f) — kyckoBo-HemepepBHi (QyHkuii, g(f) < ¢,
limg(t) =, limsup(t—g(t)) <o, b, >-1, B, € R, noCHiI0BHICTh
t—0

t—©

TOYOK iMnynLCHoi 7ii 3a70BOJIbHSIE YMOBH 11 > to, t, —t, , >0, ke Z".
ITix po3B’si3koM plBHHHHSI (3) pO3yMieEMO a6COJHOTHO HETepepBHY

Ha KOXXHOMY iHTepBani (7;,7;,,] QyHKIlI0, sKa 3aJ10BOJIbHA€E PIBHAHHS

(3) maibxe Ckpi3b, a TAKOXK 3aI0BOJILHSIE YMOBH IMITyJIBCIB.
BeraHoBumo, siknit BUrisij Oy MaTi po3s’si30K pIBHSHHA (3).
PosrnsHemo Take HeonHOpinHE AUdepeHIiaTbHe PIBHAHHS 13 3arli-

3HEHHSIM

X0y = [ [0k +0)+ £ (1), 4)
—h(t)

ne f(t) € Cj,, 1BIANOBIAHE HOMY OJXHODI/IHE PIBHSHHS

¥(0) = [ [dn(0)]x(t +6). (%)

—h(t)

3 Tteopii QyHKIIOHANBHO-TU(EPEHIIATBHAX PIBHIHb BiJOMO, IIO
(dbopManbHO cripshKeHe PiBHAHHS 10 (5) Mae BUTIISAL

y(t)+ Ty(oc)n(oc,t —a)da = const. (6)

[Tomamo piBHsHHS (4) 1 (5) y OLnbmn 3py4Hii GopMi 1 BUKOPHCTAE-
Mo piBHSAHHA (3), 1100 nMoOyayBaTH (POpPMaNbHO CHPSDKEHE PIBHAHHS
OJTHOPITHOTO JIIHIMHOTO PIBHSIHHS 3 IMITYJIbCHOIO I€I0.

BinmosigHe omxHOpinHE piBHSIHHAS piBHSAHHIO (3) Oyme

x() = c()x(g()) —a()x(1), 1 #1,, (7)
x(t, +0)=(+b)x(t,), t=t,

Axmo Qynkuito g(f) moxaru y Bursini g(7) = ¢ — h(f), Toxi HopMo-
BaHa ¢QyHKiis M(7,0) g popMaTbHO CHPSHKEHOTO PIBHSHHS OyIe
MaTHMe BHUTJISI]T

a(t)—c(t),0 <=h(t),
N, 0)=<a(t),-h(t)<6<0,
0,6=0,
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a caMe piBHHHHH 3alIMIICThCA TAKUM YHHOM:

y(l)+wjt)a(s)y(s)dS+ Iy(s) (a(s)—c(s))ds = const, t#1,,

t v(t)
1
t, +0)=——y(t), t=t
y(t, +0) 1+bky(k) 4
e y(g(0)=1.

OctaHHE PIBHSHHS JIETKO NEPETBOPIOETHCS HA Take AudepeHiia-
JbHE PIBHSAHHSA 3 IMITYJIbCHOFO Hi€to (uB. [7-9])

y(@) = a@)y() - (yO W yOW' (@), 1 #1,, (®)
W +0) = — 1), =1,
1+,

ne y(g()=t.

OcHoBHI pe3yabTaTu

Teopema 1. PigustHHS (8) € CIPSIKEHUM plBH}IHHIO ).

Josedenns. Hexail x(f), y(f) — NOBUIbHI PO3B’SI3KH PIBHAHDB (3)
1 (8) BimmoBimHo. Tomi iHTErpyBaHHSM 3a YacTHHAMH JIOOYTKY
x'(t)y(t) Ha inTepBai [f, ] OTpUMaEMO TaKHil BUpa3

YOO - (1 )x(t) = jy'(s)x(s)ds + jy(s)c(s)x(g(s))ds -
- jy(s)a(s)x(s)ds + jy(S)f(S)dS +
+ nuo)z;u)["”" +0)y(t; N 0)—x(6,)y(t)]=
- jy(sm(s)x(s)ds - jx(s)y(w(s))c(\v(s))w’(s)ds +
+ jy<s)c(s>x(g<s)>ds - jy(s>a(s>x(s>ds +

+ [y f()ds+ Y Byt +0)=

n(tg)<sk<n(t)
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= —[x($)y (W ()W (s)ds + [y(s)c(s)x(g(s))ds +

+ [y f()ds+ Y Byt +0), ©)

n(tg)<k<n(t)
ne n(t)=min{i e N :¢, > t{.
3 pyruM JOJAHKOM OCTaHHLOTO BUpa3y IIPOBEAEMO Taki mepe-
TBOPEHHS

g(s)=a,
’ s =y(a),
tjgy(s)c(s)x(g(s))ds | ds =v'(de |
g(1) 1
= [ yw@)e(y(a)x(@v'(@)do = [ y(y(a)e(y(o)x(o)y'(@)do+
g(ty) &(tg)

+ [y(w(a)e(y(a)x(@w(@)do— [ y(y(o))e(y(o))x(a)y'(a)da

fo g(1)
1 miacraBuMmo ioro B (9). Toxi maemo:

YOX() = y(t)x(t) = | y((s)e(y(s)x(s)y'(s)ds -

g(tg)

— [ Yw(New(e)x(s)y' ()ds + [y(s) f(s)ds+ 3 Byt +0).(10)

g(t) n(tg)<k<n(t)

TTo3naunmo

{(x(0), y(1)) = x()y () + J.y(\lf(S))C(\V(S))X(S)W'(S)ds, (1)

g(1)
tozi Bupa3 (10) mepenurierscs y BUTIIAL

n(tg)<k<n(1)

(%0, () = (x(t), ¥+ [y($) f(s)ds + > By(, +0).

Skmo x(f) po3rasgatd K po3B’s30k piBHAHHA (7), To f(f) =0,
B, = 0 1MaeMmo Take:
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<x(t), y(t)) = <x(t0), y(t0)> = const.

3 bOT'0 MOKHA 3pOOUTH BUCHOBOK, IO PIBHAHHS (8) CIIpsKEeHE 110
piBHsAHHS (7) MO BIZHOIIEHHIO 10 PyHKITIT <x(t), y(t)> 3amanoi B (11).

Teopemy noBencHO.

3ayBa:xkenHs 1. AHANOTIYHO MOKHA TIOKa3aTH, 110 piBHAHHI (7) €
cpspKeHuM 110 (8).

Osnauenns 1. Po3p’s30k piBHsHHS (7) X(¢, 5), SKUH 337]0BOJIbHSIE
ymoBH X(s, s) = 1 ta X(z, s) = 0 mnst ¢ > 5, Ha3uBaeThcs PyHAAMEH-
TaIbHOKO (pyHKIiEr0 piBHIHHSA (7).

O3nauvenns 2. Po3B’s30k piBHAHHSA (8) Y(2, s), sIKUIl 3a7J0BOJIBHSIE
ymoBH Y(s, s) =11 Y(t, s) = 0 muisa ¢t > s, Ha3UBA€ThCs QyHIAMEHTAITb-
HOIO (PYHKIII€r0 piBHAHHS (8).

Teopema 2. Hexaii X(7, s) — ¢yHnameHnranbHa (yHKIIS piBHIHHS
(7). Sxuro x(¢) po3B’si30k piBHAHHA (3), TOAlI Mae miciie Gpopmyia

x(1) = X (8,1,)x(t,) + I X,y (s)e(y(s)x(s)y'(s)ds +

g(tg)
+[X@9) f()ds+ Y BX (Lt +0). (12)
% n(tg)<k<n(t)

Jloseodennsa. 3aminemo y(s) y Bupasi (10) Ha ¢yHAaMeHTaIBHY
dbyskito (s, f) i oTpuMaeMo

XY (1,0) = x(t)Y (1) = [ Y(y(5),0)e(y(s)x(s)y'(s)ds —

g(ty)

= [ Y. De(wNY (9)ds + [Y(s,0f()ds+ 2. BY (1, +0,0),

g(t) % n(tg)<k<n(r)
3BiZICH MAaEMO

xX(#) = x(t,)Y (¢,,0) + I Y(y(s),0)c(y(s)x(s)y'(s)ds +

g(tg)

+jY(SJ)f(S)dS+ > BY(t, +0,0). (13)

n(tO)Sk<n(t)

3 inmoro 0oky, 3aminuBLIH X(¢f) Ha X(Z, #y) y (13), oTpumyemo
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X(t1,) = X (1, 1,)Y (5,1) + f Y(y(s),)c(w ()X (s,2,)y'(s)ds +

g(tg)

+ jY(s,t)f(s)ds + Y BY(, +0,0),

n(tg)sk<n(t)

3B1aKu X(2, ty) = Y(t, t) ockinmbku f (1) =0, B, =0 nns Beix k.
Tomy

x(1) = X (8,1,)x(t,) + I X (@, w(s)e(y(s)x(s)y'(s)ds +

g(tg)

+ jX(t,s)f(s)ds + > B, +0)

n(to )<k<n(t)

Teopemy noBeneHo.

BucHoBKH. Y cTarTi po3MIITHYTO NUHAMIYHY MOJIETH PO3BUTKY TIiJI-
NPUEMCTBA B yMOBAaX KPEIUTYBAHHs Ta MPH Aii KOPOTKOTPUBAIUX 30B-
HIIIHIX BIUIMBIB Ha BUPOOHHMUTBO, MO0YI0BAHO (yHKLIOHAIBHO-/W(eE-
PeHLAIbHE PIBHSHHS 3 IMITYJIBCHOO M€K0 1 3MIHHUM 3aIli3HCHHSIM, SIKE
OITHCYE J1aHy MOJICIb. Ha ocrosi dyHramenTanbsHol QyHKiii X(7, s) To-
OyI0BaHO PO3B’SI30K IMITYJILCHOTO PIBHSHHS 31 3MIHHHUM 3aIli3HEHHSM.

OTtpumani pe3ynbTaTH OyIyTh 3aCTOCOBAHI B MOJANBIIMX JOCIi-
JOKEHHSIX /ISl BCTAaHOBJIEHHS YMOB aCHMIITOTHYHOI CTIMKOCTI TpHBI-
QIBHOTO PO3B’A3KY PiBHAHHA (7) HA OCHOBI MPHITYIIEHHS PO BHKO-
HaHHA yMOB [lepona /i piBHAHHSA (3).
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MOJAEJIOBAHHS TIPOAKTUBHOI'O BUSHAYEHHSI
DDoS-araku

AHOTALIA. Y cmammi 3anpornoHosaHo npedcmasumu pobomy iHghopmauiti-
HO20 8y371a, IKUU amakyembCsi 8€JIUKOKO KifTlbKICMIO 308HIWHIX 3anumis, y eu-
2nadi cmoxacmuyHoi Modesi macogo20 obcry2o8ysaHHs. 3anpornoHoeaHa Mo-
Oenib ma 8u3HadveHi Ha il OCHO8i cucmeMHi xapakmepucmuku (UMosipHiCmb
rpocmoro, UMOBIPpHICMb CKOEHHST amaKu, CepeOHi Kirlbkocmi nie2anibHuUXx i Here-
2alnbHUX 3anumie) 00380s15t0Mb KiflbKICHO OUIHUMU pieeHb iHghopmauiliHOT be3-
neku docrnidxysaHo2o 0b’ekma.

K/TIOHYOBI CJTOBA: iHghopmauitiHa 6esneka, DDoS-amaka, mModesib Macogozao
0b6cr1yeosy8aHHs, MyacCoHI8CbKUL 8XiOHUU nomik 3anumis.

AHHOTALUWA. B cmambe npedcmasneHa paboma UHOpMayUoOHHO20 y3na,
amakyemoea0 60/bWUM HUC/IOM 8HEWHUX 3arpocos, 8 sude cmoxacmu4eckol
modesnu maccogoeo obcenyxueaHus. [NpednoxeHHass Modesnb U onpedesieHHbIe
Ha ee 0CHO8e CUCMeMHbIe Xapakmepucmuku (8eposimHOCMb POCMOs, 8epo-
SAMHOCMb COBEPWIEHUSI amaku, CPeOHee YUCIO fie2allbHbIX U Hese2arbHbIX
3anpocos) NMo3eossIM KOMUYECMBEHHO OUEHUMb YpOo8eHb UHGOPMaYUOHHOU
6e3onacHocmu uccnedyemoao obbekma.

KJTFOYEBBIE CJ/IOBA: uHgopmayuoHHasi besonacHocms, DDoS-amaka, moderib
mMacco8020 0bCrnyXXugaHUsi, MyacCoOHOBCKUL 8X00HOU nomok mpebosaHudl.

ABSTRACT. Article describes a system which is attacked by a large number of
external requests. The proposed stochastic queuing model helps to identify
basic system characteristics of the functioning node (the probability of
committing the attacks, the average numbers of legal and illegal requests) and
quantify the level of information security of the object.
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