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MATEMATHYHI MOJEJII THO®OPMAIIMHO-
KOMYHIKAIIIHHAUX CUCTEM IMEPEX

HIOJ0 3AXHUCTY TH®OPMAIIII HA OCHOBI TEOPIi
BAPIAIIMHO-TPAJIIEHTHAX METO/IIB

AHOTALIA. Cmamms npucesiyeHa akmyarnsHOMY MUMaHHI: 3acmocy8aHHIO 8a-
piauitiHo-epadieHmHo20 nioxo0y 00 po38’s3aHHsI cucmem iHmezpo-oughepeHui-
arnbHUX piBHSIHb, 3a OOMOMOZOK SKUX MOOeSIoemMbCSl i aHanisyemsCsl cmaH 3axu-
weHocmi iHgbopmauitiHO-KOMyHikauitiHux cucmem i mepex. Pesynbmamu docrii-
OXeHb nokasyrms 00CMamHbO 8UCOKY WeUOKicmb 36ixHocmi yux memodis.

K/TIOHOBI CJIOBA. iHghopmayitiHo-koMyHikauiliHi cucmemu i mMepexi, eapia-
uitiHo-epadieHmHi memodu, aHasni3 3axucmy iHghopmauji.

AHHOTAUUA. B cmambe paccmampugaemcsi akmyaribHbil 80rpoc: npume-
HeHue esapuayuoHHO-2padueHmMHo20 Modxoda K peweHuro cucmem uHmezpo-
oughbepeHyuanbHbIX ypasHeHUl, ¢ MOMOWbI0 KOMopbIX Modenupyemcs U aHa-
SIU3Upyemcsi cocmosiHue 3auwumsl UHGOPMayUOHHO-KOMMYHUKaUUOHHbIX Cu-
cmem u cemel. Pe3ynbmamebi uccriedosaHuli rnokasbigarom Aocmarmo4yHO XO-
POWY CKOPOCMb CXO00UMOCMU 3MuX Memodos.

ABSTRACT. The article is devoted to the question: usage variation-gradient
approach for solving systems of integro-differential equations, which is modeled
and analyzed the state of security of ICT systems and networks. The results of
the studies show a high rate of convergence of these methods.
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Beryn. BypxnuBuil po3BUTOK TE€XHIKH, TEXHOJIOTTH 1 MPOrpaMHOTO
3a0e3MeYeHHs B OCTaHHI JCCATUIITTS MPU3BIB 10 TAKOI CUTYAIlil: Mpu
JIOCHTB CKJIaJHUX PO3pOOKaXx 1 BEIMKUX BUTPATax Ha IX (iHaHCYBaHH
YacTO CTa€ BUTIHIIIMM BHTPATHTH ICBHY CyMy JUlsl JOOyBaHHS ic-
HyIOYOI TEXHOJIOTI], HK Ha Po3poOKy BracHoi. ToMy Ie BHKIMKAIO
OUThII OYpXJTMBUH PO3BUTOK TEXHIYHHX TMPUCTPOIB 1 CUCTEM IIMHTY-
BaHHs [2]. BinmoBigHo 3poctae poib 3axucty iHndopmarii B iHhopma-
LIHHO-KOMYHIKALIHUX CTPYKTypax, 30Kpema, B TeneKOMyHiKauiﬁHHX
CHCTeMax 1 Mepexkax: y BIIOMYHX CHCTEMaX 3B’s3Ky 1 IEpeIaBaHHS
JIQHHX, y Pa/iOTEXHIYHUX 1 CHCTEMAX 3aralbHOr0 KOPHCTYBAHHSL.

Jns gocmimpkeHHs iHQOpMAaIitHO-KOMYHIKaiiHOI cucteMu abo
Mepexki OyIb-sIKOTO CKJIaIHOTO 00’€KTa, ado sBHUINA OyIyHOTh Pi3HO-
MaHITHI MateMaTuaHi Mojei. [Ipu mboMy cran 6e3mnexu iHpopmarii B
OyIb-sIKMX CHCTEMax 1 Mepe)kax JIaBHO CTaB OJIHIEIO 13 HAMBaXKITUBI-
MIUX PO3TIISAYBAaHUX XapAKTEPHCTHK.

Po3poOka meToniB i 3aco0iB, M0 3a0€3MeUyIOTh €PEKTUBHICTH 3a-
XHCTY, TIOB’s13aHa 3 peallizallicld Pi3HOTO BUAY OLIHOK JUIS aHaIlizy
3aXUMICHOCTI iHpopMartii. 3axucT iHdopMarlii B iHPopMaIliitHO-KOMY-
HIKAI[IHUX CTPYKTypax Moke OyTH €(pEeKTUBHUM JIHIIE y BHIIAJKY,
SIKIIIO BiH Oy/ie 37IICHIOBATUCH SIK HETIEPEPBHUH 1 KEPOBAHMI MPOIIEC.
Jlis 1poro MOTpiOHI, 3 OAHOTO OOKY, MEXaHi3MHU Oe3M0CepeTHbOTO
3aXUCTy iHpOpMaIlii, a 3 APyroro — MEXaHi3MHU YIPaBIIiHHSA MeXaHi-
3MaMH Oe3mocepeIHbOro 3axucty. L{i MexaHi3MHu OMHUCYIOThCS 3a J0-
TIOMOTOI0 1HTETpO-IudepeHITIaTbHUX PIBHIHD. AHAJI3 MOJICIICH 3aXH-
cTy iH(popMalii 103BOJsIE 3pOOUTH BHCHOBKM NP0 €(PEKTUBHICTh
OIUCY TAKUX MOJIENICH 3 BUKOPUCTAHHSAM IHTETPO-IU(epeHITIaTbHIX
piBHSIHB. AJle TIpU OMHCI CKIIAJHUX CHCTEM 3 ypaxyBaHHSIM 0araThbox
napamMeTpiB BUHHKAIOTh BEJUKI CUCTEMH IHTETpO-Tu(epeHIiaTbHuX
PIBHSIHB.

TOMy B 3B’SI3KY 3 LIUM [IOCTA€ 3aBJaHHSI IIBUIKOIO Ta €)CKTHBHOTO
PO3B’sI3aHHsI HTErPO-IM(epeHLiaTbHIX plBH}IHL Ta ix cucrem. Y Ki1a-
CHYHOMY aHalli3i pO3po0JICHO 6araTo NPUAOMIB 3HAXODKCHHS PO3B’si3-
KiB TaKMX PIBHSHB 32 JIOMOMOTOIO €JIeMEHTapHHUX (200 CrelialbHuX)
GyHKIIH. Aje 4acTo Ipu po3B’sA3aHHI NMPAKTUYHUX 3a]ay II METOIH
BUSIBJISIFOTBCS 200 TeTh Oe3MmopaHuMu, a00 HAJATO BUTPATHUMH B Yaci.
3 i€l npu4MHU IS po3B’513aHH;1 3a/a4 MPAKTHKK OyJiM CTBOPEHI Me-
TOJTN HAOJIMYKEHOTO PO3B’sI3KY ;[I/I(bepeHulaJILHHX piBHsiHb [1].

Cepeyy BEMKOI KiNBKOCTI LMX METOJB HAal4acTille Ha IPAaKTHUL
3aCTOCOBYIOTH BapialiiiHi, IPOEKIIiiHI, TPaTi€HTHI Ta Pi3HHUILIEBI Me-
tonu. OCTaHHIM YacoM yCe€ YacTillle 3aCTOCOBYIOTBHCS MIIXO/IH, SKi
CYTT€BO MPHUCKOPIOIOTH IMIBHJKICTh 301KHOCTI TPaJlIiEHTHUX METOZIB,
MalOTh OLJIBII MIMPOKY 00JIACTh 3aCTOCYBaHHS 1 OUTBIN CTiHKi 10 30y-

247



penb. Lli miaxoau 06’ enHyIOTh 1€ K BapialliiiHUX, TaK 1 TPaJieHTHUX
METO/IIB, K, HANPUKIIAI, BapialliiHO-TPATIEHTHHA METOM IS JIiHIN-
HUX piBHSHB [3].

1. 3acTrocyBaHHS OJHOKPOKOBOIO BapialiiiHO-Ipaji€eHTHOIrO
MeToay A0 JiHiHHUX piBHSAHBb 3 K-mo3uTHMBHO BU3HaYeHUM K-cu-
METPUYHHUM ONEePaTOpoOM [JIsl aHATI3Y 3aXMIleHOcTi iHdopmamiii-
HO-KOMYHiKaUiiiHMX cucTeM i Mepex

Bynemo posrisinatu cucremu 3axucty iHdopmarii B iHpopmarriii-
HO-KOMYHIKAI[IHHIX CHUCTEMax 1 Mepekax, IO OMUCYIOThCS PiBHSH-
HSIMH 200 CUCTEMaMU PIBHSAHb BUIIISTY

Au=f, feH. (1)

Oneparop A:D(A) — H Bu3HayeHO Ha MIUIbHIA B H MHOXUHI

D(A4), H nesxuit rins6eptiB npoctip 1 H, c D(H) < H neskuil mif-

npoctip. Onepatop A € NiHIWHUM, K-TIO3UTUBHO BU3HAYECHUM 1 K-CH-

MeTpudHuM, ToOTO icHye omeparop K : D(K)—> H 1 D(K)c D(A4),
110 JIOIYCKA€ 3aMUKaHHS, TAKUI, 110

3oL > 0: (Au, Ku) 2 aful, Vu e D(4); )
|Ku|" < B(Au,Ku), Vu e D(A); 3)
(Au,Kv) = (Ku, Av), Yu,v e D(A). 4)

[Ipunyctumo, 1o icHye NiHIWHUNA K-TIO3UTUBHO BH3HAUEHUH 1
K-cumetpuunmuii onepatop B: D(B) > H 1 D(B) = D(A), ans sKoro
poCTO o0y TyBaTH OOEpHEHUH.

Hexaii BUKOHY€TBCS yMOBa

Fy,0>0:0<y <3<, Vu € D(A),
v(Bu, Ku) < (Au,Ku) < 6(Bu, Ku).

[Mpu BukoHanHi ymoB (2) — (5) piBasHHs (1) Mae eauHU
y3arajieHeHUI PO3B’S30K, 10 PIBHOCWIIBHO 3HAXO/HKCHHIO MIHIMyMY
dyHKIIOHATY

)

F(u) = (Au, Ku)—2(f, Ku). (6)

Hexaii u, € D(A) — noBiiabHE No4yaTkoBe HaOmmkeHHs. [Ipumyc-

tumo, 1m0 (k— 1)-e HAOMMKEHHS 3HAWICHO, TOMI Ak-T€ IIyKAEMO 3a
CXEMOIO

u,=x,+w, w, e H,, 7

B SIKIi €JIEMEHT X; BU3HAYAETHCS 3 PIBHIHHS
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Bx, =Bu, ,+1,(f —Au,,), (®)
JIe Ty IeAKUH Tapamerp.
Hesimomi 14 1 wy; 3HaX0IUMO 3 YMOBH MiHIMyMY (DyHKITIOHAITY (6).
Ockinbku B mae obepHenuit, meton (7) — (8) MoXkHa mepenucatu
y BUTJISII
u, = AT B AW, ©)
ne ry = f— Auy ;| — HEB’s3Ka.
[Micns mepetrBopens 3 ypaxyBanHsM (opmyn (7)—(9) marumemo
CHIBBIIHOIICHHS
(Au, ,KB™'r,) = (f,KB™'r,); (10)
(r, -1, 4AB'r, — Aw,,Kv) =0, Vve H,. (11)
®opmynu (10)—(11) MoxHa repenrcaTy y TAKOMY BUTIISI:
1, (AB7'r,, KB'r,)+(Aw,, KB"'r,) = (r,,KB'1,);
1, (AB7'r,Kv)+(Aw_,Kv) = (r,Kv), Vve H,.

3BepTaeMo yBary, 1o
(r,,Kv)=0, k=2.

Lle BumumBae 3 Toro, mo r,,, = f — Au, = f — A(u,_, +7,B7'r, +w,) =
=7, —1,AB'r, — Aw, 13 cucremu (11).

2. 3acTocyBaHHsl JBOKPOKOBOI0 BapialiiHO-rpaicHTHOro Me-
TOAy AJsl JiHIifHUX piBHAHBL 3 K-mo3uTUBHO BU3HAYeHUM K-cu-
METPHYHHUM OINEePATOPOM /ISl AaHAJI3Y 3aXUILEeHOCTI iHpopmaniiiHo-
KOMYHIKALIHHHUX CHCTEM i Mepex.

Posrisinaemo MaTeMaTH4HY MOJIENb 3aXHCTY iH(opmauii B iHdOp-
MaIliifHO-KOMYHIKAIlITHUX CHCTeMax i Mepekax, IO OMHCYEThCS PiB-
HSHHSIM BUTJISITY

Au=f, feH. (12)

Omneparop A:D(A) — H Bu3HA4Ye€HO Ha HIUIBHIA B H MHOXUHI
D(A), € niniiiauM K-TIO3UTHBHO BU3HAYEHUM 1 K-CHMETPUYHUM, TOO-
To icHye onepatop K :D(K)—> H 1 D(K)c D(A), akuii qomyckae
3aMHKaHHA B H, 1 TaKuii, 1110

, Yu e D(A); (13)
|Ku|” < B(Au, Ku), Vu e D(4); (14)
(Au,Kv) = (Ku, Av), Yu,v e D(A). (15)
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[Tpumyctumo, mo icHye JiHIWHUNA K-TIO3UTHBHO BH3HAYCHUH 1
K-cumerpuunnii onepatop B: D(B) —> H 1 D(B)= D(A), nis sikoro
TIPOCTO MOOY LyBaTH 0OepHEHHiT B!

Fy,6>0:0<y<d <o, Vu e D(A),
v(Bu,Ku) < (Au, Ku) < 8(Bu,Ku).

Ipu BukonauHi ymos (13) — (16) plBHSIHHSI (12) Ma€ €AMHUN y3a-
TalbHeHUH PO3B’SI30K 1, SIK BIZIOMO, WOTO PO3B’S3aHHS PiBHOCHIIbHE
3HAXO/DKEHHIO MIHIMyMY (PYHKII1IOHAITY

F(u)=(Au,Ku)-2(f,Ku).

Posrnssremo piBHsHHA (12) 1 mpuirycTHMO BUKOHaHHS yMOB (13)—
(16).

Hexait H, nesxkuii rinpOepTiB  MAMPOCTIp  Takuii, M0
H,cD(A)c H 1 u, e D(A) — n0OBUIbHE NOYAaTKOBE HAOIMKCHHS.
[Ipumyctumo, 1m0 k- HaOMMKEHHS 3HANIEHO, TOJI TaKi HaOIMKEHHS
3HaXOATHCS 32 CXEMOIO

u, =x,+w, w,eH, 17

(16)

B SIKiif €IEMEHT X; BU3HAYAETHCS 3 PIBHAHHSA
Bx, = Bu, + o, B3, +B,7,, (18)
Bx, = Bu, +B,1,, (19)
ne o, =u, —u, ,,r, = f —Au, — HeB’s13Ka.

HCBI,Z[OMI napameTpu Oy, Px Ta €IeMEeHT Wy 3HaXOAMMO 3 YMOBHU
MiHIMyMY (yHKIIOHATY

F(u,,)=(Au,,,Ku,,)-2(f,Ku,,,).

Ockinbku B mae ob6epuenuit, meton (17)—(19) moxkHa nepenucatu
y BUTJISI

u,, =u, +a,d +p,Br +w,; (20)
u, = u, +B,B7'r, +w,. (21)

[leprre HaOMKEHHS TIIYKAETHCSI 3TITHO 3 OJJHOKPOKOBHM BapialliitHO
— TpallieHTHUM MeTONOM. [y HaCcTymHMX HaOJVKEHb, ITICIIS TIePETBO-
peHb 3 ypaxyBaHHsM (opmyn (20)~21), orpumaeMo CITiBBITHOIICHHS
JUTSl BASHAUCHHSI HEBIIOMUX TIAPaMETPIB 0, B Ta MOMPaBKU Wy TIpH k > 1:

o, (48,,K5,)+ Bk(ABflrk,KSk) +(4Aw,,K8,) = (1;,K3,),
o, (43, KB™'r)+B,(AB'r,,KB'r,) +(Aw,, KB 'r,) = (r,,KB'r,),

250



o, (A48,,Kv)+B,(AB7'r ,Kv)+(Aw,,Kv) = (r,Kv), Vve H,. (22)

[ToOymyemo oyaTKoBEe HAOMKEHHS Uy TAKIM YHHOM:

Uy =u_ +w,,
ne u_, € D(A) noBUIbHUI eleMeHT , a W, € H | 3HaXOAUMO 3 YMOBH
(f—Au_,Kv)=0, VveH,. (23)
[Tepermmmemo (23) y BUTIsmI
(f—A4u ,Kv)=(4w ,Kv), Vve H,. (24)

3 piBHsHHS (24) erko 6auuTH, M0 TpH 1 = 0 3a MOYaTKOBE Ha-
OJIMKEHHSI MOYKHA B3SITH €JIEMEHT, TIOOY/T0BaHMiA 32 MeTo1oM Piria.
3BepTaeMo yBary, o

(1, Kv)=0, k>0, VveH,. (25)

Hns k = 0 ue BurumBae 3 piBHOCTI (23). st k£ = 1 3 01HOKPOKOBO-
ro BapiariiHo-rpagieHTHOTO MeTtoay. [Ipu k > 2 3 BU3HAYCHHSA 7} Ta
(20) maemo

By =1 —o, A5, —BkAB’lrk —Aw,. (26)

3 bopmynu (26) i cuctemu (22) 6aunmo, 1o (25) BUKOHYETHCS IS
BCIX k> 2.

3. 3acrocyBaHHA MOAM(}IKOBAHOr0 I'PAJIEHTHOr0 METOLY JIsi
ONEePATOPHUX PIBHAHDb 3 MAJIOK0 HEJIHIMHICTIO JJIS1 aHAJI3Y 3aXM-
meHocTi inopmaniiiHo-KOMyHIiKAIHUX cUCTEM i Mepex.

Benukwuii kiac MaremMaTH4HUX Mojenel 3axucty iHdopmalii B 1H-
(dbopMariiitHO-KOMYHIKAI[IHHAX CHUCTEMax 1 Mepekax OIUCYEThCS He-
JTHIMHUMH piBHAHHSIMU. OJHaK pO3B’S3aHHS TAKUX PIBHSIHb I1OB’S-
3aHe 3 OaratbMa ckiamHocTsMH. Jly)ke 4acTo ais moOymoBH iTepartii
NMOTPIOHO PO3B’s3aTH HENiHIMHE anreOpaiuHe abo TpaHCIEHICHTHE
PIBHSIHHSL, 1110 HE 3aBIHKIH MOXKIIHBO. Tomy BunuKIIa 3a1a4a 100y 0BU
METOJIIB JUISl PO3B’SI3aHHS HEMIHINHUX PIBHAHB, AKi 3BOAATHCS 10 MO-
OyzoBH iTepallii i po3B’sI3aHHS JIHIHHUX aNTreOpaidyHuX PiBHSHb.

bynemo posrmsiiati cHCTEMH 3aXHCTy iHpopmarii B iHpopMaLii-
HO-KOMYHIKAI[IHHUX CHUCTEMaX 1 Mepekax, IO OMHCYIOThCS PiBHSH-
HSMH 200 CHCTEMaMU PiBHSHb BUTIISY:

Au+MFu=f, feH, (27)

ne A — I[G)IKI/II/I Tlapamerp, H — rinsbepTiB mpocTip, oneparop
A:H — H € mHIHAM TO3UTUBHO BU3HAYEHUM OOMEKEHUM 1 CUMeE-
TPUYHUM, TOOTO BUKOHYIOTHCS YMOBHU
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Fy,6>0:y<d<w, YueH
y”u"2 < (Au,u) < 8||u 2
Yu,ve H (Au,v)=(u,Av). (29)

Oneparop F:H — H € HeniHIMHUA MOHOTOHHUU 1 Jlimmwib-
HeTnepepBHUiL, TOOTO

(28)

Ja,p>0:VYu,ve H

||F u—
(Fu—Fvu—v) > ofu—v[ . (31)
IIpn BuxonanHi ymoB (28)—(31) piBusHHS (27) Mae equHHIA
po3B’s3ok [['perep].
Posrnssremo piBHsHHSA (27) 1 IPUITyCTHMO, 1[0 BUKOHAHO YMOBH
(28)—(31).
Hexail u, € H noBuibHe noyatkoBe HaOmmxeHHs. Ilpumycrumo,
mo (k — 1)-e Habmmkenns 3HakaeHo. Toi k-Te IryKaemMo 3a CXeMOI0
u, =u,  +1,7, (32)

(30)

Jie T; AESKUHN apaMeTp, a
no=f—Au_ —AFu,_,. (33)
Hesimomuii mapaMeTp T; 3HaXOJAUMO 3 YMOBH MiHIMyMY (DyHKIIiO-
Hay:
D(u,) = (Augu,) =2(f ) + 20M(Fuy ). (34)

[Ticns mepetBopens 3 dhopmyi (32), (33) 1 (34), oTpumaeMo CriB-
BITHOIIICHHS TS Ty

_ n)
T )’ 3

Teopema 1. Sxuio B piBHsHHI (27) onepatopu 4 1 F' 3aJ0BOJNBHSIOTH

ymoBH (28)—(31), mapameTp |k| YS g\/g , TO HaOJMKEHHs 100y 10-
+

BaHE IPa/IEHTHIM METOJIOM (32)—(35) 30IraeThest 10 PO3B’SI3KY PIBHSH-
Hs (27) 1 BUAKICT 301KHOCTI XapaKTepU3y€eThCs OIIIHKOIO:

Hu —ukHan “u —u,l, k=1,

S |MBJ_ |
y+Ao 6+y
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4. 3acTocyBaHHAl IPAJIEHTHOTO METOAY AJISl ONEPATOPHUX PiB-
HAHL 3 MAJIOI0 HeJdiHilHicTIO i K-mo3uTHBHO BU3HaYeHuM K-cum-
MEeTPHYHHM ONIepaToOpPoOM /ISt aHali3y 3axXuIIeHOCTi iHopmaniiiHo-
KOMYHIKALIHHUX CUCTEM i Mepex.

Po3rn;1z[aeMo MaTeMaTHIHy MOJIENb 3aXHCTy iH(popMartii B 1H(1)0p-
MaIlifHO-KOMYHIKAI[IHHUX CHCTeMax 1 Mepekax, 10 OMHUCYEThCS PiB-
HSTHHSIM BUTJISITY

Au+MFu=f, feH, (36)

ne A — paedakuil mapamerp, H — ruieOepTiB IpOCTip, Oneparop
A:D(A) —> H BU3HAYCHUH Ha WIUTbHIA B H MHOXWHI € JHIHHUM
K-no3utrBHO BU3HaYeHUM 1 K-cuMeTpruuHuUM. ToOTO, iICHY€E oneparop
K :D(K)— H, D(K) c D(A), mo nonyckae 3aMUKaHHS, TaKHiA, 110

3,0 > 0: (Au, Ku) 2 W, Vu e D(A), (37)
|Kul” < v(Au, Ku), Yu e D(A4), (38)
(Au,Kv) = (Av,Ku), Yu,v e D(A). (39)

[TpummycTrimMo, 1o icHye JiHIHHUN K-TIO3UTUBHO BHU3HAYCHHWH 1
K-cumerpuunuit onepatop B: D(B) —> H i D(B) = D(A), nns KOro
POCTO OOy TyBaTH OOCPHEHHIA.

Hexaii BUKOHYy€TbCS yMOBa

Fv,0>0:0<y<d<oo, YU € D(A)
v(Bu,Ku) < (Au,Ku) < 6(Bu, Ku).
Oneparop F: D(F)— H Bu3HaueHU# Ha IIUIbHIN B H MHOXUHI,

npuaomy D(A) < D(F) e neniHiitHnit K-moHOoTOHHMMA K-Jlinmmmiie-
HETIepEPBHUIA, TOOTO BUKOHYIOTHCSI YMOBH

do,B>0:Vu,v,h e D(F)
(Fu—Fv,K(u—v))| = a(B(u—v),K(u-v)),
(Fu—Fv,K(u—v))| < B(B(u—v),K(u—-v)). (42)

(40)

(41)

[Tpu BukonauHi ymoB (37)—(42) piBHsHHS (36) Mae equHMIA y3a-
raJIbHEHUH pO3B’SA30K.

Posrismaemo piBHsHHS (36) 1 pUIyckaemMo, mo BUKOHaHO (37)—
(42).

Hexaii u, € D(A) — noBiibHE NoyatkoBe HaOmwkeHHs. [Ipumyc-
tuMo, o (k— 1)-¢ HaOIVOKEHHS 3HAWIEHO, TOAI HACTYITHI NIYKaeEMO
3a CXEMOIO
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Bu, = Bu, ,+1,r,, (43)

Jie Ty IeIKUH TlapameTp, a ¥, — HEB’sI3Ka
v, =f—Au,_, —AFu, . (44)
Hesimomuii mapameTp T; 3HAXOAUMO 3 YMOBHU MiHIMyMY (PyHKIIiO-

HaTy
O(u,) =(Au, ,Ku, ) -2(f,Ku,)+20(Fu, ,,Ku,). (45)

Ockinbku oriepaTop B Mae o0epHeHMi, TO (43) MOXHa MepenucaTu
y BUTJISI
u,=u,_, +1,B7'r. (46)
3 ymoBHU MiHIMyMy (yHKIIoHaITY (45), BpaxoByrouu (46) oTpuma-
€MO CITIBBIIHOIIIEHHS I BU3HAYCHHS Ty
. - (B.Kr)
“ (4B7'r ,KB'r)

Oobrpynmyeanna memody. Ha muoxuni D(B) 3a1aM0o HOBHI CKa-
JSIpHUN A00YTOK

(47)

[u,v]=(Bu,Kv), u,ve D(B). (48)

Toni mnst (48) OymyTh BUKOHYBATHCh BCl aKCIOMH CKaJISIPHOTO J10-
OyTKy, 1 JNiHiltHY MHOXUHY D(B) MOXHa pO3TJIsSAaTH, K TIHCHUN Ti-
as0epTiB mpocTip. bynemo HaszuBaTh 3amuKaHHS MHOXUHU D(B) B
ceHci MeTpukH (48) eHepreTudyHUM mpocTopoM Hp. Hopmy enemeHTy
u B ipoctopi Hp OynemMo mo3Havaty uepes |u|,, Tak, 1o

luf} =[u,u), ueD(B). (49)
Teopema 2. fxmio B piBHsHHI (36) onepaTopu 4 1 F' 3a70BONBHS-
5
I S
BV8(y+8)’
MeTo (43)—(47) 306iraeThes 1 MBUIAKICTH 301KHOCTI XapaKTEPU3Yy€ETHCS
OLIIHKOO

10Tb yMOBH (37)—(42), mapametp |X|< TO TPaJiEHTHUN

‘u* —uk‘B < nqk‘u* — |, k>1, (50)
A RN L. 5 (51)
Y+ Ao = d+7y
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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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KuiBcpkuil HalioHanbHUH eKoHOMIUHM yHiBepcuTeT iMeHi Baguma I'eTbMana

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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