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NPUHOUIT CUHTE3Y MYJbTUKOMII'IOTEPHUX CUCTEM 3 KOMBIHOBAHUX
AHTHUBIPYCHHMX TIPUMAHOK I TACTOK TA KOHTPOJIEPY IIPUHHATTS
PIINEHD JJIA BUABJEHHA 3JIOBMUCHOI'O ITPOI'PAMHOTI'O 3ABE3IIEYEHHSA
TA KOMII'IOTEPHUX ATAK

B pobomi nagedeno pesynvmamu Oocniodxcenb wodo deception-cucmem O0nsi GUAGNEHHS 3108MUCHO20 NPOSPAMHOZO
3abe3neuenns ma Komn 1OMepHUX amax. 3 yier Memoio nPONOHYEMbC PO3POOUMU NPUHYUR CUHME3Y MYTbMUKOMN TOMEPHUX
cucmem 3 KOMOIHOBAHUX AHMUBIDYCHUX NPUMAHOK ma nacmok. Taxuil knac cucmem € 00Hum 3 Kuacie deception-cucmem. s
po3pobnenns npunyuny cunmesy 6yno 30ilicneno amaniz apximexmypu deception-cucmem. Ilodin apximexmypu cucmem 3a
8HYMPIWHBOIO OYO080I0 0a8 3M02Y BUSHAYUMU HEOOXIOHI eleMeHmu ma KOMNOHEHMU 8 apXimekmypi cucmemu, aKa Micmumume
KoHmponep ma cneyianizoeanuti QyHkyionaiu, i € 0CH080I0 0151 pO3POOKU KOHYenyii ma Memooon02iuHUX OCHO8 CUHMe3y MAKUX
cucmem. Ha 6iominy 6i0 6i0omux npuHyunie cunmesy MYIbMUKOMN IOMEPHUX CUCEM 3 KOMOIHO8AHUMU NPUMAHKAMU i
nACMKAMU Ma KOHMPONEPOM NPULHAMMA Piierb ONs SUAGIEHHA MA NPOMUOIL 3106MUCHOMY NPOSPAMHOMY 3abe3neuentio ma
KOMN IOMepHUM amaxam, po3poonieHull RPUHYUN CUHMe3y MAKUX CUCmem MIiCImums 06i GUSHAYATIbHI 6UMO2U W00 apXimeKmypu
cucmem. Konmponep nputinamux piwienv 8I00KpeMaAeHO 6i0 yenmpy Cucmemu, wo 0ae 3M02y GOpMyeamu oo apximekmypy
BIOOKPEMIIEHO IO apXimeKmypu Yyenmpy cucmemu i, 5Kk HACAiO0K, NPUUMAMU PIUEHHs U000 HANPAYbOBAHUX 6 YEeHMPI cucmemu
piwenv HezanedxicHo 6i0 Hvoeo. Lle obymoeneno cneyughikoro cucmemu ma Haoae nepegazu cucmemi 0e3N0CepeoHbO nepeo
3M08MUCHUKAMU YU iX 3acobamu, 60 Gopmye pi3Hi ocmamouni 8i0nosioi cucmemu 3a OOHAKOBUX NOYAMKOBUX YMO8 8 Di3Hi
NPOMINCKU HACY, WO 3aNTYMYE 3106MUCHUKIS. Hasenicmb cneyianizosanoeo yyHkyionany, axuil eniugamume Ha 6HYMpiwni nooii
6 cucmemi ma 3MiHy il apximexmypu, mobmo 63aemodia 6 cucmemi niocucmem, wo 3abesneuyromv ii Oe3nocepeoHe
@yHKYIOHY8aHHA ma cneyianizoeanutl QyHKyionan ons euseienHs ma npomuodii 3113 i KA, dae 3moey nokpawumu cmiikicmo
cucmemuy ma onepamueHicms 68 NPULHAMMI pietsb.

Kuouosi crosa: deception-cucmemu, npunyun, KOHMpPOIED, 3108MUCHE Npocpamue 3abe3nevyenHs, KOMN HOmepHi
amaxu, NPUMAaHKU, RACMKU.
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PRINCIPLE OF SYNTHESIS OF MULTI-COMPUTER SYSTEMS FROM COMBINED
ANTI-VIRUS BAITS AND TRAPS AND A DECISION-MAKING CONTROLLER
FOR THE DETECTION OF MALICE SOFTWARE AND COMPUTER ATTACKS

The work presents the results of research on deception systems for detecting malicious sofiware and computer attacks. For this purpose,
it is proposed to develop the principle of synthesis of multi-computer systems from combined antivirus baits and traps. This class of systems is
one of the classes of deception systems. To develop the principle of synthesis, an analysis of the architecture of deception systems was carried
out. The division of system architecture by internal structure made it possible to determine the necessary elements and components in the system
architecture, which will contain a controller and specialized functionality, and is the basis for developing the concept and methodological
foundations of the synthesis of such systems. In contrast to known principles of synthesis of multi-computer systems with combined decoys and
traps and a decision-making controller for detecting and countering malicious software and computer attacks, the developed principle of
synthesis of such systems contains two defining requirements for system architecture. The decision controller is separated from the center of the
system, which makes it possible to form its architecture separately from the architecture of the system center and, as a result, to make decisions
about the solutions developed in the center of the system independently of it. This is due to the specifics of the system and gives advantages to the
system directly before the attackers or their means, because it forms different final responses of the system under the same initial conditions at
different time intervals, which confuses the attackers. The presence of specialized functionality that will affect internal events in the system and
changes in its architecture, i.e., interaction in the system of subsystems that ensure its direct functioning and specialized functionality for
detecting and countering ZPZ and KA, makes it possible to improve the stability of the system and efficiency in decision-making.

Key words: deception systems, principle, controller, malicious software, computer attacks, decoys, traps.

IMocTaHoBKa NMPoGJaeMHn

KoprctyBauaM KOMIT'IOTEpHHX MepeX HEOOXiJHI CHCTeMH Uil BHSBICHHS 3JIOBMHCHOTO HPOTPAMHOTO
3abe3meuenns (3[13) ta komm’totepHux atak (KA), siki magyTs 3Mmory, kpiM 3a0e3nedeHHs Oe3MeKu Ha Pi3HUX
eTarax MOXJIMBOTO IMPOHMKHEHHS B KOMIT FOTEPHI CUCTEMU YU CTaHII{, 0 00’€IHAHI B MEPEKY, UL €Tamy, KOJIU
Ha BCIX IONEpEIHIX eTanax TakKi BUSBJICHHS He OyiH 3/iHCHEHI, ajJe MOTJIM MaTH MICIe IPOHHKHEHHS B CHCTEMY.
Cepen pi3HEX 32 Ipu3HA4YeHHAM cucteM BusiBieHHs 3I13 Ta KA € cuctemu, siki KpiM BUSBICHHS 3arp03 CTBOPIOIOTH
B KOMIT IOTEpPHUX MepeKaxX XUOHI 00’€KTH [UIA aTak, M0 HAJa€e 3MOTY aaMIiHICTPaTOpaM TaKUX MEPEK MOXKIHBICTH
BiJICNIITKOBYBaTH MpPOIIECH B MEpekax, SKi € 3JOBMHUCHHUMH YA AHOMAIBHUMH 1 MOTPEOYIOTh 3YMUHKH. Tomy,
MEPCIICKTUBHUMU JUIS PO3POOKH € CHCTeMH, siKi opieHTOBaHi Ha BusBieHHsS 3113 ta KA, mo npodnmm neBHi etamu
3aXUCTy, Ha SKUX BUKOPHUCTOBYBAJIUCH TPAAWIIAHI 3aCOOM 1 CHCTEMHU IONEPEKCHHS, BUSABICHHS Ta MPOTH/III,
TIPU3HAYCHHS SIKUX Ta MOJIMBI BapiaHTH KOH(ITypyBaHHS NMPU BUKOPHUCTAHHI BioMi 310BMUCHUKaM. Cepen Takux
crucTeM ocobnuBe Micie B Kiacudikamii 3aiMarOTh CHCTEMH TIONIEPEIDKEHHS, BHUSBJICHHS Ta MPOTHIIl i3 TIEBHOIO
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MHOXHHOI0 TPHUMaHOK Ta macTok mmsa 3113 Ta KA. Ix BuKopmcTaHHA CTBOpIOE XWMOHI OOG’€KTH aTakW
3JI0BMHCHHMKA Ta JO03BOJIAE 30€perTH BIZOMOCTI IPO Taki aTaku Ta pPO3MOBCIOuKEHHs 3[I13 B KOMIT IOTEpHHX
CTaHIiAX B Mepexi. [ mokpamieHHst eekTuBHOCTI cucteM BusBieHHS Ta mporuaii 313 ta KA 3a paxyHok
BUKOPHCTAaHHs MPUMaHOK Ta MAacTOK, HEOOXIAHUM € IHTErpyBaHHS IIMX 3aC00IB B CKJIa/HI CUCTEMH 13 3alydeHHIM
BCIX KOMIT'IOTEpHHMX CTaHILil B MepexXi Ta opraHizamii (yHKIIOHYBaHHS IX TaKMM YHHOM, 1100 BOHH MOTIIH
pearyBaTd Ha 3JIOBMHUCHI Ta aHOMaJbHI IpOIECH CyMiCHO Ta 0Oe3 BTpy4aHHS KOPHCTyBada. TakuM YHHOM,
HEOOXITHUM € TI00Y/I0Ba HE OJHI€T MPUMAHKHU Ta MACTKU B MEBHIM KOMII'IOTEPHIN CTaHINI, a MEpexXi MPUMAHOK Ta
MACTOK JJIS 3[iMICHEHHS KOMIICKCHOTO 3aXHCTy KOMII IOTEpHOI Mepeki Ha erari konu KA 3Morim mpoiTw depes
MiKMepekHe eKpaHyBaHH, a 313 3MorI0 momonaT nepeBipKy aHTHBIPYCHUMHE 3ac00aMH i CHCTEMaMH.
AHaJi3 ocTaHHIX T0CTiTKeHb i myQaikanii

Deception-TexHoI0Tii 3aCTOCOBYIOTH Ul BHSIBICHHS 3JI0BMHCHHX BTOPrHEHb B Mepexy. lle crpareris
HacaMmIiepe] NMpHu3HadeHa Ui BiJABONIKAHHSA 3JOBMHCHHKA BiJl poOOYMX CEpBICIB Ta 3aMaHIOBAaHHSA B TACTKY.
[HmIoro BaxknMBoOrO mepeBaroio deception-TeXHOJIOTIT € JOCHIIKEHHS MOBEAIHKN 3JI0BMUCHUKIB Ta XapaKTEPUCTUK
arak. ChOTrOHILITHIA PUHOK NMPOAYKTIB B cepi kidepOe3neku NpoIoHye cydyacHi pimeHHs deception-cucreM.

CommVault [1] Hamae mmpokuii Habip pilleHb Ul 3aXUCTy JAHHMX, IX MEHEKMEHTY Ta ONTHMIi3allil,
aHali3 PU3MKIB 1 CKaHyBaHHS 3arpo3. Moayns cucteMu moOyJOBaHi TaKMM YHMHOM, IO HaJalOTh MOMJIUBOCTI
PaHHBOTO MOTEPE/PKCHHS Ta MIBHAKOTO pearyBaHHs Ui HeWTpamizamii atak. Labyrinth Deception Platform [2]
CTBOpIOE OOMaHHE CepeoBHILE JUIs iIMITallil peajgbHOl MEepexKi, sIKe MICTUTh 1HTEJIEKTYyalIbHI XOCTH, 1[0 IMITYIOTh
mporpamMHe 3a0e3MeUeHHs, KOHTEHT, MPHCTPOi TOHmIO0 POOOYHMX CepBiciB pisHoro Tumy. Lli oOMaHHI TOUKH
BUSIBJISIIOTH  3JIOBMUCHY aKTHBHICTB BCEpeAMHI Mepexi Ta 3a0e3ledyroTb KOMIUIGKCHHHM 3axHCT Ta
BiJICITITKOBYBaHHS aKTHBHOCTI 310BMHCHUKIB. Rapid7 Deception Technology Solution [3] mpomonye cuctemy, sxa
MICTHTh YOTHPH THIIHA TACTOK, a caMe NMpHMaHKH, honey KopucTyBadi, honey oOmikoBi maHi, honey ¢aitmm. Lli
MIACTKH IIBUKO BCTAHOBIIOIOTHCS Ta PO3TOPTAIOTHCS, IO J03BOJISIE€ BUKOHYBATH PAaHHE BUSBICHHS 3JJOBMHCHHKIB
J0 TOTO, SIK BOHM MOXYTh MOIIKOAWTH MEpexXy abo BUKpacTW AaHi. Takok cHUcTeMa IIPOBOAWTH IIOCTiifHE
JOCHTIDKeHHsT moBemiHKK 371oBMucHHMKIB. B cuctemi CounterCraft Cyber Deception Platform [4]
BUKOPHCTOBYIOTHCS aKTUBHI ITPUMAHKH, SIKI € THyYKUMH JI0 HAJIAIITYBaHb i MOXYTb OyTH BUKOPHCTaHI SIK KiHIIEBI
TOYKH 1 cepBepu. Cucrema 3abesnedye IIBUAKE PO3TOPTAaHHS, B3aEMOJIIO 13 3JIOBMHUCHUKAMHU Ta IHTErpamiio 3
ICHYIOUMMH CHCTEMaMH 3axucTy Ta MeHelkMeHTy. Cucrema Attivo ThreatDefend Deception and Response
Platform [5] Takox Hamgae MOXIHUBICTH pearyBaHHs, 3a0e3leuye B3a€MOJII0 BIACHUX OOMAaHHHX 00 €KTIB i3
3JI0BMHCHHKaMH, IMITYIOYM O4YiKyBaHy peakuito. Cucrema Moke OyTH PO3ropHyTa JIOKaJbHO Ta B XMapHOMY
cepenoBuIIi, 1 3a0e3medye 3aXiCT MepeXi Ta JOCTIKeHHS aTak Ta 3TOBMUCHUX Tii.

CucreMH IPIMaHOK Ta ITaCTOK € €()EeKTUBHUMH B TOMY BHIIAJIKy, KOJIHM BOHH 3aCTOCOBYIOTh OOMaH TakuM
YMHOM, IO 3JIOBMHCHHMK PO HBOTO HeE 310ranyerThes Lle morpebye 3acTocyBaHHS PI3HOMA@HITHHX OOMaHHHX
TakTUK. B po0oTi deception cucTeM BHIUISAIOTH HAassBHICTH JBOX (ha3, a caMe MPUXOBYBAHHS Ta MOJCIIOBaHHSA [6].
[TpuxoByBaHHS BKJIIOYAaE MAacKyBaHHS, IE€peraKyBaHHs Ta 3acliIuleHHsA. MoJentoBaHHS Inepeadadae CTBOPEHHS
XHOHUX 00’€KTIB, B TOMY YMCII IMITallil0, CTBOPEHHS Ta MepexoruieHHs. [IpuXoByBaHHs Ta MOJIEIIOBAHHS MOXKe

MackyBaHHs rnepenbayae NPUXOBYBAHHS pEabHUX JaHUX Ta IMPUCTPOIB TAKUM UYMHOM, LIO BOHHM HE
MOXYTh OYTH BHSIBJIICHHS, B TOMY YHCJIi MAacKyBaHHS IIiJ| BUIJIZIOM NpUMaHKu [7]. 3BOPOTHIM METOJOM, LIO
3acTOCOBYEThCS B deception cucremax, € imiTallis, TOOTO HaJdaHHS OOMaHHUX 00’€KTaM O3HAK 1 BIIACTHBOCTEH
peanbHEX 00’ekTiB Mepexi [8]. Takox omHOMY 00’€KTy MOXYTh HAJIaBaTHCS BJIACTUBOCTI IHIIOTO 00’€KTa IS
HOoro mepenaxkyBaHHS Ta HaJaHHA BUIVIAAY SK 1HIOIOrO 00’€KTa, SIKMH MOXke OyTH MEHII HpUBAOJIMBHHA U1
3moBMHCHHKA [9]. 3 Ti€r0 )X METOI0 BUKOPUCTOBYETHCS 3aCIIIUICHHS, 3MIITyBaHHS HMITHOBUX 00 €KTIB 3 1HIINMH
00’€KTaMH, TAKAM YMHOM YCKIIQTHIOIOUH X BHSBICHHS A atak [10].

CucremMH NPUMAaHOK Ta NMAaCTOK MOXKYTh MaTH Pi3HY apXiTeKTypy Ha (yHKIIOHaJI. 30KpeMa BOHH MOXYTh
Oyt criermianizoBaHi i3 BY3bKHM (yHKIIOHAIOM Ta OaratodyHKIiOHANBHI. baratodyHKIIOHANEHI CHCTEMHU
MICTATh (YHIIOHAN JUIS PO3rOPTaHHS PI3HMX KiaciB mpumaHok [11], ski po3poOsieHi i pPI3HUX THUIIB
omepamiiHUX CHCTEM Ta MPUCTPOIB, apXiTeKTypa TaKUX HNPUMAHOK € JHHAMIYHOIO 1 PecypcH OCHOBHOI CHCTEMH
BHKOPHCTOBYIOThCS onTHMainbHO [12]. Deception cuctemu Moxe OyTH THYYKHMH TaKOX B MEXax IEBHOTO KJacy,
30kpema loT mpuctpois [13], xmapuuX cepsiciB [14], kopmopatuBHEX Mepex [15]. CucreMu MIPIMaHOK Ta MACTOK
MpaIo0Th Ha 0ol cepBepa abo kiieHTta [16]. 3 60Ky KIli€eHTa BUKOPUCTOBYIOTHCS CUCTEMH MPUMAHOK BUCOKOTO
piBHsA B3aemogii [17]. 3 60Ky cepBepa BUKOPHCTOBYIOTh IIPUMAHKH, SIKi 3a0€3MedyI0Th PO3yMiHHS aTak Ha cepBep
[18].

CucrteMH NPUMAaHOK 3/1€OUTBIIOTO MICTSTh CaMi NPHUMaHKH Ta CEHCOpU NpHMaHOK. CeHCOpH NMpPUMAaHOK
NIpU3HaYeHi JUIsl JIETEKTYBaHHs, 00MaHy Ta IepeXoIUIeHHs TpadiKy, BlacHe NMPUMaHKH IPU3HAYEH] IS B3a€MOIi
Ta aHaJIi3y MOBEAIHKH JUISl BUSBJIEHHs aTak. CeHCOpH NPHMaHOK BHKOHYIOTHh ()YHKIII BHSBIICHHS cCKaHyBaHHs [P
anpec Ta TCP nopriB, miATPUMKN BUSBICHNX AUITHOK MEPEXi, MITPUMKH AULTHOK MEPEeXi MPUMaHOK, MiATPUMKH
6inoro crucky QyHKIIH oOMaHy, MATPUMKHA 0OOMaHy Ul aKeTiB 3 HEBIJOMUMHU JOMEHHMMH iMeHaMu Tomio [19].
[Mpumanku 3abesmeuytots mintpumky HTTP, SSH, SMB, RDP mnporokomB s riaubokoi B3aemomii i3
3JIOBMUCHUKaMH, aHAJi3y IX MOBEMIHKH, ileHTHdiKalii aTak, BiIIpaBKH JIOTIB B3aEMOJii Ta CKaHyBaHHS JIOTiB,
OTpUMaHUX BiJI CEHCOPiB MPUMAHOK, 3aBaHTaXXCHH (aiiiiB, iMiTaIlii BeO-CTOPIHOK TOIIIO.

Knacudikamis deception-cucreM nmonmana B Taba. 1.
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Tabmums 1
Kaacugikauisi deception-cucrem
Osnaka Tunu cuctem
dyukuioHan BysbkocnenianizoBani, bararodyHKIiOHaIBHI
MosxiuBicTh MoaH(iKaIii apxiTeKTypu CraruuHi, AMHaMi4HI (THYYKi)
Binkpuricth KOOy Kowmepitiiini, BiIKpUTI
Coepa 3acTocyBaHHs KopnoparusHi mepexi, loT, xMapHi, aBTOMaTH30BaHi CHCTEMHU
KepyBaHHs
@dyHKUiIOHYBaHHS Ha 6o cepBepa, Ha 0o11i Kii€HTa
KepyBanus LleHTpanizoBaHa, JelleHTpaTi30BaHa

B crarrax [20-23] naBeneno meronu ans BusiBieHHs 3113 ta KA, ski MOXyTh OyTH iMIUIEMEHTOBaHI B
deception-cucremu. Takux MeTOiB BiIOMO JJOCTaTHBO Oararo, aine ix peanizallis B cucTeMax, siki O BpaxoByBaJIu
0cOOJIMBOCTI B CBOIH apXiTeKTypi, IO MO€AHYyBana O BUSBICHHS 3TiHO METONY 1 peakiilo cHCTeMH Ha (akT
imeHTudIKaIil MogaHo HeTOCTATHEO.

Metow0 podoTH € po3poOJIeHHS MPHUHIUIY CHHTE3Y MYJIBTHKOMIT IOTEPHHUX CHCTEM KOMOIHOBaHHX

AQHTUBIPYCHUX NMPUMAHOK Ta ITACTOK B KOPIOPATHBHUX MEpEKax.

BukJsiag ocHOBHOT0 MaTepiany

Jnst mokpamenHst edexktuBHOCTI cucteM BusiBieHHs Ta npotunii 3I13 ta KA 3a paxyHOK BHKOpHCTaHHS
NPUMaHOK Ta NAacTOK, HEOOXiTHUM € IHTeTpyBaHHS LUX 3ac00iB B CKJIaJHI CHCTEMH 13 3aJlyyeHHSIM BCIX
KOMIT FOTEPHUX CTaHIIN B MEpexXi Ta opraHizauii pyHKIIOHyBaHHS 1X TAKUM YMHOM, 11100 BOHHM MOIJIM pearyBaTH Ha
3JI0BMHCHI Ta aHOMaJIbHI [TPOLIECH CYMICHO Ta 0e3 BTpyYaHHsI KOPHCTyBaya. TakuM YNHOM, HEOOXIZHUM € 1o0y0Ba
He OJIHI€] MPUMAaHKU Ta MACTKH B MEBHIH KOMI'IOTEpHIH CTaHI{, a MepexXi MPUMaHOK Ta MAacTOK I 31HCHEHHS
KOMIUIEKCHOTO 3aXHCTy KOMIT'IOTEpHOI Mepexi Ha erami koiau KA 3Moriam mpoiitm depes MiKMeEpexHe
ekpanyBaHHs, a 3[I3 3Moryo mojonaTu mnepeBipKy aHTHBIpYCHHMH 3acobaMu i cucremMamu. Taka cucrema 3
MIPUMaHKaMH Ta TACTKaMH BKIFOUaTHME IIPUMAaHKH, AKi 31 CHIOIOTH MOHITOPHHT 3I0BMHCHOTO TpadiKy, TOMy BOHa
MOXe€ 3a0€3MeUNTH MaKCHUMAaJIbHO IIBUIKE HOTO BHSBICHHS, @ TAKOXK BHUSABICHHS IaTEPHIB HOBHX aTak. [lacTku npu
MOEIHAHHI iX B Mepeki MOXKYTh IMITYBaTH TiHBOBY KOMII IOTEpHY Mepexy. Taka cucreMa 3 IPHMaHOK 1 TacTOK
MoXxe OyTH KOMOIHOBAaHOIO 3 HHMX CHCTEMOIO 1 ISl HOCATHEHHA €()EKTHBHOTO PE3YNbTAaTy IIOBHHHA BKIIOYATH
TIHBOBI IPUMaHKH Ta MACTKH, SKi O3BOJIATH BCTAHOBUTH Ta BIACITIJKYBAaTH HMOBEAIHKY 3TOBMHCHHKA TIPH aTami, a
takox BusiButu 3[13 Ta KA 3 Oinbmioro BiporigicTio. BakimBum 3aBIaHHsM, sKe Mae OyTH BHpILIEHE NpU
BUKOPHCTAHHI TaKWX CHCTEM IOJSra€ He TUIBKU Y 3aCTOCYBaHHI NPUMAaHOK Ta MAacToK, aje W B YNpaBJiHHI iX
BUKOpHCTaHHIM. EQeKTHBHICTh TaKHMX 3ac00IB CYTTEBO 3aJIeKUTh BiJl OpraHizaliifHol CKIa0BOT YaCTUHH CUCTEMH.
BukopucToByroun Taki 3acoOu B pealibHUX CHUCTEMax, MOKpallleHHs e(pEeKTUBHOCTI MoOXe OyTH IOCSTHYTO 3a
pPaxyHOK 3aMiHH OllepaTopa YW KOPUCTyBauya Ha BIANOBIJIHY MiJIICHCTEMY, siKa 3MOXe 3a0e3meuuTH e(heKTHBHY
opranizaunito. [ToOymoBa Takoi CHCTEMH MOXJIMBA 3 BHKOPUCTAHHSM MYJIBTHAl€HTHHX CHCTEM Ta KOMIIOHEHTIB
IITYYHOTO IHTEJIEKTY.

MynbTHareHTHa CHCTeMa MPUMAHOK 1 MaCTOK MOKE MICTUTH MHO>KHHY NPUMaHOK Ta ITACTOK PI3HOTO THILY Ta
npusHadeHHs. KpiM Toro, caMi MpUMaHKH Ta MacTKW MOXYTbh OyTH MoOyZoBaHI 3 BUKOPHCTaHHSIM KOMIIOHEHTIB
IITYYHOTO iHTENeKTy. [IpuMaHKM Ta MacTKH CHUCTEMH, SIKi € IHTeNeKTyaJIbHUMH, MalOTh O3HAKH IHTEIEKTYaJIbHOTO
areHTy, BOJOAIIOTh aBTOHOMHOIO Ta F'HYYKOIO ITOBEAIHKOIO, 1110 Iepe0adae HassBHICTh B HUX TAKHX XapaKTEePUCTHUK:

1) peakTHBHICTh — iHTEJIEKTyaJIbHAa NIPUMaHKa Ta MacTKa 3JaTHA CIPUAMATH CEepeloBHIIE, B SIKOMY BOHA
NpaLfo€e, Ta CBOEYACHO pearyBaTy Ha 3MiHH, SKi B HbOMY BiJJOyBatOThCsI, BIIIOBIIHO /10 Lineil GyHKIIOHY BaHHS;

2) NIPOAKTHBHICTh — IHTENEKTyalbHa NPUMaHKa Ta I1acTKa 3JaTHa MPOSBISTH LIJIECHPSIMOBAHY MOBENIHKY,
10 Tepenbayae MposB iHIMiaTHBH, BiAIOBITHO /0 HijeH (QyHKIIIOHYBaHHS;

3) comiambHi MOXJIMBOCTI — IHTENEKTyaJllbHA NpPHMaHKa Ta TMacTKa 37aTHa B3aEMOJIATH 3 IHIIMMH
IIpUMaHKaMH (Ta iHIIMMHU IPUCTPOSMH) Ta MMACTKAMH CHCTEMH BiATIOBIIHO 10 IiNei pyHKIIOHYBaHHS.

AHTHUBIPYCHI IPUMaHKH Ta MACTKH K OKPEMI YaCTHHH CUCTEMH MOXKYTh OKPEMO NMPHMaHKaMH YU MACTKaAMH,
ajie MOXyTh OyTH CKOMOIHOBaHI pa3oM sIK OKpeMi YaCTHHU CHCTeMH. B3aemosis ix gyHKuioHaniB Mk co6010 MOXe
OyTtu 3ailicHeHa 3a notpebu. Takok, X iHTeNeKTyali3alis MOXKe CTOCYBaTHCh OKPEMO MPUMAHOK 1 OKPEMO MacTOK,
KOJI BOHU TIO€JJHAHI, aJie MOKe 1 OyTH BiIHECEHOIO 10 000X 3 HUX OJTHOYACHO.

BukopucranHs e mporpaMHoOi CHCTEMH OJHOYACHO B SIKOCTI i NMPUMaHOK Ta CHUCTEMH, B sIKiH OyayTh
NpUIMaTHCh PIMIEHHS IIOA0 HACTYITHOTO OIpAIIOBaHHS OTPUMAaHUX MNOAIH B Mepexi NPUMaHOK Ta IAcTOK i
OKpeMHUX NMpHMaHKaX Ta MacTKax, € HegocTaTHIM. Lle moB’s3aH0 3 ocobimmBocTAMHU mpoBeaeHHs KA Ta moBeniHKom0
3113 npu mommpeHHi i BUKOHAaHHI AecTpyKTHBHHX Iiii. ToOto, BrimB 3113 Ta KA BimOyBaeTbcs mporpaMHUMEU
3acobamu i, ToMy, 3a0e3MeYeHHs] MPOTHIii BUHATKOBO MPOTPaMHUMHM 3ac00aMy HE 3aBXKIU 3a0e3mneuye OakaHUit
pe3ynbTart, Mo MiATBEPKYETHCS 1 pO3POOHUKAMH CHCTEM TIOTIEPEKEHHS 1 BUSBIICHHSI BTOPTHEHb Ta aHTHBIPYCHHUX
3aco0iB. Kpim TOro, opramizamis edexTuBHOI B3aeMonii MK KOMIT'IOTEPHHMH CTAHIISIMH B KOPIIOPATHBHHX
Mepexax Uil MiATPUMKH MEPEKHUX 3aCTOCYHKIB CyTTEBO 3aJIeXKHTh BiJ 4acy mepemadi MOBiIOMIICHB 1 iX 0OpOOKH.
BpaxoByroun Taki 0COOJMBOCTI IpH MOOYMOBI NMPHUMAaHOK, NMACTOK Ta MEPEX NPUMAHOK 1 MAcCTOK HEOOXigHO
CHUHTE3YBaTH CUCTEMY, B siKiii 1o npouecy BusBieHHs 313 ta KA Oynu 0 3amyueHi, Takox, KOMIT IOTEpHI CTaHI{ B
Mepexi. | Taka cucrema mMoria 6 B nporieci 0OpoOKH OTpUMaHUX JaHUX 3 MPUMAHOK Ta IMaCTOK NPUIMAaTH PillICHHS
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PO CBOi HACTYITHI KPOKH, 30KpeMa i B YaCTHHI 3MiHU KOHQITYpYBaHHS Ta BUKOPUCTAHHS KOMIT IOTEPHUX CTAHINHA B
Mmepexi. ToMy, CHHTE3yeEMO MYJIBTHKOMIT IOTEPHY CUCTEMY KOMOIHOBAaHMX aHTHBIPYCHHMX HNPHUMaHOK Ta IIACTOK B
KOpPIOPaTHBHUX KOMIT'IOTEpHUX Mepexax miia BussieHHs 3[13 ta KA BximounBmM B HeEl Taki CKIAIOBi:
MYJBTUKOMII IOTEPHY CHUCTEMY; MYJIbTHAreHTHY CHUCTEMY; NPUMAaHKM Ta macTku i BusBieHHs 313 ta KA. A
TaKoX, Taki OCOOJMBOCTI 1 XapakTepHi BJIACTHBOCTI: aJaNTHUBHICTh; THYYKICTh; CaMOOpIaHi3alis; NPHUHATTS
pillleHb; KOHTpOJIEp TNPHUWHATUX pIlIEeHb;, KOJEKTUBHAa poOoTa areHTiB. Taki BHMOTM 10 apXiTEKTypHu
MYJIBTHKOMIIT IOTEPHOI CUCTEMH KOMOIHOBAaHHMX aHTHBIPDYCHHMX NPUMAHOK Ta IAacCTOK B KOPIIOPATHBHHX Mepexax
Ty Th 3MOTY MOKPAIIUTH e(peKTHBHICTH ii hyHKIIOHYBaHHS, 00 HE MOTPeOYyBATUMYTh BTPYYaHHS KOPUCTyBada Ipu
NPUAHATTI PillleHp B PIi3HUX IOTOYHHX CTaHaxX, Ta 3a0e3ledars CIPOMOXKHOCTI KOPHUCTYBadiB KOPIIOPATHBHUX
Mepex 10 BusBieHH: Ta npotufii 3113 Ta KA, nokpamuBmy epeKTHBHICTh BISBIICHHS Ta IPOTHIII.

Jis cuHTE3y CHCTEM 3 TaKUMH XapaKTePUCTUKAaMHU Ta (QYHKIIHHUMH MOKIHUBOCTSMH HMOTPiOHO po3poOuTH
TIPUHIIAI iX CHHTE3Y, 00 BOHU MiCTHIIN KOMOIHOBaHI MPIMAHKH 1 TACTKU Ta KOHTPOJIEP MPHUHHATTS PillleHb.

Takuii NpUHIMII TIOBMHEH BH3HA4YaTW 3arajibHi BUMOTH JI0 MNOOYMOBHM €JIEMEHTIB Teopii CTBOpPEHHS
MYJIBTHKOMII IOTEPHUX CHCTEM 3 KOMOIHOBaHUMHM NPUMaHKaMU 1 ACTKaMH Ta KOHTPOJIEPOM NPUHHATTS PillieHb IS
BusiBnieHHs1 Ta npotuaii 3113 1 KA. Tlpu xapakTepucTHili TakMX CHUCTEM INPUHOMN Oyzae BimoOpakaTH Ti CyTTEBI
XapaKTEePUCTUKH, SIKi BIIIOBINAIOTH 32 MpaBuibHE (yHKIIOHYBaHHs cuctemu. Came 6e3 dopmarizauii Ta nmogaHHsa
NpaBWIbHOTO (YHKLIOHYBaHHS CHCTEMH, BOHa He OyJie BUKOHYBAaTH CBOro Hpu3HadeHHs. KpiMm Toro, mpuHIMI
CHHTE3y TaKMX CHCTEM JacThb 3MOry C(OpPMYBaTH KJIaC TakMX CHUCTeM Ta OyJe pO3BHUBATH EJIEMEHTH Teopil
MYJIBTHKOMIT IOTEPHHUX CHCTEM B YAaCTHHI CaM€ CHUCTEM, B SKHX 3AIHCHEHO IO€AHAHHS 3 KOHTPOJEPOM NMPHUHHSTTS
pilleHs coemiani3oBaHOTO (YHKIIOHATY [UIS BHSIBICHHS 3JOBMHCHOTO IIPOTPAMHOTO 3a0€3MCUCHHS 3
BUKOPHCTAHHSIM KOMOIHOBAaHMX NPHUMAHOK 1 MAaCTOK. TakWif MPUHOMN B KOHTEKCTI PO3BHUTKY €JIEMEHTIB Teopii
MYJbTHKOMIT IOTEPHUX CHCTEM € CHCTEMAaTHYHHM TIPHHIOMIIOM, OO BIJHOCHTBCA OO 3aJaHHA MEXaHI3MiB
(yaKIioHyBaHHS cucteM. [Ipu boMy B HBOMY MOTPIOHO 3ajgaTh Taki OCOOJMHMBOCTI i XapaKTEpHi BIACTHBOCTI
cucTeM, o0 BimoOpaXkanach HaMEHIA KUTBKICTh (paKTOpiB, SKi BU3HAYATHMYTh, K (YHKIIOHYBaTHME CHCTEMA.

[MpyHOMT CHHTE3y MYJIBTHKOMII IOTEPHUX CHUCTEM 3 KOMOIHOBAaHUMHM IIpUMaHKaMu 1 TacTKaMH Ta
KOHTPOJICPOM TPUHHATTA pilneHs g BusBicHHs Ta npotuaii 313 i KA 3amamo 3 BpaxyBaHHsIM JeTamizarii
KOHTpOJIepa MPUHHATTS PIillICHh CHCTEMH Ta CIEHiali30BaHOTO (YHKIIOHATY IS BHSBJICHHS 3JIOBMHCHOIO
nporpaMHOro  3a0e3nedyeHHs 3  BHKOPUCTaHHSM  KOMOIHOBaHMX IPUMAHOK 1 MAacTOK. ApXiTeKTypa
MYJIBTUKOMII IOTEPHUX CHCTEM 3 BPaxyBaHHSIM IPHUHIUIYY CHHTE3Y TaKUX CHUCTEM MOXKe OYTH IEHTpalli30BaHOIO,
JICLIEHTPAII30BaHOI0 200 TiOPUIHOIO 3 PI3HUMH CTYNEHSMH LeHTpatizauii. BiqnoBinHo, HeHTp NPUHHATTS pillleHb
TaKUX MYJIbTUKOMII IOTEPHUX CHCTEMH MOXKE OyTH B OIHIM a00 MEKiNBKOX KOMIIOHEHTAaX CHCTeMH 1 Ie, SK 1
apxiTeKTypa, HE BIUIMBATHME Ha caM IIPUHIMII CHHTE3y CHCTeM Ta HOro He BHUKOHaHHA. LleHTp Moke
MepeMillyBaTUCh MK KOMIIOHEHTaMH B 3aJIe)KHOCTI BiJl TIOTOYHOTO CTaHy CHCTEMH. TakoX, apXiTeKTypa TaKHX
CHCTEM MOXe THYYKO IepeOyI0BYBaTHCh 3a MOTPeO MpH 3MiHi 30BHINTHROTO CEPEIOBHIIA i BIUIMBIB HA CHCTEMY, IO
XapakTepu3sye crenudiky BUKOHYBaHHX HEIO 3aBIaHb. AJie IIPH bOMY TaKi OCOOJMBOCTI HE BIUIMBAIOTh HA BUMOTY
NPUHLUIY CUHTE3y TakuxX cucTeM. OCOOJMBICTIO HPOIIOHOBAHOTO IPUHIMIY CHHTE3y CHCTEM € 3a0e3NeueHHs
KOHTPOJIIO 32 NMPUHHITUMHM PIlIEHHSAMH B LEHTPI HNPUUHATTS pillieHb, TOOTO 00OB’SI3KOBa HAasBHICTH KOHTpOJIEpa
NPUAHATTS pilieHb. [Ipyu 11bOMY KOHTpoOJIep NPUHHSATHX DIICHb TMOBHMHEH MaTH MOXIIMBICTH BIUIMBATH Ha iX
IMIIEMEHTAIII0 Yepe3 3aTBEPPKEHHS 10 BUKOHAHHS a00 BiJIXHMJICHHS NMPOMOHOBAHMX HACTYIHHUX KPOKIB CUCTEMH, a
TaKOX 3aTBEP/KEHHsI 110 BHKOHaHHs IHIIOrO Onn3bkoro abo allbTepHATHBHOTO pimieHHA. Taki 0ocoOiaMBOCTI
KOHTpOJIepa NPUIHATTA pillleHb BUMAararThCsl THM, L0 CHCTeMa MpU3HA4YeHa Ul BUKOHAHHS CHeUU(iuHHX
3aBIaHb, SKi IIOB’S3aHI 3 B3A€MOJIEI0 KOMIIOHEHTIB YM €JIEMEHTIB CHUCTEMH i3 3JIOBMUCHHUM MPOTPaMHHAM
3a0€3MeUeHHAM Ta KOMITIOTEPHUMH aTakaMu. BiAnoBigHO, 3JI0OBMHCHHKM MOXYTh ITOBTOPIOBATH CBOI Aii
6araTokpaTHO OJJHAKOBO, IO Oy/ie TIEPEBOIUTH CUCTEMY IO OJJHOTO 1 TOTO K CTaHy Ta ii BIANOBIIHI KOMIIOHEHTH. B
pe3ynbTaTi TAKOTO TECTYBaHHS CHCTEMH 3JOBMHCHHK Oyae MaTH 3MOTY BMBYHMTH ii MOBEAIHKY 1 3a MEBHUII 4ac
3Moxe 11 o0iiitn. ToMy, KOHTposiep NPHHHATHX pIlIeHb CUCTEMH ITOBMHEH 3IIMCHIOBATH BIUIMB Ha OCTATOYHE
NPUHHATTS pillleHb Yepe3 BUOip HACTYIHUX KPOKIB CHCTEMH, SIK PEakKilifo Ha 3MiHy 30BHIIIHBOTO CEPEAOBHIIA Ta
cTaHy cucTeMH 1 ii kommoHeHT. Taka 3MiHa y BHOOpPI HACTYNTHUX KPOKIB CHCTEMH TNPHU3BEAE OO0 YCKIATHEHb I
3JI0BMHCHHUKA B YaCTHHI BUBUEHHS MMOBeIiHKHU 3ac00iB BusiBiieHHs mpoTuii 3113 Ta KA B koprmopaTHBHHX Mepekax.

Bumora moemHaHHS B TaKUX CHUCTeMax CIEIMialli3oBaHOTO (YHKIIOHATY JJsi OMpAmfoBaHHS TOMIA B
KOPIIOpaTHBHINA Mepexi, TOOTO PO3MOAITICHHS B MPOCTOPi, Ta HASBHICTH MiJICHCTEMH NPUHHATTA PIIIeHb, B AKIH
OyayTh HampambOBYBATHCH PILICHHSA, MIPUYOMY iX BTUICHHS MOXKJIFBE TUTBKHM ITICIS 3aTBEPIKEHHS KOHTPOJIEPOM,
BCTAHOBJIOE (DakTOpH Al PO3POOJIEHHS NPHHIMITY CHUHTE3y MYJIBTHKOMII IOTEPHHUX CHCTEM 3 KOMOIHOBAaHMMH
NPUMaHKaMH 1 TTACTKaMU Ta KOHTPOJEPOM HPUHHATTS pimeHs 11 BusasiaeHHs Ta npotunil 3[13 1 KA. 3okpewma,
(opmaizyeMo cuCTeMH, iX CKJIaJOBI YaCTHHH 1 IX BIACTHBOCTI, sIKI HEOOXiJHI AJIS1 BUKOHAHHS BHUMOT TPHUHIUITY
CHHTE3Y CHCTEM.

[To3Ha4MMO CUMBOJIOM B IPUHILIUI CHHTE3Y MYJITHKOMIT IOTEPHUX CHCTEM 3 KOMOIHOBaHMMH NMPUMAHKaAMH i
MacTKaM{ Ta KOHTPOJIEPOM TPHUHHATTS pimeHs i BusBieHHs Ta mpotunii 3[I13 1 KA. Tomi, HUM sK
BiIOOpaXKEHHSM 3 yCi€l MHOXKHUHU MYyJIbTUKOMIT toTepHHX cucteM & Gyzne chopMoBaHO MiAMHOXKUHY cHCTeM S, Iist

SKuX Oyae BUKOHYBaTHUCh BuMora npuHnumny B. Tooto, 3amaHe BimodpakeHus Gopmysoro E E & Oyzne popmyBaTH
KJIaC CHCTEM 13 3aJaHUMH MPUHOUNOM 8 BUMOramu i MOTPIOHO [eTani3yBaTH KOMIOHEHTH TaKUX CHCTEM ISt
MOJANBIIOTO iX CHHTE3y. 3alaMO KOXHY 3 BH3HAYAJIBHUX KOMIIOHGHT Ta BIACTHBOCTEH, L0 IMOTPEOYIOTH
IMIUIEMEHTAIIl B apXITEKTypi TaKuX CHCTEM, MAMHOXHHOIO B; (I = 1,2, ...,Ng, Ng — KUIBKICTh MIMHOXHWH).
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HasiBHicTh MOXIIMBHX BapiaHTiB cepen B; (I = 1,2, ..., Ny, Ng — KUIBKICTh MIIMHOXUH) € nonycTuMuM. Hanpuknan,
Taki CUCTEMH MOXYTh OyTHM LEHTpPali30BaHUMH, ACLUCHTPATI30BAaHUMH a00 TiOpUAHUMH 3 TIEBHUM CTYNEHEM
LEeHTpamizalii, Mo TeX MOXE HaJaTH MOXIHMBOCTI I X MOAUTy Ha OKpeMi THIM, i, IPH LbOMY, BOHH
BIZIMOBIIATUMYTh BUMOTraM mnpuHUUMY L.

Po3risiHeMO MOXIMBI BapiaHTM KOMIIOHEHTIB Ta BU3HAYaJIbHUX BJIACTHBOCTEH JUIA Kiacy cuctem &: By —
THUI apXIiTEeKTypH CUCTeMH (LIEHTPaJIi30BaHa, ACLEHTpali30BaHa, riopuaHa (3Mimiana, kombiHoBana)); B, — Tunu Ta
KUTBKICTh IICHTPIB B apXiTEeKTypi CUCTeMH (UiJTICHUN B ONHIN KOMITOHEHTI, IIOAIJICHUH Ha PiBHO3HAYHI YaCTHHH B
pI3HUX KOMIIOHEHTaX, IIOAUICHHH i€papXiYHO B pPI3HUX KOMIIOHEHTaX, IUNICHUN iepapXidHUM B PIi3HHUX
KoMIlOHeHTaXx); Bz — aJanTUBHICTH CHCTEMHM INpPH 3MiHI 30BHIIIHIX yMOB (3MiHAa alrOpUTMIB CBOTO
(YHKIIOHYBaHHS, 3MiHa apXiTEeKTypd CHCTEMH, 3MiHa QJITOPUTMIB (YHKIIOHYBaHHS Ta 3MiHa apXiTEeKTypH
cucremn); B, — xapakTep 3MiH B IIEHTPI CUCTEMH (3MiHA 3HAYECHD MMAPAMETPIB, 3MiHA B apXITEKTypl HEHTPY, 3MiHA
3HaYeHb MapaMeTpiB i 3MiHA B apXiTekTypi LeHrtpy); B — camoopranizauis cucTeMH (CTBOPEHHs OpraHizamii
(GYHKIIOHYBaHHS ~ CKJIaJHOI CHUCTEMHM, BIITBOpEHHS Oprasizauii (QyHKIIOHyBaHHS CKJIAIHOI CHCTEMH,
BIOCKOHAJICHHSI opraHizamii (yHKIiOHyBaHHS CKiIagHOl cuctemu), By — THYUYKICTH CcUCTeMH (LIBHIKE
MepeHANAIITYBaHHS CHCTEMH IIiJ BIUTMBOM 3OBHIIIHIX TOii, JTATEHTHE NEpPECHATAIITYBAHHS CHCTEMH, IMTOBIIBHE
NepeHaNaTyBaHH cUcTeMH); B; — caMOCTIMHICTh y NPUUHATTI pilleHb (MPUHHATTS pIilleHb BCIM IIEHTPOM
CHUCTEMH, MPUNAHSTTS PIICHHS YaCTHHOK LEHTPY cuctemu); Bg — BIUIMB HA cuCTeMy (BHYTPILIHI MOii, 30BHIIIHI
noJii, BHyTpilHi i 30BHilHI noaii); By — HASIBHICTD areHTIB B CUCTEMI IS MPUHHATTS pillieHb (MyJIbTHAr€HTHICTb,
OIMH areHT, BINCYTHICTh areHTiB); B;; — KOHTPONb MPUIHATHX pILIEHb B CUCTEMi (HAsBHICTH KOHTpOJIEpA,
BIZICYyTHICTh KOHTpoOJiepa); By; — HASIBHICTH cremianizoBaHoro (QyHKiioHany B cucrtemi (hopmyBaHHS
cremiani3oBaHuM (DYHKITIOHAJIOM BHYTPIIIHIX MO B CHCTEMi 3a pe3yNbTaTaMHd BUKOHAHHS 3aBIaHb, BIUINB
pe3ynbTaTiB BUKOHAHHS 3aBJaHb CIICIialli30BaHUM (YHKIIOHAJIOM Ha 3MiHY B apXiTeKTypi cucTeMu, GopMyBaHHS
BHYTPIIIHIX TOii B CHCTEMi Ta BIICYTHICTh 3B’S3KYy BIUIUBY PE3YJIbTaTiB BHKOHAHHS 3aBIAHB CIICIialli30BaHIM
(YHKIIOHAJIOM Ha 3MiHY apxXiTeKTYpH CHCTEMH, BIJIICYTHICTh 3B’SI3Ky BIUIMBY pe3YJIbTaTiB BUKOHAHHS 3aBJaHb
crewianizoBaHuM (pyHKIIOHAIOM Ha 3MiHY apXiTEKTypu CHCTEMH Ta (OpMyBaHHs BHYTPILIHIX HOAIA B cucTeMi).
Koxna 3 xapakrepuctuk B; (i = 1,2, ..., ng, Ng — KUIbKICTh MiIMHOKHH) € MHOXXHHOIO, B SIKIl HAsBHI THIIOBI
eJIEMEHTH, 110 BimHOcAThCS a0 cucteM E. IIpu 3acTocyBaHHI npuHIMIY P CHHTE3YIOThCA cucteMu Uiy &. Jlns
3MIMCHEHHS] CHHTE3y CUCTEM 3TiHO MpUHIUNY TP, ToOTO HOpMyBaHHS MHOKUHH BU3HAYAIBHUX XapaKTEPUCTHK JIS
cucteMd Ty & B IX apXiTeKTypi 3riIHO BHU3HA4YCHHS mpsMOro n00yTky MHOoxuH B; (i = 1,2, ..., ng, ng —
KUTBKICTD ITIMHOXKHH) 337aMO TaK:

&= {(nl,nz, ...,n10_1,911)|(n1,n2, ---:’310,1:1’11) € By X By X ... X Bygq X %11}, (1)

ae B; (i =12, ..., ng, Ny — KUIBKICTh MIIMHOXHH) — IMiJMHOXHHH 3 €JIEMEHTaMH, 10 XapaKTepU3ylTh
0COOIMBOCTI apXiTEKTYpH CHCTEM; Dy, — CIEMEHT, IO BU3HAYA€E HASBHICTh KOHTpOJIEpA B CUCTeMI; B1g1 € Big1;
MHO)kMHa B, — OFHOENEMEHTHA MHOXMWHA; Di,Vj,...,09,03; — I[O3HAYCHHS CJIEMCHTIB B MHOXHHAX
B,,B,, ..., By, By, BignosigHO.

I'pad BimoOpaxkeHHs BU3HAYAIBLHUX XapaKTEPUCTHUK JUIsi cHUCTeM THIy © B iX apXiTeKTypi y BepIIMHAX, IO
BiIMOBinaroTh eneMentam MuOXHH B; (i = 1,2, ..., Ng, Ny — KUIBKICTh MMHOXKHH), 300paxeHo Ha puc. 1.

Bynp-skuii 3aMKHEHWE MapuipyT B Tpadi BimoOpaXeHHsS BH3HAYAIBHUX XapaKTEPUCTHK B apXiTEKTypi
cucrem Ty & 3 puc. 1 Oyzae 3aBKAW BKIIOYATH BEPIIMHY D11 € By, 3 MHOKUHM By, ;. Lle o3Hauae, mo rpad
BiZIoOpaxkae apxiTeKTypy PIi3HHX CHCTEM 3TiJIHO NPHUHIMUIY CHHTe3y . Bepiuunu, siki BiIMOBIAIOTH eleMeHTaM
neBHOT MHOXHMHU B; (I = 1,2, ..., ng, Ng — KUIBKICTh MIJIMHOKKH) NTPHU BU3HAYESHH]I 3aMKHEHOT'O MapIIpyTy MOXYTh
HoMy HallexaTd, TOOTO 3 OJiHI€E] MHOXHHH JI0 MaplpyTy MOXYTh BKIIIOYATHCh JEKiJIbKa €JIEMEHTIB, a He TUIbKU
onuH. Le BimoOpaskae iHII BapiaHTH B apXiTeKTypi cucteM tuny ©. Hampukian, cucteMa MOKe MaTH HE BUHSATKOBO
LEHTpali3oBaHy, ab0 JeleHTpalli3oBaHy, a00 3MillaHy apXiTeKTypu. AJyie BOHa y BapiaHTI 3MiIIaHOI MIOA0
LEeHTpali3anii apxiTeKTypu MOXKE€ MaTH IEeHTpalli30BaHy 1 JCLEHTPATi30BaHy TEX, HANpHKIa] 3 IEBHUMHU
iHTEepBaJIaMH Yacy THII apXiTEKTYpPH MOKE 3MiHIOBAaTHCh Ha 3MillIaHy, MOTIM Ha IEHTPaJIi30BaHy i Jaii MOBEPTaTHCh
1o 3MimmaHoi abo MepexoauTH J0 JeneHTpani3oBaHoi. Takoxk, Moxe OyTH piBeHb IeHTpami3amii i Horo 0co0IMBICTh
pi3HMMH. AHAJIOTIYHO 1 peniTa BU3HAYaJIbHUX XapaKTEPUCTHK B apXiTEKTYpi CHCTEM THITy & MOXXYThb MaTH TaKi K
ocobmuBocti. TobTto, B cuctemax THmy & Moxe OYTH JIeKijbKa €JEeMEHTIB 3 TeBHOI MHOXHHH B;
(i=12..911,.., ng, i * 10, ng — KiITBKiCTs MAMHOXHH). ['pad 3 puc. 1 mo3a Mexamu HassBHUX pedep i BEpIINH
MOJKe MICTHTH iHII BEpUIMHHU i pebpa. Alle 3aMKHEHUH MapmpyT Tak camMo Oyjae iX OXOIUIIOBAaTH i, BiANOBITHO,
BKJIIOYaTH BepIIMHM 1 pebpa. B pesynbraTi oXormieHi MapumpyToM BepIIMHHM OyayTh BimoOpakaTH BH3HAYaJIbHI
XapaKTEepPUCTUKU CHUHTe30BaHI B cucremax tumy &. 3 MHOXHMHH By, B MapuipyT Oy/ie BKIIOYATUCH JIMILE OJHA
BEpIINHA, [0 HaNeXaTuMme Iiii MHOXHHI. Pemra BepmuH OyAyTh i130JbOBAaHUMHE 1 B JKOJICH MapIIpyT HE OyIyTh
BKJTIOYEHI.

TakuM YMHOM, KUTBKICTh CHCTeM THNMy & 3rigHo mpuHuumy TP € pizHoro, ane 3rimHo popmynu (1) Beix ix
MOE/IHYE HAsBHICTH B iX apxiTtekTypi KoHtpoiepa. Kiipkicte migmuoxuH B; (i =1,2,..,Ng, Ng — KUIbKICTh
MIAMHOXKHH) MOXe OyTH Pi3HOIO, 30KpeMa 1 MEHIIIe, HK Mg, ajle HAsSBHICTh OIHOEICMEHTHOI MHOKUHM Bip; Ta
MHOHHH V11 B IPIMOMY 100YTKY MHOKHH € 000B’SI3KOBHM.
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Puc. 1. I'pa¢ BinoGpasxeHHs BU3HAYAILHUX XapPaKTePUCTUK B apPXiTeKTypi cHCTeM THILY 6

BucHoBku
Takuif mOALN apXITEeKTYPH CHCTEM 32 BHYTPIIIHBOIO OYJIOBOIO A€ 3MOTY BH3HAYHTH HEOOXiTHI €IEMEHTH Ta
KOMIIOHCHTH B apXITEKTypi CHCTEMH, SIKa MICTHTUME KOHTPOJIEpP Ta CIEIialli3oBaHui (PYHKIIIOHAT, 1 € OCHOBOKO JIJIs
PO3pOOKH KOHIEMIi Ta METOJOJOTIYHHX OCHOB CHHTE3y TaKuMX CUCTeM. Ha BiAMiHY BiJg BiZOMHX NPHHIHUIIB
CHHTE3Y MYJbTUKOMI IOTEPHUX CHCTEM 3 KOMOIHOBaHMMH NPUMaHKaMH{ i NMACTKaMH Ta KOHTPOJICPOM IPUHHATTS
pimens g BusiBieHHs Ta nportunii 313 1 KA, po3poOneHuit mpuHUMI CHHTE3y TaKHX CHUCTEM MICTHTh [BI
BU3HAYaJbHI BUMOTH ILIOJO apXiTeKTypu cucteM. KoHTposnep NpUHHATHX pillleHb BiOKPEMJIEHO BiJl LEHTPY
CHCTEMH, 1110 Jla€ 3MOTy (opMyBaTH HOTO apXiTEeKTypy BiIOKPEMJIEHO BiJ| apXiTEKTypH LEHTPY CHCTEMH 1, SIK
HACJIJIOK, MPUAMATH PIlIEHHs IOJ0 HANpalbOBAHUX B IIEHTPI CHUCTEMM pillleHb He3aleXHO BiA Hboro. lle
00yMOBJIeHO crenu()iko CHCTEMH Ta HAJa€ MEpPeBard CUCTEMI Oe3MocepenHbO Iepe]] 3JOBMHCHUKAMHU YH iX
3acobammu, 60 GopMye pi3Hi OCTATOYHI BiJIIOBIJIi CHCTEMH 32 OJTHAKOBHX IIOYATKOBUX YMOB B Pi3HI MPOMIKKH Yacy,
1110 3aIUTyTy€ 3JI0BMUCHUKIB. HasiBHICTH crenianizoBaHoro QyHKIiOHATY, SIKMH BIUIMBATUME HA BHYTPILIHI MOAIT B
cucTeMi Ta 3MiHy ii apXiTeKTypH, TOOTO B3a€EMOJis B CHUCTEMi HiJICHCTEM, 110 3abe3neuyloTh ii Oe3mocepenaHe
(yHKIIIOHYBaHHS Ta clieliaii3oBaHui QyHKIioHan st BusaBieHHs Ta nporuaii 3113 1 KA, mae 3Mory nmokpamuri
CTIHKICTh CHCTEMH Ta ONEPATUBHICTh B MPUIHATTI PillIeHb.
Jus netamizanii apXiTeKTypH MyJIBTHKOMIT FOTEPHUX CHCTEM 3 KOMOIHOBaHMUMHM IPHMMaHKaMH 1 MTacTKaMu
Ta KOHTPOJIEPOM TIPHHHATTS pimeHs Uit BusBiaeHHs Ta mpoTtuail 3113 i KA, axa BigmoBigae 3ampoOmoOHOBaHOMY
MPUHINITY CHHTE3Y TaKUX CHCTEM, MOTPIOHO PO3POOHUTH KOHIENTYaIbHY MOJIENB 11 apXiTeKTypH.
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