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AJITOPUTM PAH)KYBAHHS AJBTEPHATUB
IMPU THOOPMAIIIMHO-AHAJITUYHIN MIATPUMILI
IMPOIIECIB ®OPMYBAHHS CUCTEMU TH®OPMAIINHOT
BE3IEKU JIEP;KABU

Pospobra xomniexchux cucmem 3axucmy ingopmauii — ue ckiaome 3as0anus, siKe
BUMAZAE 3ACMOCYBANHA OAZAMOKPUMEPIATLHUX MEMOOI8 ONMUMI3AUTT 3 MeMOI0 GUSBLEHHS
ONMUMATLHOZ0 CNIBBIOHOUCHHS KPUMEPIie camoi cucmemu 0as i eghexmuenozo Qynxiio-
nyeanns. IIpononyemocs suxopucmosysamiu memoo nonapnozo NOPiHsHHs O PaH-
HCUPYBAHHS ATLMEPHAMUE 304 0OPAHUMU KPUMEPISMU 3 MEMOI0 NOULYKY ONMUMALLHOL
anvmepHamueu.

Kmouoei caosa: ingopmauiiina 6esnexa, pamicyeanis, asmomamusosana ingopma-
uitina cucmema, 3axucm iHpopmauii, cucmema niOMmpuUMKU NPULHSIMMsL pitiens, 6azamo-
Kpumepianiwha onmumisauis, Cucmema Kepyeanist, MoOOei068anms npouecie, inghopmaii-
HULL 8NAUB, KepYloue PilleHHsl, KOMNIEKCHA CUCMEMA 3aXUCMY THHOPMAaUii.

Paspabomxa KoMNIEKCHbIX CUCTEM 3AULUMbL UHDOPMAUUL SEAACMCSL CLONCHOU 300a-
uell, Komopas mpeoyem NPUMEHeHUs. MHOZOKPUMEPUATLHBIX MemO008 ONMUMUSAUUL C
UEIbI0 BBIABLCHUS. ONMUMATILHOZ0 COOMHOULEHUS. KPUMEPUeE caMoll cucmemvl ONs ee
appexmuenozo ynxuyuonuposanus. Ilpedrazaemcs ucnoib3osamv memoo nonapHozo
cpasHenust 0Nl PAHICUPOBAHUSL ATLMEPHAMUE NO BLIOPAHHIM KPUMEPUSIM C UEAbIO
noucKka ONMUMAIbHOU AlbMEPHAMUBDL.

Kmoueevie caosa: unpopmanuonnas 6e30nacnocmo, pamicuposanue, asmomamii-
SUPOBAHHAS UHDOPMAUUOHHAS CUCTIEMA, 3AUUMA UHDOPMAUUL, CUCTEMA NOOOEPICKU
NPUHAMUS PeuleHUll, MHOZOKPUMEPUALbHAS ONMUMUAYUSL, CUCMEMA YNPABLeHUs,
Modenuposanue npoueccos, UHGOPMauUonHoe 6030elicmaue, Ynpasisiowee peueHue,
KOMNAEKCHASL CUCMEMA 3auumbvl UHQOPMAUUL.

The development of complex information security systems is a complex task. It requires
the use of multicriteria optimization methods in order to identify the optimal correlation
of the system’s criteria for its effective functioning. It is suggested to use the pairwise
comparison method to rank the alternatives according to the selected criteria in order to
find the best alternative.

Keywords: information security, ranking, automated information system, information
protection, decision support system, multi-criteria optimization, control system, process
modeling, information impact, control solution, integrated information security system.

Beryn

[lixBuilleHHS AKOCTi i CKOPOUEHHS Yacy MIPUUHATTA PillleHb TP KepyBaHHi CKJIa/l-
HUMU TeXHIYHUMM Ta iHPOPMAIlilHUMU CUCTeMaMU Pi3HOrO NMpU3HAYEHHS HUHI He-
MOKJIUBe 0Oe3 iHdopMaliiitHo-aHAJTITUIHOI TiATPUMKU. 3acobu iHTenexTyamnisarii
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[IPOIIECIB TMPUIHATTS PillleHb € HANOIABIT BasKJMBUMH i MPAKTHYHO HEOOXiAHUMU Y
cepi indopmamniiinoi Gesmexn gepsKaBu Ta iHGOPMAIIHHIX TEXHOJIOTI.

Pospobka i excruryaTailist CKIaJHUX CHCTEM BHUSIBUJIA MPOOJIEMH, SIKi MOKHA BH-
PILTUTH JIKIIE HA TiACTaBi KOMILIEKCHOI OIiHKK i 06JIIKY Pi3HUX 3a CBOEIO TPUPOIOIO
(hakTOpiB, pi3HOPIAHUX 3B’SA3KiB, 30BHIITHIX yMOB Ta iHINX MOKa3HUKiIB. ToMmy Bce
OiTPIT BJKJIMBUM Y CY4aCHUX YMOBAX CTa€ MUTAHHS SKICHOTO Ta e(eKTHBHOTrO MpHii-
HATTA pittensb [1; 2].

[Tix TepmiHOM NPUIAHATTA pillleHb PO3YMIIOTb /if0 HAJl MHOKMHOIO aJIbTEPHATUB,
y Pe3yJibTaTi sIKOi BUXOAUTH IiMHOKUHA BUOPAHUX MPUAHSATHUX aJbTEPHATHUB.

[Tpu reHepyBaHHI ajbTepHATHB HAOIIBIT YaCTO BAAOTHCS IO MOCJYT €KCIIEPTiB.
I1i ocobu MalTh MOCTATHHO MOCBIAY i 3HAHD y TPEAMETHIN cdepi, sika aHATI3yETHCS.
Amnapat 06poOKH eKCIIEPTHUX AYMOK JOCUTH J00pe OTpaiboBaHuil i BAKOPHCTOBYETHCS
B OaraThoX MpakTUYHUX cdepax [3—6].

Hafi6ipIinr oty asipHiM 7T OIIIHKU aJIbTEPHATUB € KpuTepiaabHuii Metos. IIpu
3aCTOCYBaHHI IIbOTO METOY KOXKHA OKPEMO B34Ta a/IbTEPHATUBA OLIHIOETHCA YNCEIBHO.
[TopiBHsIHHST a/bTepHATUB 3BOAUTHCS [0 NOPIBHSAHHS Bi/IIIOBIIHUX YuCE.

BuknaneHHsi 0CHOBHOTO Marepiaiy

Koxxnomy 6iHapH0My BiJIHOIIIEHHIO, dKe 3aj/laHe Ha KiHIleBill MHOKHHI aJibTepHATHUB
X, €IMHUM YMHOM MOKe OyTH CIiBCTaB/IeHO rpad Imepesar, 10 CTaHOBUTH OPi€HTOB-
HUl Tpad, BepIIMHU SIKOTO BiJIIOBIZIAIOTh eJleMeHTaM MHOXUHU X, a Jyru — mapam
rpadika Q 1poro BigHOIIeHHS. MaTpuilst 1bOTO BifHOIIEHHS A HAa3MBAETHCA TAKOXK
MaTPHIEI0 CYMiIKHOCTI OPIEHTOBHOTO Tpady, OCKLIbKU TOSBA OMWHUIN Ha TEPETHHi i-TO
psaKa i 7-To CTOBIYMKa M€l MaTpuili O3Ha4Ya€, IO BEPIIMHU X, i X, 3’€AHYIOTbCA
ayroto, To6To € cyMizkHIMI. DOPMYETHCS IIsT MATPHUILS 32 TAKUM ITPABHIIOM:

. Lx,0Ox,,
" 10,x,0x,.

Curiz 3a3HAYMTH, IO SIK TIepBUHHA iH(OpMAaItist (JI0 TOTepPeaHboi 0OPOOKIT) MOKYTH
BUCTYIIATH KBaJpaTHi Marpuii nepesar B’ z(bl:f), i,r=1,n,j=1,m, axi orpumani
MOTIAPHUM TOPiBHIHHAM aJbTePHATUB 32 KOKHUM KputepieMm. Ajie, Ha BiiMiHy Bin [7;
8], mpaBuJio 3aBiaHHS BiIHOCUHU C(HOPMYTIOEMO TAKUM YHUHOM:

b = |- saxwoa,P'a valla,; 0
0 —inakwe.

Y opientoBHOMy Tpadi, BiANOBiIHOMY I1ili MaTPUILi, TTOSIBA KOHTYPY CBiYUTH TIPO
eKBIBaJIEHTHICTDH ajbTepHATUB ab0 CyrnepedsnBoCTi BuxiaHoi indopmarii. TIpoTupiuust
HeOoOXiZTHO YCYHYTH 3a JIOTIOMOrof0 ocobu, sika mpuiimae pitmensst (OIIP), moBropHO
TOPIBHSIBIN BUsIBJIEHI anbTepHatuBu. [lami, micist momepenHboi 0OpoOKH BUXiTHOT
iHdopmariii, 6yzieMo BBayKaTH, 10 CYIIEPEIHOCTI yCYHEH]i, TOOTO KOHTYPH Bi/IITOBIIAI0OTH
€KBIBJIEHTHUM aJIbTePHATUBAM.

PansxyBanns, ak npaBuso, CTpOri, Xoya i BUKOPUCTOBYIOTHCS B IEAKUX 3aB/IaHHSX,
ajie IOCUTD PijIKO, 3a3BUYail, sIK ormoMizkHuU 3aci6 [8]. ¥V [7] mpomonyeThest mpeacras-
JIATU TaKi paHKyBaHH: KBaJPaTHOIO MaTPHIEIO yNOpsaAKyBanua S =(s; ),i,j=1n, ne
7 — KIJbKICTb aJIbTE€PHATUB!
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1, axwjo a, mae nepesazy naoa,,

S, 4L, axwoa, mae nepesazy naoa,

0, axwoa; ma a; PIGHOYIHHL

Age mra Toro, mob Takiit MaTpuIli § €IMHUM YUHOM BiJIIIOBi/IaJIO TIEBHE PaHIKY-
BaHHsI, HeOOXiJlHe BUKOHAHHS PSy JOJATKOBUX YMOB, IO YCKJIAQIHIOE PO3POOKY i
peasizaifito 00YNCIIOBAIIHUX aJTOPUTMIB.

Marpuist mepeBar (1) o OKpeMO B3SITOMY KPUTEPil0 OYAYETHCS 3a TaKUM JKe
[IPUHIMIIOM, IIJIAXOM IIOTIAPHOTO TNMOPiBHAHHA asbTepHAaTWB. Biamosiano, iii Mo)kHa
MOCTABUTH Yy BiAMOBiHICTH Tpad mepesar. BriopskoBane 3a mepeBaroio po3MilieHHs
QJIbTEPHATUB Yy PAHKUPOBIlI MOKJIMBE TiJIbKA B TOMY BUIAJIKY, SKIIIO MaTPUILS IlepeBar
SIBJISIETHCS B pasi BiZIHOCMHU CTPOTOTO TiepeBark TPUKYTHOI (BepXHBbOi ab0 HUKHBOT),
a JUIS BiTHOCUHU HECYBOPOTO TiepeBaru Ma€ OJIOYHO-TPUKYTHHI BUIL.

[TocaigoBHicTh BUpiNIyBaHUX 3aB/aHb /JIsI KOKHOTO KPUTEPIlI0 BUIJIAJAE TaKUM
YUHOM:

1. ITomapue TOpiBHSHHS ajbrepHaTHB. ToOTO (opMyBaHHS MaTpHIl repeBar i
MaTpulli eKBiBaJIeHTHUX ajbTepHaTtuB D.

2. OtpuMaHHS MaTPUIli OCSKHOCTI.

3. Ilepesipka iHdopmallii Ha HecynepeyHiCTb.

4. IlepeBipka 3B’SI3HOCTI OTPMMAHOTO BiIHOIIEHHST TIEPEBary.

5. MopmyBaHHsS PaHKyBaHHS aJlbTEPHATUB. L

[Ipu nonapHomy TNOpiBHSAHHI aJbTePHATUB (xl.,x,),i,re Ln (posrasinaernest n(n —
1)/2 map) excmeprT Ma€ MOK/MBICTb BIANOBICTH, 10 albTepHATHBA X, € CTPOIO
HEePEeBAKHINIOn HiK X, (bij =1). AnbTepHaTHBa X, € CTPOrO INEPEBAXKHINIOW HixX
X z)br’i = 1). AnbTepHaTtuBa X, eKBiBaJeHTHA X, (biJr =b;=1d;=d, = g) , abo excrept
MO’K€e BiJIMOBUTHCS Bi/l OPiBHSAHHS aJbTEPHATHUB X, i X.

Axnio, nopiBHooun napu anabrepHaTu, OIIP Bu3Hauuia BiHOIIEHHST NepeBaru
y BCiX BUMa/IKax (€KCHepT He BiIMOBJISBCS BiJl MOPiBHAHHS aJIbTEPHATUB), TO MAaTPUIIS
nepeBar BXKe € MaTPHIIEI0 BCIX MOKJIMBUX MapIIpyTiB, a0 MATPUIEIO AOCSIKHOCTI. Y
TaKOMY BUIIQJIKy 3/IiCHIOETBCS Tepexijl Bifipady J0 BUPillleHHS TPEThOrO 3aB/IaHHS.
Y inmiomy BuIIa/IKy, HOIIYK MaTPUIL JOCSKHOCTI, a TAaKOX II0Jajblla IepeBipka
IIOBHOTH OTPUMAHOTO BiJIHOIEHHS TIepeBaru € 0608’ I3KOBUMM. /1151 BUPIIIIEHHST APYTOI
i TpeTpoi 3a/au peasnidyoTbes Biomi amroputmu [9; 10].

OTpumaHHsI MaTPUILl JOCSPKHOCTI 1le HAa3WBAIOTh TPAH3UTHBHUM 3aMUKAHHSIM.
Tpaauuiiino MaTpunsg A0CSKHOCTI B’ :(bi*r ,,r=1,n, opientroBHomy rpady G 3 n
BepliMHaM¥ BU3HauaeThest sk {0,1} — maTpung, B gkiil eemeHT b:, nopisaioe 1 Tomi
i TIIBKK TOJIi, KOJIM iCHY€E OPIEHOBAHUI MIJIAX 3 BEPIINHU i B BEPIIUHY 7 TIPU i # 7 a00
OPiEHTOBAHUI IUKJI, 110 CKJIQIAETHCS 3 O/HIE€T BepIIMHU. [HIIUMU cJI0BaMU, eJIeMeHT

MaTPUIli TOCSKHOCTI fopiBHIOE 1 TOJI i TiIBKKM TOJi, KOJW BepIIMHA ¥ JOCSKHA 3
BEPIIUHM I Yepe3 MOCJIi/IOBHICTh OPiEHTOBaHUX /yT. Jl1s H06y110BI/I MaTPUII JOCSKHOCTI
peanizyerbcst anroput™m Bopmenna [9]:

Kpox 1. Benennsa martputii cymikHocti B opienToBHOTO Tpady G.

Kpok 2.7 = 1.

Kpok 3. k = 1.

Kpox 4. fAxmo b, = 1, Toxi nepexin 10 kKpoxy 5, iHaxie nepexiz 10 Kpoxy 8.

Kpok 5. k& = 1.

Kpok 6. b, = b, v b,.

Kpok 7. fxmio & < n, toni k£ = k +1 i mepexiz 10 Kpoky 6, iHakiie, epexis 10 Kpoky 8.
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Kpok 8. dxmio » < n, toni » = r +1 i nepexiz 10 Kpoky 4, nepexis 10 KPoxy 9.

Kpok 9. dxmio i < n, Toxi i =i +1 i nepexin 10 Kpoky 3, iHaKIlle OCTAHOB.

Y pesyabraTi poboTn arroputmy Bopiiesa MaTpuilst 10CSKHOCTI Gy/ie OTprMaHa
32 OIMH TPOXifl. AJITOPUTM Ma€ CKJIAIHICTh 7°.

Jlami TpoBOIUTHCS TIOTITYK KOHTYPiB Ha Opi€eHTOBHOMY Trpadi, BiiMOBiIHOMY MaTpuITi
B, e gepe3 BY 1mo3Hava€eThest MATPUILS AOCSIKHOCTI, MOOYI0BaHA JIJIs j-TO KPUTEPIIO.
[l nmpoueaypa B HalloOMy BMIAJKYy [PU3HAYEHA [/ BUSBJEHHS CYIEPEYIMBOCTI
irdopmartii a6o /71t BUSHAYEHHS TPYI €KBiBAJICHTHUX aJIbTEPHATUB, OCKIJIbKY HAsIBHICTD
KOHTYPY B Opi€HTOBHOMY Tpadi nepesar npu oOpaniil popmi onucy cBigunTh abo mpo
MOPYIEHHsI IPUHITUITY TPAH3UTUBHOCTI, 200 MO Te, IO Bi/IMOBIIHY IPYITY CJIi/l BUSHATH
I'PYIIOI0 €KBIBAaJEHTHUX AJIbTEPHATUB.

Axmo Bepumnm x; i x opientoBHOMY Tpady G 3HAXOAATHCA y CKJIafi IEBHOIO
KOHTYPY /IOBLJIBHOI IOBKUHU (MA€EThCI HA yBa3i YMCJIO0 yT) i JOBIJIbHOTO CKJANLy, TO
ICHYIOTb MapIIPyTH <x x) i <,X x> Ockisnbku MaTpuilsd BY MicTUTh BCi MOKJINBI
MapuIpyTH, TO BOHA MiCTUTH i 06I/IZ[B3. MapIIpyTH MiK BepuiMHamm X, i X, Hum
MapIIpyTaMu BifnosizaoTs oguumii b =11 b =1 (cumerpuuni BII[HOCHO TOJIOBHOI
JiaroHasti). 3BiJICM BUIJIMBAE KPUTEPiil HpHHaJIe)KHOCTl BEPIIWH X, i X JIeIKOr0 KOHTYDPY,
SIKUHT JIEKUTh B OCHOBI 0OpPaHOTO JIJIs1 TIOIIYKY KOHTYPiB asroputmy [9]:

skmo b =1Ab") =1, Toxi X, i X HajeKaTb OJIHOMY KOHTYDY.

Ortxe, CI/IMeTquHa ManI/H_[H KOHTYpiB Z' —(z‘ ),I,r =1,n Moxke OyTH oTpUMaHa
TaKUM YUHOM:

7' =B A(B" )T,

ne T — iHgekc TpaHCIIOHYBaHHSI.

HenynboBi enemenTtu i-ro psimka marpuili /4 BKaXyTh Ha Ti BepuimHu oprpada,
SIKi BXOJISITH B KOHTYP Pa3oM 3 i-0ii BepinHo. OGUnCIoBaIbHA CKIAIHICTD AJITOPUTMY
JIOPiBHIOE 72

Takum YMHOM, IPU BUABJIEHHI KOHTYPY MOXKJIMBI Taki BapiaHTH: /laHa I1iIMHOKUHA
(x, ..., X)), IO BXOJIUTH B KOHTYP, POBIJISIAETHCS OBTOPHO 3 METOK YCYHYTH MPOTH-
piuust. A6o ekcrept, abo OIIP mpuxoauth 10 BUCHOBKY, IO JaHi aabTePHATUBU
HACTIJIGKU OJTM3BKI OJIMH JI0 OJTHOTO, 10 MOKYTh BBAKATUCS €KBIBAJIEHTHUMH 32 IIUM KPH-
TepieM, TiCJIs1 YOro IMPOBOUTHCS YTOUHEHHS MATpUIll eKBiBaIEHTHUX ajibTepHaTtuB D.

Jlist Toro mob6 mepeKoHaTHCsT B TOBHOTI OTPMMAHOTO BiJHONIEHHST TEPEBar,
IIEPEBIPAETHCA TaKa yMOBA:

VxeX d+d —d =n-1, (2)

* *_ . . . . . o e .
ne d,*,d;” — BiamoismHO, HamMiBCTyNeHi pe3yabTaTy i 3axofy i-i BepmwuHU, sSKi

06UMC/TIOITL O MATPUI AocskHOCTi, a d"— HaniseTyneni pesysbrary i-i Bepuimmu,

1[0 OOYMCIIOETHCS IO MATPHINl KOHTYPIB, TOOTO
vxeX Ybl+>bl->zl=n-1.
r=1 r=1 r=1

YwMmoBa (2) o3navae, 1110 KOKHA BEPIIUHA OPIEHTOBHOTO Tpady MoB’g3aHa 3 iHIUMEI
n — 1 BepmmHAMMU.
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SIKIIO iCHYIOTH aJbTePHATUBH, I SKUX yMOBa (2) He JZOTPUMYETHCS, TO Big0y-
BA€ETHCS TTOBEPHEHHS /IO TONAPHOTO IOPIBHSIHHS BifIMOBIIHUX aJbTePHATUB. AJTb-
TEPHATUBH, JIJISI IKUX HE BJAETHCS JIOMOTTUCS BUKOHAHHS YMOBU (2) Hi MOBTOPHUM
MOPiBHAHHSAM, Hi TPAH3UTUBHUM 3aMUKAHHSM, 3 TIOJIAJIBITIOTO PO3TJISTY BUKJIIOYAIOThHCSL.

Buxignum 711 oTpuMaHHsS paH;KyBaHHS albTEPHATUB Ha OCHOBI MaTPUIIi lepeBaru
€ 3aB/aHHsg (hOPMYBAHHS MPSIMUX MapUIPYTiB (MapuUIpyTH BiJl BXi[HUX BEPITUHU /IO
BUXi/IHWIT) HA OpieHTOBHOMY Tpadi.

Hna GopmyBanns paHKyBaHHs aJbTE€PHATHB JOCTATHbO aJbTEPHATUBU X,
BUOY/IOBYBAT! B PAHKMPOBIL 3a yOyBaHHAM BeJMYNHU A7, Jie

An, =d—d ji=1n. (3)

[lepekoHaemMocss B TOMY, IO BKa3aHe BIOPSJAKYBaHHS aJibTePHATUB A€
paH)KyBaHHSI, sIKe HeOOXiIHO 3HANTH.

PosrustHemo crioyatky opientoBamil rpad 6e3 koutypis. Toxi Bianosiaao mo (1)
yci MapimipyTd mpsiMi i HUJKYe TOJIOBHOI JiaroHai He Ma€ OyTH JKOIHOI JIOTidHOI
onuuwnti. Otxe, MaTpuild BY MOBUHHA MaTH B IIbOMY BUIIQJKy BEPXHIO TPUKYTHY
bopmy. Takum ymHOM, 3aBIAHHS BIOPSIKYBAHHS aJTbTEPHATHB 32 MEpeBaroo ajs P
3BOJIUTHCS /IO TIEPETBOPEHHST MATPHIli BY 3arajibHOTO BUTJISILY /10 TPUKYTHOT MaTpPUIL
BY.

[TeperBopennst marpuili BY mae 6ytu isomopdHe, TOOTO BiIHOCHHU CYMizKHOCTI
BEPIIUH BiJTIOBITHUX rpa(biB HOBWHHI 30epiratucs B 0OMABI CTOPOHMU,

Posrisinemo n0BiIbHUIT MapIIPyT, 10 BKJIIOUAE 2 < § < 1 BEPIIMH (x R .

x> IlopiBusaemo Bepmmnn x, u x,,, (k # 0) IPAMOro MapuipyTy. OquI/I/:[Ho 10
6yz[yTb BUKOHYBAaTUCA TakKi BI/Ipa3I/I.

lxl’ <le9 z+kﬁlxi’x>lxz+k’ (4)

ne [ — MoBKMHA MapIIpyTy, IO JAOPIBHIOE YUCIY AYT Ha MapiipyTi <, ->.
3 (4) BUIIMBAE, 1O /1T MATPUIT JOCSIKHOCTI

vi <Vi+k’vvi>vvi+k’ (5)

JIe @, — YUCJIO OMHMIb B i-My PSIKY, 0, ~ YMCJIO OAMHUIb B i-My CTOBIII, CPOPMYEMO
BeJIMYMHY An, gKa J0PiBHIOE

An =w —v.i=1n. (6)
Ha mizgcrasi (5) MoskHa 3poOUTH BHCHOBOK, IO

An > An (7)
TOOTO BeJMYNHA An, 110 Mipi IPOCYBaHHS TI0 MPSMOMY MapuIpyTy Oye TOCTiiHO
3MEHIIYBaTUCA. Tak sk w, v, BINOBIIHO, € HaHlBCTyHGHHMI/I pe3yJabTary i 3axXomy
BEPUINHU OPi€EHTOBHOIO rpa(by micsst oOy/I0BU BCiX MOKJIMBUX MapuipyTis, (3) €
Hacsigrom (5)—(7).
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Y pesysbTaTi 1I€peTBOPEHHS, SKIIO AOCTiPKYBaHUN OpieHTOBHUI Tpad mepeBar
ANMKJITYHU, BUXiTHa MaTPUILSA TOCSKHOCTI Oyie MpUBeieHa 10 BEPXHBOTO TPUKYTHOTO
BUTJISIY BY.

[Tpunycrumo, opientoBuuii rpad Mae KoHTypu. BHaciiziok Toro, 110 ynopsaky-
BaHHS 3/IIMCHIOETbCA HA MaTPUIll JOCSIKHOCTI, BEPIIMHU KOHTYPY MalOTh OJHAKOBE
3HaYEeHHsI A7, OCKIJIbKU SKIIO (x s Xy x§> - KOHTyp, TO IiCJI TPAH3UTUBHOTO 3aMUKAHHS
st Oy/Ib-sIKHX <x X, € Xy ooy X, x> .d+ , dr _dk , OTKe An = Ank Kpim Toro,
BiIHOIICHHS, 1110 p03rJI${z[a€Tbc51 € IIOBHUM (nlcm:[ Bi/JIITOBI/IHOI nonepe/:[Hbm 06pobKN),
TOMY CIIPaBE/VIMBUM € TAKOK 3BOPOTHE: SIKIIO An, =A 7, TO X, i X, BXOASTH [I0 CKJIa/ly
OJIHOTO 1 TOTO K KOHTypa. Tomy B pe3ysbrari yHOpH,ZIKyBaHHH nmo crmazgaodin (3)
BEPINUH, 10 BXOAATh B OJMH i TOH e KOHTYp, OyAyTh BiANOBIiAaTH Cycimam Tpyru
psiakiB  (CTOBMHINB), i OoTpuMaHa MaTpuisg Oyae MaTh BEPXHIO OJIOYHO-TPUKYTHY
dbopmy. Ckyam KOHTYpIB BiAOUTHIT y MaTpuili KOHTYpiB Z.

TakuMm yMHOM, TPUKYTHI MaTPUIli OJIHO3HAYHO Bi/IIIOBiZIa€ BIIOPSAIKOBAHA MOCJi-
JIOBHICTh BEPIIUH OPIEHTOBHOTO Tpady BiJl BXOLY 10 BUXOAY, a60 B HAIIOMY BUIIAAKY
paH)KyBaHHS aJTbTepHATUB ¥ 10 MaKCUMi3yeEMOMY j-My KPUTepilo Bifl HailKkpariol
aJbTepHATUBU 10 HAWMeHI Xopomioi. B iHmomy BuUMaaKy, OCKiJIbKM paHKyBaHHS
aJb-TePHATUB BU3HAYAETHCA IICJSA TEPeBipKU CyINepedIuBOCTI iHgopmallii, KOHTypu
BU3HAYAIOTh IPyNH ajabTepHaTuB, BusHaHux OIIP ekBiBajeHTHUMU 110 j-My KpHUTepilo.
OG6uncmoBaibHi BUTpaTH anropuT™My (OPMYBaHHS PaHKyBaHHS CKiaagaioTh: O(n) <
n + 3n’ S

[Momanna BuxigHoi indopmarii a1 BUGOpy 3a A0IOMOTOI0 paHKyBanb S', j=1,m
BUTIZIHO He TiJIBKKM Yepe3 eKOHOMIiIo maM’saTi mpu OOYMCIeHHSX (7 X m 3aMiCTh
m Xn xXn abo n X n), ajge U 103BOJUTH MiABUIUTH eDEKTUBHICTH BUOOPY, SIK MOMKHA
Oyne mobauntu panmi. Kpim Toro, 3acTocyBaHHsI BUKJAJEHWX BHUINE aJITOPUTMIB
3abesmeuye momepeaHio o6poOKy BuximHoi iHdopmarlii (oTpUMaHHS MPOCTUM i
JIOCTYITHUM €KCIEpPTy CIIocOO0M TIOBHOTO i TPAaH3WTHUBHOTO BiJHOIIEHHS TIepeBaru) 3
(bopMyBaHHSIM paHKyBaHb aJIbTePHATUB 32 KOKHUM KPUTEPiEM Ha OCHOBi IIPUBATHUX
marpuilb mepesar (1). ¥ pesysbrari OyayTh oTpuMmani:

* MaTpPUIl MOPSJIKOBUX HOMepiB 11 —( )—1 n,j=1lm;

* MATpPUIld PaHXyBaHb S = sqj),q—l n,Jj —1 m, e 5 NOpiBHIOE imeHTHdiKalliii-
HOMY HOMEpY i aJbT€PHATUBU X, 3 MOPSIIKOBUM HOMepOM I g = T, B PAmXUPOBIl Y

* MAaTPUISl €KBiBaJEHTHUX ajbTepHAaTUB D = di/.),z' =ln,j=1Lm

KpiM TOTO, 3HAAOOUTHCS TaKOK MATPUIS HaBeJIeHUX HOMEpIB
E —( ) =ln,j=1,m, ne e, — HOMep aIbTePHATUBHU X, B PAHKIPOBIIL Y, 10 BpaxoBye
HasBHICTH B Y a]H)TepHaTI/IB eKBiBaJIEHTHUX aJbTePHATUBI X, (AKIIO d # 0, Toni e,
JIOPiBHIOE MOPSIZIKOBOMY HOMEpY I1iCJisl 3aCTOCYBaHHS TIPOIEyPH 2, B IHHIOMy BI/IHaJIKy
e, =~ ).

biok-cxema anropuTMy paH;KMpPYBaHHS aJbTePHATHB Ha OCHOBI IONMAPHOIO
NOPiBHSIHHS TIpeJIcTaBleHa Ha puc. 1,

e ¥ — MHOXHHA aJbTePHATUB, IIPU IMOPIBHAHHI AKUX JOIYIIEHI IIPOTUPIYYL,;

X*— MHO)XKMHA aJbTEePHATUB, /IS SKUX BiJ[HOIIEHHS NepeBaru He € 3B’S3HUM.

SIKIO TIpu MOPIBHSHHI anbTepHATHB OyJIM OTPUMaHi pillleHHs, eKBiBaJeHTHI 3a
BCiMa KpUTEPIAMU, Bl KOKHOI TaKOI I'PYIU 3aJUIIAETbCA OJHE PillleHHd, a iHmi pi-
HIEHHS TPYTIH JIaJTi He PO3IJISAioThes. Taki anbTepHaTHBY BU3HAUAIOTHCS 32 I0TIOMOT0I0
marputti D. SIKIIo 1mic/ist BUKOHAHHS 3aBIaHHs BUOOPY PillleHHs BUSIBJSIETHCS HaKpa-
Mmoo anbrepHatnBoio, tofi OIIP gorinbHO po3risiHyTM Bci pilieHHS TPYMH, IO
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MPEICTABIAAIOTBCA /I iX MMOPIBHAJIBHOI OIIIHKK 32 IHIIMMU KPUTEPisAMU, 1110 paHilie
HE PO3IJIALANINC.

ITOYATOK

HQpiBHHHHﬂ aibTepHATUB Ta (OpMyBaHHSI MaTPHULb
B!=(bd ) k,r=1,n D=(dj).i=1,n,j=1.m

ExcnepT BinMOBIsIBCS Bin
NOpPIBHSHHSI X04a O OJIUH pa3

| OOGYHCINUTH MATPULIO JIOCSIKHOCTL B |

| OGUHCIUTH MATPHUIIO KOHTYPiB Z |

| i:{xiex:erﬁ(z,ﬂ:lA(dli#dkivd,J=O))} |

CUICTEMU TA METOIV OBPOBKV IHOOPMAIIIL

ITpoBecTH anaiis
cyrnepedHoCcTeit?

SIKIIO eKCIIePT BiZAMOBHBCS BiJ ITOPIBHSHHSI,
chopmyBaTu

X :{xi e X :Zn:b;i+zn:b;j —Zn:ziﬂ #n—l}
r=1 r=1 r=1

Tak

TposecTn noBTOpHE
TOPi BH SIH Hs1 ?

dopmyBaHHS paHKyBaHHS aJIbTEPHATHUB 34 j-M
kpurepieM. @opMyBaHHS j-IO CTOBILS MAaTPHULIL S
paHXyBaHb, I1 nopsiakoBux HomepiB, E
HaBEJICHUX HOMEPiB.

ITouryx
C©KBIBAaJICHTHHUX 3a
BCiMa KpUTEPisiMU

AIBTEPHATUB

Puc. 1. biok-cxema anroputMy paHKyBaHHS ajJbTepHATUB Ha IiJIPYHTI MOMNAPHOTrO MOPiBHAHHS

48 HayKoBO-MPAKTUUHWUN XKXYpHan



ISSN 2411-3816 CyvacHa cneuianbHa TexHika. 2017. N2 3(50)

BucHoBok

Takum 4MHOM, TIPOITOHYEMO BUKOPUCTOBYBATH METOJI ITONIAPHOTO MOPiBHAHHA /I
paHKMPYBaHHS aJIbTePHATHB 32 0OPaHUMU KPUTEPISIMU 3 METOIO TIOIIYKY OINTUMATbHOT
anprepHaTuBu. [leil mMeTos BuMarae KOMITIOTEpHOI peasisaliii y BUIJISII CUCTEMHU
HiATPUMKY TPUIHSATTS pillleHb, sAKuil Oyge BUKOPUCTOBYBATH OOYHMCIIOBAJIbHI
MOTY;KHOCTI JIJIT TIONIYKY aJIbTEPHATHUB, IX OIIHKY i BUOIp KJIIOUOBUX KPHUTEPIiB st
ONTUMI3allii, mic/aA 4yoro 1i BiZJOMOCTI HAAXOJAATH Y CUCTEMY.

CIIMCOK BUKOPUCTAHHUX JIZKEPEJI

1. Bu6in C.B., Xopowxo B.O. TlixTpumka OpUHHSATTS PpilieHb Tpu (HOPMYBAHHI TpPOTpPam
iHdopMarriitHoi GesneKku aepsKaBy: MOJIENi 3arpo3 i pusukiB. [HGoOpMaTHKa Ta MaTeMaTUYHI METOIU B
monemoBanni. T. 5. Ne 1. 2015. C. 77-84.

2. Biowx O.I1, Toxcuii O.II., Kopwesniox JI.O. Komir'iorepi cucteMy MiATPUMKHN TPUITHITTSI
pileHb: HaBYaabHUN nociOHuk. Mukosais: Bug-so YAY im. ITerpa Moruau, 2012. 380 c.

3. Moucosedh Tocappamano, Tapu Paiiau. Dxcreprhbie cucreMbl. [IpuHIMNB paspaboTKu U
nporpamMmupoBanue. 4-e u3panue. Bumbsmc, 2007. C. 1152,

4. lapuues O.H. Teopust 1 MeTObI IPUHATHS PELIEHNH, a Takske XPOHMUKa cOObITUI B BosmeOHbIx
cTpaHax: Y4eOHUK. 2-0e u3Z., nmepepab. u gon. Mocksa: Jloroc, 2002. 392 c.

5. Touenxo B.I. MeToabl ¥ CHCTEMbI TIOMJICPKKU TPUHATHS PEIICHUN. AJITOPUTMUYECKHIA aCIEKT.
Kwuis: Haykosa mymka, 2002. 382 c.

6. I'epacumos b. M., Tapacos B. A., Toxapes H. B. UenoBeKko-MallMHHbIE CUCTEMbBI TTPUHATH
pereHunii ¢ sIeMeHTaMu UCKYCCTBeHHOTO MHTesiekTa. Kues: Haykosa mymka, 1993. 183 c.

7. Kemenu [loc., Cnean [oc. Kubepruernueckoe mojenuposanve. Hekotopbie npuiosxenust. Mocksa:
Coserckoe panuo, 1972. 192 c.

8. Asen I1.0., Myunux U.b., Ocion A.A. DyHKIMOHAJBHOE IKATUPOBAHNE, arperupyroiinie
unaTerpanbHble nokasarean. MockBa: BHUW cucrem. nccnen., 1986, 44, [1] c. 22.

9. Ceamu M., Txynacupaman K. I'padwi, cetn u amroputmbl. Mocksa: Mup, 1984, c. 95, c¢. 318—
320.

10. Hegedos B.H. AnroputMudecKuil OAXO K Pelleriio 3a1ad Teopun rpados u ceteil. MockBa:
MAMU, 1990, c. 4-21.

Otpumano 02.10.2017
Pentensent Kopuenko O.I., a.T.H., mpod.

CHUCTEMI TA METOIVI OBPOBRV IHOOPMAIIII

49



