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OCOOCHHOCTBIO ATO# (DYHKIMH SBISICTCS OMHAPHBINA XapaKTep €€ 3HAUCHHIA.

C TOUKH 3pCHHS XaPAKTCPUCTHUCCKON (DYHKIIMU HEUETKUE MHOXKECTBA €CTh €CTECTBEHHOE 0000IIEHUE OOBIYHBIX
MHOXECTB, KOTJIa Mbl OTKa3bIBaeMCsi OT OMHAPHOrO Xapakrepa 3TOi (GYHKIMH M TpearoiaraeM, 4T0 OHa MOXET
MPUHUMATH 00l 3HaueHus Ha otpeske [0,1]. B Teopum He4eTKMX MHOXECTB XapaKTepHCTHUECKas (PyHKITHSL

Ha3bIBaCTCs (byHKHI/Ieﬁ. OPUHAJICKHOCTH, a €€ 3HAYCHHC IUA(X) — CTCHCHBIO MNPUHAIIICKHOCTH 3JJIEMEHTA X

HEYETKOMY MHOXKECTBY A.
Bonee ctporo, HEYeTKMM MHOXKECTBOM A Ha3bIBAETCSI COBOKYITHOCTH Tap

A={{%,,(9) ] x U},

rae f, — QyHKIMSA IPUHAIICKHOCTH, T. €. L, U- [0,1].
Hroro, B Hally ONTUMH3ALMOHHYIO 3aJady HEOOXOAMMO BKIIOYHTH HEYETKYIO (YHKIHIO NPHHANJIEKHOCTH
SJIEMEHTOB TPEHUPOBOYHOIO Habopa ﬂA(X)- B pesynpTaTe «uymb» OyIyT HMMETb MEHBIIYIO CTENEHb

MPUHAJIC)KHOCTH, YeM KOPPEKTHBIC 3HAYCHUS, U CYTh 3a/1a4ll B HEOOXOIMMOCTH MOCTPOCHHS TUIepIuiockoctu H,
pa3aensIoNiel 1Ba HEUSTKUX MHOXKECTBA.

B paboTte paccMaTpuBaNuCh BOMPOCHI MPUMEHEHHS METOJOB HWHTEIUICKTYyadbHOro aHanu3a naHHbIX (Data
Mining) mis omHOW W3 3amad oOecIeYeHHs] KOMIBIOTEPHOW Oe30macHOCTH — 3aladd BBIABICHUS BTOPKCHHU B
KOMIBIOTEPHBIE CHCTEMBI. [I0CKOIBKY TpaIuIIOHHBIE CHTHATYPHBIE METOABI He 00SCIEUHBAIOT MOJDKHOTO YPOBHS
3ammThel, ucnonb3oBaHue Data Mining meronoB B COB sBisieTcss akTHBHO pa3BUBAIOIIMMCS HAIPaBIICHHEM.
OcHOBHOE BHIMaHHE B padOTe yIEIeHO METOJaM aHAJIM3a JaHHBIX HAa OCHOBE IMOTCHIMAIBHBIX (YHKINH, KOTOPHIE
HepCHeKTl/IBHbl JJIs1 JAHHOTI'O HaHpaBHEHI/Iﬂ.

Wudopmanus, KoTopasi MOKET ObITh OCHOBOW MOCTPOEHHS ONMHMCAHHBIX METOJIOB, MOXET OBbITh I0JJaHa B Pa3HbIX
(dbopMmax, HATpUMeEp, B BHJC TPYAHO OOBSICHUMBIX MPOOJIEM B KOMIBIOTECPHBIX CUCTEMAaX, JUAMa30HOB IMOPOTOBBIX
3HA4YeHUH, MapaMeTPOB BXOJHOTO/BBIXOJHOIO Tpaduka, HENpeTyCMOTPEHHBIX aJpecoB IaKeTOB, aTPHUOYTOB,
BPEMEHHBIX [TapaMeTPOB, 3allPOCOB U T. [I.

OpmHako clieAyeT MOMHHTB, YTO peali3alys ONMHCaHHONH Mertoamku moctpoeHns COB Bpsmg nm 3aMeHHT
MIPOMBIIUICHHYIO MOJTHO(QYHKIIMOHATHHYIO CUCTEMY, C MHOTOJICTHHM OITBITOM pabOTHl Ha pHIHKE Oe3omacHocTH. B
mukie crated [1, 2] U maHHOW cTaThe MpearacTcs JIUIIb JOMOIHUTH (PYHKIIMOHAIBLHOCTH cucTeMbl SiteProtector
JOIIOJTHUTCIIbHBIM 3BpI/ICTI/I‘IeCKI/IM MOZ[yJ'IeM 06Hapy>1<eHI/151 aTaK Ha cnyqaﬁ IIOABJICHUA aTaKu, I10 KaKUM J'II/I6O
MPUYMHAM HEe BHECEHHOW B 6a3y NaHHBIX CUTHATYp aTak.

Jimepamypa: 1. I'onsika A. Takconomust, menoeHyuy pazsumusi cucmem oOHapys’cenus: emopaicenuil. «lIpasose,
HOpMamueHe ma MemponociuHe 3abesneuenHs cucmemu 3axucmy ingopmayii 6 Yrpaini» 2. lonaxa A.
Apxumexmypa, 63aumooelicmeue KOMROHeHmMO8, npeumywecmea Siteprotector. «llpasoge, Hopmamuene ma
Memponoziune 3abesneyenus cucmemu 3axucmy ingopmayii ¢ Vkpaini» 3. Eleazar Eskin Christina Leslie and
William Stafford Noble. The spectrum kernel: A string kernel for SVM protein classification. In Proceedings of the
Pacific Symposium on Biocomputing (PSB-2002), Kaua’l, Hawaii, 2002. 4. N. Cristianini and J. Share-Taylor. An
Introduction to Support Vector Machines. Cambridge University Press, Cambridge, UK, 2000. 5. D. E. Denning. An
intrusion detection model. IEEE Transactions o Software Engineering, SE-13:222-232, 1987. 6. W. Fan and S.
Stolfo. Ensemble-based adaptive intrusion detection. In Proceeding of 2002 SIAM International Conference on Data
Mining, Arlington, VA, 2002. 7. K. Muller, S. Mika, G. Ratsch, K. Tsuda, B. Scholkopf, "An Introduction to Kernel-
Based Learning Algorithms,” IEEE Neural Networks, 12(2):181-201, May 2001. 8. M. A. Ausepman, O. M.
bpasepman, JI. U. Posonosp. Memoo nomenyuanvnvix Qynkyuti 6 meopuu ooyuenus mawut. Hayka, Mocksa, 1970,
384 c.
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Anomayisn: JIoCHiNKY€ETbC MOMKJIUBICTL peantizalii MacoBHX NOBHHX MHiJCTAHOBOK 3a J0IOMOIOI0
HANPOCTIIIOro OJHOBHMIPHOI0 KACKaJly KOHCTPYKTHBHHMX MOJYJIB.
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Summary: A possibility of large-scal complete permutations realization with the simplest one-dimensional
cascade of constructive modules is considered.

Kniouogi cnosa: OpHOBUMIpHMI Kackal KOHCTPYKTHBHMX MOJYJiB, MOBHi NiICTAaHOBKH, MacoBi
MiICTAHOBKH.

Beryn

Poseutok Texuomorii I[TJIIC [1, 2] 3poOMB MOXIMBOI peaiizaililo B MiKpocxeMax (aKTHYHO ITOBLILHOTO
MIPOEKTY CIENiaTi30BaHUX KOMII IOTEPHHX 3ac00iB 32 KOPOTKHH MPOMIXKOK dacy. Lle cronykae 1o po3poOku METOMIB
Ta IHKEHEPHUX METOJUK CTBOPEHHS alapaTHUX 3aco0iB CIEMialli3oBaHUX OOYHCIIEHb, NMPAKTHYHE BUKOPHCTAHHS
AKHUX paHime OyJo He 3aBXIW eKOHOMIYHO MouiapbHMM. CIoAM MOXKHA BiHECTH 3aCO0M UIA peaizamii pe3yibTaTiB
JOCTIKCHb B TAaKWX PO3JijIaX MaTeMaTHKH SK CKiHYCHI TPYNH Ta CKiHUEHI MO, SKi MAalOTh BaXKJIUBE MPAKTHYHE
3HAYEHHs, HANpHKIaJ, Y 3aBaJoCTIHKOMYy KOAYBaHHI NpW mepenadi iHpopMmamii KaHaiamu 3B’S3Ky, YIIIIbHEHHI
JIaHUX, B KpUNTorpadiuHux MepeTBOpeHHsAX Ta iH. [IpukiagoM Takux clieniani3oBaHUX OOYHCIEHb € IiJICTAHOBKH.

[lincTaHOBKOIO HA3WBAIOTH B3AEMHO OJHO3HAYHE BiMOOpa’kKeHHS MHOKUHH ITEPIINX HATypPaTbHUX k ymcen Ha cebe
[3]. MHouHa yucen MmiACTAaHOBKH B 11boMY BHnajaky mae Buriig {0,1,...k — 1}. [ToBHOIO migcTaHOBKOIO OynemMo
HA3MBATH MiACTAHOBKY, ju1st sikoi k=2n, ne 1 - nesike maTypasbHe umcio, MO BU3HAYAE PO3PSIHICTH MiICTAHOBKH.

MakcumanbHa TPOJYKTHBHICTH amaparHol peajizamii —creriaji3oBaHHUX OOYMCIIEHb 3a0e3leduyeTbest 3
BUKOPUCTAHHAM KOMOIHAIlIMHUX CcXeM. B3arami ckiIagHiCTh KOMOIHAIIHMX CXeM 3pOCTae eKCIIOHEHIHHO 3i
3pOCTaHHIM KUTBKOCTI po3psaiB K, mo mMoxe oOMeXHTH e(pEeKTHBHY pealli3allifo JOBUIBHUX MAacOBHX ITiJCTaHOBOK.
3amada po3poOku ePeKTHBHOI CTPYKTYPH [UIA peati3amii MicTaHOBOK 3BOJUTHCA, 3 OTHOTO OOKY, O AOCIHIiKEHHS
BJIACTHUBOCTEH MiACTAaHOBOK, III0 MOXYTh MPHU3BECTH IO CIPOINEHHS iX amapaTHOI peaji3alii, a 3 iHIIOTO OOKY — 10
MOIIYKY TPOCTOI TEXHOJOTIYHOI CTPYKTYpH, IO JO3BOJSIE pealli3yBaTH Taki IiJCTAHOBKH. 3a TaKy CTPYKTYpY
MOYXHA NPUHHATH OJHOBUMIPHHIA KackajJ KOHCTpYKTHBHUX MoayniB (OKKM), crpykTypHa cxema SKOTo mojiaHa Ha
puc. 1, ne koxxHMH KOHCTpyKTHBHUIA Moayss (KM), sk 1 kackaj y uinomy, € komOiHauiitHo cxemoro. CTpykTypa
KM nonana na Puc. 2. Bynemo BBaxkaTH, 110 Ha NepBHHHI (He OOKOBI) BXOAM KOXKHOTO KOHCTPYKTHBHOTO MOJYJIS
MMOJTAIOTHCSI PO3PSAAM IBIMKOBHX KOJIIB i3 MOHOTOHHHM 3POCTaHHSAM HOMEpIB, a Ha ITEPBHHHUX (HE OOKOBHX)
BHXO0JIaX KOXKHOTO KOHCTPYKTHBHOTO MOAYJsi (DOPMYIOTBCS 3HAUEHHS PO3PSIIB PE3YJNbTATIB i3 TUMH CaMUMH
HOoMepamu. OcobOmuBoctssMu OKKM € TeopernmuHa HEOOMEXKEHICTh PO3PAOHOCTI BXIAHHX 1 BHUXIIHHUX ITaHHUX
(IUIIXOM  HApOIIyBaHHSA KIUTBKOCTI KOHCTPYKTHBHHX MonyiiB), To6to Ha OKKM peami3yloThCsl MacoBi
nepeTBoproBayi iHpopMalii 3 JIHIHHOIO 3aJIKHICTIO CKIIaJHOCTI pealti3anii BiJ KiIbKOCTI PO3PSIIB.

SIKIO KiNBKICTh OOKOBUX BXOIIB 1 BUXOJIB i3 KOKHOTO OOKY JOpIBHIOE OAMHMIN, TO Taki KacKaaud Ha3HBaIOTh
npoctumu [4]. Sxuo npu nbomy Ha koxxHHIH Moxyiib OKKM monaetbcst oauH po3psia BXiAHUX JaHUX, HA BUXOAAX
MOyt (OPMYETBCSL OZIMH PO3PsA PE3yNbTaTy, TO Taki KackaJu Ha3MBaloTh Haiinpoctimmmu. Ha Puc. 3 nonana
CTpYKTYypa HaimpocTimoro KM.

TeopeTnyHa MOXKIMBICTD peaii3allii HOBHHUX IIJCTAaHOBOK Ha CTPYKTypax Takoro THIy AOCIiKyBaiacs B
[5]. Meroro manoi cTaTTi € po3poOKka METOMMKH pealizallii HOBHUX MiJICTAHOBOK 3a JOIMOMOTO HAaHIpPOCTIIIOrO
6araToMo/IyJIbHOTO KacKaay KOHCTPYKTHBHUX MOJYJIIB.

OCHOBHA YaCTHHA
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Pucynok 1- Crpykrypa OKKM
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Pucynok 2 — Crpykrypa moays kackany OKKM
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Pucynok 3 — CTpykTypa HAHNPOCTIIIOro MOXYJIst

IIpakTuaHmii iHTEpEC Mae peaizailisi MAaCOBHX MOBHUX ITiICTAHOBOK, TOOTO IMiJICTAHOBOK, 3HAYECHHS PO3PSITHOCTI
apryMeHTy SKuX mpobirae aeskuit psn HaTypaidpHUX gnces. Ctpykrypa OKKM mo3Bosie 30imbpIryBaT po3psAHICTD
BXIIHUX MAaHWX IUIIXOM HApOIIYBaHHSA KiTBKOCTI MOMYIMIB, aje HEOOXimHO 3a0e3medyBaTd peati3almiio MOBHHUX
MiICTAHOBOK Ha KO’KHOMY KPOIIi TAKOTO HapoIryBaHHS. IIpy 1[bOMY MOXKIIMBI HACTYIIHI 1Ba BapiaHTH. 3a MepLIUM 3
HUX HOBUH MOIYJH IO KACKaIy MOXKE ITiJKIFOYATHCh TITBKU 3 SKOICh OJHIE] CTOPOHU — a00 31 CTOPOHM MOJIOMIINX
po3psmiB, abo 31 CTOpPOHM CTapIIHX PO3PAiB. s MOmaibIIOro Ie HE Ma€ CYyTTEBOTO 3HAYCHHS, TOMY OyaemMo
BBA)KaTH, 110 HOBI MOAYJI 0 KacKajy IiAKIIOYAIOTHCS 31 CTOPOHM CTapIIUX po3psiiB. 3a APYruM BapiaHTOM HOBI
KM MOXyTh HiIKIIOYaTUCh SIK 31 CTOPOHHM CTaplMX, TaK i 31 CTOPOHM MOJIONIIMX PO3pSIiB. Y BHIAAKY
Harnpocrimnx OKKM Oynemo BBaxkaTH, 110 3HaYSHHs PO3PSAHOCTI mpoOirae psin HaTypanbHux uucen (nN=1, 2,
3,....). JopeuHoro € HacTymHA METO/IMKa MOOYJOBHM Ta BUBUCHHS BIACTHBOCTEH N-po3psaHoro OKKM: (n -1)-
po3psimauii OKKM posrsinaerbess sk okpemuit (N — 1) po3psiiHUN KOHCTPYKTUBHMH MOJIYJb (0 TEBHOI Mipu
ITHOPYIOUH BHYTPIIIHIO CTPYKTYPY), OO SIKOTO IMiJKITIOYAEThC HaHmpocTimmid ogHopo3psnamii KM. Ile mo3Bomse
BHKOPHCTATH PE3yNIbTaTH JOCTIKESHB 3 peaii3alii MOBHHUX ITiICTAHOBOK Ha TBOMOIYJIEHOMY KacKasi, SIKi HaBeIeHI B
[5] Ta cyTh IKMX MOJSITa€ B HACTYITHOMY.
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Ipoctuii nBOMOmynbHMH Kackan 3o00paxeHuid Ha puc. 4. IlosHaunmo X, KOpTeX (BHOPAAKOBaHY

HOCJIIIOBHICTb) apryMEHTIB <X1’X2"'Xt>’ 10 HaAXOAATh Ha NEepBUHHI BXoau mpasoro Monyns OKKM (momomuri

pO3ps/IM apryMeHTy), ananoridno X, . —><xt+l,XH2,...Xn> — KOPTEX apryMeHTiB, LIO HAJXOAATh Ha TNEPBHHHI

BXOJIM JIiBOTO MOJyJIs (CTapili po3psau aprymenty), F, — xoprex QyHkuii (fl, fz,..ft>, IO peasli3yloThCsl Ha

NEePBUHHUX BHUX0Jax mpasoro moayns OKKM, amanoriuno F,, —)(fm, fHZ,...fn) — Kxoprex GyHKUiH, mo
pealizyloThcsi Ha NEPBUHHMX BHXonax jiBoro moxayias OKKM, S;, — MHOXuHa KOJIB 3Ha4eHb apryMEHTIB i3
xoprexka X, S;,;, — MHOXHHA KOJIiB 3HAY€Hb aPryMEHTIB i3 X, ,

Posey 1

i
I

PucyHnok 4 — JIBomoay /ibHUI Kackajg

3nayeHHs JoriyHoi QyHkmii f, (X“) Ha OOKOBOMY BHXOJIi MPABOTO MOMYJIS MOIIIAE MHOXHMHY S, Ha HBi
HIMHOXMHM S, 1 S, Tak, mo mmi Oynp-iKHX 3HAYCHb apryMEHTiB &,,d, €S, (a1 # az) 3HaueHHs (QyHKIiT
f, (al) # f, (az) , BignosiaHo F, (al, Xiin ) =F.1n (az, van) , IS OyIb-SIKHX b.b, €S, (b1 # bz)
fo(b)=f (b)), Bimnosimo  Fp (b, X.1n)=Fuin (B Xisn)s @ Fupn (80 X0 ) # Fuon (B0 X))

(fr (a,)# f, (bl)) 3rigHO 3 HAaBENEHWM, ABAa KOPTEXi JOTiYHMX (YHKI[H OyIEMO BBAXKATH OJHAKOBUMH, SIKIIO: 1)

BOHH MICTATh OJTHAKOBY KUIBKICTh (DYHKIIH; 2) QYHKIIT KOPTEXKY 3aJeKaTh BiJ OMHUX 1 TUX CaMUX 3MIiHHHX; 3)
GbyHKLUIT 3 0HAKOBMMM IO3MLISIMU B KOPTEXI PiBHI MK c00010. AHAJOriYHO MO3HAYMMO S, 1 S, HIIAMHOXKHMHH

KOJIIB apryMeHTiB i3 X,,,, Ha sKi Po30MBACTBCS MHOXKHHA S, , 3a 3HaueHHsM joriunoi pymkuii f, (X,,,n).

1
[InasxoM NEKapTOBOTO MHOXKEHHS MOXKHA yYTBOPHTH HACTYIHI MHOXWHH KOJXIB apryMmeHtiB i3 X: S, =S xS,
S =5,%S,, S, =S,xS,Ta Sy, =S, xS,. YTBOpeHi MHOXUHM IONAPHO HE MAalOTh CIUILHUX EIEMEHTIB, a ixX
00'eIHaHHs TIOPiBHIOE S, — MHOXHHI BCiX KOJIiB apryMeHTiB i3 X.

ITaporo migcTanoBku 6yneMO HA3MBATH BIOPSAKOBAHY Iapy KOAIB — KOy aprymenty i3 S, (abo S, ) Ta koxy
3HaueHb GyHkuii (ani — koxy Gpynkuii) i3 koprexy F,, (abo F., ). Hexaii P, - MHOXHHA Map MiICTAHOBKH 3
Komamu (DyHKIH i3 F (X“,C), KOJIM apryMeHTH i3 X, IPUAMAIOTh BCI MOXKIJIMBI KOAM i3 MHOXHMHU S, , a T —
MHOKMHA T1ap MiACTaHOBKH 3 Koxamu (yHkuii i3 F +1n(el,Xt +ln)’ ko aprymentu i3 X,,;, NpHiiMaloTb Bei

. . . . N A A A A N
MOJTHBI KOJH i3 MHOXHHH S . AHAJIONIYHO BUSHAYNMO MHOXKHHH NIap MiACTaHOBKU P, , T, P, Ty Ta Py, Ty

VYkazaHi MHOXKWHH TIap MiJCTAHOBKH OJTHO3HAYHO BHU3HAYAIOTH IMOBHY IMiJICTAHOBKY Ta KOPTEXK QYHKIH F (x ), STK1

. o . A . . .
peanizye nBOMOXYNbHMH Kackan Hamami MHOXHHM P" Ta T 3 OXHAKOBHM KOMIIIGKTOM JTEPHHX iHJCKCIiB

OynemMo Ha3UBaTH CIIOPiTHCHUMH.
Sk mokazano B [5], skmo xoprex ¢yHkuiin F (X ) BITBOPIOE IIOBHY MiJCTAHOBKY, TO KOJIU (YyHKUIHA map
MiJICTAHOBOK, SIKi MICTATBCS B OJHIH 1 Till ke MHOXHHI ITap MiACTaHOBKH, pi3Hi. Lle 1a€ MOKITUBICTS Ha 0a31 MHOXWH

A A

. A A A A A A
l1ap ImACTaHOBKH Pca' Tca’ Pda' da’ Pcb’ ch Ta de’ Tdb C(i)OpMyBaTI/I MHOKHHH Pca’ Tca' Pda’ Tda’ Pcb’

J x:! de , Tdb , B SIKUX CJIEMCHTaMU OyIyTh JIUIIC KOAU (PYHKIIIH.
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Just Toro mo0 xopTex (QyHKUIH, KU peai3yeTbesi NPOCTHM JBOMOIYJIBHHM KacKa/JoM, BiITBOPIOBAB IIOBHY

MiICTAHOBKY, HEOOXIHO, 0O CYKYMHICTh MHOKHMHY 3Ha4eHb Qpynkuiii P (a6o T ) pozousanuck na 1Bi mapu Tak,
00 MHOKHHH, SIKi HAJIEXaTh J0 OJHIET Mapu HE Malli CIIJIBHAX €JIEMEHTIB i Oyii TOMMOBHEHHSM OJHA JI0 OJTHOI B
MHOXHHI Slt (abo St +1n)> TOOTO 3rimmo 3 [5] 3abe3nedysanach 0alaHCHICTh Ta OPTOrOHAIBHICTH JIOIIYHHX
¢bynxuii i3 koprexiB F, ta F_, .

MokuBI TpW BapiaHTH PO3OUTTSA YOTUPHOX MHOKMH KOAIB (VHKIIH Ha ABI Tapw, 0 HEOOXITHO I
3abesneyenns GamancHocti. Ilepmmii Bapiant (mosnaunmo ioro a) — (P, P.), (P, Py, ). Apyruii Bapiant

de )’ (Pda ’ Pcb ) Yy

KO’KHOMY 13 IIMX BapiaHTIB BHIUIAMO JIBa BHIIAJKH HASBHOCTI CIIJIBHUX CJIEMCHTIB, IO BaXKIMBO IS 3a0¢3MCUCHHS

(mosuaunmo iioro 6) — (P, Py, ), (Py . Py, ). Tperiit Bapiant (mosnaunmo ioro 8 ) — (P,

OPTOroHaNbHOCTI. Y mepimoMy 3 Hux cepen dotupbox muoxud P, Py Py, Py xonis dynkuiii icayiors tpu

MHOXXHHH, SIKi TOTIAPHO MAOTh CIUIBHI eJIeMeHTH (ToO0TO, 000B’SI3KOBO iICHYE MHOXKHHA, 5IKa Ma€ CITUIbHI €JIEMEHTH 3
nBoMa iHmmMMH). Taki THITM KOHCTPYKTHMBHUX MOJYINiB OyaeMo mo3HauaTh mudpoto 3. B npyromy Bumaaky cepen

MHOHH Pca ,

MHOKHUH MOXKE MAaTH CHUIbHI €JIEMEHTH JIMIIC 3 ONHI€I0 3 iHImUX). Taki THIU KOHCTPYKTUBHUX MOIYIIB OyIeMO
mo3HavaTh NUPpPoro 2.

TakuM YHHOM, MOKHA BUJIUINTH HACTYIIHI THITH KOHCTPYKTUBHHX MOJYJIB MPOCTOTrO JIBOMOIYJIBHOTO KacKamy:
3a, 306, 3B, 2a, 20, 2B. XapakTepUCTHKH IAHUX MOAYJIB HaBeleHi B [6]. 3araJibHi BIACTHBOCTI THIIB MOIYJiB
neomoynsHoro OKKM HaBeneni B Tada. 1.

Pcb,Pda, de MOTIAPHO CTIJIbHI €IEMEHTH MOXYTh MAaTH TiIbKWA JBI MHOXXHHH (TOOTO Oyab-sika 3

Tabmums 1

O3Haka BXO)KEHHSI MHOXKHH B TIapy 3a 3HAYCHHSIM KOJTy Ha OOKOBOMY BXOJIi Ta O0KOBOMY
BUXOJ[I KOHCTPYKTHBHOTO MOJTYJIs

3a 0JHAaKOBUM 3a 0JHAaKOBUM 3a pi3HUMH KOJIaMU .
Tun moxyns . . . . BokoBa QyHKIis
KOJIOM Ha BXOJi KOJIOM Ha BUXOJlI Ha BXOJIi i BUXO[Ii
MHoxMHU napy He | MHOXUHM napu MHOXUHU Tapu
Tun 3a MaloTh CIIJIBHUX MOXYTb MaTH MOXYTh Matu ciinpHi | JloBibHA
€JIEMCHTIB CIUIBHI €IEMEHTH €JIeMEHTH
MHOXuHU nTapu MHOXHWHU NTapu He MHoxuHU napu
Tum 36 MOXYTh MaTH MAIOTh CIIJIBHUX MOJXYTh MaTH CIinbHI | PiBHOMIpHA
CIIUTBHI eleMEeHTH €JIEMEHTIB eIIEMEHTH
MHOXUHU Tapu MHOXUHU Tapu MHOXHHY apH HE
Tun 3B MOXYTh MaTH MOXYTh MaTH MAaIOTh CIIJIBHUX JoBinbHa
CIUTBHI €IEMEHTH CIUTBHI €IEMEHTH €JIEMEHTIB
MHOXUHU NTapu HE MHOXUHU TTapu He
. MHOXUHU nTapu . .
Tum 2a MalOTh CILIIBHUX . MalOTh CILJIBHUX JloBinbHA
. CIIBIAIAIOTh .
€JIEMEHTIB €JIEMEHTIB
Muoxunu napu He | MHOXUHU Napu He
. . MHOXuUHU nTapu . .
Tun 26 MarOTh CITITHHUX MalOTh CITITBHUX . PiBHOMIpHa
. . CIiBIAAIOTh
€JIEMEHTIB €JIEMEHTIB
MHOXUHU NTapu He MHOXUHU NTapu He
MHOXuHU nTapu . . . .
Tun 2B . MAalOTh CHIIBHUX MAaIOTh CIIJIBHUX PiBHOMIipHA
CHIBIAJIAIOTh . .
€IIeMEHTIB €JICMCHTIB

Sk mokasaHo B [5], MOBHI MiJCTAHOBKM MO>KHA pealli3yBaTH 3a JOIIOMOTO0 apy MOIYJIiB HACTYIHHUX THUMIB: (3a-
2a), (36-2B), (38-20), (2a-2a), (2a-20), (26-2B), (2B-2B).

Ha ocHOBI HaBeneHHMX pe3yNbTaTiB PO3IITHEMO iTepauiiiHuii nmpouec GpopmyBanHs N-pospsaHoro OKKM (Puc.
5), CTBOpEHOro 3 HaWMpOCTIIIMX MOIYNIB 3a mepmuM Bapiantom. Hexail n=1, Toxi BiANOBIIHO 10 TEpLIOTrO
BapianaTy nepmuii Moxyns OKKM He Mae G0KOBHX BHUBOJIIB B CTOPOHY MOJOIIIHUX po3psaniB. DyHKist HA OOKOBOMY
Buxozi mepmoro KM B cTOpoHY cTapmiux po3psIiB 3aJIeKHUTh Bill OAHIEl 3MIHHOI, TOMY MOJJIHBI JIAIIEC YOTHPH
BapianTH GopMyBaHHS MHOXKHH So Ta Si: mepmmit — So={0}, S;={1}, fr1= X; apyruit — So={1}, S;-{0}, f;1= not x;
tpetiii S = {0,1}, S; =&, fu= 0; yerBeptuit. Sg =J, S; ={0,1}, f;1= 1. IIpu KOHKpPETHOMY 3HauYCHHI 3MiHHOI Ha
6okoBomy Bxoji miepmoro KM (0 a6o 1) Ha mepBHHHOMY BHXOJI MOIYJISI peai3yeThesi (BYHKIMSI 3MIHHOI X, SKa B
CBOIO 4epry Mo)ke OyTH TOTOXXHBOIO, iHBepciero, koHcTaHTOlo — 0 abo 1. Ilepemik BCiX MOXIMBHX BapiaHTIB
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PEAJIIBALIA IIOBHUX ITI[]CTAHOBOK 34 JJOIIOMOI' OO BAT'ATOMO/]YJIBHOI'O KACKA/IY ...

nozanuit B Tabmuui 2, ae fo1(0,X)- GpyHkuis Ha mepBuHHOMY BuXo.i mpu 3HaveHHi 0 3MiHHOT Ha GOKOBOMY BXO[i,
fo1(1,X) - byHKIUIs HA MEPBUHHOMY BUXOJI NPH 3Ha4eHHI 1 3MiHHOI Ha GOKOBOMY BXO/Ii.

Tabmuis 2
f01(0,X) for(1,X) fr1(X) Tur Momyist
0,1 0,1 0,1 -
0(1) 0(1) X, X -
0 (1) 1(0) X, X 2B
0,1 X, X 0,1 -
0,1 X, X X, X -
X, X 0,1 0,1 -
X, X 0,1 X, X -
X, X X, X 0,1 2al
X( X) x( X) X, X 22
x( X) X (X) X, X 26

I3 Bcix MoxMBMX KOMOiHamii QyHKUiH Ha OOKOBOMY Ta INEpBHHHOMY BHMXOAI 3rigHO 3 [5] HeoOXimHO
BUKJIFOUUTH KOMOIHAI{, B SKUX OOMIBI (YHKIIi € KOHCTaHTaMH. TaKMM YMHOM MOXITUBI JIUIIE HACTYIHI THUITH
HaWnpocrimux KM — 2al, 2a2, 26 ta 2B. BinmiTumo, 110 y BUNaaKy MOIYJIs THITY 2a2 BiJICYTHS 3aJI€XKHICTb (QYHKIIIT
Ha TIEPBUHHOMY BHXO/JIi BiJ 3HAUEHHS Ha OOKOBOMY BXOJi, a y BHMAAKy THITy 2al — ¢yHKIiZ Ha GOKOBOMY BHXOII
MOy € KOHCTaHTO0. KpiM TOro, MOAyIi THITY 2B HE Pealli3yroTh MiAcTaHOBKY Ipu N=1. Takuii THI MOIYIiB MOXKe
OyTH BUKOPHCTaHHUN B HACTYITHUX iTepalisix.

BuznaunMo nepeMukanbHi QYHKITII, SKI peatizyloTh MOIYIII BiIITOBIJHAX THITIB.

Tym 2al.

1 for(fhoX1) =1, fr (x1)=0

2. for(fho.x1) = notxy, fry (x1)=0
3. for(frz,X1) = Xa®fpp, fry (X1)=0
4. for(fra,X1) = not X, @fpy, fry (x1)=0
5. fo(fhex1) = X1, frn (x1)=1
6. for(fho.x1) =notxy, fry (x1)=1
7. for(fr2,X1) = X1®fng, fry (x1)=1
8. for(fn2,X1) = not X, @fpy, fry (x1)=1
2a2
1 for(fraxe) =Xa, fu (X1)=Xa
2. fo(fraX1) = not xy, fry (X1)=Xy
3. for(fhoX1) = X1, fr1 (X1) = not x;
4. fo(fhoX1) = not xy, fry (X1) = not x;

1 for(fra.X1) = X1 ®fha, fra (X1)=X1

2. for(fha,X1) = not X, Sz, fry (X1)=x1

3. for(fra.X1) = X1 ®fpa, fr (X1)= not X3

4 fol(fhz,xl) = not X1®fh2’ fl’l (Xl): not X1

5. for(fha:X1) = fra, fra (X1)=X1

6. for(fha,X1) = not fi, fr1 (X1)=X1

7. for(fro.X1) = o, fra (X1)= not x;

8. for(fro,Xx1) = not frp, fry (X1)= not x;

BigmiTuMo, 110 KUIBKICT MOYJIB KOXKHOTO 3 THIIB MOBHICTIO y3TOJDKYETHCS 3 TEOPETUUYHHMHU PO3paxyHKaMH,
HaBEJICHUMU B [6].

Posrasinemo apyruit BapiBHT nmoOymosu OKKM. Hexait n=2, nepmia itepauis. PosrimsiHemo noriuni ¢yHKuii
Haiinpocrimoro KM (Puc. 3) mpu #oro miakmouerni B OKKM na puc. 5 — foo(fhs, X2, fr1), fro(fhs,X2), fra(Xa,fro).
Skmio 3adikcyBaTé KOHKpeTHE 3Ha4ueHHs fh3, TO (akTHYHO OmEPKUMO CTapLIKil MOAYIb JBOMOAYJIBHOTO KacKamy
(Puc. 4.). Takum yunoM, Haibnpoctimmit KM Mae 1Ba TMIIM B CTOPOHY MOJIOJIIMX PO3PSIiB, siki mo3Hayumo LO ta
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L1. Ockinbku ¢yukiii f0,(0,X,, fry), Ta fo,(1,X2, fri), (Bimmosimuo fpo(0,X2), Ta fhp(1,X;)) He 3amexHi oxHa Bin
onuoi, To sk LO, tak i L1 Moxyrs OyTu Oynap-sikMMH i3 HaBeldeHuX Bumie 12 rtumiB. [ns peanizauii moBHOT
MiCTaHOBKH, 3TifHO 3 [6], HEOOXigHO 1 JOcTaTHBO, MO0 Oymp-skuil i3 TumiB LO ta L1 OyB cymicHmii i3 THIIOM
nepmioro Moxayds. [pu mbomy dyrkitist fro(X2,fr1) Moxe Gyt moBinsHOM0. BigzHaunmo, 10 TBOMOIYIBHUN KacKajl
peaiizye aBi moBHi migcTaHoBku (mpu f3=0, Ta fz=1). Xapakrep bynxuii f;»(X,fr1) Mae 3HaueHHs npu BU3HAYEHHI
iy «06’emaanoro KM» i3 mepiroro ta npyroro MoayiiB. OueBUIHO, IO THI MOXKe OyTH e 2a, 3a Ta 26.

Jpyra Ta HaCTyIHI iTepamii BUKOHYIOTECS aHaJorigHo. B3araii #iMmoBipHIM THIIOM «00’eHaHOTO KM) € THm 3a,
1110 00Mexye mijikaroueHHs: HacTymHux KM muine Tunamu 2a, TOMy BKJIMBUM € BU3HAYCHHS YMOB, IPH BUKOHAHHI
akux «o0’eqnannii KM» Oyne maru tunu 2a ta 26. HampsiMok BupimieHHs i€l 3afadi mosisrae B HacTYIHOMY.
Kosxna 3 1BOX TiIcTaHOBOK «06’€iHanoro KM» € B CBIO 4epTy JIEAKOIO EPECTAHOBKOKO ENIEMEHTIB i3 MHOXKHUHM S, .
JIBi mepecTaHOBKM B CBOIO Yepry YTBOPIOIOTH IMiJICTAHOBKY, SIKa XapaKTEPU3YeThCs CBOIMHU LUKIAMH. Tomy, SKIIO
¢dyukuis fri va (i — 1)-i#t iTepauii npuiiMae 0HaAKOBI 3HAUYEHHS B MeKaX OyIb-AKOr0 LHUKIY, TO «00’eqHanuii KM»
Oy/e HasexaTn 10 TUIy 2a. SIKII0 KiJbKICTh eJeMEHTIB OyIb-SIKOTO UKy MapHa, a Gyukis f; Ha (i — 1)-iit itepamii
npuiiMae pi3Hi 3HAYEHHS Ha MTOJIOBHUHI €IeMEHTIB OyIb-sIKOTO MUKy, TO «00’ eqHannit KMy Oyzne Hanexatu 10 THITY

26.
Fon T Fu:u3 T FDET Foq T

Ft'n Fhy Fh3 Fh2
- ] » - . - * 0 — g | E— | T — |
Fr Fr.3 Fra Frq
- | o n-1 * - - Za — T — — —— L

] S B

Pucynok 5 — Haiinpocrimmii 6araromonynsanii OKKM

Jpyruii Bapiant mo6ymosn OKKM. Tyrt, Ha BimMmiHy Bim momepenaboro, ¢yHkmis fro(X2,fr1) HE Moxe Gytn
JosineHOK0. Ipu ¢QikcyBanHi 3HaYeHs fj oTpuMaeMo T B cTOpoHy cTapmux po3psanis — HO ta H1. KM srigso 3
puc. 3 B IbOMY BHIAJKy Xapakrepusyerbes uerBipkoro tuniB — HO, H1, LO, L1, nanpuxnan 2al, 2a2, 26, 2al. B
mpomy traHi OKKM B mimoMy MoXe TpakTyBaTHCh SK OIMH MOAYJNH 31 CBOIMH TIPaBOCTOPOHHIMH Ta
JiBOCTOPOHHIME THIaMH. HOBHMIT MOIYITB 10 Kackagy MOJKE MiAKITIOYaTHCS SK 31 CTOPOHH MOJIOJIINX PO3PSAIIB TaK i
31 CTOpoHH crapmux po3psniB. llpm MiAKIIOYEHHI MOXYNS JO APYroro Moxmynis abo 10 Kackamgy KOXXHHN
JIBOCTOPOHHIH THI MOIYJIS Mae OyTH CYMICHHUM 3 KOXXHUM IIPaBOCTOPOHHIM THIIOM IIOTIEPEIHBOTO MOAYJS YU
Kackay. 3rigHo 3 [6] e € HeoOXiTHOO 1 JOCTaTHBOI YMOBOIO /uIst BiTBOpeHHs HOBMM OKKM moBHUX MiICTaHOBOK
npu OyAb-SIKMX 3HAYEHHAX Ha MPaBOMY OOKOBOMY BXOJIl IEPIIOr0 MOAYJIS Ta JTiBOMY OOKOBOMY BXOZi OCTaHHBOTO
MOJTYJISL.

[lnsxoM noBHOTO Iepebopy BCiX MOXJIMBHX (DYHKLIM (SK Ha NMEPBUHHMX BUXOJaX, Tak i Ha OOKOBUX) OyIo
JOBEJICHO iCHYBaHHS 75 Pi3HMX KOMOIHamiid MpaBOCTOPOHHIX Ta JIIBOCTOPOHHIX THmiB Haimpoctimmx OKKM, mo
MOXYTh OyTH BUKOPHCTaHI i peawi3amii MmoBHOI mincTaHoBKH. [Ipm moOymosi Haimpoctimux OKKM i3
PO3TIHYTHX MOAYIIB HEOOXiTHO NOTPUMYBATHCH CyMicHOCTI ThIiB. CyMICHICTh THIIB 3TiTHO 3 HONEpPETHIMH
TBEPIDKCHHAMH 3a0e3Iedye peanizallilo IIOBHUX ITiICTAHOBOK 3a JOMOMOTO0 Kackaay Hainpoctimux OKKM.

MopenoBaHHA po0oTH KacKkaay

JInst miaTBEpIDKEHHS PEe3yNbTATIB TEOPETUIHOTO JoCiikeHHs Hanmpocrimoro OKKM Oyma pospobiena
nporpama [7], ska Jo3Bosisie MojenoBaTH poOotry Haimnpocrimoro Heperymsipuoro OKKM Tta mnpooautu
Kiacudikamilo MOIyJIiB 3a BUSHAYCHUMH THIIaMHU. [IporpaMa BUKOHY€e HACTYIHI (YHKIIT:

- IepeBipka MOKJIMBOCTI peaizallii MOBHOI ITiICTAHOBKH IIPH 33JaHUX YMOBAX;
- BU3HAYCHHS TUIY 00’€THAHOT'O KOHCTPYKTHBHOT'O MOJYJIS, 10 YTBOPIOETHCS 3 ACKIJIBKOX HAWIPOCTINIHX;
- BU3HAYCHHS NUIIXOM IOBHOTO Tepedopy BCIX MOXJIMBHUX THIIB KOHCTPYKTHBHUX MOIYIIB, IO
YTBOPIOIOTHCS 3 NAapU HANUMPOCTIMINX MOIYIIIB.
B pesynprati MmogemtoBaHHs poOoTH Haimpoctimoro OKKM Oynu oTprMaHi Taki pe3yabTaTH.
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AJITOPUTMU KOAYBAHHA-JEKOQYBAHHA Y3AT AJIBHEHHUX 3ABAJOCTIMKHUX KOMIB...

1. Bci naiinpocrimi KM MokHa po3aimuTy Ha 5 Ipyll 3a 03HAKOIO HAassBHOCTI Ta KUJIBKOCTI IX THIIIB: MO,
10 HE MalTh JXOIHOTO THUMNY (Taki MOIyJNi HE MOXYTh OYTH BUKOPHMCTaHI JuIsi peaji3auii ITOBHHX
MiICTAaHOBOK), MOAYIIi, 10 MatoTh 1, 2 a6o 3 Tumw (Taki MOIyJi MOKYTh OyTH BHKOPHCTaHI IS peamizamii
MOBHUX IIiICTAHOBOK 3a TMEBHUX YMOB) i MOAy’mi, O MarTh BCi 4 Tumm (Taki MOyl MOXYTb OyTH
BUKOPHUCTAaHI JJIS peatizallii TOBHUX IiICTAHOBOK).

2. Kinpkicte koMOiHAII YOTHPHOX THIIB NOpiBHIOE 75. [Ipu mboMy, SIKIIO OAWH 3 TUIIB MOIYJS € 2B, TO BCi
1HII HOTO THITH TAaKOX 2B.

3. Mopaymi, cycinHi THIN SIKUX € CYMICHAMH, Peaji3yloTh MOBHY ITiJCTAHOBKY.

4. Slkmo mapa MOIYJIB pealli3ye IOBHY IIJICTAHOBKY, TO ii 00’€IHAHMH THUI 3aBXAM HAICKHUTH 0
Kiacudikaii, 0 HaBe/IeHa BUILE.

5. Illnsxom moBHOro nepedopy JOBEACHO, IO 00’ €AHAHUI THUI TBOX MOJYJIIB HE 3aJIC)KUTH Bijl THUITIB MOJIYJIIB,
a TIABKHU BiJl KOMOiHamii OOKOBUX Ta ocHOBHMX (YHKIH. [Ipu mpoMy, SKIO Kackaj MOIYJIB pealizye
MOBHY HiJICTAHOBKY, TO HOro BiINOBiAHUI 00’ eqHanuii T 2a, 20 abo 3a. SIkiio kackaja He peasi3ye MOBHY
MiICTAaHOBKY, TO foro 00’eHaHuil THIT a00 HE BXOIUTh B HaBEJCHY BUIlle Kiacudikailito, a00 2B (OCTaHHIH
BHIIAIOK Ja€ MOXIIMBICTh HAapOIIyBaTH Kackan). Momymi tumy 30 Ta 3B He MOXKYTh OYTH OTPUMaHI MIITXOM
00’€THaHHS TBOX HAWMPOCTIMIAX MOJYIIB MOIYJIB.

BucHoBku

B crarTi po3mIsSHYTO METOAMKY peaii3amii IMOBHMX IIJICTAHOBOK 3a JOIOMOIOI0 HaWMpOCTIIIOro KacKamy
KOHCTPYKTUBHHMX MOJYJIB IPU JOBUIBHIM po3psaHOCTI mijcTaHoBOK. KoXHUI Takui MOJyib Mae MPOCTi JIOTIUHI
(yHKIIIT, KacKas JIErKo HapOILy€eThCs, TOMY peajli3alis K OKpeMOTo MOJYJIsl, TaK 1 KacKaJia B LIJIOMY 3a JOOMOTOI0
CYJaCHUX TEXHOJIOTi He BHUKIIMKAE YCKJIaJHEHb. TOMYy METOJ € IEpCIeKTHBHMM i peanizamii MacoBHX
MiICTAaHOBOK JOBIIBHOI po3psaHocTi. HeoOxigHo BigmituTH, mo HaimpocTimuii OKKM Mmoske peanisyBaTé A0 JBOX
pizHEX migcraHoBoK Ha Hadmpoctimux OKKM mepmioro BapiadTy i 10 YOTHPHOX Pi3HHUX IMiACTAaHOBOK VIS APYTOTO
BapianTy HavnpocTimux OKKM; ams nporo HeoOXiTHO JUIIE 3MiHUTH 3HAYCHHS Ha OOKOBUX BXO/aX.
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VIIK 681.3
AJITOPUTMHU KOIYBAHHS-IEKONYBAHHS Y3ATAJTbBHEHHX
3ABAJIOCTIMKHAX KOIIB JIVISI 3ABE3NEYEHHS IIIJIICHOCTI
B YMOBAX IIPMPOJIHUX BILJINBIB

Bauecnae Bacunenko
Hayionanvnuii asiayitinuii ynieepcumem

Anomayin: JIns BUKOPHCTAaHHA B 3aJadax 3a0e3nedeHHs uigicHocTi iHdopmaniiiHnx 00’€kTiB B ymoBax
NPUPOJHHUX BIUIMBIB NPONOHYIOThCH Yy3arajlbHeHi 3aBaJlOCTiliki KOAM 3 yJOCKOHAJCHUMM AJrOPUTMAMH
KOAYBAHHS — ICKOYBAHHSI.
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