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MOAEJIb BUBHAUYEHHSA PIBHA EOEKTUBHOCTI
BUKOHAHHA CITVIBHOI'O MIPOEKTY B MEPEKEBUX
WEB-PECYPCAX HA OCHOBI KOMYHIKATUBHHUX
IHOKA3HUKIB

IO. €. SApemuyk, JI. O. Hikidoposa, A. A. lllusan, B. X. Kacissnenko

BiHHUIIbKHI HAIIOHATBLHHUNA TEXHIYHUIN YHIBEPCUTET,
ByJ. XMeJbHHUITbKE 1mIoce, 95, Binnuis, 21021, Ykpaina; e-mail: yurevyar@vntu.net

IMocraBieHo 3amauy MOZENIOBaHHs PiBHS €(EKTUBHOCTI BUKOHAHHS CIUIBHOTO TPOEKTY B
MepexxeBUX Wweb-pecypcax 3 BHUKOPHUCTaHHSAM KOMYHIKATUBHHMX TMOKa3HHKIB. BBemeHo
CHCTEMY KOMYHIKaTHBHHUX ITOKAa3HHUKIB, SIKI XapaKTepU3yIOTh IHTEIPaIbHO BECh KOJEKTHB Y
uistoMmy. BOHM BUMIPIOIOTH IHTErpajbHUH piBEHb EMOLIHHOIO CTaHy KOJEKTHBY, IO
BIUIMBA€E Ha €()EeKTUBHICTh HOTO MisSUTBHOCTI.

KarwudoBi ciioBa: MonemoBaHHs, web-pecypc, CHiJbHA JisUIBHICTB, KOMYHIKaTHBHI
TOKA3HUKH, KOJIEKTHB.

Beryn

MepexeBi web-pecypcu Bce yYacTillleé BUKOPUCTOBYIOTbCS JUISl 31IMCHEHHS MPaKTUYHOL
JISTIBHOCTI. Byke AaBHO cTajli HOPMOIO Tak 3BaHI BIPTyasbHiI (pipMH, a coliaibHI Mepexi
YCIIIIHO BUKOPUCTOBYIOTHCS JUISl 3/IMCHEHHS COLIAJIbHUX MPOEKTIB. BaxknuBuM ¢akropom
IIpY BUKOHAHHI CIUIBHOI JISJIBHOCTI B paMKaX BUPOOHMYOIO YW COLIAJIBHOIO MPOEKTY € Ta
o0OcTaBHHa, 110 OKPEMI JIFOJU 3TYPTOBYIOTHCS Y KOJIEKTHB BHACIIJJOK CBOTO BJIACHOTO BUOODY.
[Ipu 1boMy CTaOUIBHICTH Ta €(PEKTUBHICTh TAKOI'O KOJEKTHBY 3aJ€KUTh, BHACIIAOK LBOTO,
nepeAoBCiM Bifl IHPOPMAIIHHO-TICUXOJIOTIYHOTO KIIIMATY.

VY KoJiekTuBi, SIKUH COPMOBAHO Ha OCHOBI MEpEKEBOTro web-pecypcy, €peKTUBHICTh
BUKOHAHHSI MPOEKTY 3aJIeXUTh B 3arajJlbHOrO pIBHS ICUXOJOTTYHOrO0 KOM(pOpTy, 110
BiJUyBa€ KOXK€H y4yacHMK. [Ipudyomy Liell MOKa3HHMK, Y CBOIO 4epry, 3ajJeKUThb BiJ pIBHSA
KOM(OPTHOCTI CIUIKYBaHHS 3a JOTIOMOTOIO TEIIEKOMYHIKAIIMHOI Mepexki, Ha 0a3l sKkoi i
c(OpMOBaHO Takuil BIpTyaJlbHUN MPOEKTHUM KOJIEKTUB.

AHaJIi3 0CTaHHIX J0C/Ti/KeHb Ta myOJiKkanii

B [1, 2] po3risimaeTbcs MUpPOKE KOJO 3amad MOJETIOBAaHHS AUUIBHOCTI JIFOACH Yy
CoLllaJIbHUX Mepexkax, IMPOTe yBara 30Cepe/PKeHa Ha OMKCI MEpeX Y BUIIISLAL IpadiB, BY3IU
AKUX (JIFOJIM) XapaKTepU3YIOThCS TUIBKM KUIBKICTIO 3B SI3KIB MDK HUMHU. B paMkax Takux
MIAXOIB TPAKTUIHO HEMOKIIMBO 3IIHCHUTH MOJICITIOBAHHS CIUIBHOI MISUTHHOCTI JIFOICH.

B [3] po3risHyTO HIMpOKEe KOJO 3ajJad 3 MOJENIOBaHHS 1H(GOPMALIHHOTO BIUIUBY B
colLllaJIbHUX Mepexax. Ajle BUKOPUCTAaH1 MO/JIEN1 HE BPaXxOBYIOTh OCOOIMBOCTI JOBIOTPUBAIOL
KOMYHIKallii JItoJIell B yMOBax CHUIbHOI AISTIHOCTI.
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Po6Gora [4] noBoANUTD, IO AISUIBHICTD JIOAEH € BaKIMBUM (PAaKTOPOM CTPYKTYpPYBaHHS
COLIIaJIbHOI I'PYIH, fKa 3B’s3aHa 32 JOMIOMOI'0I0 TEJIEKOMYHIKaLIHOT MEpexi.

B [5] po3pobneno marematuyHuil anapat Ajsl MyJIbTHAareHTHUX MEPEX, B SIKUX B SIKOCTI
areHTIB BUCTYMAIOTh JIFOJIM, U0 IPUWMAIOTh pilleHHs ab0 3/1ICHIOI0TH BUOIp, Ta M00ya0BaHa
TOMoOJIOTiyHA Kiacudikais comiabHUX Mepex. Kiacudikaiis ocHoBaHa Ha po3poOIIeHIM
kiacudikarii roaen 3a TUnaMu ePeKTUBHOCTI CHUIbHOI MisibHOCTI. OfHAK B IIM TOMOJOTIT
HE BPAaXOBYIOTh 1H/MBIIyaJIbHI IICHUXOJIOTIYHI XapaKTEPUCTUKHU JIFOJUHU, K1 MPOSBIAIOTHCS,
HaIpPUKIAJ, Y paMKax eMOLIHOTo 3agapOyBaHHs BITHOCHH IO TOI'O UM IHIIOI'O KOMYHIKAHTA.

TakuM unHOM, mpoOiemMa BpaxyBaHHS €MOLIMHOT CKJIaJOBOI KOMYHIKAIli mpu
BUKOHAHHI CHUIBHOTO TMPOEKTYy B MEpeXeBUX Wweb-pecypcax 3aJIMIIAETbCsl BCE 1€
aKTyaJbHOIO B HayKOBOMY IUIaHl. [IpakTuyHa HIHHICTS il pO3B’sI3aHHS MOJAra€E B TOMY, IO ii
pe3yabTaTH J103BOJISATH IPOTHO3YBATH PiBEHb €EKTUBHOCTI BUKOHAHHS CIIUIBHOTO MPOEKTY.

Mera crarTi

Memoro cTaTTi € po3podka MoeNl BU3HAYCHHS €(EKTUBHOCTI BUKOHAHHS CITUTBHOTO
MPOEKTY B MepexeBux Web-pecypcax Ha OCHOBI KOMYHIKaTUBHHUX MOKa3HUKIB.

OcCHOBHA YacTHHA

PosrnsitHemo 0OMiH MOBIIOMJIEHHSIMHU, SIKUMH OOMIHIOIOTHCSI KOMYHIKAHTH B IpoOIieci
BUKOHAHHSI CHUIBHOTO mpoekTy. LI moBigjomiieHHS MOXyTb OYyTH BIJHECEHI /10 TPhOX
MOJTIOCIB: CXBaJibHI, HECXBAJIbHI, HEUTPAJIHHI.

CxBasibHI NMOBIAOMJICHHS Y CBOIH NepeBakHIM OUIBIIOCTI B1IOOpaXaroTh MMO3UTUBHUI
EMOIIIMHUN CTaH aBTOPa MOBIJOMIJICHHS 1 CBITYAaTh PO MOTO €MOIIIfHE CXBAJICHHS JISUTBHOCTI
oTpuMmyBauda. HecxBaibH1 MOBIIOMIIEHHS CBIIYATh MPO HETaTHBHE €MOIlIHE BIAHOIICHHS 10
oTpuMmyBaua. Hapemrti, HeMTpaabHI MOBIIOMIICHHS — 1€, HaldacTiie, abo MOBIMOMIICHHS —
KOMEHTapii 1110710 poboTH, abo  CBIIUEHHsI 0aliy’KOCT1 10 OTpUMYBaya.

Beenemo Taki moxasmmku. Hexali X — HasBHICTb CXBaJIbHOTO (IIO3MTHBHOTO)

NOBIIOMJICHHSI, @ X, — HasBHICTh HECXBAJIILHOTO (HEraTUBHOIO) MOBIJOMIICHHSI, SIKI OTPHMY€

[ - Ta JIIDJWHA BiJ CBOTO j -TO KOMYHIKaHTa 4epe3 MepexeBuil web-pecypc. Tenep st onucy
BHKOHABI[IB CITUTLHOTO MPOEKTY MO’KHAa 3aCTOCYBAaTH METOJHM COIIOMETPUKU, BBEJCHI
Jx.MopeHno B [6]. Ane 1l TOKa3HUKH OMHUCYIOTHh JIUIIE KOHKPETHY JIIOJAWHY, a HE BECh
KOJIEKTHB y IioMy. Buibm Toro, iHTepmperalis IHMX IMOKA3HUKIB 1HOMAI HE € JIOCTaTHBO
mpo3opoto [7, §].

B [7, 8] mns omucy KOJEKTMBY B LUIOMY OYJIO 3ampONOHOBAaHO HIKUYCHABEICHE
y3arajibHEHHS Py COMIOMETPUYHHUX IMOKAa3HUWKIB. Tak, /I i-TOT1 JIOJUHU MOKHA BBECTH
MOKa3HUK, SIKUH BIOOpa)Kye COPUUHATTSA HOTO KOJIEKTUBOM, 3a Takoro (popmyrnoro [7, 8]:

Ci:% ZX;_ZX; (N-1)+1}. (1
7 7

Tyr N — KUIBKICTb JIFOJIEH Y KOJIEKTUBI.
Jliig onucy cTaHy y BCboMy KOJIeKTHBI (1) moTpiOHO ycepeaHUTH 10 BCIM IpalliBHUKAM:

1
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3HaueHHsl IOKa3HMKa, PO3paxoBaHOro 3a (opmynow (2), npuiiMae nuIIe AO0JAaTHI
3Ha4eHHs 1 o0iitmae iHTepBai [0,1]. [Ipu npomy 3HaueHHS Toka3HUKa C —> 1 € MO3UTUBHHUMH,

0 CBIAYUTH MPO T€, IO, «B CEPEAHHOMY», WICHH BUPOOHUYOTO KOJEKTHBY MO3UTHBHO
BITHOCSTHCS OJIMH JIO OJTHOTO (CXBAJIOIOTH JAISUIBHICTD OJTHE OJHOTO).
AHaJOTITYHO MO’KHA BBECTH III€ TaKl MOKA3HHKH, SIKI XapaKTePU3ylOTh BITHOIICHHS i -

. . . o + .
TO1 JOAMHU OO0 CBOr0 j-r0O KOMYHIKAHTA. Hexaii Zl] — € HAasjdBHICTh CXBaJIBHOI'O

(MO3UTUBHOTO) TOBIMOMJICHHSI Bif [-TOI JIOAWMHU JI0 CBOTO j-IO KOMYHIKaHTa dYepe3

MepexeBuil web-pecype, a Z;; — HasBHICTb HECXBAIBHOTO (HETaTHBHOTO) MOBIXOMIICHHS,

BinnoBigHO. Toxi, ananoriydo (1) Ta (2), oTpumyemo Taki Gopmyu:
1
E=—|| X2 - 27 | [(N-1)+1], (3)
J J

1
F= 25 )

[loxa3uuku, pospaxoBaHi 3a ¢dopmynamu (2) Ta (4), BIIHOCATBCA 1O BCHOTO
IIPOEKTHOT'O KOJIEKTUBY Ta IHTEPIPETYIOTHCS aHAIOTTYHUM YHHOM.

[Ipu npsmyBanHi nokazHukiB C —>0 Ta E —> (0 MOXHa 3pOOMTH BHCHOBOK, IO
MDKOCOOOBI BIIHOCHUHHM Yy JAOCHII)KYBAaHOMY KOJICKTUBI € «HEraTUBHHUMH» 1 HE CHIPUSIOTH
epextuBHOCTI mpani. [IpsmyBanHs 000X mnoka3zHukiB 10 0,5 CBIAUUTH, 110 MDBKOCOOOBI
BITHOCHUHHU € «OaiaykumMm» abo «HetpanbHuMu». Konu sx o0uaBa NOKa3HUKH NPSIMYIOTh 10
1, TO 1€ CBIMYUTH, IO MDKOCOOOBI BITHOCHHHN Y BUPOOHHUYOMY KOJIEKTHBI € «ITO3UTHBHUMI)
Ta COPUSIIOTH MIIABULIEHHIO €()EeKTUBHOCTI Mparil.

BuxopucroByroun HaBeleHy BHIIE IHTEPHIpETAIilo, MOXHAa 3alpONOHYBATH TaKy
dbopmyny Uil €IMHOTO IHTETPOBAHOTO TOKAa3HWKA, SKUM Oyae XapakTepu3yBaTH IUIOBI
XapaKTEePUCTUKH BUPOOHMYOI'O KOJIEKTUBY SIK €IMHOTO LILIOTO:

(5
W=p -C+p,-E,

p,, D, - NapaMeTpu, 3HalJEHl eKCIEPUMEHTAIbHUM LUILIXOM (HAapUKIAJ, 13 ONUTYBAaHHS
eKCIepTiB). SIk MpaBUII0, YACTO MOYKHA MOKIAAaTH p, + p, =1.

Ileii mOKa3HMK MOXXHA Ha3BaTH «IOKAa3HUKOM JIUIOBOTO KOMQOPTY». Horo
iHTepnperalis € Takow. Komu W — 0, ToO B JaHOMY KOJIEKTHBI CKJIQJIMCS TaKl BIIHOCUHU
MK fOro 4ieHaMH, SIKi HeraTMBHO BILIMBAIOTH HA PE3Y/IbTATH JISIBHOCTI KONEKTHBY. Moro
MPaIiBHUKA HE BBAXKAIOTh CBIM KOJIGKTUB NOCTaTHBO mpodeciitnum. Komu W — 0,5, 1o y

KOJICKTHBI TIaHy€e OalIy>KICTh K OJIHE O OJHOTO, TaK 1 0 AISTIBHOCTI KOJICKTUBY B IILJIOMY.
Hapewrti, xomu W —1, 1O mnpodeciiiHa Ta €KOHOMIYHA ISUIbHICTh KOJEKTHUBY BHCOKO
OIIHIOETHCS MOTO WIEHaMHU, BUCOKUN PIBEHb B3a€EMOMIITPUMKU HOBUX 11€H TOILIO.

B [8] BBeaeHo mie nBa IHTErpaibHI MOKA3HHUKH, SIKI XapaKTEPU3YIOTh CHUIbHY poOOTYy
CHIBPOOITHUKIB KOJIEKTHBY. BOHM MOXYTb CIYyXKHUTH AJii OLIHKUA CTYIEHS 3TypTOBAHOCTI
KOJICKTUBY, a TaKO JUI OLIHKM HasiBHOTO PIBHSI KOPIOPATUBHOI KyJIbTYypH y KojiekTusl. Lle
1HAEeKC B3aeMHOCTI G Ta iHAEKC KOHGiKTHOCTI Y. Benmuuumna inmekcy B3aemHOCTI G
PO3paxoBYETHCS K YACTKA TAKUX MAap KOMYHIKAHTIB y KOJIEKTHUBI, IKUM IPUEMHO IPaLIOBaTH
OJMH 3 oAHUM. YuM OublIa KUIBKICTh MO3UTHUBHUX Iap Y KOJEKTHBI, TUM BUIIUM € PIBEHb
MMO3UTUBHOI 3TYPTOBAHOCTI Ta B3a€EMHOCTI KOJIGKTHBY. Ha BigMmiHy Big mNONEPEIHHOTO
MOKa3HMKA, 1HIAEKC KOH(QIIIKTHOCTI Y BH3HA4Ya€ 4acTKy HETaTUBHUX Iap, TOOTO map TakuX
CHIBPOOITHHUKIB, SIKI HE XOUYTh IIPALIOBATH Pa30M.
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BpaxoByroun 1mie 111 ABa MOKa3HHUKH, B [7, 8] 3amponoHOoBaHO 00’€HATH 1X y €IWHUM
IHTETpaIbHUN «TIOKAa3HUK IICUXOJIOTTYHOTO KOMPOPTY» 3a TaKo0 (PopMysioro:

P=(G-Y+1)/2. (6)

[HTeprpeTanis HbOro MOKa3HUKA € TAKOIO.

Komu P —1, ue BiAmoBigae TOMY, HIO0 KOXEH CHIBPOOITHUK KOJIEKTHUBY 3TOJEH
MpallOBaTH Ta CIUIKYBATUCS 13 KOXKHHUM IHIIMM HOTO YIEHOM, IO € IeaIbHUM 3 TOUKHU 30pYy
ONMHCY KOJIEKTUBY SIK €IMHOrO IIoro. TakoX 1€ CBIIYUTH MPO BUCOKUN pIBEHb
KOPIOPAaTUBHOI KyJIbTypH y BUPOOHHYOMY KOJEeKTUBL Skmo P — 0, To 1e BiANOBIIae
CUTYallii, KOJIM KOKEH MpalliBHUK KOJIEKTUBY aKTUBHO HE 3T0JIEH IIPALIOBATH Ta CIUIKYBAaTUCS
Hi 3 SKMM IHIIAM YWICHOM KOJIEKTHBY. 3BHYANHO, 1€ € HAWTIPIIOI0 MOXJIMBOIO CHUTYAIIIEIO.
Komu % P — 0.5, 1e BignoBifgae cutyarlii, KOJU KOJEKTUB «y CEPEIHBOMY» € OAlITy>KUM 10
KOJIEKTHBHOI CITIBITpaIli, 110, 3BUYaifHO, € HeOaKaHUM 1711 BAPOOHUYOTO KOJICKTHBY.

[TopiBHiotoun (5) Ta (6) Ta cnuparUMCh Ha TOTOXKHICTH iX IHTEpIpeTalidl, MO>KHa
BBECTH €UHUI «IHTErpaJIbHUN MOKA3HUK €(PEKTUBHOCTI CIUIbHOI AIIIbHOCTI KOJIEKTUBY»:

I=q,-W+gq,-P. (7)

Tyr g, Ta g, — Baru, sAKi BIANOBIJAIOTh BINIMBY KOXKHOI'O 13 IIMX MOKa3HUKIB. LI Baru MoxHa
a00 BHM3HAYHUTH EKCIEPUMEHTAIBHO, a00 K 3HANTH 3a JOMOMOTOI eKCIepTiB. SIK mpaBuio,
IIPU PO3paxyHKax BUKOPHCTOBYEThCS TaKe CIIBBITHOUIEHHA: ¢, + ¢, =1.

3naueHHs1 [ — 1 Oyze BIANOBIIATH BUCOKOMY PIBHIO €(PEKTUBHOCTI CIIUIBHOI AISIIHOCTI
KOJIEKTUBY 1 CBIJUUTHU MPO T€, 110 AAHUN BUPOOHUYMI KOJIEKTHUB SBJIIE COOOIO €IMHE LILIE, €
3TYpPTOBaHWN 1 MPUCTOCOBAHMM A0 CHUIbHOI poOotu. 3HaueHHs [ — 0.5 xapakrepusye
Hec(OpPMOBaHMM KOJIEKTUB, a [ — 0 BIINOBIAA€ KOJEKTUBY, IKUW € HEMpale31aTHUM.

OO0roBopeHnHs pe3yJibTaTiB

KomynikatuBuuil mokasHuk / (abo, B 3aJ€KHOCTI BiJ IOCTaBJIEHOI 3aJayl, OKpeMi
nokasuuku C, E, W Ta P) MOXHa BUKOPUCTOBYBAaTH JJIsi PI3HUX 3ajad 3 YyIpaBIiHHA
e(EeKTUBHICTIO BUKOHAHHS CHUIBHOTO MPOEKTYy B MepexeBux web-pecypcax. Hampukian,
MOXHa BHJIUIATH (32 METOJOM Iiepebopy) B KOJIEKTUBI THX JIO[EH, BUIAJICHHS SIKUX
MPUBOJUTH J0 3POCTAaHHSA TOrO YM IHIIOIO KOMYHIKaTUBHOIO mHoka3zHuka. B [8] me Oyno
BUSIBJICHO Ha MPHUKIAJl peaibHUX TPYAOBHUX KOJEKTUBIB Ta Oysl0 pO3poOJIIEHO METoJ s
PO3paxyHKy €KOHOMIUHOT €()eKTUBHOCTI BiJ] MMOKpAIIEHHS KOMYHIKaTUBHOI KOM(OPTHOCTI B
KoJekTuBl. B [9] omumcaHo Meroj po3paxyHKy HAacHiIKIB 13 31iMCHEHHs 1H(OpPMaLiiHOTO
BIUIMBY Ha TIEBHHUX JIIOJIEH B COIIANbHIM Mepexi. OTpumaHi BUINE pe3yJIbTaTH Har0Th
MOXJIMBICTh SIK BUSBUTH THX JIIOJEH, Kl SIKHAWCWIbHILIE BIUIMBAIOTh HA COLIAJIbHY TpYITY,
10 OOMIHIOETHCS TTOBIIOMJICHHSIMH Yepe3 TeIEKOMYHIKAIIHY MEpexy, TaK 1 CIPOTHO3yBaTH
HACJIJKU Bil BUJAJICHHS LUX JIto/ieH 13 rpynu (abo Bl iX TUMUYAcOBOT 130JI1Iil Bi/ HET).

BucHoBxku

Ha ocHOBI BHUKOpUCTaHHS KOMYHIKATMBHMX TIOKa3HUKIB BHUpILIEHO  3ajJady
MOJICJIIOBAHHSI BHM3HAUYEHHS PIBHS €()EKTUBHOCTI BUKOHAaHHS CHUIBHOTO TIPOEKTY B
MepexeBUX web-pecypcax. BBemeHo cucTteMy KOMYHIKAIIMHUX  TMOKAa3HUKIB, 5Kl
XapaKTepU3ylTh IHTErpaJibHO BECh KOJIEKTUB y LUIOMY. BOHM BHUMIpIOIOTH IHTETpajlbHUN
piBEHb €MOLIIHHOTO CTaHy KOJIEKTUBY, 110 BIUIUBA€E HA €(EKTUBHICTh HOTO HiSIILHOCTI.
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OJIEJIb ONPEJAEJIEHUSI YPOBHS D®®EKTUBHOCTHU BBIINOJHEHUS OBIIETO
MPOEKTA B CETEBBIX WEB-PECYPCAX HA OCHOBE KOMMYHUKATUBHBIX
MMOKA3ATEJIEN

IO. E. Spemuyk, JI. A. Hukudoposa, A. A. Illusn, B. X. Kacusaenko

BuHHUIIKHH HAIIMOHABHBIN TEXHUUECKUH YHUBEPCUTET,
yi1. XMeJbpHUIIKOe 1occe, 95, Bunnnna, 21021, YkpanHna; e-mail: yurevyar@vntu.net

IocraBiena 3amaya MoOAENMPOBAaHUS YPOBHS S(GQGEKTUBHOCTH BBIMOIHEHHS OOLIETO
MPOEKTa B CETEBBIX web-pecypcax ¢ UCIIONBb30BAaHUEM KOMMYHUKATHUBHBIX MOKa3aTesew.
BBezieHo cucteMy KOMMYHUKAaTUBHBIX TIOKa3aTenel, KOTOpble XapaKTepU3ylOT HHTEIPaJIbHO
BEChb KOJUIEKTHB B IeioM. OHM HM3MEpSIOT HMHTETPAIBHBIA YPOBEHb 3MOLMOHAIBHOTO
COCTOSIHHS KOJUIEKTHBA, YTO BIHSET Ha 3()(EKTUBHOCTD €T0 EITEbHOCTH.

KnarwouyeBble  cjioBa:  MoienupoBaHue, — web-pecypc,  oOmas  JIeATEIbHOCTb,
KOMMYHHKATHBHBIE TIOKAa3aTEeNH, KOJIEKTHB.

SIMULATION TO DETERMINE THE EFFICIENCY OF DEVELOPMENT OF A COMMON
PROJECT IN NETWORK WEB-RESOURCES BASED ON COMMUNICATIVE INDICES

Yu.Ye.Yaremchuk, L.A. Nikiforova, A.A. Shiyan, V.Kh. Kasiyanenko

Vinnitsa National Technical University
95, Khmelnytske roadway, Vinnytsya, 21021, Ukraine; e-mail: yurevyar@vntu.net

The problem was stated as follows: to simulate the efficiency of the development of a
common project in network web-resources based on communicative indices. A system of
communicative indices was introduced to characterize integrally the whole team. These
indices were used to measure the emotional status of the team influencing the efficiency of
the team.

Keywords: simulation, web-resource, common activity, communicative indices, team
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EVALUATING METHODS OF THE PROJECT SOLUTION
EFFECTIVENESS IN INFORMATION SECURITY SYSTEM
DEVELOPING BASED ON RESOURCE MAPS

State University of Telecommunications,
7, Solomenskaya str., Kiev, 03680, Ukraine; e-mail: pavlov@ukr.net

The article presents methods of quantitative valuation of project decision effectiveness in
information security system development.

Keywords: absolute efficiency, relative efficiency, methods, project, resource maps,
information security systems, the effectiveness of the project (design) decision.

Problem

Determination of the design decision effectiveness is a non-trivial task. In most cases,
the assessment of effectiveness is made subjectively, as a rule on the basis of experts’
assessments by known methods. It is based on narrow area experts’ opinions in the field of
information security and it’s not carried out a systematic analysis of the efficiency of
decision-making process upon information security system creating.

In most cases, when creating information security systems the rating systems are used.
On their basis the calculation of quantitative factor of decision-making process is fulfilled. In
practice, such systems are quite specific and often mostly persecute motivational goals than
the real purpose.

Indeed, determining the effectiveness of decisions is based on the principle of
comparative characteristics of some standard set of actions, decisions or results. But wrong
decisions, taken at the design stage, lead to information leakage due to detected during
operation protection mechanism vulnerabilities.

Therefore, the search of a common approach to determine the quantitative methods of
evaluating the effectiveness of the design decisions during creating information security
systems is a challenging problem.

Analysis of research publications and reports

Analysis of research publications and reports confirms that publications describing the
procedure for evaluation the effectiveness of the systems is not determined by quantification
of total project solutions, and available estimates do not allow us to determine the
requirements for information security systems as complex systems.

So in [1-4] there is a general formal approach to the creation of information security
systems, but the quantitative evaluation performances of the decision in the design of
information security systems have not been revealed.

In [5] there is a common approach to determine the quantitative approach for evaluating
the effectiveness of project management, but the peculiarities of information security system
design are not defined.

10



[HOOPMATHUKA TA MATEMATUYHI METO/I1 B MOZEJIFOBAHHI = 2015 = Tom 5, Nel

In [6] the requirements for complex systems, which are the systems of information
security, are determined. But the problem for the developer is how to take these requirements
for information security systems into consideration.

In [7] a general methodology of requirements for information security systems is
shown, but it is necessary to define the quality requirements of the decision-making with such
approach as resource maps. This approach allows a more careful approach to assessing the
quality of the decision.

Thus, the purpose of the article is a method for assessment the effectiveness of project
decisions during creating information security systems based on resource maps.

Main part

% ¢¢

In design methodology we often use the terms “management efficiency”, “effectiveness
of management decisions”. These terms reflect the efficiency of interaction between
subsystems and systems that transform inputs into outputs and job management system as a
whole. One of the main requirements to management is a quality requirement, that must
necessarily be considered from the standpoint of a systematic approach. This requirement
involves consideration of quality management system from the standpoint of a higher level
inherently complex systems, which are information security system [6].

In [5] it is given an attempt to determine the range of tasks associated with the general
approach of determining the effectiveness of complex systems, which indicates the need to
partition the concepts of “effect” and “efficiency” and, to the author's view, it is given the
correct research vector, where the “effect” should be understood as a result or consequence of
certain actions, and “efficiency” — as a property of actions that lead to the effect.

That is the efficiency is determined by some function of several parameters of the
system, and the effect — by the integral sum of the function of time.

For project management, as a result of which a quality solution must be formed, we’ll
define efficiency, as defined property of management project, which is objectively reflected
as the degree of achievement of the objectives’ tree taking into account the cost of resources.

Let’s show the following definitions: properties of information security system - some
functional, that combines a set of functions of information security system for their further
conversion into function of efficiency. Efficiency function can be built only in a system with
adequate control mechanism (e.g. intrusion detection system), which provides an objective
assessment of management results. Under the information security systems design
management results we have to understand the timely and qualitative implementation of the
planned design works with expected quality.

In fact, the efficiency function is a function with delay, as a result of management can
be assessed by the certain time only, and therefore it is necessary to further define the
mechanism of timely response. The mechanisms of deviation from the expected value range
earlier inform stimulation are called preventive self-control mechanisms (5).

Highlighting the above, we can come to the conclusion, that the effectiveness of project
management solution is a function of time, which objectively reflects the degree of adequacy
between the expectation and the actual state of affairs. This is the essence of performance
indicator and determines the nature of the phenomenon.

In practice information security management systems regularly take partial solution to
use various security mechanisms, each of them brings its contribution to the final effect.

So, let’s divide the concept of “efficiency of design decisions” on absolute E, and

relative £, terms.
The absolute indicator E, means the effectiveness of the decision about extreme limits,
for example, a particular phase of work:

11



I. Pavlov

EO=1 1, T (1)

where f. — resource absorption factor for the mentioned period, which is the ratio of the
planned resource to realized resource values; f, — the quality factor, which characterizes the

value of customer responsiveness for the mentioned period; f, — the completion factor, which

characterizes the completion magnitude of the process in relation to the planned project time.

The resource absorption factor plays a key role in making design decisions, its
reflection can be found in the method [5], therefore this figure is taken as the main
performance indicator in the calculation of the efficiency of design decisions. For example, as
a resource the financial costs may be taken, in this case this factor reflects the index of the
value:

_S
f=c" )

where C, — project costs, which are incorporated in the said time 7; C, — actual costs at a

specified time ¢.

In one line with the coefficient of resource absorption is an important indicator of the
quality of performed work. In practice, it’s not always possible objectively to assess the
quality of non-completed works and the results of the performed individual works from the
total work. Therefore, in the planning process checkpoints are assigned, which help to check
the quality of performed works, as a rule in a percentage.

Completion factor ( f,) considers the degree of completion of the transaction in relation

to a given period:

1, (1) (T, + Az(t)
- T,-7,(t) ’ )

I

where 7,(¢) — the total duration of the planned project work for mentioned time (¢); 7,(r) —
the total duration of the actually performed project work on the time (¢); 7, — the total

duration of all the planned works of the project; Az(¢#) — the factor that characterizes the time

change of the project implementation.
In a case when the work or a work package is on the critical path, then this value
(factor) is the time difference between actually carried out works and planned ones:

Azr(t)=7,()—7,(). 4)

For example, if the value of the project work is 800 hours, and the complex planned
work — 150 hours, and by the time (¢#) the value factor Az(#)=230 hours, then the
completion factor of this work package is:

_ 150-(800 + (230 ~150))
800-230

f. =0.72.

This formula reflects the link of two factors: the completion factor as planned f, (.,

and the actual completion factor f :

actual ) .
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z,(1)
f;(plan) = ;p 5
f — Ta (t) .
c(actual) — 2 5
T, +Az(t) )
_ Jeptan_
f. = .
f;(actuul)

A relative performance of design decision efficiency £, means a part of efficiency and

its contribution to the overall efficiency of design decision making, which in its turn, is
calculated as a part of absolute effectiveness factor of the design decision in general:

EO)=E,(0) 1, (6)

where E (t) — a relative efficiency factor of design decisions; f, — importance factor or

scope of decision, which characterizes the importance of the decision as for the general
project.

The importance factor can be defined both by experts and the ratio of two values, one of
them determines the scope of impact of made decision and the other a scope of project. For
example, if efficiency of project phase management is determined, the project time of
mentioned phase realization can be chosen as the first value, and the second value — the
project time of a general project implementation:

fi= ©)

phase

where 7, - the time of implementation of the project; T,

— the time of implementation of
the project phase.

In this example, we can determine the phase’s budget as the first value, and the second
value — the project’s budget. The main requirement when determining importance factor is a
common scope for the project.

Let’s examine the calculating of efficiency of design decision factor as an example
(Table 1).

In this table “a type of operations” is classified by the manner, which proposed in [5],
where operations are divided into dependent, independent and dependent in small ranges of
increasing resource. That is, if for the independent operation of increase resource, 6 man-
hours were allocated, then the increase in manpower of performers won’t lead to a decrease of
the total time of the operation. The column “type of resource allocation capacity” shows the
nature of allocation of load on a command of performers during operation.

On the upper part of the Fig. 1, in circles with numbers from 1 to 9, breakpoints of
quality control are shown. The circles with list elements (6.1, 8.1) denote additional points to
clarify the process of the project. Overlay figures shows planned and actual works of the
project, and their volume — the required amount of resources. Also on the right and below the
picture, in the form of numerical values, according to intervals, the planned and actual number
of resources is reflected.
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Table 1.
Project settings
Type of Used
Ne Type of . . resource Duration | resource
Process ype | Possible actions .
3/m operation allocation (h-s) (monetary
capacity unit)
1 | Process 1 15 47.5
Operation Which The increase in intensity; Uniform
1.1 p depends on the use of additional o 6 24
1 distribution
small range performers
Operation Depending | The increase in intensity; | The increase by
1.2 P > on small the use of additional the end of the 4 16
range performers operation
. Independent The eduction
Operation . . . .
1.3 3 of increasing | Stimulating performers by the end of 5 7.5
resource the operation
2 | Process 2 15 50
Operation Independent | Stimulating performers | The lowest rate
2.1 p 4 of increasing | Increasing the intensity | in the middle of 8 15
resource of work the operation
. Dependin . . . .
Operation p & Increasing the intensity Uniform
2.2 on small S 7 35
5 of work distribution
range
@ ONNONONGO ©® [O ®
h-r unit| == =5
. 112/3(4|5]6]|7]8]9/|10]11]12]13]14]15]16]|17[18|1920 5 :
Process 1 475 59
Operation .
Nol } )/ 24 31.5
Operation 4 . 16 2%
Ne2
Op?‘z;ion L 75 115
Process 2 50 63
Operation 15 23
Ned 1
Operation
oS 35 40
RS:';';;T:;;‘ 4 ‘ 4 ‘ 4 ‘ 4 ‘ 4 ‘ 4 ‘45‘ 5 ‘65‘7‘5‘8.5‘85‘ 9 ‘4.5‘5.5‘ 5 ‘ 5 ‘ 5 ‘ 5 ‘ 5 ‘ 97.5
‘l‘;i“(‘::tfl;‘l‘) 45‘4‘5‘4.5‘4.5‘4.5‘4.5‘45‘ 7 ‘ 8 ‘10‘ 11‘ 6 ‘ 5 ‘ 5 ‘ 4 ‘45‘ 5 ‘ 5 ‘ 5 ‘ 5 ‘ 132

Figure 1. The resource map of decision-making fragment
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Table 2.
Efficiency parameters

Time unit 1 2 3 4 5 6 7 8 9 10 11 12 13

Completion | 51108 | 0.12 | 0.16 | 0.21 | 025 | 0.29 | 0.34 | 0.41 | 0.49 | 0.52 | 0.56 | 0.59
factor (plan)

Completion | 31 07 | 0.1 | 0.14]0.17 | 02 | 024|029 035|048 | 051 | 056 | 0.59
factor (actual)

Completion

factor on this | 0.83 | 0.83 | 0.83 | 0.83 | 0.83 | 0.83 | 0.82 | 0.85 | 0.86 [ 0.88 | 0.98 | 1.0 | 1.0
time range

Quality% | 83 | 83 | 83 | 89 | 89 | 89 | 95 | 95 | 92 | 92 | 97 | 97 | 97
Absolute 1 65 160 1 0.69 | 0.74 | 0.74 | 0.74 | 0.78 | 0.81 | 0.79 | 0.81 | 0.95 | 0.97 | 0.98
efficiency

Relative | 5 131003 [ 0.03 ] 0.03 | 0.03 | 0.03 | 0.04 | 0.04 | 0.05 | 0.06 | 0.08 | 0.08 | 0.03
effectiveness

Timeunit | 14 | 15 | 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26
Completion 5 011 69 | 0.74 | 0.79 | 0.85 | 0.9 | 0.95

factor (plan)

Completion | 31 66 | 0.7 | 0.75 [ 0.77] 0.83 | 0.85 | 0.89
factor (actual)

Completion

factor on this | 0.99 | 0.96 | 0.94 | 0.92 | 0.91 | 0.9 | 0.89 | 0.89

time range

Quality% | 97 | 97 | 97 | 95 | 91 | 91 | 95 | 95 | 93 | 93 | 93 | 92 | 92
Absolute 1 ¢ 1 95 1 0.91 | 0.86 | 0.83 | 0.82 | 0.85 | 0.84

efficiency

Relative | 110,05 | 0.05 | 0.05 | 0.04 | 0.04 | 0.04 | 0.04

efficiency

At the Fig.1 we can see that for the actual project works it took more resources than
planned, with the quality, to reach the end of each work, is within (tab. 2).

The table 2 shows the necessary parameters to calculate absolute and relative efficiency
of decision making. In the first line the time scale from 1 to 26 is given . The second line - the
completion factor of the project according to the plan f,,,,, the third line — the completion

c(plan
factor of the actual works f , the fifth line —

the quality factor in percentage, in the sixth line — the absolute efficiency E,, in the seventh

the fourth line — the completion factor f

actial) » c
line — the relative efficiency E, .

Fig. 2 — the planned and actual resources’ graph.
Fig. 3 — the relative efficiency of decision making changes. The relative efficiency e, is

marked with the dotted line. This index is the ratio of the planned effect ®, to the project
fulfillment time:

e, =", (®)

where e, — the relative efficiency boundary, ® , — planned effect (is taken as a unit).

Analysis of the resulting function allows to determine the importance of the decision to
retain project performance within certain limits.

Fig.4. shows the function of absolute efficiency changes , where the dotted line is the
border of the absolute efficiency, which in its turn, is equal to a predictable effect.
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Figure 2. The resource in use graph: as planned — a solid line; under actual use — a dotted line
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Figure 3. Relative efficiency of design decisions
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Figure 4. The absolute efficiency design decision performances’ graph
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As can be seen in Fig. 4, the indicators of absolute efficiency design decisions increase
and come nearer to the absolute performances in a certain period of time (in this case from 10
to 13), and then the results decrease with their further growth.

This is due to the following: initially the project manager has boundary data and the
imagination of a draft, and only with quantitative and qualitative growth of output data, the
solution may be as close to optimum quality of a specific project. But over time, the leader
must constantly adjust their actions and decisions as a whole to determine the right approach
during the final project result creating.

For the decision making, during the information security systems development, it’s
necessary a lot of work in the resources analysis to do. These resources are needed for making
the right decision to create the optimal information security structure.

When designing information security systems, resources mean the division on types:
economic — organizational, labor (labor costs), financial; information (data collection for
effective obtain reliable data: individual documents and individual files of documents in
libraries, funds, banks and databases, information systems), which in their turn may be
network or Internet resources; computing resources and time resources. All this imposes on
the process of designing information security systems an additional leverage to take into
account certain resources, that must be considered when developing a specific project.

A used resource is determined on the stage of conceptual design project with a
prerequisite of design protection (the principle of “golden mean”): the cost of creating
information security system should not be more than the value of the information, which this
security system protects.

Conclusion

The analysis of the design process of information security has been established, that
there is no unitary system of quantitative performances of efficiency of adopted project
solution. The formalization of a proposed number of factors has a local character. The
proposed technique is general for determining the general evaluating approaches of the
effectiveness of information security systems, and partial — to assess the decision-making
quality in the assessment methodology of requirements for information security systems [7].
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B pabore paccmarpuBaeTcsi ONTHMHU3AIMS CTPYKTYp IPOTPaMMHO-MOJIEIHPYIOIIETO
KOMIUIEKCAa W CHUCTEMBbI INepeaadd MHGOPMAlMK C aHAJIM30M YCTOHYMBOCTH TOIIOJIOTHH
chUCTeM IepeJayd WHPOpMAlMKd Ha OCHOBE IIOHATHS JIBOWCTBEHHOCTH, a TaKXke
OTIEPAaTHBHOCTD MPOXOXJICHUS KOH(QHUICHIMAIbHOW MH(GOPMALMKM MO 3TarmaM oOpadOTKH.
Brlpaboranbl peKOMEHJalWK 110 HPOITYCKHOW CIOCOOHOCTH 3THX JTaloB M CHCTEM B
LEJIOM.

KaroueBble ciioBa: uH(pOpManuoHHas OE30MacHOCTh, ONTHMHU3AIUS, CETH Iepeaadu
HHPOPMALINH, TPOTPAMMHO-MO/ICITHPYIOLIHH KOMILIEKC, IPOMYCKHAs CIIOCOOHOCTS.

BBenenune

AKTyanbHOH CTOPOHOM BOIpoca MH(POPMALMOHHOTO OOECIEYeHUs TOCYAapCTBEHHBIX
CTPYKTYp  SABJISIETCS ~ pelieHue  npoOjeMbl  WH(POpMAMOHHOW  O€30macHOCTH U
TEXHOJIOTUYECKON HE3aBUCUMOCTH pPBIHKa HH()OPMAIIMOHHBIX TEXHOJOTUH YKpauHbl OT
3apyOeXHBIX TIOCTABUIMKOB WM MaKCHMalbHOE YMEHBIIEHHE OSTOM 3aBUCHMOCTH.
OMHOBpPEMEHHOMY pEIICHUI0 JaHHOM MpoOJeMbl MO BCEM HANPABICHUSM IPENATCTBYIOT
SKOHOMHUYECKHE (PaKTOPHI M O0IIee OTCTaBaHWE YKpauHBI OT 3apyOeKHBIX Pa3pabOTUYNKOB U
npou3BoauTeneil B 061actu MHGOPMAIIMOHHBIX TEXHOJIOTUH. B MOJOOHBIX YCIOBHSX LIEIH
HAI[MOHAJILHOW JTOKTPUHBI MH(GOPMAllMOHHONW O0€30MacHOCTH YKpauHbl B YaCTH Pa3BUTHUS
OTEYECTBEHHBIX MH()OPMAIIMOHHBIX TEXHOJOTMH JOJDKHBI PEaln30BBIBATHCS IOAITAIHO, T.€.
OpPUEHTUPOBATHCS HA CTAHJIAPTHI (TOMOJIOTHH U apXUTEKTYPbl) U YUYUTHIBATH MYTH 3BOJIIOLUU
texHosoruu [1]. OqHUM M3 TPUOPUTETHBIX HANpaBlIeHUH MHPOPMAIMOHHBIX TEXHOJOTHH B
YKpauHe SBISIOTCS OTEUECTBEHHBbIE TEJIEKOMMYHUKALMOHHBIE CPEJICTBA MOCTPOCHUS
pacrpeielIeHHBIX KOPIOPAaTUBHBIX CETEH, CUCTEM 3JIEKTPOHHOTO JIOKYyMEHTO000pOTa U ceTeit
nepeaaur HHGOPMAIHU Pa3IuIHBIX CIyK0. PesxuM nepenauu u oOpabOTKH XapaKTepHU3yeTCst
HAJIMYMEM B CETH I0JIb30BaTelNiel, MOTEHIMAIbHO HE JOMYLICHHBIX K 0oOpalaThiBaeMOi U
nepeaaBaeMoil MH(OpMaIMK, COCTABISIONICH TOCYIApCTBEHHYIO M CIyKeOHYIO TaiiHy. B
BUJIY STOIO TaKMM CETSM M CHCTeMaM CBOMCTBEHHBl MHOTOUYHMCIIEHHBIC (DYHKIIMOHAIbHbIC
TpeOOBaHMs, a TaKXKEe OrpaHWYCHHsI MO 00paboTKe W mepenayn WHQPOPMAIUH, KOTOpPHIC
YaCTUYHO ONPEJIEIEHbl HOPMAaTUBHBIMU U PYKOBOISALIMMH JOKyMEeHTaMmu [1].

W3BecTHO, 4TO B O3TUX CETAX Ui TOBBIIIEHUS HAJIEKHOCTH, OINEPATUBHOCTH U
JIOCTOBEPHOCTH KoHpuAcHIuansHo wuHpopManuu (KM) mnpuMeHstoTcs crnenuanbHbie
CPEICTBAa BBIYMCIUTEIBHON TEXHHKH, TaK Ha3blBa€Mble MPOrpPaMMHO-MOEIUPYIOLINE
komriekcsl  (IIMK). Ilpu stom sddexkruBHocTs mnpumenenuss IIMK 3aBucur ot ero
KOMIUIEKTAllUM BXOJHBIMM M BBIXOAHBIMH MOJIYJSIMH, a TaKKe KOJIMYECTBA OKOHEYHBIX
pabounx cranuuit (OPC). OObruHO Tpu paspaboTke Takux ceredl komrmiekramus [TMK
BbIOMpAETCsI MHTYUTUBHO Ha OCHOBAaHUHU UMEIOIIETOCS OMBITa y pa3paboTYUKOB MU BOJIEBOTO
peleHusl PYKOBOIUTENS, BBITEKAIOMIETO W3 AIKOHOMHYECKOW IIeNIeCOOOPa3HOCTH 3aTpar.
Takol moaXxoj HE BcerJa ONpaBlaH C TOYKHA 3PEHHS] TPOIMYCKHON CIIOCOOHOCTH CETH,
orepatuBHOCTH M jaoctoBepHocT npuema KU. Ilosromy HaydHO OOGOCHOBAaHHBINM BBIOOD
ctpyktypsl [IMK u cereit nepenaun nadopmanuu (CIIN) ayist pa3nudHBIX CUCTEM Tepeadn
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nH(pOpMAaLUK C YYETOM Harpy3Kd Ha KOPIIOPaTHBHYIO CETh SIBJISIETCSI BEChbMa aKTyalbHOMN
3a/1a4en.

Kpome Toro, B pszie MaTreMaTHYECKUX MOJENEH, OMUCAHHBIX B [2,3] U MCHONIB3YEMBIX
no uccnenoBanus CIIU, conepkutcss mapaMmerp, KOTOPBIH INPEACTaBISET MHTEHCHUBHOCTH
nHpopmanmonnoro odbmena wmexay OPC. V3meHeHne BenWYMH WHTEHCHBHOCTEH
MH(POPMAIIMOHHOTO OOMEHa MOKET MPUBOIUTH K U3MEHEHUSM B TONOJIOTHH ceTH. J[is cereid,
B KOTOPBIX OCYHIIECTBIISAETCS MIEpEKOMMYTalus, pa3paboTaHbl aNrOPUTMBI,
IIpelyCMaTPUBAIOLIUE CITydyand BO3MOKHOTO U3MEHEHUS TOIOJIOTHH [4].

AHanu3 MaTeMaTUYEeCKUX MOJIYJIEH, COAepKallMX M3MEHSEeMbId MapameTp, Ha
ycroiuuBocTh Tomnosiornn CIIM sBnsieTcs BakHBIM Ha HAyaJlbHOM 3Talle CHUCTEMHOU
unrerpanuu [IKM cetu.

ean pabdoTsl

Pemienue 3agaum ontummzanmu cTpyktypsl [IMK, CIIM u ananu3 ycTOWYHMBOCTH
tonojoruu CIIM Ha ocHOBE MUCTIOJIb30BaHUS TTOHIATHI JBOHCTBEHHOCTH.

OcHoBHAAl YACTh

B coorBercTBUM ¢ Lenbi0 paboThl s onTUMH3anuu cTpykTypsl [IMK nocrarouno
paccMOTpeTh  MOCIENOBAaTENbHYIO  IIeb  OCHOBHBIX  OMNEpaluil, HENOCPEICTBEHHO
yuacTByrommx B o0paborke Bxomsmeit KU, ans gero IIMK mMoxHO pa30ouTh Ha TpH YpOBHS
uepapxuu:

1. IToncucrema OPC;

2. TloxcucreMa KOMMYyTaTOp-CEPBEP;

3. Ilomcucrema BXOOHBIX YCTPOMCTB.

Hcnonb3yss ~ cUCTEMHBIM  MOAXOJ,  COCTaBJsieTCs ~ aHAJUTHYecKas  MOJENb
aBTOMaTH3MpOBaHHOM 00pabdoTku Bxosmeit KU B [IMK.

[Toacuctema OPC HaxoauTcs Ha BBICIICH CTYIIEHH UEPAPXUH, U TTOITOMY 000OIICHHBIHA
KPUTEPU Ha 3TOM YpoBHE OyaeT oOpabaThiBaTh ONTUMANIbHYIO KOMIUIEKCHYIO CTPYKTYPHI
I[IMK B nienom. B xauecTBe Takoro kputepus 1eaecooopa3Ho BeIOpaTs BpeMs oopadotku KU,
HE TPEBBIIIAOIIEE 3aJaHHOTO HOPMAaTUBHOTO 3HAUYEHU.

[loncucrema KomMMmyTaTop-cepBep HaxoauTcs Huxke. IIpomyckHas CcHocoOHOCTh
JAHHOTO YPOBHS CYIIECTBEHHO BIIMSAET Ha TPOIMYCKHYIO CIIOCOOHOCTH BBIIIE CTOSIICH
noacuctembl OPC. CrnenoBaTenbHO, Ha 3TOM YPOBHE B KadyeCTBE OOOOIIEHHOTO KPUTEPHS
1eNecoo0pa3sHO BBIOUPATH MPOIYCKHYIO CIIOCOOHOCTD A, .

Camoil HU3IIEH CHUCTEMOM HEpapXUUECKON WENMU SBISETCS MOJCHUCTEMA BXOIHBIX
ycrpoiicTB. Kak u B mpensiayiieM ciydae, B KadecTBe OOOOIIEHHOTO KPUTEPHUS Ha ITOM
YPOBHE 11e1€c000pa3HO BEIOUPATh MPOIYCKHYIO CIOCOOHOCTD A,

CornacHo CHCTEMHOMY MOAXOIY KpuUTepuu 3(P(PEKTUBHOCTH JOJDKHBI OBITH CBS3aHBI
(GYHKLIMOHATIBHBIMU 3aBUCHUMOCTSMH, NPEACTaBISIIOIIMMU COOOM aHaIUTUYECKHE MOJIENHU
¢bynkunonuposanus noacucteMm u [IMK B 1mienom, T.e. KOMITJIEKT MaTeMaTHUYECKUX MOJIEIeH
I[IMK nomkeH CTpOUTHCSI TAKMM 00pa3oM, YTOObI MOJEH U KPUTEPHUH YEPEIOBATUCH MEXKTY
co0O0M: MOJIeNb-KPUTEPUNH-MOAETb-KPUTEPUI U TaK Jajee.

[Toacuctemsr IIMK MoOkHO omumcaTh MocCien0BaTeIbHON N-pa3oil CUCTEeMBl MacCOBOTO
obciyxuBanus [5]. Pemas nuddepenuansaple ypaBHEHUSI COCTOSHUM, MOYKHO ONPEAETUTh
TaKkyue BHYTPEHHUE XapaKTEPUCTUKH IMOJICUCTEM, KaK, HalpuMep, KOJINYECTBO COOOIIEHUI B
odepeau S;, cpepHee BpeMs OXHAaHWs cooOuieHus B ouepemu 1, (i =0,12,..),

l

IO3BOJAKINUE OUCHUTh TCXHUYCCKHUEC BO3MOXKHOCTHU OTACIBHBIX YCTPOﬁCTB U NMOACHCTEMbBI B
OCJIIOM.
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B kauecTBe 060OIIEHHOTO KpUTEPHs Ha BbiciieM ypoBHe uepapxuu OPC BbICTymaeT 7,

— Bpemst 06paborku KU B [IMK, K0TOpOE HE JOJKHO MPEBBIIATE 33[aHHOE [ -

i, <t,. (1

06 3a1

JleByto uacte HepaBeHcTBa (1) MOXKHO pas3lOKUTh Ha CIEAYIOIIME HHTEPBAJIBI
BPEMEHU:

1.  Cpennee Bpems 06pabotku KU B amantepe MynbTUILIEKCOpa Mepeaadn TaHHBIX —
lTud ;

2. Cpennee Bpems obpabotku KU B crienuanusnpoBaHHoM O1oke — 7, ;

3. Cpennee Bpems o6paborku KU B npuntepe — 7, ;

4. Cpeanee BpeMs yCTpaHEHUS OOUIMX HCKAKCHUN — 7, ;

5.  Cpennee BpeMs CUMTHIBAaHUS U KOPPEKTUPOBKH 00paOOTaHHOTO TEKCTA 110 SKPaHy
auctuies — £, ;
6.  Cpennee Bpems oxunanus KU B ouepenu Ha nepeqady mo KaHany CBsisu — [, ;

7. Cpennee Bpems oxxuaanus KU B ouepenu Ha 00pabOTKy B CHEIMATHU3UPOBAHHOM
oaoke 7, ;

8.  Cpennee Bpems OxHAaHUsSI 00paOOTaHHOTO TEKCTa B OUepein Ha MeyaTh — t_m,z .

B pesynbrare nosyyaem:

I =t +f +f +f +f +f +f +1 . ()
06 ao P np on K ou ou]

1 0%

[Ipoananusupyem mpaByio 4acTh BhipaskeHus (2). [lapamerpsl 7, ,¢, ONpenENsIOTCS

»
TEXHUYECKUMH BO3MOXHOCTSIMH COOTBETCTBEHHO ajanTepa KaHaja, CHelUuaTu3MpOBAHHOIO
0JI0Ka ¥ MPUHTEPA, TOITOMY B KaXKJI0OM KOHKPETHOM CJIy4ae OHH OyJyT 3a/1aHbl U PaBHBI

rae pu, — TeXHUYecKas MPOM3BOAUTENBLHOCTD 1-T0 yCTPOUCTBA.

3HaueHWs MapaMeTpoB [ W [ 3aBHCAT OT KBATMHUKAIUM W ONbITa pPabOTHI

oOcyXUBaIOUIero InepcoHanga. B kadecTBe UX KOJIMYECTBEHHOW OLIGHKM MOXHO B3SITh
MOKAa3aTeNH «CPEAHET0» COTPYAHHUKA, KOTOPBIE ONPEAEAIOTCS CTATUCTUYECKUM ITyTeM, U UX
MOXXHO CHHUTATh 3aJaHHBIMU BCJINYMHAMU.

[apamerp £, (i =0,1,2,...) TIONHOCTBIO ONPENENAECTCA TEXHMYECKUMU BO3MOXHOCTAMU

KOMILUIEKCAa, M IO3TOMY MOXET CIYKUTb IIEPEMEHHOM BEIWYUHOM, II0 KOTOPOH
ONTUMHU3UPYETCS OOOOUICHHBI TIOKa3aTenb {_  TPH 3aAaHHOW HPOM3BOMUTEIBHOCTH

o
ycTrpoiictB [IMK.

Bpemsi mpeObiBanns KM B odepenu f, MOXHO YMEHBIUHTb IYTEM MOBBIIEHUS
MPOU3BOJUTENILHOCTH COOTBETCTBYIOIIUX YCTPOWCTB MOJICUCTEM JMOO MyTEM YBEJIUYECHHS
yuciia o0cay)uBarommx ycrpoiicts. OueBuaHo, npu ontumuzanuu [IMK no 0600menHOMy
kputeputo (1) HeoOX0aUMO UCTIONIB30BaTh 00a ATH myTH. [Ipu 3TOM Hanboee 3G heKTUBHBIM
C TOYKH 3pCHHS YMEHbBIICHUs [ SBISETCA TIEPBBIA MyTh, IOCKOJbKY, ITOBBIIIAS
Ipou3BOIUTENBHOCTh ycTpoicTB IIMK, Tem cambIM OJHOBPEMEHHO YMEHBIIAEM BCE
ciaaraemble BbIpaXeHHs (2), Kpome f, W f,. A yBeIM4YMBAas YHCIO OOCIY)KMBAIOLIHX

YCTPOWCTB, YMEHBIIIAEM TOJIBKO HEMIOCPEICTBEHHO BEIUYMHBI 7 .
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Ha npakTtuke BO3HHMKaeT HEOOXOJMMOCTH OIPENENICHUS pacIpeleNieHus] BPEMEHU
obpadorku KU mno stanam npoxoxaenus B [IMK.

OG6uiee BpeMst 06pabOTKH f TPECTABIACTCS IO ATAIaM CIISIYIOMMM 00pa3oM:

L=t 45 =t 4l 4, +E 5 =15 =1,

ouj oup ? 3

[Ipu sTom cpennee Bpems npeObiBanus KM B odepensx Ha COOTBETCTBYIOIIUX dTamax
00pabOTKHU JIETKO ONpeeNsieTcs: o4epeib Mepel MPUHTEPOM, OUepe/Ib 3a CUeT nedaTH Oyaer
pelIeHreM JMHAMUYECKUX YPaBHEHHUI COCTOSHUN Ha Ka)I0M M3 3TAroB U Oy/leT UMETh BUJ:

~

P(m,oz(LN2
[ =P ©)
oy ﬁ
R(m,0)) + P(m,o(—
(m )+ Plimal >
m K -
rac R(m,a)z z a—lﬁl;ﬂzgzi;a:i:
k=0 K m my Y7
Pn,o, )——~— b
i, = (- ﬁl , 4)
B,
ﬂl
rae alz_l; E:i:i;
H, Mn o n
P(l,(lz)ﬁiiz
fwz — (1 _ﬂ )N , (5)
B,
/)’z
rie R(L,a,)=a,e”; ,EZ =&; a, =£_
) M,

[Tonyuennsie Beipaxkenus (1) — (5) nerko nporpammupyrotcst Ha [I9BM, 4yto mo3Bosiser
OLIEHUTH ONTUMAILHOCTh BBIOPAaHHON CTPYKTYPHI.

Bropas pemaemas 3amadya 3aKIHOYaeTCs B ONPENCIICHUH JAHMANa30HOB W3MEHEHUS
BEJIMYMH WMHTEHCUBHOCTEH WH(POPMAIMOHHOTO OOMeHa, B KoTopbix Tomonorust CIIN
pPacCUMTBIBACTCA C IMOMOINBIO MareMaTH4eckod Mmonenu. [Ipeamonaraercs, 4To BapuaHTBI
TOIIOJIOTUU OTOOpaXKalOTCs PETYSpHBIM rpadom, rae Mexay kaxaod nmapoit OPC umerscs
OJIMHAKOBOE KOJIMYECTBO MapIIpyTOB. MapmpyTsl nepe/iauu MHGOpMaLUU TPECTABISAIOTCS

HaOOpOM 3HA4Y€HUH OyNEBBIX IEPEMEHHBIX {5 .1, [,Z,q =1v,s=1 p} v — uucno OPC; z —

72 =1 o3Ha4yaer HanMYMe JMHUN

nepenayn Tomosioruu z-troro tuma mexay OPC i u j B mapmpyre (r,q)eW (W -

YHCIIO THUIIOB coolmieHudl, nepenaBaembix B CIIU; §

MHOkecTBO MapuipytoB). /[lnst CIIM  perynspHOil TONOJOTMH XapaKTEPHO CBOWCTBO
JOCTHKCHHUSI MUHUMAJIBHBIX 3HAYEHUIN CPEIHEr0 BPEMEHM 3aJEPKKHA M BEPOSTHOCTH OTKa3a

[6].
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PaccMoTpuM MaTeMaTHuYeCKyl0 MOJENb, OINHUCBHIBAIOLIYIO 3aJady ONTHMHU3ALMU
tonosioruu CIIM B kiacce peryssipHbIX rpadoB MO KpUTEPHIO CPETHETO BPEMEHHU 3aJCPIKKH

T[2,3].
MaremaTnueckasi MOJIE€Ib UMEET CIEAYIONIUN BU:
— Lo ) 6
[PIH|T = 1 Z—f‘” ©)
NAEREES d‘] _fu:

$S$C.(f)<C, @

S8t =0,iq=Lk i#qs=1p (8)

si={01},022,i,j,0,g=1k, z=1,p. ®)
3necy f,d, — TpadQuk B JMHMM Tepenadd WHPOPMAIMOHHOTO COOOIICHHS Zz -THUIA

Mexny i-M U j-Mm OPC u mpomyckHas criocOOHOCTb COOTBETCTBEHHO; y — CyMMAapHBIN
Tpaguk cooluenuit, nepenasaemeix B CIIM; C, — CTOMMOCTD Tiepenayn COOOUIEHHS Z -TO

tuna Mexnay i-Mm u j-m OPC; j,. — HHTEHCUBHOCTHh HH(POPMAIIMOHHOTO OOMEHA MEKIY Z -M

rqz

u g-m OPC; o — uucno nunuit nepenaun B OPC; C

don

— JOIMYCTUMOE€ 3HAYCHHUE CTOMMOCTHU

nepenaun naopmanuu B CITH.

B cBs131 ¢ HanmMureM HEJIMHEWMHOCTH B MaTeMaTtudeckoi mojenu (6)-(10) uccnenoBanue
YCTOMYMBOCTH TOMOJIOTUM CETH NpeiaraeTcsi MPOBOAUTh HAa OCHOBE HEOOXOJUMBIX H
nocratouHblx  ycinoBud  KyHna-Takkepa ~ ONTMManbHOCTHM — 3aJaud  HEJIMHEHHOIO
nporpammupoBanus [7]. s aToro ciaydas cnpaBeniiviBa Cieayronas Teopema.

rq

Teopema 1. llyctb (S, — ONTHUMAIbHOE 3HAYECHHUE NEPEMEHHBIX, OIMPEACISIONIUX

i

cooOmieHue z-ro tuma mexny i-m u j-m OPC B mapmpyre CIIU (r,q)eW (W -

MHOKECTBO MapuipyToB). OnTuMmanbHas TOIMOJOIHs, IpeacTaBiIsieMas MHOXeCTBoM W,
YCTOMYMBA, €CJIH BBIOJIHAIOTCS YCIOBUS BUAA

(10)

0<h, < Coon—-22Cz2(f,, )|~ X Xh.z8",

i1=1 f1=1 r1=lgq=1

0
C'si

i j1#) r1#rq1#q

i,j,r,g=1,,z=1p.

Hoxazamenvcmeo meopemovr 1. HeoOXoaumple yCIOBUS ONTHMAJIbHOCTH pELICHUS
3a/1ay, OMHCHIBAEMOW MaTtemaTH4eckoil monaenbio (6)-(10), 3amuchiBaeTCs B CIEAYIOIIEM
BUJIE:

hede b g
o |g, - 5oz (in
r19y O

Ljr,g=Lv;i#r;
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2| £55c.i-c. -0

=1 j=1 z=1

ﬁziqZ(ZOTZ —0j=0, ig=Lv,i#q, z=1p;

Y Y (f<c,

=l j=1 z=1

25/4 =0o,i,q=Lv,i#q,s=1p;

f zzhrqz§ I '>q:7azzr;

r=l g=1

”Z Y ={0,1},022,i,j,r,q=1,v, z=1,p;

A,20,1,20,ig=1Lv,z=1,p.
3neck A, 4,,.(i,q =1v,s =1, p) ONpeeIAIOT EPEMCHHBIC 3a[a4H, IBOHCTBEHHON K
(6)-(10), xapakTepu3yOT yAeNbHBINH HHPOPMAIIMOHHBIN MOTOK COOOIICHUH M YUCIO JTUHUN
nepegaun i-ro OPC i,j; C' — CTOMMOCTh €IMHHIIBI MPONMYCKHOW CHOCOOHOCTH JIMHUM
nepeaadn CooOeHUH.
N3 pasenctBa (12) momyuaem j
MIPUHUMAET BUJ

min
rqz

min

=0, a u3 HepaBeHcTBa (7) BbIpaXKeHUE I /.

h = Co ZZZc (f,) ZZhd i, j.rq=Lv z=Lp

rq
C 5,12 =l fi=l r=l q=1 ’

i# jy#j rIFEr q17#q

A}

max
rqz

r,g=1v,z= l,pJ U3MEHEHUS

CooTHOIIEHUSI, OMPENEAIOMNE qUANa30HbI [h,“.;‘z“,h

BEJIMYMH WHTEHCUBHOCTEH WHpopmMarmonHoro oomena Mmexay OPC, mpencraBisioT coboi
HEOO0XOAMMBIE YCIIOBHS YCTOHUYMBOCTH peryisipHoit Toronoruu CIIN. TTokaxem, 4To gaHHBIE
COOTHOLIECHUS OINPEAEIAIOT JOCTATOYHBIE YCJIOBUS YCTOMYMBOCTH TONOJNOrMH. [[nst 3Toro

uccnenyem yriosbie gerepmunantst A, H® .. marpunsl V’H, BTOPBIX NPOU3BOIHBIX

{ynxuuu (1). B pesynbrare npeobpasosanuii u pacuetos nonydeno H" >0, H* >0,.., uro
2

00€CIIEUNBAET TONOKUTENBHYIO ONPENETEHHOCTh MATPUIGl V> H, ¥ BBIMYKIOCTh (yHKIUH

(6). Orpanmyenuss (7) - (9) ompenenstOT BBITYKIOE MHOXECTBO. TakuM o00pa3om,

max
rqz

COOTHOIICHUSI, OMPEICISIONINE AUana3onsl |, he r,q =Lv,z =1, pJ, MPEJICTABISIFOT CO00it

TaKXe JOCTaTOYHbIE YCIOBHsI YCTOMUMBOCTH TONoOJIOrMU. Teopema loka3aHa.

Teneps HEOOXOIMMO OLIEHUTH ONTHUMAIBHOCTH TPA(UKOB Mepesadn HHHOPMAIIHOHHBIX
coobmenuii. Ilpeacraum CIIM B BHIEe HEOPUEHTHPOBAHHOTO B3BEUIEHHOTO Trpada
G=W,C,F), tne V — wmuoxecrso BepmuH (OPC), |V |= H,C — MHOXecTBO pebep
(CTOMMOCTB KaHaJIOB WJIM JIMHUM CBsA3M) [8,9].

[Tycts Ha rpadpe G B HEKOTOPHIH MOMEHT BPEMEHH YK€ pellleHa 3a/1a4a KaHaja MoucKa
ONTUMaNbHBIX MapuipyToB k BceM OPC muoxectBa V, =V \{v_}u3 Hauansnoit OPC v_, T.c.

24



[HOOPMATHUKA TA MATEMATHUYHI METOA B MOJIEJTFOBAHHI = 2015 = Tom 5, Nel

IIOCTPOEHO JIEPEBO ONTUMAIBHBIX MapuIpyToB ¢ kopHeM B OPC v . O003Ha4uM 3TO JepeBO
kak OPC T,.

Jist Kaxz0ro KaHana CBA3U e; € £ Ha ILIKale 3HAYCHHH BECOB ONPENENECHBI TOYKH
BXOXJICHUS B JICPEBO f,t] A TOYKM BXOXIEHHUS BO MHOXECTBO 3aMEHBI ff], npuaeM
fi; £ f;;, TO1 KOTOPEIMU TIOHMMAETCs MaKCHMaJIbHO BO3MOXKHBIH Bec KaHala e, TIPH €ro
BXOXK/IEHUM B MHOXKECTBO KaHayoB jaepeBa FE, €7, B MHOXECTBO KaHAJOB 3aMEHbI IS
nepesa Eg € T, COOTBETCTBEHHO.

0O003HaUYNM f,-, ; — BeC KaHala, COJEpPKaIlero OPC v, n v,. OPC v, pacnonaraercs
WIMPE 110 UEPAPXHH B JIEPEBE ONTHMANBHBIX MAPUIPYTOB OTHOCHTENBLHO v, . MHOKECTBO £ —

MHO’KE€CTBA KAHAJIOB, KaXKIbIA JJIEMEHT KOTOPOTO BXOJUT, MO KpailHEeH Mepe, B OJWH
ONTUMAJILHBIA MApIIPYT CBA3U M3 HadanbHOro OPC, E, — MHOKECTBO OCTaJIbHBIX KaHAJIOB.

E,VE.=E,E,nE,=¢. OO6o3nauum V, — wmHoxectBo OPC, k KOTOpbIM HaiineH
ONTUMAJILHBIA MapmpyT cBs3u u3 HavanbHOro OPC, V., — muHoxkecTtBo ocranbHbiXx OPC,
Ve OV =V, VNV, =¢.

Hcxonst u3 3TOro, MOKHO CQOPMYJIHMPOBATH 3a1adyy JAMHAMHUYECKOTO YIPaBJICHUS
tpaduxom CIIU cremyronum obpazom. J{ist kakmoro kiacca tpaduka (s = m) HEO0OXOMMO

YCTaHOBUTH OMPEEIICHHbIN MapuIpyT @ , U MOCTPOUTH JIJIsl HETO 3aKOH yrpapieHus u’(¢) Ha

UHTEpBaie [7,;¢,], TAe MOJEIb TUHAMUKY TpauKa UMeeT BUJ ANHAMUYECKON CHCTEMBI:

x'(k+1)=Ax'(k)+ B'u'(k)+ L[x"(k)],
d' =D'L[x (k)],

IIPU 38/IaHHBIX KPUTEPUSIX:

i[c;“(k)—d*'(k) * —> min

n <d'(k)<n,,

roe  x' € R" — n-MepHbIl BEKTOp COCTOSIHHMU cucTeMbl, u' € U’ < R — ympaBienue;, k —
nuckpeTHoe Bpemsi; A'u B — wmarpuusl;, L[x’ (k)] — Henuneinas ¢yukuus; d°(k) —
HeoOXoauMasi TPOITYCKHasl CIOCOOHOCTh MapuipyTa; d°(k) — HeoOXoaumas MpOIyCKHas

CIIOCOOHOCTh MaplIpyTa B YCJIOBUSAX OTpPaHUYEHUU; p,,;, — 3aJaHHbIE OTPAaHUYEHUS Ha

mapmpyte. Clie10BaTeNnbHO, Ul 5TOTO Clly4as CIIPAaBeUINBBI CICAYIOIIHE TEOPEMBI.
Teopema 2. Ecmu nf, ;> f, wve €k, TO H3MCHCHHIO MOIYT TOJIBEPTHYTCS

ONTUMAaJIbHBIE MAPIIPYTHI U OLEHKU UX AymuHbl s OPC 7,7

Jokasamenvscmeo meopempi 2. I11yCTh yBENMYUTCS BEC KaHaJa CBSI3H e; € £, KOTOPHIN
BXOJIUT, 110 KpaiHel Mepe, B OAMH ONTUMAaIbHBIN MapuipyT y, , gomyctum B y, . OPC v,
ONTHMAIIbHBIE MapIIPYThl, B KOTOpbIE KaHAI CBS3M e; HE BXOIMUT, OyAyT COCTaBISATH
mHoxecTBo V, OPC. IlycTp CymiecTByeT ONTHMAIbHBIA MapupyTt y, =y, kK OPC v n
M3BECTHO, YTO KaHAI CBSI3M ¢, HE BXOJUT B 3TOT MapupyT. Toraa yBeandeHHe CTOMMOCTH

9TOr0 KaHajla co 3HAYCHUAMH [, 10 nf,; HE M3MEHHT MapIIpyTa 5TOrO IYTH ¥ HE HOBIHSET
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Ha BEJMYMHY JUIMHBI Mapuipyra y, . Emie 10 yBenuyeHus CTOMMOCTH paccMaTpuBaeMoro

KaHajla BKIIOYEHHE H3TOT0 KaHajla B ONTHMAJbHBIM MapLIpyT NPUBOJWIO K YBEIUYEHHIO
bl Mapmpyra. Bce OPC, He Bomeamye B MHOKECTBO V., OyOyT COCTaBIATH MHOXKECTBO
V, . Ontumanessle MapmpyTel K OPC MHOXeECTBA v € V, CTaHYT «HEAECHCTBUTEIbHBIMUY, T.€.
HEBO3MOXHO OyneT 0e3 JOMOIHUTEIBHOTO pacyeTa cKa3aTh, OCTAHYTCSI OHH TAaKUMH K€ WIH
ONTUMAJIbHBIA MapuIpyT K HUM He OyJeT BKJIH0YaTh M3MEHUBILUICS KaHall CBA3U. Teopema
J0Ka3aHa.

Tepema 3. Ecnu nf, < f, me ;€ E;, T0 0e3 N3MEHCHUs. OCTaHYTCsS ONTHMAJIBHbIC

Mapuipytel aina  OPC  MHoxectBa ve I7T(V" "or", a gms OPC wmuoxectsa V"
HEM3MEHHBIMH OCTaHYTCS M OLIEHKH JUIMH ONITUMAJIbHBIX MapLIPyTOB.

Hoxazamenbcmeéo meopemur 3. IlycTh yMeHBIIMIACH CTOMMOCTh KaHajla CBS3H
€,; € £, BXOZIIIEr0o B ONTUMAIBHBIA MapupyT v, =y, kK OPC v, e V. Kanan cBs3u e,

1OCJIe M3MEHEHUs Takke OyleT BXOAWTh B ONTUMAaNbHbIM MapmpyTr y, k OPC v, .
I10CKOIIBKY CTOMMOCTD KaHalla CBA3H f, ; M3MCHUJIACh, TO M3MCHHTBCS AOJKHBI JUTMHBI BCEX

MapIIpyToB y/, , B KOTOpbIE BXOAUT TOT KaHall CBs3H. [leliCTBUTENBHO, €CIM KaHal CBA3H

€,; BXOAMT B Kakoi-1MOO ONTHUMAIbHBIA MapuIpyT, W CTOMMOCTb STOrO KaHaia

YMCHBIIUTHCSA, TO 3TO UBMCHCHUC HC HOTpe6yeT HN3MCHCHUS ONTUMAJIBHOI'O Mapuipyra P

(mocne10BaTeIbHOCTH  KAHAIOB) M JUIMHA Mapiipyra y, = W3MCHHTCS Ha BEIHYUHY

v, v
U3MEHEHUS CTOMMOCTH KaHaua. MapuipyTsl W,V & VT( Doy CTaHyT

«HEJEHUCTBUTENLHBIMIY, T.€. HEBO3MOXXHO OyaeT 0e3 JOMOJHHUTEIHHOIO pacueTa CKa3aTh,
OCTaHyTCS OHHM TaKUMH K€, WM ONTUMAJIbHBI MapmpyT K HUM OyAeT BKIIOYaTh
M3MeHuBIIeHc kaHan cBs3u. ClieoBaTeIbHO, TEOpeMa JI0Ka3aHa.

BriBoabl

HOJIY‘-ICHHBIG COOTHOIICHHSA IIO3BOJAKOT OLCHUTH OIITUMAJIBHOCTH BBI6paHHOﬁ
CTPYKTYPBI TPOTPAaMMHO-MO/ICTTHPYIONIETO KOMIUIEKCA U CHCTEMBI Iepeaun nHGopMaIum, a
TaKXKe OINEPaTUBHOCTh TPOXOXKACHUS KOH(MUACHUMAIbHOW HMHPOPMAIMK 10 3Taram
00paboTKH 1 BBIPAOOTATh PEKOMEH/IAIMH TI0 ONITHUMH3AIIMHN MPOMYCKHOW CITIOCOOHOCTH CaMUX
9TAallOB U CUCTEMBI B IICJIOM. KpOMe TOro, COOTHOIICHUS, KOTOPBIC IMOJIYYCHBI B PE3YJIbLTATC
MapaMEeTPUIECKOTO HCCIICIOBAHUSI CHCTEMBl MAaTEMaTHYECKHUX MOJEICH ONTHUMHU3AINH
PEryJIsIpHOM TOMOJIOTUU CETH Tepeaayn WH(OPMAIMH, TTO3BOJSIOT MOJYYUTh 0OOCHOBAaHHbBIE
peleH s Ha Ha4aJIbHOM 3TaIle CHCTEMHON MHTETrpaiii HHPOPMAIIMOHHBIX PECYPCOB.
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O BJIUSAHUU BUJAA OPTOI'OHAJIBHOI'O
IHPEOBPA30OBAHUSA HA IIUK-®AKTOP CIIEKTPA
CUI'HAJIOB B CUCTEMAX C CDMA

M.U. Ma3sypkos, A.B. CokosioB, H.A. bapabanos

Opeccknii HAMOHATHHBIA TOTUTEXHUICCKIA YHUBEPCUTET,
npocr. [lleBuenko, 1, Onecca, 65044, Ykpaunna, e-mail:alart@stream.com.ua

B crathe mccnemyercs BIMSAHHE BHIA OPTOTOHAIBHOTO IPeoOpa3oBaHMsA Ha MHK-(aKTOp
CUTHAJIOB B CHCTEMax C TEXHOJOTHEW KOJOBOTO pa3esieHHs] KaHaJoB. PaccMaTpuBaroTCs
BCE IIATH KJIACCOB OPTOTOHAIBHBIX MpeoOpa3oBaHWil mopsaka N=16, MOCTpOCHHBIX Ha
ocHoBe (yHKIMHA VYomima, a TakkKe TUCKpeTHoe TmpeoOpazoBanne Dypre u
npeoOpa3oBaHusl, OCHOBaHHBIE Ha OPTOTOHANBHBIX (QYHKIMAX BmrenkmHa-Kpecrencona.
HaiineHo ceMelCTBO TpPOWYHBIX MOCIEIOBATEIBHOCTEH, OOJaJaOIIUX pPaBHOMEPHBIM
criektpoM Bunenkuna-Kpecrencona.

KoueBsie cioBa: CDMA, nuk-(akTop, OpTOroHansHOe Mpeodpa3oBaHue.

Beenenune

B Hacrosiiee Bpemsl IIMPOKOE pPACIPOCTPAHEHHE MOJYYMIH CHCTEMBI PaHOCBSI3U
nokosienuit 3G, 4G, a TaxKe MPOBOAUTCS aKTUBHAs pa3paboTKa MEPCHEKTUBHON TEXHOIOTHH
5G, KOTOpBIE OCHOBAHBI Ha TEXHOJIOTHH KOJ0BOTO pazaencHus kanamoB MC-CDMA (Multi-
Carrier Code Division Multiple Access). Texnonoruss CDMA o6nagaer MHOXKECTBOM
HEOCTIOPUMBIX MPEUMYIIECTB, CPEAN KOTOPBIX THOKOCTh pacipeIeieHUs] peCypcoB, OOMbIIas
3alIMIIEHHOCTh KAaHAJOB CBA3HM, OoJjiee paliOHAIBHOE HCIOJIb30BAHUE MOUIHOCTH
nepenaryuuka [1].

JlaHHBIE TPEHMYILIECTBA SBIAETCS CIEACTBUEM MeEXaHU3Ma pa3/IeleHUs] KaHaJOoB,
OCHOBAaHHOTO Ha TNPUMEHEHHH CHCTEMbl OPTOTOHAIbHBIX CHUTHAJIOB, B KAayeCTBE KOTOPBIX
yamie BCEro HCMonb3yroTess (yHkuuu Yomma. Tak, OUTBI HUCXOAHBIX JaHHBIX (,,
MOCTYMAOUINX MO KKIOMY KaHATY U3MEHSIOT 3HaK OJJHOW M3 OPTOTOHAIBHBIX QYHKIMN ¥/, .
Jlanee NMPOUCXOOUT YMHOXEHUE HA HEKOTOPYIO KOHCTaHTy g, (uallle BCEro NPUHUMAIOT

g, =1), cyMmmupoBanue, MOYJISILUS U Iepefada TpaHCHOPMaHT B KaHal cBs3u (puc.l) [2].

Takum o0Opa3oM, TmepenaBaeMblii B KaHal CBS3UM CHUTHAJI SBISIETCS, 1O CYTH,
MOCJIeI0BAaTEILHOCTRIO KO3(PPHUIIMEeHTOB TpeoOpazoBanus Y oiina-Amamapa.

Wi
d Kanan 1
MHoXureb g
W,
d, Kanan 2

MHuoxurenms g,
Ws
d; Kanan 3 B xanan cBs3u

S
MHOXHUTEb g3 '\‘J g

A

dy Kanan 4
MHOXHUTEb g4

T"apmonnueckoe
Kosebanue

Puc. 1. Cxema paznenenust kaHajaoB 1o TexHosoruu CDMA
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HYCTB, Halnpumep, d= [1:1] , d.= [_15_1] , ds= [_1:1] s di= [1:_1] , @ B Ka4icCTBEC
CHCTEMBI OPTOTOHAJBHBIX (YHKIMH BbIOpaHbl (QyHKIMH Yonma JuaHel N =2,
ynopsiioueHuble o Agamapy [3]

. sz*‘ Hz’("
Hy = : (1)
HQ"*' - Hz"*‘

rneH,=1.
s Hamero ciayvas k =4, TakuMm 00pa3oM, UMeeM CUCTEMY (DYHKITHIA

W, =+1,+1,+1,+1;
w,=+1,—1,+1,—1;
w,=+1L+1,—1,—1,;
w.=+1,—1,—1,+1;

Brmonnss npeobpazoBanue (puc. 1) momyyaem pe3ylbTHUPYIOIIUN CUTHAN, KOTOPBIH
N0JaeTCsl Ha YCTPONUCTBO MOTYJISLIH

+1+1+1+1 +1+1+1+1

—1+1-1+1 -1+1-1+1
-1-1+1+1 +1+1-1-1 2)
+1-1-1+1 —-1+1+1-1

0 0 0 4 0 400

[Tonyuennas nocnegoBatensHocTh S =[0,0,0,4,0,4,0,0] mociae MOAyISLMU MOJAETCS B
KaHaJl CBSI3U, W Jlajiee, Ha MPUEMHOM CTOPOHE BO3MOXKHO BBIJICJICHHE CHUTHAja KaXJoro W3

N
KaHaJIOB CBSI3U B COOTBETCTBUH ¢ popmyinoit [1] 4, = ZS W, (gaN )
i=0
Hanpumep, MoxkeM BBIICIUTH HCXOTHOE COOOIIEHUE, TEPEJaHHOE 110 BTOPOMY KaHaly

O 0 0 4 0 4 0 O

+1-1+1-1 +1-1+1-1
X X

0O 0 0-4 0 -4 0 O

Beraucnsas cymmy, u pazaenus e€ Ha g, N , IOdy4aeM UCXOIHBIN curHan ¢, =[—1,-1].

AHanu3 mpuMepa padoThl CHCTEMBI KOJIOBOTO pa3/ieJIeHHs KaHAIOB (puc. 1) mpuBOIUT K
BBIBOJly, YTO NEpeJaBaeMblii B KaHall CBS3M CUTHAN S sBJIseTcsl HaOopoM Kod(PUIIMEeHTOB
npeoOpazoBanus Yonia-Anamapa, KOTopble 001a/1at0T BRICOKMM 3HAYEHUEM TUK-(aKkTopa

_ P max
P cp

k %mtax{lS(T)r } 3

YTO TMNPUBOAMT K TAaKUM HeJocTaTkaM mnpuMmeHsemMod TexHosornn CDMA  kak
HEPALMOHAIBHOE HCIIOJIB30BAHME MOIINHOCTH II€peJaT4hKa, BO3PACTAHME HEIMHEHHBIX
VCKA)KCHUM.

Jlis mpeofosneHus TaHHOTO HEAOCTaTKa MOXET OBITh MCIIOJb30BaH OCOOBINH Kilacc
KOJ/IOB, Ha3biBaeMblii C-KOJaMu, Kax/J10€ KOJIOBOE CIOBO KOTOPBIX 00JalaeT MHUHUMAJIbHBIM
3Ha4YeHueM nuk-¢pakTopa k. Ilpu ncnonb3oBaHMM B KadyeCcTBE OPTOIOHAIBHOM CHCTEMBI
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curHayioB (PyHKIMK Youiia HauiaydlniuM 3HadeHueM nuk-pakrtopa k =1 oOmamaror OeHT-
MOCJIeI0BATEILHOCTH, KOTOPhIE MOTYT OBITh HCIIOJIb30BaHBI B KayeCTBE KOJOBBIX CIOB C-
KOJIa.

BbenT-nocnenoBaTenbHOCTH [4] — OWHapHBIC MOCJIENOBATEIILHOCTHU
B:[bo,bl,...,b,,...,bn,l], riae Ko3puueHTel p, € 1, detHod uMHBI N =2, KOTOpBIC
00Jaal0T paBHOMEPHBIM 10 MOAYJIIO CIEKTpoM Youma-Ajgamapa, NpeICTaBUMBbIM B
MaTpU4HOM popme 7/, (a)): B-H,,ro=0,N-1.

OOmias cxema npuMeHeHus C -Koja JUIsl CHUKEHHUS NMHUK-(QaKTopa K MpeAcTaBiIeHa Ha
puc. 2 [1].

do &
d —> G
KOJIEP OPTOTOHAJIBHOE | St
C-xoma TIPEOBPA30OBAHUE >
dm-l L

Puc. 2. Cxema xogupoBanus nHGopmarii Ha ocHoBe C -Kojia

Takum o6pazom, B HaleM MpuUMepe TSl KOAUPOBAHUS MIEPBOTO OUTA MepeaaBaeMoi 1Mo
BCEM KaHaJiaM MH(OpMAIuu [dl,dz,d3,d4]: [1,—1,—1,1] MOKET OBITh TPUMEHEHO HEKOTOPOE
KomoBoe cioBo C-koja, mpejacTaBiswoniee co0oi, Hampumep, OEHT-NOCIETOBATEIBHOCTD
[d],dz,dS,d4]: [1,—1,—1,1]—) [c,,c2,03,c4]: [—1 11 1], TOrJa, TMPOBENS BBIUUCICHUS B
COOTBETCTBHUH CcO cxeMor (puc. 1), momoObHO (2) moyiydaeM CHUTHal B KaHaje CBS3H
S= [2 -2 =2 - 2], obnanaronuit muK-pakTopom k =1.

3amaga mocTpoeHuss MHOKECTB C-KOJOB SIBIISIETCSI OU€HBb aKTyaJbHOW, TeM HE MEHee,
KaK IMOKa3bIBaIOT MPOBEACHHbBIE MCCIEIOBAaHMS MUK-()AKTOp MEpeaaBaeMoro Mo TEXHOJIOTHUU
CDMA curHama Takke BO MHOTOM 3aBHUCHUT W OT BBIOpDAHHOTO BHUJA OPTOTOHATBHBIX
byHKIHIA.

L]envio HACTOSIIICH CTAThU SIBIISCTCS MCCIENOBAHWE BIUSHUS MPUMEHSIEMOro Habopa
OpPTOTOHAJBHBIX (PYHKITMI Ha THK-(DaKTOp cUTHANIOB B TexHOMoruu CDMA.

Yamie Bcero, mpu peaqu3alliid TEXHOJOTUM KOJIOBOTO paszieieHusi kanaioB CDMA
MPUMEHSIOT QYHKIUU Y OJIIlIa yIopsAoYeHHbIE 0 AaMapy, IOCTPOSHHbIE B COOTBETCTBUU C
BbIpaxkeHuem (1).

OpTOFOHaJIbeIe KOJIbl HA OCHOB€ 3KBUBAJICHTHBIX KJI1AaCCOB MaTpHUIL AnaMapa

Onpedenenue 1. Matpuneit Anamapa H mnopsigka N Ha3bIBaeTCs MaTpuIa,
pasmepa N x N, Takas, 4TO BCE €€ 2JIEMEHThI paBHbI {i 1} U BBIIIOJIHETCS TOXKIAECTBO

HJV.Hir:NEJV) (4)

rae T — onepaTop TpaHCIOHUPOBaHUs, E — euHU4YHas MaTpula.

Onpeoenenue 2. Matpunpl Anamapa, MojlydaeMmble JIpyr W3 Ipyra MHOTOKpPaTHBIM
MPUMEHEHHUEM ONepaluii YMHOKEHHSI CTPOK HJIM CTOJIOLOB Ha —1 M MepecTaHOBOK CTPOK HIIN
CTOJIOIIOB MECTaMH Ha3bIBAIOTCS SKBUBAJICHTHBIMU.

W3BecTHO, uTO A5 nopsAakoB MaTpulibl Anamapa N =1,2,4,8 cymiecTByeT TOIbKO OJUH
HEIKBUBAJICHTHBIA KJIacc MaTpul Ajamapa, IOJHOCTBIO ONpPENESIEMbI PEKYPPEHTHBIM
BeIpakeHreM (1). Tem He MeHee, Kak IMOKa3bIBAIOT MPOBEICHHBIC B [5] MCCaenoOBaHUS YxKe
s nopsaka N =16 cymectByer S  SKBUBAJIEHTHBIX KJIAacCOB Marpuil  Ajgamapa,
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IPEJICTaBUTENIN KOTOPBIX IpuBeneHbl Ha puc.3. IlpencraBurenu >KBHUBAJEHTHBIX KJIACCOB
matpull Axamapa nopsinka N =16, npuBeIeHHbIE HA PUC. 3 HE MOTYT OBITh MOJTYYEHBI JPYT
U3 JIpyra MyTeM NMPUMEHEHUS MPOCTEUIINX ONepanuii YMHOXKEHHsI CTPOK MJIM CTOJOIOB Ha
—1 W mepecTaHOBOK CTPOK WJIM CTOJOLIOB MECTaMH, TEM HE MEHEEe BCE YJOBIETBOPSIOT
onpeneneHuto (4), 4To aenaeT BO3MOXKHBIM UX ITpuMeHeHue B TexHosorun CDMA.

Tem He MeHee, NPOBEIEHHBbIE HCCIECIOBaHMS IOKA3bIBAIOT, YTO CTPYKTypa KaxJIou
HEOKBUBAJIEHTHOH  MaTpuusl  H,,H,,....,Hs TNPUBOJUT K pa3IMyHBIM  CBOICTBa

KOHCTpyHpyemoro g He€ C-koaa.

++++++++++++++++ Ft++++++++++F++++ ++++++++++++H+H+H++
++++++++—-——————— ++++++++———————— ++++++++—-———-—-———-—
++++————++++—-——- ++++————++++———— ++++————++++—-——-
++tt———————— ++++ FHtt———————— + e+t ++++
tH——tt——tt——t+—— b b — b —— FH——t+——tt——t+——
- —tb——————++ Ft——tt————tt——++ dH——t————tt——t+
++———++++————++ ++————F+++————++ ++—-————++++————++
H = tto-——tt-—tttt—— H. = tt-———tt——t+t+—— H. = +t-———tt——t+++——
1= +—F—t+—F—+—+—+—+— 27T Attt —4— 37T —t—t—F—t—+—+—+-—
+—t—t—t——t—+—+—+ +—t—t—t——F—t—+—+ +—t—t—t——t—t+—+—+
ottt t—t——+—+ F—t——t—tt—t——+—+ +—t——t—F+——++——+
AU S A S bk i i S +—t——t—t—++——++-—
- - - - ——t++——Ft——t—t+- +——++——F+——+—++-
tm—t b —t === = t——tt——t—t+-F+-——= +——F+——+—++—-+——+
+——t—t+—t——t—++- t——t—t+—t——t+-——+ +——F—Ft—F—F——F—+
+——F—++—++—-+—-——+ +-—+—-++—-——++—-—++- bt —f—
+H++++++H S S T
b ———————— ++++t+tt————————
+Htt——— =ttt t+———— +H++————tttt————
+Htt———————— ++++ ++tt———————— +++
Ft——tt——tt——tt—— +H+——tt——tt——F+——
+t——tt————tt——++ Fh——td————tt——++
+H————tttt————++ +——— =ttt —F—+—
H = +t————tt——tt++—— H. = Fh————Ft—F—t—+—+
4= F—t—F—t—F—t—+—+— 5= +—t—t—F—tt————++
+—t—t——+t——F—+—+ +—t—t—F———F++++——

ot ——tt——t—t++——+

=ttt —t—t——t—+
t——t—tt——Ft——++—

Puc. 3. DxBUBasIeHTHBIE KJ1acChl MaTpull Aamapa

Tak, mycTb Ha BXOJ cXeMbl (puc. 2) MOJAIOTCSA KOJOBBIE CIOBa MOJHOTO KOJA, a B
KaueCTBE OPTOTOHATBHOTO MPEeoOpa3oBaHUsl WCIOIB3YIOTCS TMOOYEPEIHO TMPEJCTaABUTEIU
HEIKBUBAJICHTHBIX KJIaccoB Marpuil Agnamapa (puc. 3). Torma MOITHOCTH KJIacCOB
MOCIIEI0BATEIHHOCTEH, 00IaMal0IMUX 33IaHHBIM 3HAYEHUEM MUK-(pakTopa s Kaxaouh u3
MaTpuIl Ajamapa npyuBeIeHbI B Ta0. 1.

Taoauua 1.
Pacripenenenue nuk-gaxropa A BEKTOPOB MOJTHOTO KO

AOcomror Yucno Yucno Yucno Yucno Yucno
Ne HOE k- BEKTOPOB BEKTOPOB BEKTOPOB BEKTOPOB BEKTOPOB
I sHavenne daxr IS il g IS TS I
/ uKa op K MaTpPHULIbI MaTpPHULIbI MaTpPHULIBI MaTpPHULIbI MAaTpPUIIBI
. }am Iﬂ LG LQ Lh ﬁk
1 16 1 896 384 128 0 0
2 36 2,25 14336 14336 14336 14336 14336
3 64 4 28000 28512 28768 28896 28896
4 100 6,25 17920 17920 17920 17920 17920
5 144 9 3840 3840 3840 3840 3840
6 196 125’2 512 512 512 512 512
7 256 16 32 32 32 32 32

)y 65536 65536 65536 65536 65536
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Takum oOpazom, H3ydeHHE NAHHBIX TaOj. | MOKa3bIBaeT OOJBIIYIO 3aBUCUMOCTh
BO3MOXXHOCTH MocTpoeHusi C-KoJ0B, 00JalalonuX ONTUMAaIbHBIM 3HAYEHHEM MHK-(paKkTopa
k=1 ot Buma BbIOpaHHOTO HaOOpa OPTOTOHAIBHBIX (YHKIUHA, OPTOTOHAIBHOTO
npeoOpazoBaHms.

Tak, wamOompmelr wmomHocTH C-KoJa TO3BOJISIET JOCTHYL MaTpuila Apamapa,
IIOCTPOEHHAs IO PEKyppeHTHOMY mpaBuiy (1), Torma xak MaTpuubl H, U [, BOBCE HE
JOMYCKAIOT ~ TOCTPOCHHUS  OCHT-TOCIIENOBAaTENIbHOCTEH,  00JaNalomMUX  ONTHMAaJIbHBIM
3Ha4YeHueM Muk-pakropa k =1.

[IpoBeneHHble HCCIEAOBAHUS  KIACCOB  ONTHMAJBHBIX  MOCJEI0BATENILHOCTEMH,
obnagaronux MUK-HakTopoM k =1 OTHOCUTENHHO MATPUIl Ff, U [{, TIO3BOJIMIN YCTAHOBUTD,
YTO BCE OTH I[OCJIEIOBATENIbHOCTH SBISIOTCA TOJMHOKECTBOM MHOXXECTBa OEHT-
MOCIIEI0BATENbHOCTEH ISl MaTpULIbl  Ff,, PETyJIsSpHbIE METOAbl IMOCTPOEHUS KOTOPBIX
MpUBEJICHBI B [6].

OproronajbHbie KOaAbl Ha ocHOBe pyHk1ui Bunenknna-Kpecrencona u @ypoe

SIcHO, 4TO B KauecTBE OPTOTOHAILHOTO MPeoOpa3oBaHUS MOTYT OBITH MCIOJE30BAHbI
CHUCTEMBbl OPTOTOHAIBHBIX (yHKIMNA Bunenkuna-Kpectencona [7], KOTOpble SBISIOTCS
00o06mmenueM (GyHKIHMA Yoia Ha MHOTOYPOBHEBBIH CITydaid.

Oynknun BunenkuHa-KpecTteHCOHa MOTYT OBITH OIpECIICHBI, B YaCTHOCTH, Yepe3
ornpenenenue ahpGuHHOrO Ko/1a GYyHKIHUNH MHOTO3HAYHOM JIOTHKH.

Onpeoenenue 3. OyHKIUEH ¢ -3HA4YHOUN JOTHKHU (Hanee ¢ -QpyHKIMs) k IepeMEHHBIX
HasbBaetcs orobpaxenue {0,1,2,...,q 1} N {0,1.2,....g -1} .

[Tomoras 3HaueHue ¢ =2 moiydaeM QYHKIHH TPEX3HAYHOU JIOTUKH — OTOOPaKECHHE
{0,1,2}k - {0,1,2} , T. €. IPABUJIO, OJHO3HAYHO COIOCTABJISAIONIEE BEKTOPY U3 k KOOpIMHAT,

npunaexamemy anasuty {0,1,2} , sHauenne u3 Maoxectsa {0,1,2} .

[TonoGHO OyneBbIM GyHKIUAM 3-QYHKIIMN TaKK€ MOTYT OBITh OJTHO3HAYHBIM 00pa3oM
MIPEJICTABJICHBI B alreOpandecku HOpMAIbHOU (opMe, T.e. B BHJE TIOJTUHOMA, COJIEPIKAIIETO
omnepalnuy YMHOXEHUsI U clioxkeHus: B mnojie GF(3), KOTopble ONMpenesnsitoTcs CleAyIOIUMU
Ta0IAIAMU

+012 012
0000 00O0O
1020 1012°
2001 2021

Hamnpumep, mist 3Hauenus & =2, oOmuid Buj anreOpandecKu-HOPMaIbHOU (HOpMBI 3-
byHKITIT Oyner AMETh BUJI

f(xl,xz)= wtaxtaxtaoxxtaxtaxtaxxtaxx Tasxx,I€a € {0,1,2}-
Onpeodenenue. JIis TPOW3BOIBLHOTO HaTypaidbHOTO L, adduuabiM A(N, k) -KOIOM
mmHbl N =3F HaspIBaeTCs MHOXKECTBO BCEX CTPOK (), TeX Oy/aeBbIX (YHKIMUM, CTENECHb
HEJIMHEHHOCTH KOTOPBIX He mpeBbImaeT 1, To ectb A(N,k) = {Q ,»| feF,degf< 1|} [9].
Hpyrumu  cinoBamu, adPUHHBIMH SBIAIOTCS Bce 3-QYHKIMH HMMEIONIME BHI:
k-1
f(xo,...,xk,l) =doXotaixit oot Qi X (m0d3) = ZQ,xi(l’nOd?)), TaC g; € {0,1,2}.

i=0
Taxk, mst ciyqast k =2 MOTyT OBITh BBITIMCAHBI Bece adPpuHHBIE PYHKITUN
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¢, =0; Pro = X25 Pro =22

0, =1 @, =x,+1; @y =2x.+1;

0, =2; Pp=xt+2; 0, =2x,+2;
O,= x5 @3 =X+t x5 @y =2x+ x5
os=x+l  @,=x.tx+l Py =2x+tx+1;
Ps=xt2  Qs=xtxit2 @=2x,+tx+2;
@, =2x:; P =X+ 2 x5 @ys=2x,+2 x5
o =2x+L @,=x.+2x+1L @=2x,+2x+];

Po=2x%2; QPi=xF 2x+2 @,=2x,+2x+1.

Yka3aHHbIe q)YHKI_[I/II/I MOT'YT OBITD MNpeACTaBJICHBI B BUAC CBOUX Ta6JII/ILI HUCTUHHOCTHU

000000000
012012012
021021021
000111222
012120201
021102210
000222111
012201120
021210102

111111111
120120120
102102102
111222000
120201012
102210021
111000222
120012201
102021210

222222222
201201201
210210210
222000111

201012120,

210021102
222111000
201120012
210102021

[TonoOHO ABOWMYHOMY CiTy4aro, Ha OCHOBE TPETH KOAOBBIX CJ0B ad(GHUHHOTO KOHa, a

TaxKe OJHO3HAuHOro mpeobpaszoBanns 0 — e’ | 1—e/™ 25/ =7 moxer GBITH

MOCTPOEHA OPTOTOHAJIbHAS MaTpHIIa, KaXaasi CTpOKa KOTOPOH MpeacTaBisieT co00il GyHKIINIO
Bunenkuna-Kpecrencona

[ 0 jo° jo° jo° jo° jo jo° jo° o]
e e e e e e e e e
j0° j120° j240° jo° 7120 j240° jo° j120° j240°
e e e e e e e e e
jo° j240° j120° jo° /240 71207 jo° j240° j120°
e e e e e e e e e
jo° jo° jo° j120° j120° j120° j240° j240° j240°
e e e e e e e e e
jo° 71207 j240° j120° j240° jo° j240° jo j120° 5
e e e e e e e e e ’ ( )
jo° j240° j120° j120° jo° j240° j240° j120° jo°
e e e e e e e e e
jo° jo jo° j240° /2407 j240° j120° j120° j120°
e e e e e e e e e
jo° j120° j240° j240° o j120° j120° /2407 jo
e e e e e e e e e
jo° j240° j120° j240° j120° jo° j120° jo j240°
L€ e e e e e e e |

Ha ocnoBe Mmarpuiisl (5) Takke MOXET OBITh MOCTPOEHA CHUCTEMa CBSI3U C KOJOBBIM
pa3zeneHreM KaHaJIOB 0 MPHUHLHUITY, ogoOoHoMmy (puc.l). Hampumep, nycts 9 aboHeHTOB
OJIHOBPEMEHHO nepesaroT cooO1IeHus
{dl B dz s d3 s d4 B ds B d6 B d7 s dx B d9 9} = {091507272909072925} - {em“ B e/‘IZO“ B e/'Oﬂ B 6/240“ B e/'240“ B e/'Oﬂ B e/'Og s 6/240“ B e/'240“ 9}'

Beimonasisi  mpeoOpa3oBaHue mo00HOE (2) HAaXOAWM PE3YNbTHPYIOMIUNA CHUTHA,
KOTOPBIH 10/1aeTCsl B KaHAN CBS3U
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- j60° - j60° - j60° - j60° - j60° - j60° - j60° —j180° - j60°
52{3'67 3-e7,3-e7.3- e3¢ ,3-¢7,3-¢7,3-¢” .3 ,}-

(6)

B coorserctBuy ¢ (3) BbIuMcIsieM NHK-(pakTop curnaia (6), KoTopslii pasen k =3/3=1,

T.€. MCXOJHAs MOCIEA0BATEILHOCTD, COCTOSIIAS U3 COOOIIEHUH B KaXKJIOM KaHalle SIBJISIETCS
ONTUMAILHOM.

B nemsix u3ydeHns BO3MOXHOCTEH TMOCTPOEHUsT ONTUMAIbHBIX C-KOJOB JJi paboTHI ¢
npeoOpazoBanueM Bunenkuna-Kpectencona B TexHonormn CDMA mogaauM Ha BXOJ
npeobpasoBanust (5) MONHEI KOX Hajg anpaBuTOM ¢ e ,e '™ MommocTHJ =73’ .
Pe3ynbTaThl IPOBENEHHOTO KCIEPUMEHTA TO3BOJISIIOT YCTAaHOBUTH, YTO BCETO CYIIECTBYET
486 TakMX ONTHUMAJBHBIX MOCIEI0BATEILHOCTEH, KOTOPHIE, TOBOPS B OOILIEM Cllyyae, MOTYT
OBITh Ha3BaHBl OCHT-TIOCJIEAOBATEILHOCTSAMH OTHOCHUTEIBHO MpeoOpa3oBaHus BuiieHknHa-
KpecreHncona.

[ToapoOHBI aHaTM3 MOJHOTO KJIacca JAHHBIX ONTHUMAJIBHBIX TOCIEI0BATEIIBHOCTEH
MO3BOJIMJT YCTAHOBUTH MX BECOBYIO CTPYKTYpPY, IO KOTOPOW OHH MOTYT OBITh pa3/elieHbl Ha

mIeCTh HOAMHOXKECTB

Ko Ki K. (J)
1 4 4 (54)
2 2 5 (108);
2 5 2 (108) (7
4 1 4 (54)
4 4 1 (54)
5 2 2 (108)
rae K., K.,K. — komudectBo 0, 1, 2 B TpOMYHOM MOCIIE€IOBATEIBHOCTH COOTBETCTBEHHO, C
YYeTOM OJTHO3HAYHOTO oToOpakeHus 0 — ¢’ Tl 2 =g
J, — KOJIMYECTBO NOCJIEA0BATEIBHOCTEN C 3aJaHHON CTPYKTYpPOil.
B Ka4yeCTBEC npumepa, IMpUBCACM MOJIHBIN KJI1accC ONTUMAJIBHBIX  TPOWYHBIX
MOCJIeI0BAaTEILHOCTEH, 00Ia/Taf0IINX MTEPBOM CTPYKTYPOM
011122122 110122212 121022112 122122011 211202112 220112112
011212221 110212122 121112022 122212110 211211022 220121211
011221212 110221221 121121202 122221101 211220121 220211121
022112121 112022121 121202121 202112211 212011221 221011212
022121112 112112220 121211220 202121121 212101212 221101122.
022211211 112121022 121220211 202211112 212110122 221110221
101122221 112202211 122011122 211022211 212122110 221122101
101212212 112211202 122101221 211112202 212212101 221212011
101221122 112220112 122110212 211121220 212221011 221221110

Ananu3 (7) mokasblBaeT, 4TO MOJOOHO yaJbHBIM IapaM JBOMYHBIX OCHT-(QYHKIUI

CyIIECTBYeT 2 TPOWCTBEHHBIX HAOOpa ONTHUMAIBHBIX TPOUUYHBIX IIOCJIEI0BATEILHOCTEH,
KOTOpre B CYMMG SABJIIAOTCA ypaBHOBeLHCHHLIMI/I, COOTBCTCTBCHHO Ha60p51
{1,4,4},{4,1,4},{4,4,1} n {2,2,5},{2,5,2},{5,2,2}.
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OTmeruM, YTO NanbHEHIINE M3yuyeHHe MeToJ0B mocTpoeHus C-KOmoB, o0iagaromumx
ONTUMAJBHBIM 3HAaYeHHEM MuK-pakTopa « TpaHcpopmanT Bunenkuna-Kpectencona
SBIISICTCS aKTYaJIbHON 3a/1a4eil 1 MOXKET ObITh MPEIMETOM JAIbHENIINX UCCIIEI0BAHUI.

Hpyrum mupoko wucnoiab3yemMbiM B TexHosorun CDMA BHAOM OpPTOrOHAJIBHOTO
npeoOpazoBanus sBisiercs JuckperHoe IIpeoOpazoBanus @ypwe (IAIID), oproronampHas
Matpuiia nopsaka N KoToporo B 00001meHHoM Buje [7]

1 1 1 ... 1
1 W WZ WN—I
1 WZ W4 WZ(NLI)
F = L (8)
1 W3 W() WZ(A 1)
1 WN—l WZ(N—I) W(Nfl)z

rae w=cos(2z/N)+ jsin2z/N), j=~/-1.

Metonom nepedbopa MOXKET OBITh JIETKO YCTAHOBJIEHO, YTO JJISl MPAKTUYECKU LIEHHBIX
uiH BekTopoB N =8 u N =16 andaButa {+1,—1} Uit Matpuisl (8) He cyliecTByeT
ONTUMAJIBHBIX TOCIEI0BATEIbHOCTEH, T.€. mocTpoeHne C-kona, 00Janaroliero 3HaueHHEM
nuk-pakTopa k =1 sBIISETCS HEBO3MOXKHBIM.

Tem He MeHee, Kak IOKa3add MCCIEJOBAaHUS, ONTHUMAalbHbBIE IOCIEI0BATEIbHOCTH

o o
/120 —j120

mmnel N =9 MoryT ObITh Halimenbl misi andasuta{e’ ,¢’™ e}, KOTOPBIX CyIIECTBYET

J =162 mrykn.
AmnanmornuHo Tabn. 1 cBegem B Tabi. 2 JaHHBIE O paclpeAcsieHUH MHK-(akTopa s
BEKTOPOB ITOJTHOTO KO/Ia OTHOCUTENIbHO MTpeoOpa3oBanus Bunenkuna-Kpecrencona u JII10.

Tabéuamnna 2.
Pacnpenenenne nuk-gpaxTopa st BEKTOPOB MOJHOTO Koja ATUHBI N =9

AG Hucno BEKTOpOB
o COJIIOTHOE 3HAUYCHUE ITuk- YHucno BEKTOPOB s
/T nuka P, dakTop K MaTpusl (5) FUL MATPHIIBT
TN
1 9 1 486 162
2 14.638 1.626 — 486
3 18.679 2.075 — 486
4 19.237 2.137 — 972
5 19.598 2.177 — 972
6 20.638 2.293 — 972
7 21.003 2.333 10692 3564
8 22.231 2.47 — 1458
9 24.870 2.763 — 2430
10 26.998 2.999 4104 1476
11 27.321 3.035 — 486
12 29.833 3314 — 972
13 30.869 3.429 — 972
14 31.787 3.531 — 324
15 34.786 3.865 — 324
16 36 4 1944 648
17 36.505 4.056 — 972
18 37.908 4212 — 324
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[Tponomxenne Tabmuis 1.

19 39 4.333 1944 648
20 41.1 4.566 — 486
21 51.696 5.744 — 324
22 57.002 6.333 486 162
23 57.699 6.411 — 54
24 81 9 27 9

2 19683 65536

AHanu3 fAaHHBIX Ta0il.2 TPUBOIUT K BBIBOAY, YTO MAaTpulla INpeoOpa3oBaHU
Bunenknna-KpecTeHcOHa A0ITyCKaeT MOCTPOCHHUE OOJIBIIIETO YUCIIa ONTUMAIBHBIX TPOHMYHBIX
MOCJIeI0BAaTeILHOCTEH, oONamaromux muk-pakropoM k =1, yem marpuna JIID. JJannoe
CBOI>'ICTBO ABJIACTCA HpaKTI/I‘-IeCKI/I IICHHBIM C TOYKU 3peHI/I}I peannsam/m TCXHOJIOTHUU
KOJIOBOT'O Pa3/ielicHUs] KaHAJIOB.

BoiBOaBI

VYcTaHOBNIEHO, YTO CTPYKTypa M MolHOCTh OuHapHoro C-kona, oOnazaromero
ONTUMAJILHBIM 3HAYeHHEM MUK-(akTopa K KOd(PPUIHMEHTOB mpeoOdpa3oBaHus Y olia-
AnamMap CHWJIBHO 3aBHCHT OT BHJa BBIOPAaHHOW MaTpHIel NpeoOpa3zoBaHms. Tak, yxe NpH
nopsiike Matpuilbl N =16 CylmecTBYIOT CTPYKTYpPbl MaTpHIl Ajamapa JJisi KOTOPbIX BOBCE HE
CYIIECTBYET OEHT-TIOCIIE0BATENLHOCTEH.

HccnenoBana  BO3MOXKHOCTh — HCHOJB30BaHUS  npeoOpa3oBaHus — Bunenkuna-
Kpectencona misi peanu3alii TEXHOJOTUH KOJOBOTO pa3zelieHus KaHajioB. OOHapyXeHo,
YTO CYIIECTBYET KJIacC ONTUMAJIbHBIX TPOMYHBIX IOCIIEN0BATENIBHOCTEN MolHOCTH J = 486,
KOTOpbIE MOJOOHBIM OeHT-(QyHKIMsIM 00pa3oM 00J1a1al0T PaBHOMEPHBIMH aMIUTUTYAaMU
CIIEKTpa U TAaKUM 00pa30M MOTYT ObITh HCIOJIB30BAHBI B KAYeCTBE KOJOBBIX clloB C -KoJa.

[IpoBeneHHBI CpaBHUTENBHBIA aHAIM3 pacupeneieHuss NUK-pakTopa BEKTOPOB
IIOJIHOTO KoJa s marpuisl Bunenkuna-Kpecrencona n matpunsl 11D nmokassiBaeT, 4To
npeoOpazoBanue Bunenkuna-KpecteHcoHa JOmyckaeT MOCTpOEHHE OONbIIEero 4Yucia
BEKTOPOB, OOJQJAIOIINX ONTHUMAIbHBIM 3HAYCHHEM MHK-pakTopa k =1, 4TO MOXET OBITh
npusiekareabHbiM CDMA.
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ITPO BIVIMB BUJAY OPTOI'OHAJIBHOT'O TIEPETBOPEHHSA HA MIK-®AKTOP CIIEKTPY
CUTHAJIIB Y CUCTEMAX CDMA

M. B. Masypkis, A. B. Cokonos, H.A. bapabanis

OpiecbKuii HaIllOHAILHUH MOJIITEXHIYHUI YHIBEPCHUTET,
mpoct. leBuenka, 1, Oneca, 65044, Ykpaina, e-mail: alart@stream.com.ua

VY craTTi AOCHIIKYEThCS BIUIMB BHIY OPTOTOHAJIBHOTO IEPETBOPCHHS Ha MiK-(akTop
CHTHAJIIB B CHUCTEMaxX 3 TEXHOJIOTi€I0 KOJOBOTO PO3IJICHHS KaHAJiB. Po3rmsaaroThcs BCi
II'ATh KJIACiB OPTOTOHAIBLHUX TEPETBOPEHb MOPAAKY N=16, MmoOyZoBaHHX Ha OCHOBI
¢dbyHKIiH Yomma, a TakoX JUCKpPEeTHE TiepeTBopeHHs Dyp'e i mepeTBOPEHHS, 3aCHOBaHI HA
opTOTOHATBHUX (QYHKINsSX Binenkina-Kpectencona. 3HalneHO CIMEHCTBO TPiHKOBUX
TIOCITITOBHOCTEH, 10 BOJIOIIOTH PIBHOMiIpHUM crieKTpoM Binenkina-Kpecrencona.
Kitouosi cioBa: CDMA, mik-(hakTop, OpTOrOHAIBHE TIEPETBOPEHHS.

ON THE EFFECT OF THE TYPE OF ORTHOGONAL TRANSFORM ON PAPR OF SIGNAL
SPECTRUM IN CDMA SYSTEMS

M.I. Mazurkov, A.V. Sokolov, N.A. Barabanov
Odessa National Polytechnic University,
1 Shevchenko Str., Odessa, 65044, Ukraine; e-mail: alart@stream.com.ua

This paper is devoted to research of the impact of the type of orthogonal transform on the
PAPR of signals in systems with CDMA technology. We consider all five classes of
orthogonal transforms of order N=16 that are based on Walsh functions, as well as discreet
Fourier transform and transform based on orthogonal Vilenkin-Christenson functions. A set
of ternary sequences having uniform Vilenkin-Christenson spectrum is discovered.
Keywords: CDMA, peak factor, orthogonal transform
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IKCIHHEPUMEHTAJIBHAS ITPOBEPKA ITPOABJIEHUA
CJIEAOB MOHTAXA B IUPPOBBIX ®OHOI'PAMMAX

O.B. Puioaanckuii, B.A. ConioBbeB

HauunonansHas akaneMusi BHyTPSHHHX JIel,
1. Conomenckas, 1, Kues, 03035, Ykpanna; e-mail: rybalsky ol@mail.ru

PaccMOTpeHBl pe3ynbTaThl OKCIEPUMEHTAJBHBIX HCCIEIOBAHUA MPOSIBICHUS CIIEIOB
M(GpPOBOro MOHTaXKa B IUPPOBEIX (HOHOrpaMMax. DKCIEPUMEHTAIBHO JOKa3aHO, 9TO Kak
BbIpe3aHue (parMeHTOB (POHOrpaMMbl B IMay3ax MeEXIY PEUYEBbIMH CHUTHAJIAMH, TaK U
BCTaBKa BBIPE3aHHBIX (DPArMEHTOB B Iay3aX, MPUBOJUT K W3MEHEHHSM CIEKTPaIbHOTO
COCTaBa CUTHAJIOB B TOYKax MOHTaxa. [IpeanoxkeHo pa3paboraTh MporpaMMy ¥ METOIHUKY
JUTSL OKCTIEPTH3BI IIU(PPOBBIX (POHOTPAMM.

KuaroueBble ci1oBa: 3amuch 3ByKa, May3a, pPEYEBOI CHTHAJ, CIIEKTP CHTrHala, nuppoBas
(dhonorpamma, aiin.

BBeaenue

[Ipu npoBeaeHUH SKCTIEPTH3bl MATEPHAIOB 3BYKO3ANHUCHU OJHON M3 CaMBIX CIOMXHBIX
3a]1a4 SBJISIETCA 3a/7a4a BBIABICHUS IPU3HAKOB U MecT MOHTaxa. Ho 1o mocnenHero BpeMenun
3Ta 3ajlaya He MOojJlaBajach BCEOOBEMIIIONIEMY PEIICHHIO, MOCKOJIBKY BCErJa OCTaBaJUCh
CIOCOOBI MOHTa’a, MPU3HAKU KOTOPOTO HE Y/1aBaJIOCh BBISIBUTH CYIIECTBYIOIIUMH METOJaMH.

Pa3pabGoTranHble HaMHM paHee YacTHbIE METOJbl BBISBICHMS MOHTa)a OCHOBaHbI Ha
MPEANOJIOKEHUH, YTO MOHTaX (OHOTPAMMBI TMPOBOJUTCS B TAy3aX MEXIY PEUYEBBHIMU
curHanamu [1]. Pemenne 3a1aun BBISIBIICHUS €70 MPU3HAKOB B CIIydae MPOBEICHUS MOHTaXa
U3 3allUCel, CAETaHHBIX HAa Pa3HOM ammaparype, ObUIO MPESIOKEHO pPealn30BaTh ITyTEM
pazaeneHns KaXaou may3bl Ha YaCTH U CPaBHEHUS XapaKTEPUCTHK Mapa3UTHBIX MapaMeTpoB
anmaparypsl 3anicH, 3aMKCHPOBAHHBIX B Pa3HbIX yacTax mayssl [2]. Ho pemenue 3amaun
3HAYUTENIBHO YCIOXKHSIETCS B Cllydyae IPOBEJCHHSI MOHTaXa U3 3alKceil, CeTaHHbIX Ha OJJHOU
anmaparype. Eme Gojee Cl0XHO BBISIBUTh MOHTaXK, €CJIM BCS €0 MpoIeaypa MpOBOANIACH C
OJIHOM 3amuChio (BBIPE3Ka YaCTH CUTHAJA, BCTABKA B APYroe MECTO YacTH paHee BhIPE3aHHOMN
3a1mcu).

MBI peanoaoKuiIl, 4YTO SKCIIEPUMEHTAIBLHYIO TPOBEPKY BO3ZMOKHOCTH PEIIEHUS 3TUX
3a7ad JOJDKEH 00eclednTh MpeyIoKEHHBI paHee METOJl CpaBHEHHs IBYX (wim Oonee)
yacTeil ogHOW may3pl. B pe3ynbrare Hamu Oblia pa3paboTaHa MporpaMma U METOIHMKA
SKCIIEPUMEHTA, MO3BOJIAIOIIAsA, C HAIIed TOYKM 3PEHMS], BBIABIATH CIEAbl MOHTaXa,
ocTaBJIEeHHbIE TpU 00pabOTKe 3amucH, CAeTaHHONW Ha OJJHOM anmaparype.

IIporpaMMa, mO3BOJSAIOLIAS peaIN30BaTh JAHHBIM HSKCIIEPUMEHT, IIOCTPOEHA Ha
HEOPTOTOHAJILHOM  BEWBIIET-IPe0Opa3OBaHMM C  HCIOJb30BaHUEM BelBiera Mopie.
IIpakTHuecku UAEOIOrHsI NOCTPOCHUS €€ BBIUMCIUTEIbHOW YacTH OCHOBaHA Ha MJIEOJIOTHH,
OCHOBAaHHOW Ha TEOpWUU KapKacoB, H3JOKeHHOW, Hampumep, Credpanom Mamra [3], u
HE3HAYUTENIBHO OTJIMYAETCSl OT METOAA, IPENJIOKEHHOr0 B OAHOM M3 HAIIMX CTaTew,
OTMCHIBAIOUIEH MOCTPOCHHUE BBIYUCIUTEIBHOW YacTH MPOrpaMMbl, MpeIHa3HAYEHHOW IS
uaeHtuukanuu aukropa [4]. Pazymeercs, B 3TOH mporpamMme MNpeaycMOTPEH Apyrou
uHTepdeiic, mpeaHasHAYeHHBIM JUIsi oOecredeHusl yao0cTBa pabOThI HCCIEIOBATENS TPHU
pelIeHMH HOBOM 3ajjaud, W TPeIyCMOTPEHBI HEOOJbIINE W3MEHEHMS, CBSI3aHHBIE C
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BBIJICJICHUEM U pa3/IeJieHHeM I1ay3 Ha 4YacTh M BBIJACNICHHs, OOpaOOTKM M CpaBHEHHS
MOJTYYEHHBIX XapaKTEPUCTHK ammaparypsl 3amucu. OJHAKO OMHMCAaHWE 3TOM NMPOrpaMMbl U
peanu3yeMbIX METOJIOB HCCIIEOBAHUS Iay3 HE SIBIISETCS MPEIMETOM JaHHOH MyOIMKaluu.
Ho cnemyer oTMeTnTh, 4YTO €€ NpPHMEHEHHE OOECIEeYMIO BBICOKOTOYHOE BBIUMCICHHE
BEMBJIIET-CIIEKTPOB CUTHAIOB Ha MHTEepBaiax ot 30 go 100 mc.

L]envio wccenoBaHWi, Pe3yNbTaThl KOTOPHIX NPUBENEHBI B JaHHOW cTaThe, ObLIA
HKCIIEpUMEHTaIbHAsl MPOBEPKAa BO3HMKHOBEHUS OTIMYMN CUTHAJIOB B TOYKAX MOHTa)Xka Ha
nay3ax pe4d B CMOHTHPOBAHHBIX (POHOTpaMMmax, BBHIMOJHEHHOTO IIyT€M BBIPE3aHHS U
BCTaBKM HH(pOpMAIMM, COJAEpKallelcs B MUPPOBOW (GoHOTrpaMMe, 3alMCaHHON Ha OJHOM
ammaparype, OTHOCHTENbHO (oHOTpaMM, He TOABEpraBIIMXCS MOHTaxy. Kcratw,
TEOPETUYECKH HAIMYKME TaKUX OTIMYUI BIepBbIe ObUTM 000CHOBAHKI B pabore [5].

[IpoBeneHHBIN HKCIEPUMEHT JIOJDKEH JaTh OTBET Ha BOMPOC O IEJIeCO00Pa3HOCTH
pa3pabOTKU MeToJa BBISBJICHUS TaKOTO MOHTaXa, YAOBJIECTBOPSAIOLIETO TpPeOOBAHUAM
9KCIEPTU3HI.

OcHOBHAA 4YaCTh

OKCIIepUMEHTBl MPOBOAMIMCH B cieayromeM mnopsake. CHauana 3anMChIBaIUChH
oThenpHble (Al Ha pa3IMYHBIX TUMAX M OSK3EMIULIpax ammaparypsl  HUppOBOM
3Byko3anucu (AL[33). Otu ¢aiinsl 3arpyxajiruch B KOMIBIOTEP W 3alIOMHUHAINCH C TIOMETKON
«06e3 MOHTaxkay». 3aTeM KaXAbli M3 3TUX (DalIOB OTKpHIBAICS B 3BYKOBOM pENaKTOpe U
noJBeprajacs MOHTaxXy. MoHTax ¢ailyioB IpoBOANIICS IO OHOMY aJITOPUTMY:

10 BPEMEHHOM LIKaje OKHA PEaKTOpa ONpPEAEISIOCh U 3alIMChIBAJIOCh BPEMsI Havaja nayssl,
3aTeM BbIIEIIIACh YacTh (DOHOIPAMMBI C PEUEBBIM CUTHAJIOM;

1.  Ompenensnach JUIMTENBHOCTh BBIASIEHHOTO y4acTKa (POHOTPAMMBI, TOCTE YEro
OH U3 Hee BbIpe3acs;

2. Jlamee mo BpEeMEHHOH WIKaJlleé peAaKTOpa BBHIOMpalach Ipyras Imay3a, U ee
n300pakeHHe pacTArMBajJIOCh BO BPEMEHHU;

3.  VYcranaBinuBajics Kypcop Ha HyJeBO€ (110 YPOBHIO) 3HAUEHUE CHUTHAJIa B Mayse,
3aIllMCBIBAIOCh €T0 BPEMEHHOE I0JI0KEHUE B (DOHOrpamMMe, U BCTABJISUICS paHee BhIPE3aHHBIN
y4acToOK (hOHOTpaMMBI;

4.  Omnpenensuiocb MECTO OKOHYAaHUS BCTaBKM CHUTHala M 3alMCHIBAIIOCH €€
BpPEMEHHOE T0JI0KEHHE B JOHOTPAMME;

5. YyacTok BCTaBKH pacTATUBAJCS BO BPEMEHHU U, IPU HEOOXOAUMOCTH, YCTPaHsIICS
¢a3oBbIil HaOer.

Takum 00pa3oM, MOHTaX HPOU3BOIWICA B TPEANOJIOKEHUH, YTO OH BBIIOJHEH
OIBITHBIM ONEPAaTOPOM, YMEIOIIMM CKpBIBaTh Cieabl cBoel “mesrenpHocTH’. Ilpn sTOM He
IPOBOWIIACH MTO00OPKAa MOHTUPYEMBIX YYaCTKOB 110 CMBICITY NPOU3BEICHHBIX IIEPECTAHOBOK
(4TO TpH FKCHEepTH3e 0053aTENBHO MPOBEPAETCS HKCHEPTOM). ITO JAENATIOCh JUIs YIPOLICHUS
3aJjaud CO3/1aHUs SKCIEPUMEHTAIbHOIO MaTepuala, T.K. IPOCIyIIMBAHUE CMOHTHPOBAHHBIX
¢oHOrpaMM He BXOJIMIIO B 3a/1a4M IKCIIEPUMEHTA.

Hwxe npuBomdTcs WUIIOCTpalMd K TPOBEIEHHBIM 3KCIIEPUMEHTaM, KOTOpbIE
NPOBOJIWINCH Ha (pOHOrpaMMax, 3amUCaHHBIX Ha pa3znuuHoi AlLI33 mpu pasHbIX yacToTax
JTUCKPETU3ALIH.

Bcero Obum MCnonb30BaHbl 3alHCH, CAETAHHbIE HAa 9 pa3sTUYHBIX IUPPOBBIX
nukTooHax U 5 MOOMIBHBIX TenedoHax mpu yactoTtax auckpermsanuu 8 kl'm, 11.025 kI,
16 k', 32 kI'p u 44.1 x['1. Bo Beex ciaydasx Obutn 0OHApyKEHBI OTIIMYHS MEX/y CUTHAJIaMU
nays3, COJAEp’KallluX TOYKM MOHTa)ka, OTHOCUTEIbHO CHUIHAJIOB B IAy3aX, HE COJEpXKallluX
TOYEK MOHTaXA.

Ha puc. 1 mpuBenmeHbl curHai may3sl BO BPEMEHHOH (BEpXHEE OKHO) M BpeMs-
4acTOTHOM oOmacTu ansi (poHOrpaMMBbl, HE MOJBEpraBIlIEiicsl MOHTaXy. JTa may3a BbIOpaHa
IIOTOMY, 4TO IIPU MU3rOTOBJIEHUN CMOHTHPOBAHHON (POHOIpaMMBbI B 3TOM TOUKE OBbLT BBIPE3aH
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(bparMeHT JUIMTENIBHOCTBIO IPUMEPHO B 2 ¢. Ha puc. 2 nmpuBeieH curHai 3Toil ke mnayssl JUis

(hoHOTpaMMBI, MOABEPrIICHCS MOHTAXKY.

W3 BU3yanbHOTO CpaBHEHHS BPEMSI-YaCTOTHBIX IPpa()UKOB BUIAHO PA3IMUYHUE YACTOTHOTO
COCTaBa CHUTHAJIOB Ha OJHOM BpPEMEHHOM WHTEpBaje Ui CMOHTHPOBAaHHOH U He
¢donorpamMm (B obmactu 3HaueHUs 6.625 c.), YTO CBUICTEIHCTBYET 00

CMOHTHUPOBAHHOU
WU3MEHEHHUH 4YaCTOTHOI'O COCTAaBa CUTHAJIA HA OTOM Y4aCTKeE.
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Ha puc. 3 u puc. 4 aHanOrn4HO NOKa3aHbl M1ay3bl, COOTBETCTBYIOIINE HA4Yally BCTaBKU
BbIpE3aHHOTrO (parmMeHTa (HOHOTpaMMBI JIUTENBHOCTRIO MpuMepHO 2 c¢. W3 cpaBHeHus
BpPEMSI-UYAaCTOTHBIX XapaKTEPUCTUK CUTHAJIOB B ATOM May3€ TAaK)K€ BUAHO, UTO CIIEKTpAJIbHBIN
COCTaB May3 U3MEHSETCS PU MPOBEICHUN MOHTaXa METOJIOM BCTaBKHU (parMeHTa.
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Puc. 3. Curnan may3sl (OHOTpaMMBI, HE TOJBEPraBIICHCS MOHTaXY METOJIOM BCTaBKH
¢dbparmeHTa (MOMEHT Havyaja BCTaBKHM) Ha BpeMEeHHOM oTpe3ke oT 18.9585 ¢. mo 19 c.

Ha puc. 5 m puc. 6 mokazaHel Tay3bl, COOTBETCTBYIOIIME OKOHYAHUIO BCTaBKHU
BBIPE3aHHOTO (pparMeHTa (OHOTPAMMBI JUIUTEIBHOCTBIO MpHUMEpHO 2 c. M3 cpaBHEeHHA
BpPEMsI-4aCTOTHBIX XapaKTePUCTUK CUTHAJIOB B ATOM May3e Tak)Ke BUAHO, UTO CIIEKTPAIbHbBIN
COCTaB May3 UBMCHACTCA IMPU MPOBCACHUN MOHTAaXXa MCTOAOM BCTABKU (bpaI‘MeHTa.
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(MOMEHT Hayvajia BCTaBKH) Ha BpeMeHHOM oTpe3ke oT 18.9688 c. mo 18.994 c.
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Puc. 6. Curnan nay3sl (hoHOTpaMMBbl, IOIBEPTLICHCS MOHTaXXy METOJIOM BCTaBKU (pparMeHTa
(MOMEHT 3aBepIlICHUS] BCTAaBKH) HAa BpeMEHHOM oTpeske oT 21.5968 c. no 21.622 c.

[TpoBeneHHbIE HKCIIEPUMEHTHI TIOKa3aIH, YTO CJIEICTBUEM MOHTa)a, MPOU3BOAUMOIO
METOJIOM BBIPE3KH WJIM MEPECTAaHOBKU (BCTAaBKU (pparMeHTa) B May3ax peueBoi MHGopMaIuu
B (aiine, 3amucanHHoM Ha onxHod All33, sBIseTcs M3MEHEHHE CHEKTPaIbHOTO COCTaBa
CUTHaja B Tay3aX, TJe MPOU3BOAWJICS MOHTaX. JlaHHOE CBOWCTBO HAOMIOJANOCH TPU
UCCIeIOBaHNM BceX HU(POBBIX (haiiioB, 3aMCaHHBIX HA BCEX amrapaTax, UCIOJb30BAHHBIX
IIpU TPOBeIeHUH dKcriepuMenTa. OHAaKO MPH ITOM HE BBISBJICHA KakKas-TnO0 YCTOHYHMBOCTD
XapaKTepUCTUK HM3MEHEHHMsI CIIeKTpa may3 Juisd (paiiyioB, 3anMMCaHHbIX HA Pa3HBIX alaparax.
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BriBoabI

U3 sToro CICOAYET, YTO XOTA MPOBEACHHBIC NCCICAOBAHNA U NOKAa3aJIl U3MCHACMOCTD

CIEKTpa CUTHAJIOB B TOYKAaX MOHTaXa, HO NPSMOE HCIIOJIb30BAHMSI NPUMEHEHHOTO IIpU
9KCIIEPUMEHTE METO/a U MPOTrpaMMbl HETIPUTOAHO JUIsS IIOCTPOEHUsI paboyueil mporpamMmbl JUis
IPOBEICHUS SKCIIEPTU3 MaTepHaoB U(POBOM 3BYKO3AIIHCH.

Haubomnee nemnecoodpa3zHo CTpOUTh MPOrpaMMy W METOJUKY IKCIIEPTH3BI Ha OCHOBE

METO/Ia, TMO3BOJISIONIETO BBIACIATh YCTOWYHMBBIC WIACHTH(UKAIMOHHBIE MPU3HAKH MOHTAXA.
Ho meTonp! mocTpoeHust Takol MporpaMmbl HE SIBJSIOTCS MPEAMETOM PACCMOTPEHMSI JaHHON

CTaTbu.

Cnmcox aureparypsl

1.

(98]

Pri6anbckmii, O.B. CoBpeMeHHBIE METOMBI MPOBEPKH AyTEHTHYHOCTH MAarHUTHBIX (pOHOTpamMMm B
cynebHo-akycTrueckoi skcreptuse / O.B. Pridanbckuii, FO.®. XKapukos. — K.: HABCY, 2003. —
300 c.

ConosseB, B.U. Jlokanuzamnus crnenoB oOpabOTKM CHTHaNa B 3aJadax MOHTa)ka ayJuo3amucH /
B.U. Conosees, O.B. Pridansckuii, B.K. JXenesnsik / Bectnuk I[losonkoro rocynapcTBeHHOTo
yauBepcurtera. — 2013. — Cepus C: dpynnamentanpabie Hayku, T. 4. — C. 5-12.

Mana, C. BaiiBnets B 00pabotke curnanos / C. Mana: Ilep. ¢ anri. — M.: Mup, 2005. — 671 c.
Conosee, B.J. CnexrpaibHBIH aHann3 ¥ cOBpeMeHHbIE peueBble TexHoioruu / B.J. ConoBses,
O.B. Poibansckuii, B.K. JKenesnsix // Bectuuk Iosomnkoro rocy1apcTBEHHOro yHHUBEPCHTETA. —
2014.-T.4.-C. 2-6.

Peibansckmii, O.B. K Bompocy 0 QpakTambHOCTH aHAJIOTOBBIX CHTHAJIOB, ITOJABEPTHYTHIX
mudpoBoit  oopadbotke / O.B. Pwibanbckmii // BicHuk CxXigHOYKpaiHCHKOTO HaIliOHAILHOTO

yHiBepcurety iM B. Jlansa. —2006. — Ne 9, 4. 1. — C. 21-25.

EKCIIEPUMEHTAJIBHA IIEPEBIPKA ITPOSABY CJIIAIB MOHTAXKY B IU®POBUX
OOHOI'PAMAX

0O.B. Pubanscekuii, B.1. Comosiio

HaunionanbHa akajieMist BHYTPILIHIX CIIpaBst
wr. Conmom’stHCBKa, 1, Kuie, 03035, Ykpaina; e-mail: rybalsky ol@mail.ru

Po3risHyTi pe3ynbTaTH e€KCHepHUMEHTAIBHUX JIOCHTIDKEHb MPOSBY CIIJIB LU(PPOBOTO
MOHTaXy B LU}poBuX (oHOrpamax. EkcrepuMeHTaNbHO JOBEICHO, IO SIK BHPI3yBaHHS
¢parmeHTiB oHOTpamMH B May3ax MiK MOBHHMH CHTHAJlaMH, TaK i BCTaBKa BHUPI3aHUX
(¢parMeHTiB y may3ax, MPU3BOIUTH IO 3MiH CHEKTPAILHOTO CKIQJy CHUTHAIB y TOYKaX
MOHTa)Xy. 3alIpOIIOHOBAHO PO3POOHUTH MPOrpaMy Ta METOAWKY JUIS eKCIePTH3H IH(PPOBHIX
(dhoHorpam.

KarouoBi ciaoBa: 3ammc 3ByKy, nay3a, MOBHHMH CHTHaJ, CHEKTp CHrHalIy, LuppoBa
(doHorpama, daiin.

EXPERIMENTAL DETECTION OF EDITING TRACES IN DIGITAL AUDIO RECORDS
0.V. Rybalsky, V.I. Solovyev

National Academy of Internal Affairs,
1, Solomenskaya sq., Kiev, 03035, Ukraine; e-mail: rybalsky ol@mail.ru

The paper discusses the results of experimental detection of editing traces in digital audio
records. It was proved experimentally that both cutting of the pause fragments from voice
records and adding the pre-cut fragments into pauses results in the changes in signal
spectrum at editing locations. It was proposed to develop a methodology for the expertise
of digital audio records.

Keywords: audio recording, pause, voice signal, signal spectrum, digital audio record, file.

43



[HOOPMATHUKA TA MATEMATUYHI METO/JI1 B MOJEJIFOBAHHI = 2015 = Tom 5, Nel

VI[K 519.92:002.5:303.442 .3 Informatics and Mathematical Methods in Simulation
Vol. 5 (2015), No. 1, pp.44-56

KOHCOJIJAIISA KJIACUPIKALIL B MOJAEJSX
KOMIIETEHIII TA YMIHb B TAJIY3EBUX CTAHJIAPTAX
BUIIIOI OCBITU

A.A. K0603€B31, B.I. KOHOHOBI/I‘II, I.B. KOHOHOBI/I‘[2, 0.B. Hikosaeuko'

! Opecpkuii HALlIOHATBHAN TONITEXHIYHUHA YHIBEPCHTET,
npoct. [leBuenko, 1, Oneca, 65044, Ykpaina; e-mail: vl_kononovich@ukr.net
2 OmecbKa HaliOHAIbHA AKaAeMis XapYOBUX TEXHOJIOTH,
Byn. Kanartna, 112, m. Ogneca, 65039, Ykpaina; e-mail: kononovich@mail.ru

Posrisinaersess mpobnema kiacugikamii Tta koxudikanii ymiHb (axiBIiB y 3B’S3KYy 3
BUSIBIICHUMH KOJI31IMH Y IPAKTHI ()OPMYBaHHS CTaHJAapTiB BHILOI OCBITH B TEXHIYHHX Ta
CKOHOMIYHHUX TajJy3sX B YMOBaxX 3aCTOCYBaHHS KOMIICTEHTHICHOTO Migxony. 3HaineHi
KOJI3il, MPUYMHU SIKUX MNOJSTalOTh y TOMY, LIO: a) BIJICYTHS MeTojuka (opmMyBaHHS
€IMHOTO TIepeltiKy (axoBUX yMiHb 3 YMiHb BHpILIyBaTH THIIOBI 3aBIaHb MAiSUIBHOCTI Ta
YMiHb, 110 3a0e3nedyroTh (OpMyBaHHS KOMHeTeHHii; O) BiACYTHI Mojesi 3BOPOTHHX
3B’SI3KIB Ta MOJEINb MOCTadaIbHUKAa KOMIIETEHIli Ha PUHOK Tpalli. 3aCTOCOBAHO METOIN
MIKATIOBAaHHS,  iHQOpMaIiiHOI  aHANITHKA  Ta  KOPEISIIHHWUK  KiIacTep-aHaui3.
3anpomoHOBaHO BapiaHT MoJeNi JisuTbHOCTI HaB4yaHHA. CdopMmoBaHI  MPUHITUIIH
KoHcomimamii kmacudikamii (HaxoBHX yMiHb, sKa TpHIATHA, NPUHAWMHI, Y TEXHIYHUX,
€KOHOMIYHUX 1 TPHUPOAHHYUX Taly3sx BHINOI ocBitTh. KoHcomimoBaHa Kiacudikamis
IpocCTimia, BpaxoBye CydacHI TEHICHINII TEXHIKM 1 HAyKHm JO KOHBEPTEHIIl,
MDKIHCIUITLTIHAPHOCTI, IO JO3BOJIUTH MiABUIIUTH SKiCTh OCBITHIX CTAaHAAPTIB.

Kurouosi cioBa: kiacudikanis, KnacTepH, rajry3eBi CTaHAapTH, KOHCOJiAalis iHpopmariii,
KOMITETEHIIi1, paxoBi YMiHHS, 3a7a4i MisIBHOCTI, KJIACH 33724 isIIbHOCTI, KOPEIAIis, KOIH
(dpu) ymiHB.

Beryn

Y BIK 3HAYHOTO TPHUCKOPEHHS HAYKOBO-TEXHIYHOTO ¥ TEXHOJOTIYHOTO TIPOTrpecy
BHUPOCTAIOTh HOBI Tajy3i 1 HalpsMHU HayKW, MOTpeOM B HOBHX KBaiidikamisx (axiBmiB Ta
PO3BHUTKY HOBHX TaTy3€H 1 CTeIiaTbHOCTEH BUIIOI OCBITH. Y TIpoIlecax CTaHIapTH3allii BUIIOL
OCBITH 3a0€3MeueHHs] KOMIIETEHTHICHOTO MiJX0Ay A0 3MICTy W OI[IHKM SKOCTI OCBITH CTajO
NpoBiMHUM TPUHIMUIOM. OCHOBOIO JIOTIYHOI CTPYKTYPH Ta SKOCTI CKJIAJOBUX Taly3eBHX
CTaHJApTIB BHIOI OCBITU € BUPILICHHS MPOOJIEMHU CIIPOLICHHS Ki1acu(ikallii KOMIeTeHIii Ta
yMiHb (paxiBIliB 1 3BOPOTHHUX 3B’S3KIB 13 BUPOOHUYHMH TATY3SIMH.

Cepen BenMuYE3HOTo PI3HOMAHITTS JITEpaTypH, IOB’SI3aHOI 3 L€ MPOOIEMOIO,
BiAMiTHMO HacTymHi. Teopis kmacudikamii Ta KiIacTep-aHalli3 MpeACcTaBiIeHl Y
dbyHIaMeHTabHIi KHU31 [1]. Ii aBTopamu € Bimomi BueHi JI. 3ane, C. Pao, K. @y ta in. ¥V miif
po6OTI, 30KkpeMa miaAKpecIroeThes, o «Knacudikarist — oquH 13 GyHIaMEHTATBHUX MPOIIECIB
y Haymi. QakTH 1 SBHIAa TOBUHHI OyTH BIOPAIKOBaHI MOMPHU HIK MU IX 3MOXKEMO 3pO3yMITH
Ta PO3pOOWTH 3arajbHi NMPHUHIMIM, SKi TOSCHIOIOTH iX MOABY Ta BUIAUMHN TOPAIOK». 3
NEPIOINYHUX BHUJAHb BIAMITUMO poOOTYy [2], siIKa TOPKAETHCS 1€pAapXidHO OpraHi30BaHUX
kinacudikamiii. Metonu aHamizy MOXKYTh ONMHMPATHCh Ha JOCSITHEHHSIX CYYaCHOTO HAMpsMY
iHpopMalifiHO-aHAIITUYHOT ~ MISJIBHOCTI,  SIKMM ~ OTpUMaB  Ha3By  «KOHCOJIiJIOBaHa
iHdopmarttis» [3]. Tlpuknagom BceOIUHOTO OOTPYHTYBaHHS KOMIIETEHTHICHOTO MIAXOAY 0
MiATOTOBKU CYy4acHOTO (haxiBIsI MOXKE CIIY>KUTH KOJIEKTUBHA MoHorpadis [4]. PesynbraTom
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IIiHOI OaraTtoruiaHoBoi poOOTH cTaja METOJHMKAa pO3POOJEHHS CKIAJOBHUX Tally3eBHX
CTaHJApTIB BUIIOI OCBITH 3 BUKOPHUCTAHHIM KOMIIETEHTHICHOTO mimxony [5]. Hus anamizy
BiZliOpaHi TpU THIIYHI CTAaHAAPTH 13 PI3HUX HANpPsIMiB BHIOI OCBiTH [6 — §].

B pesynpraTi iX anHamizy BHsBJICHI KOmi3ii y cucTemi kiacudikamii yMmiHb Ta
xkomrereHii ¢axisui. Kimacugikaris xapakTepu3yeTbcs CKIAIHICTIO BHACTIIOK HECTUKOBOK
MDK Kiacu(ikamissMi KjiacTepy yMiHb 1 KiacTepy kommereHiii. Kpim Toro, BiacyTHS
MeToauKa (opMyBaHHS €IMHOTO TepeniKy (axoBUX yMiHb i3 yMiHb BHUKOHYBaTH THIIOBI
3aBAAaHHS JISUTBHOCTI Ta YMiHb, $KI CKJIaJalOTh KomreTeHiii (axieisg. B pesynbprari
knacudikaiisi crajga CKIAIHOK 1 ii He3pyYHO 3aCTOCOBYBAaTH A (DOpMYBaHHSI CTaHIAPTY.
Mix THM, TPOBITHI BYEHI BKa3yIOTh Ha JOIJIBHICTH MPOCTUX MIAXOAIB JO BHUPIIICHHS
npobsiem. Hampuknan, 3a cioBamu Jl. V. ['i60ca, «0JHOIO 3 TOJNOBHUX LIJIEH TEOPETHUHOTO
JIOCJTIJDKEHHS — 3HAWTH TOYKY 30Dy, 3 SAKOI IPEAMET MPEICTABISIEThCS HAHOUTBIT IPOCTUM [9;
emirpad 10 § 1.2]». A B podoti .. ManiHenpbKOro MmiIKpeCTIoeThCs, MOo: «SKk mMmokazye
1CTOpisi, B KUTTI MOXYTh CTIHKO MpaIfoBaTH JIHIIE MPOCTi iaei. ... ToMy mpu BupimieHHI
0araTbOX MNHUTaHb CTPATEriYHOIO XapakTepy TaK BaXJIMBO OMMPATUCh HA TPOCTI, SCHI,
OTJISIIOBI Ta JOCTYHHI po3ymiHHIO Mojeni [10]». 3 mux morisaiB 3amada JOCIIHKEHHS
npobinemu kiacudikamii paxoBUX yMiHb, SKI BU3HAYAIOTh JIOT1UHY CTPYKTYpPY Tally3eBHX
CTaH/apTIB, BUTJISAAA€E aKTYyaIbHOIO.

Memoro nanoi poOOTH € MiABHIIEHHS SKOCTI Kiacu@ikalii B CKIaJOBUX Taly3eBHX
crangaprax Bumoi ocBith Ykpainu ('CBOY) Tta cranmmaprax By3iB B NPUPOJHUYUX 1
TEXHIYHMX Taly3sX 3a paXyHOK YCYHEHHS BHSIBICHUX KOJII31H (KOJMi3is: BIICYTHICTh METOAUKH
dbopMyBaHHS €UHOTO TIEPEIIIKYy YMiHb Ta ii HACNIJKHU), SBHOTO MOJAHHS MOJENTI JisSUTBHOCTI
HaBYaHHS, K MMOCTa4YaJbHUKA KOMIIETEHIII Ha pUHOK Mpalli, OpraHi3amii 3BOpPOTHUX 3B’SI3KiB
y mporieci hopMyBaHHS CTaHIAPTY Ta 3a paXyHOK KOHCOJIiAaIli kiacudikarlii KOMIETeHIT Ta
yMiHb (haxiBI[iB, OLIBII 3pyYHOI AJIst 3aCTOCYBaHHS MpU (GOPMYBAHHI CTaHAAPTIB OCBITH.

3riIHO ICHYIOUOI METOAMKHA PO3pPOOJEHHS CKJIQJOBHX Taly3eBHUX CTaHIAPTIB BHIIOI
ocBiTH cucteMa kiacugikamnii GpaxoBux yMiHb Ta KOMIETeHLIi [5], 10 BU3HAYaE CTPYKTYpPY
X CTaHAApTiB, 0a3ye€ThCS HA TaKCOHOMIi, B SIKIM KOXKHIM 3 OMEpaIiiHUX TaKCOHOMIYHHUX
onuuuilk (OTO) BiANOB1NalOTh HACTYITHI BEKTOPH JIECKPUTIITOPIB y MIPOCTOPI O3HAK:

1. Bumu tumoBux 3amau giseHOCTI: I — mpodeciitna, CB — cormiansHO-
Bupo6Hnya, CII — conianbHO-mo0OyTOBA.
2. Kiacu 3amau gisiieHoCTi: C — cTepeotunHa, /[ — giarHoctuyHa, E — eBpuctuyHa.

3. Bumum ywminns: III1 — npeamerHo-nipaktuune, [IP — nmpenmerno-posymose, 311 —
3HAKOBO-TPAaKTU4YHE, 3P — 3HAaKOBO-PO3yMOBE.

4.  PiBHi chopmoBaHocTi yMiHHS: O — 3/1aTHICTh BUKOHYBATH MiI0, CIIUPAIOYUCH HA
MarepianbHi Hocii iHbopMmarii moao Hei; P — 37aTHICT, BUKOHYBATH 110, CIIMPAIOYNCh Ha
NOCTIHHMI pPO3YMOBHI KOHTPOJb 0O€3 JOMOMOrM MaTepiaiibHuX HOCIiB iHdopmarnii, H —
3IaTHICTh BUKOHYBATH /110 aBTOMAaTUYHO, HAa PIBHI HABUYKH.

5. Kowmmnerenmii: KCO — comiansHo-0co0ucticHi, K3H — 3arampHonaykoBi, KI —
iHcTpymeHTanbHi, K311 — 3aransHo-nipodeciitai, KCII — criemianizoBano-npodeciiini.

Po3pobnena BiamoBigHa cuctema QopmariB Uit muGpyBaHHS (Iami «KOIYBaHHS)
yMmiHb. Kpaie roBoputu «koayBaHHs», 00 mudpyBaHHS 1 KOJYBaHHS € PI3HUMH PO3JLIaAMH
HayKu. 3a criocoOOM KOJTyBaHHS KOJM YMIHHS MOALIEH] Ha:

1.  Koxa yMiHHS BUKOHYBaTH THUIIOBY 3ajaqy JisSUTbHOCTI 3 (hopmaTom
XX, XX, X, XX, XX. X. XX
| HoMep yMiHHS, HACKPI3HHMH [UIs TUIIOBOI 3a/1a4i JisUIbHOCTI

piBeHb chOPMOBAHOCTI YMIHHSA

BUJ] yMIHHS
KOJI TUIIOBOI 3a7a4l IisJIbHOCTI
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2. Konx yMiHHS, SIKe € CKJIaZIOBOIO KOMITETEHIIii 3a (hopMaTom
KXX. XX. XX. X. XX
‘ HOMEp yMiHHSI, HACKPI3HHIA JUISI TaHOT KOMITETSHITIT

piBeHb C(POPMOBAHOCTI YMIHHS

BUJI YMIHHS

KOJI KOMIIETEHIIIT

Bingpasy momivaemo, 110 KOAM BiAPi3HSAIOTHCS npedikcaMu. Y BUNAAKY a) mpedikcom
SIBISIETHCST KO THUTIOBOT 3a/1a4l JisSTIbHOCTI, (POpMAT SIKOTO BUTJISIIAE TaK:
X. XX. X. XX
T HOMED 3a7a4i, HACKPI3HUN ISl TaHOT BUPOOHNYOT (DyHKITIT
KJIac TUIOBOI 3a7a4l JIsUIbHOCTI
BU/J] TUIIOBOT 3ajaul AiSUIbHOCTI
HOMEP BUPOOHMUYOI (DYHKIIIT

[ToGynoBaHi TakUM YUHOM (HhOpMaATH KOJIB MOXKYTh IPUBOJIUTH /10 PI3HUX MPOLEAyp iX
BUKOPHCTOBYBAHHSI.

; OKX |
i THUIIOBI 3AJAUI IISJIBHOCTI Taba. AKOMHETEHLH.I. i
: 1.11®.J1.01 1
! ( AL.01) (KCO.01; KCIL01) :
E \ /v\ ;
i Ta6m. b Ta6n. B i
; YMIHHS [TPO®ECIVHI :\ _ yMmHRA ;
; (LI JTOLTIPPO) |l coiigjg%-logggcggﬂl i
oo oo B3AEMHA == oo oo mom oo e !
! BiAMOBIAHICTE !
i Ta6x. B1 YMIHHS E
; (1.CB.J1.02.311.P.03) i
: A/t '
é Ta6n. B1 poku 3MiCTOBHUX MOMYIIiB /Z SMICTOBHI MOZIVJII i
; (T11.01.01) ~ (I1I1.01.01.01) :
: 7 :
; Ta6n. T'l " (KCO.01; KCILO1) ;
! HABYAJIbHI JIUCLIMITJIIHU i/ !
5 (TIM.01)(KCO.01;KCIL.01) OIlIT !

Puc. 1. Ipouenypa cdopmyBanns I'CBOY 8.05100304-13 wmarictpa 3a cCHeuiajbHICTIO
MIPUJIAIN 1 CHCTEMH €KOJIOTTYHOTO MOHITOPHHTY

Amnaniz npaktuku (popmyBanHs ['CBOY no3Bosisie BUIIIUTH TPU TPYIU TPOIETYP
(dbopMyBaHHS MepeiKy KOMIIETeHIii, yMiHb, 3MICTOBHUX HaBYAJIbHUX MOJYJIIB Ta HABYAJIbHUX
JTUCITUILIIH B OCBITHIM KkBamidikamiiHii xapakrepuctuii (OKX) Ta ociTHbO-TipodeciitHii
nporpami migrorosku (OIIIT). JlaMo XxapakTepUCTUKY ITUX TPYII.

[lepmra rpyna npouenyp GopMmyBaHHs MEpeiKiB MoKa3aHa Ha puc. 1.
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s mpomenypa XapakTepH3yeThCs: HACKPI3HUM 3aCTOCYBAaHHSIM KOJy YMiHb TUIY a);
00MEXEeHHM BHUKOPHUCTAaHHIM Koay ymiHb Tumy 0); i3 OKX B OIIIl nepenaetscs mepernik
YMiHb JJIS1 KOKHOTO 3 SIKUX (DOPMYETHCSI 3MICTOBHHMI HaBUAIBHUN MOMYJIb; BBEACHHSIM KOy
«[IIT» — mpodeciiiHOoi 1 MPAaKTHYHOI MATOTOBKH B KOAAX JAUCIUIUIIH Ta 3MICTOBHUX MOJIYJIIB;
KO/ KOMIIETEeHIli BUKOPUCTOBYIOTHCS Ha 3aKIIOYHOMY eTamni (opManbHO, SK TMeEperiku
CKJIaJIOBUX C(HOPMOBAHOI KOMITETEHIIIT KOXKHOIO 3 JUCITUIUIIH, a TAKOXK B TIEpeIliKax yMiHb, 1€
BIZIMIYAETHCSA, SKY CKIIAJIOBY KOMIIETeHIIT opMye KOokHE 3 yMiHb. [Ipu nbomy, oiHe yMiHHSA
MoXxe (popMyBaTH AEKibKa CKJIaIOBHX KOMITETeHIlii. MO)KHA TPUITYCTHTH, IO MpOIeaypa €
uKTiyHow. CriouaTky (OpMYIOTHCS TIEpeNTiKi YMiHb BUKOHYBATH THUIIOBI 3a/1a4i JisSUTBHOCTI
Ta Tepeikyu komrereHiii. ami ¢popMyeThecst epennik yMiHb, siKi GOPMYIOThCS HaBUYATbHUMHU
mucuurutinaMu.  [1oTiM 11l mepenikyu  y3ro/UKYIOThCSL Ha B3Aa€EMHY BiANOBIAHICTB. SIKIIO
NIEpEeNTiKK He Y3TO/DKEHI, TO MPOIEIYPH MOBTOPIOIOTHCS 10 TIOBHOTO Y3TOKEHHS. 332 TAKOTO
niaxoy 3abe3neuyeThes IOBHOTA MEepelliKy YMiHb BUKOHYBATH THITOBI 3a7a4i isTIbHOCTI.

Hpyra rpymna npouenyp ¢hopmyBaHHS MeperikiB HaBe[eHa Ha puc. 2 (6e3 OJoKiB, IO
nokaszaHi MyHKTHpoM). LIs mpouenypa xapakTepu3yeTbes: HACKPI3HUM 3aCTOCYBAaHHIM KOy
yMiHb Ty 0); KOJ YMiHb THITy a) Ma€ OOMEXKEHE 3aCTOCYBaHHS; BCS MPOIEAypa B IIIOMY
Ma€ TOCHIIOBHUN JePEBOBUAHMNA XapaKTep; YMiHHS BUKOHYBAaTH THIIOBI 3a/1a4i JisSUIBHOCTI
OJIHO3HAYHO Y3TO/DKYIOTHCS 32 KOJAaMHU 3 yYMIHHSAMH 110 (OPMYIOTH KOMIIETEHIIii; 3aMiCTh
KO/iB MpodeciiHMX yMiHb Jlali BHKOPHCTOBYIOTHCS KOJAM KOMIETEHIIi, SIKI OJHO3HAYHO
y3ro/DKE€HI 3 HUMH, YMiHHA C(HOpPMYIhOBaHI Tak, IO KOXHOMY YMIiHHIO BiJIITOBiJla€ OJHA
CKJIaJI0Ba KOMIIETeHLi, mo ii GopMmye; B pe3ynbTaTi CKIala€TbCs KOHCOJITOBAaHUM Meperik
yminb; 13 OKX B OIIIl mepemaerbes mepesik yMiHb, NI KOXKHOTO 3 SKUX (OPMYEThCS HE
OJIMH 3MICTOBHUW HaBYANbHUN MOIyNTb, a OJOK 3MICTOBHMX MOJMYIIB, IO A€ OLUIBIIY
cBoOOMy mpu (opMyBaHHI HABYAIBHUX JTUCHHUILUIIH. 3a TaKOro IMiJIXOMy 3a0e3MeuyeThCs
MIOBHOTA TEPENiKiB SIK BIIHOCHO YMiHb BUKOHYBATH THIIOBI 3a/1a4i JisSUTBHOCTI, TaK 1 MEPENiKy
yMiHb, 1110 POPMYIOTH KOMIIETEHITi.

Tunosi 3agaui Tabn. A i ) . i
pisbHOCT] KOMITETEHITI |, 1 Mpornososaii sazasi |
(1.1 J1.00) (KCO.0)) : : JiAIBHOCTI i
: e e e e o 1

]

i v 5 /l\

Tabn. b . H T TT TS
[TPO®ECIIHI Tﬁ@;{ gHCOJ’[I}IOBAHHI YMILHS - [IporHo3zoBaHi
YMIHHS ! !
—:> : K : YMIHHA !
(1.11®.JL.01.1IP.P.0) (KCO.01.CB.P.01) o

Tabn.b 3MicToBHI MOy
(KCO.01CB.P.01.01)

Ta6n. I’ \
HABYAJIBHI |
JUCHUITIIHU [ | Ta6n.B  bBioku 3MiCTOBHMX MOIYIiB
(T'CE.O01;KCO.01) (T'CE.O1)

Puc. 2. Ilpouenypa dopmyBanus ['CBOY 8.17010301-13 wmarictpa 3a cremiajgbHICTIO
yIpaBIliHHS 1HPOPMaLIHHOIO OE3MEKOI0

Tpets rpyna npouenyp popmyBanns nepenikis npencrasieHa 'CBOY 8.18010015-07
MaricTpa 3a cherianbHicTI0 crnenudiuyaux karteropiii «KoncomimoBana indopmartis». Lls
rpymna Taka X, SK 1 Iepiia 3a BUHATKOM TOTO, I0: BiJCYTHS TaOJHIs KOMIETEHIl; 3aMiCTh
KOMIIETEHIII1 3aCTOCOBYIOTBCS «37aTHOCTI.
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Pi3HOMaHITTS c110COOIB KOJyBaHb Ta MPOLEAYP MOPOIKYIOTHCS MEPIIOI0 KOJi3i€l0, sKa
MoJIsiTae B TOMY, IO OJMH 1 TOW K€ y3araJlbHEHH 00 €KT — «yMiHHS» KOIYEThCS IBOMA
criocobamu 3a ABOMa pi3HUMHU GopMaTamu a) 1 0). A iCHYIOUI METOJIUKH, HAPUKIAL [5], HE
MICTSTh BKa3iBOK, K (GopMyBaTH €IuHMA Tiepenik ymiHb. 1106 po3ibpatnchk y mpuumHax
Takoi KOJi3ii pO3rJITHEMO KepiBHI HOPMATHBHI JOKyMEHTH 3 IMX murtaHb. Ha puc. 3 [11],
SKAWA 3amo3uueHo 13 [11], moka3zaHi CHpPSAMOBaHICTh Ta TMOCHIJIOBHICTH PO3POOKH
HOPMAaTHUBHOTO Ta METOJAMYHOTO 3a0€3MeueHHs MiATOTOBKH (axiBIliB. BUAHO, 110 3B’ 30K MiX
OKX 1 OIIIT peanizyeTbcst yepe3 enuauii 010k «Crucrema yMiHb». SICHO, 10 y IIbOMY 010111
KOAyBaHHsS Ma€ OyTu eauHUM. Ane skum? 3 puc. 3 poOMMO BHUCHOBOK, IIO CHCT€Ma yMiHb
dhopmyeThes Ha 6a3i 670Ky BUpOOHMUMX (DYHKIIIH 1 y3araJbHEHHUX 3a/1a4 AiSUTbHOCTI. Y IbOMY
Onowi KOAyBaHHS MOKe€ OyTH BHMKOHaHe IO crocoOy 3 ¢opmatoMm a). Ane 1eil kox He
000B’s3KOBO TIepenaBaTH 10 OJIOKYy CHUCTEMH YMiHb. B OCTaHHROMY KOJYBaHHS CJif
BUKOHYBATH 110 cIoco0y 3 opMaTom 0).

OceimHbe KeaniikayiliHa \

Xapakmepucmuka

A, Cnpﬂmoeamcmb ma nociioosHicm p03p061<u eajityzeeux

CMAaHOapmie 6UW0I 0CeiMU GUUX HAGYAILHUX 3AK1A0i6

Tasty 36 €KOHOMIYHOI AiSUTBHOCTI
Kaanidikais.

Hanpsim (crienianbHicTb)

TlepBuHHI mOCaIH.

BupoGuuui dyHKii.
V3arabHeHi 3anadi AisILHOCTI

- mpodeciiini;
- CoLia/bHO- BUPOOHHU; 2
- noGyToBI. * TIporpa MW HaBYANBHUX AHCLMILTIH

CucTe Ma KOMIeTeHL i
(couianbHO 3Hady I TA
npodeciiini sxocti CTpYKTYpPHO-JIOTIYHA CXeMa TiArOTOBKH
0ocobucTocTl).

Cucrema yMiHb tiroT-deaint)

Modyni 3micmy (cucmema 3HaHb). HasuaibHuit miaxn
HasvanoHi enemenmu
(couiansno-npodpeciiinui
mesaypyc).

Hapuanbaa iHdopmaris

3micm keaniikayiliHoi .
pob6omu. TexHonoris HaBYaHHS

TexHOIOTsl BAKOHAHHSI Ta 3aXUCTY
JATIIIOMHOTO TIPOEKTY / POOOTH.
TexHOJIOrs TECTOBOTO IEP/KABHOTO €K3aMEHY.

Cmandapmu euwjoi oceimu

3aco6ie diazHocmuku sKocmi euuof

Puc. 3. CnopsimMoBaHICTP Ta TMOCTIAOBHICTE PO3POOKHM HOPMATHBHOTO Ta METOJUYHOTO
3a0e3neueHHs MiAroTOBKY (paxiBIliB

I3 3arampHOTO pO3risALy pHUC. 3 POOMMO BHCHOBOK, IO Y IOCHIJIOBHOCTI PO3POOKHU
HOPMAaTHUBHOTO Ta METOJIWYHOTO 3a0e3MeYeHHsI MATOTOBKM (haxiBIiB HE TependadeHi siBHO
BHYTpIIIHI Ta 30BHIIIHI 3BOPOTHI 3B’SI3KM Ta CYYaCHUH MiAXiJ y BHUIVIAAl LUKIIYHOL
MOCITITIOBHOCTI: 30ip iH(oOpMaIii — aHami3 — pilmieHHs — ais 1 Jajdi 3a [MUKIOM. TouHImIe,
METOAMKOIO0 TiependaueHi 30BHIIIHI 3BOPOTHI 3B’SI3KM 3 BHUPOOHMYMMH Taldy3sMu. Aje
MEXaHI3MHU peaiizamii IHUX 3B’S3KIB HE AaKICHTYIOThCS. YCYHEHHS BKa3aHHMX HEIOJIKIB
MO>KJIMBE TIPY 3aCTOCYBAaHHI MOJIeJi HABUAIBHOI Ta HAYKOBOI AisITBHOCTI.

Moaesib HABYAJIBHOI i HAYKOBOI JiSIJIbHOCTI SIK MOCTAYAJIbHUKA KOMIIETEHIIil HA PUHOK
npami

l"ayy3eBi cTaHmapTH MOBUHHI MOCTIMHO PO3BUBATHCH 1 OHOBJIIOBATHCH, HE BIJCTAIOUN
BiJl IIPUCKOPIOBAHHS TEXHOJOTIH. Y mpoueaypax (opMyBaHHS Taly3eBUX CTaHIApTIB Ta
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CTaH/IAPTIB BUIIOI OCBITH BUIIUX HABYATHHUX 3aKJIa/iB TOBUHHI OYTH BHYTPIIIHI i 30BHIIIHI
3BOPOTHI 3B’SI3KM Ta MOJIEIb Cy0’€KTa, SKUH 111 3B’ SI3KK aKTyalizye. Mu mokaxxemo J1aji, o B
KOMIIETCHTHICHOMY MiJIXOJIi BIIMOBIAHI MEXaHI3MH Ta MOJENbh BXKE 3aKlaJeHi. 3aBaaHHS
MOJISITa€ y TOMY, 100 11i MEXaHI3MH MPEJACTAaBUTH Y SBHOMY BUTJIS/II Ta BHECTH KOPEKTHBHU Y
BiJIIOBIIHI MIPOLIETYPH.

HiticHo y [5] moka3zaHo HacTymHe. YMiHHsA, npeacTaBieHl y Tadna. b 1 B BiamoBigaMx
nonatkiB 1o OKX. Omuc ymiHbe cyto mpodeciitHoi chepu nogano y tabmumi onmatka b.
«Tobto, sxmo Tabmuust domatka b € dopmanizoBanum omucom (Moaemto) npodeciiHol
nisotbHOCTI  QaxiBis, To Tabmuis Jomatka B — ¢dopmamizoBanuM omucoMm (MOJEIUTIO)
0COOMCTOCTI, TOTOBOI 10 BHUPIIIEHHS CKJIQJHUX MpoOJeM Ta 3aBlaHb ChOTOACHHS Ta
IIPOTHO30BAHOT0 MaiOYTHHOTO Ha MEBHOMY PiBHI, SKOTO BHMarae BHUIIA OCBiTa [5, po3min 5
Metoauku po3pobaenus OKX]». Ane y cdepi yMmiHb € 1 TPETS CTOPOHA, CTOPOHA, 110 GOopMye
i ymiHHA. QopMyBaHHS YMiHb 3a0e3MeUyeThCs BHUKOHAHHAM BHMOT cranaapty OIIIL.
Cranmapt OIIIl € cnoxuBauem mpoxaykii cranmapty OKX. Tomy B cranmapti OKX mae
OyTH MOZENb CrokHuBaya. | 1ei crokuBay mnpeacTabiisie COO0I0 OJHY 13 BUPOOHMYHX Taly3en
— Tally3b BHPOOHHIITBA (BIPTYaJbHOTO), SIK€ ITOCTaBJIsS€ KOMIIETEHIlI Ha PHHOK TpaIli
(Tounime — ¢GopMmye YMiHHA y HOCIIB KoMIeTeHiii). Mojenh HaBYaJIbHOI Ta HAayKOBOL
nismeHOocTi (HHJI) Bke icHye. dopmamizoBanuii ii ommc moxkHa BBecTH B OKX Takumu
croco0amu:

1. CdopmyBaru omric HHJI na 6a3i Tabmuni lonatka b, sk e 3po0ieHo y mepirii
rpymi nporenyp ¢gopmyBaHHS craHaapty. Lleil crmocid HenmpHiiHATHHI BHACHIIOK CKJIaJHOL
komudikamii y Ttabmumi [omatka b. Kpim Toro, mepemik ymiHb BHUSIBISETHCS 3aHAATO
TETATLHUM.

2. CdopmyBaTu KOHCOiOBaHUH onuC 13 BKIOUYeHHsM ontucy HHJI Ha 6a3i Tabmuiri
Honatka B, sk 11e 3po0ieno y npyriid rpy1i npouenyp GopMyBaHHsS CTaHAAPTY.
3. CrBopuTH n0maTKOBY Tabymio y HoBoMy Jlomatky I, 1€ HaBecTH mepenik yMiHb

3 ypaxyBaHHSAM BCiX TpbOX Mojeneil — moxeni npodecii, Mmoaeni npodecionana ta Mojaeni
cucreMu, sika popmye npodecioHana.

Haii6inpm npuitHaTHuM € crnoci6 2. [lng peanizanii nboro crnoco0y MOXKHa BHECTH
JIONOBHEHHS 10 TMpouenyp (opMyBaHHS CTaHAApTIB Tak, SK 1€ IOKa3aHO Ha pHC. 2
YHKTUPOM.

[Tosicaumo netanpHime ¢yakuii moaeni HHJI. Hedopmansuuii onmc dyHKIH Momemi
HajaHo y posnum 6 wmeronuku pospobseHHs OKX, nge, 30kpema, ckazaHo: «Y pasi
BCTAHOBJICHHS CTPYKTYpH TIpami CJIiJl TakoX BpaxOBYBaTH pe3yJibTaTH IPOTHO3Y
npodeciifHuX 1 COLiaNbHO BAXKIMBUX 33/1a4 JTiSUIBHOCTI, SIKi B MaiOyTHROMY Oy/le BUKOHYBAaTH
BUITYCKHUK BHINOTO HaB4asibHOTO 3akiany (BH3) y cBoiif mpakTuuHiii AisSUTBHOCTI Ha piBHI
KOMITETeHIIi1, 1o BUMaraerhcs. Onuc AisuibHOCTI BunmyckHuka BH3 Ha mepBuHHIN mocani
MOBHMHEH BiJJI3€PKATIOBATH CEPEIHBOCTPOKOBUIN MPOTHO3 3MIH i€l MisUTbHOCTI [5, c. 40]».
Jani nutyeMo 110 METOAMKY y BUIBHOMY MeEpeKasi, 3BepTaroud yBary Ha OCOOJMBOCTSIX
MOJEl.

[Iporno3yBanHs AisuibHOCTI (haxiBLIB 3AIHCHIOETHCS HUISAXOM BU3HAUEHHS CTPYKTYpH
po0JIeM Mporpecy, sKi BOHW MMOBWHHI BUPINTYBaTH B MaOyTHIN MisUTBHOCTI. 3MICT TIpoOsiemM
BU3HAYAI0Th, BUXOJSYH 3 PE3YJIbTATIB HAYKOBUX JOCIHIHKEHB 1 MPAKTUKH BUPOOHHIITBA.

[IpoGnemaTuka JisTTBHOCTI HAyKOBUX YCTAHOB, HAyKOBOI Ta HayKOBO-METOJIMYHOI
JISUTBHOCTI CaMOTo BY3Y, JOCIIPKEHHSI PO3BHTKY TEXHOJIOTIM JoloMarae BU3HAYUTH 3MICT
MaiOyTHIX podeciifHNX 3aBaaHb K Y HAYKOBIN, Tak 1 y BUpoOHMUIN cdepax aisimbHOCTI. Te,
110 CHOTOJHI NPEJICTABIIsIE HAYKOBY UM TEXHOJIOTIUHY MpOoOJIeMy, 3aBTpa MOKE CTaTH OJHIEI0
3 KOHKPETHHUX 3aa4 JTisITbHOCTI.

Po3pobnena kmacudikariiis, sska MOXK€ CTaTH CTPYKTYpoOr (hopMaii3oBaHOTO ONHKCY B
OKX Moperni HaBYaIbHOT i HAYKOBO1 JIIsITBHOCTI. Tak BU3HAYEHO BEKTOP O3HAK y TAKCOHOMIT
BUPOOHMYMX (YHKIINA: JOCHIAHMIIbKA, TPOEKTYBaJbHA, OpraHizalliiiHa, ynpaBJiHCHKa,
TEXHOJIOT19HA, KOHTPOJIbHA, TPOTHOCTUYHA, TEXHIYHA.
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Busnaueni ¢ynkuii ¢opMyBaHHS MEpeNiKiB MPOTHO30BAHMX 3a/1ad AisJIBHOCTI Ta
BIIMOBIIHMX TPOTHO30BaHUX YyMiHb y OJOKaxX, sKi J0JaHl 70 Mporeaypu (GopMyBaHHS
cTaHgapTiB Ha puc. 2. «Ha OCHOBI aHamizy CTPYKTypH HpodeciiiHoi misibHOCTI (axiBIid,
MepeNniKy MpeAMETIB Horo mpodeciiHol mpaii i CyKymHOCTI BHPOOHWYHMX (YHKIH, IO
BUKOHYE (paxiBellb Ha OCHOBHHUX, IOCaJax a00 BHKOHAHHS SKUX TIPOTHO3YETHCS B
MalOyTHROMY, HEOOX1THO BCTAHOBHUTH TEPEJiK THIOBHUX 3ajad, sSKi HOMY MOTpPiIOHO BMITH
BUpIIIYBAaTH, Ta BHJ 3aJadi JiSUIBHOCTI, O SKOTO KOXKHA 3 HUX BigHeceHa. Ilepenik 3amau
npodeciiiHoi AismpHOCTI moxaeTbes no Tadmumii Jogatka b mo OKX. [5]». KoncomigoBanuit
NEepeNiK y cucTeMi YMiHb MOXKe (popMyBaTHCh 3a Joromororo Tabnuui Jonatka B no OKX.

Ouninka sikocTi cucremu kiacu@ikamii 3a 10MOMOrow OUIHKH BHYTPIIHLOI KOPeJ il
O03HAK

«Knacudikariss SBIS€THCS THTEICKTYAIBHOIO TiSIIEHICTIO BUCOKOTO PiBHSI, HEOOXITHOIO
HaM Ui po3yMiHHA npupoau. Knacudikaris — e ynopsakyBaHHs 00’ €KTIB 3a iX CXOXKICTIO
[1, c.]». OG’€ekTy IPUIHUCYETHCS BEKTOP MeCKpUNTOPiB. KUIbKICHO OLIHUTH CXOXKICTh MOKHA
TakuM crocobom. Ekcriept poOuTh 3arajbHy OIIHKY CXOXOCTI 00’€KTIB 1 BUpa)Ka€ YMCIOM
Bim 0 10 1 abo 3a AOMMOMOTrOI0 HEPIBHOCTEW MiX MapaMu a0o TpikamMu 00’ €kTiB. OTpumaHi
pe3yabTaT OIIHOK YCEPEIHIOIOTHCS MO JESIKOMY JOCTaTHBOMY YHCIY EKCIIEPUMEHTIB.
Hpyruit cioci® KUTBKICHOT OIIIHKKA CXOKOCTI TOJISATaE y CpoOi 3HAUTH OCHOBY IS CY/DKEHB
moao cxoxocti. «lle gocsraeTbes 3BMUAHO 32 JONOMOTOIO  JICTAJBHOTO  OMHCY
BJIACTUBOCTEM, HA OCHOBI SIKHX, SIK YBa)KalOTh, MOJKHA BUPA3UTH CXOXICTh. Lleit miaxia mpuBiB
70 JeTamizamii Ta JApOOJIEHHIO JEeCKpUNTOPIB 00’€KTiB, AKi HEOOXiAHO Kiacu(iKyBaTH.
KoxHOMY 00’ €KTY MPUMTHCYIOTHCS JIOBT1 CITUCKHU JAECKPUNTOPIB [ 1]».

VY Hamomy BHIAAKYy, YMIHHSIM TPUIHCYETHCSA i€papXis BEKTOPIB JECKPUIITOPIB.
YwMminns, sk OTO, mpeacTaBieHi y mpocTopi, BUMIpaMH SIKOro € o3HakW. lleit o3HakoBuit
npoctip QgopmanabHO € n-MipHUM. Hampukian, yMiHHIO «BHKOPHCTOBYIOUM TOCIOHMKH,
JOBITHUKH, CJIOBHHKH, TOKYMEHTH HaIMCaTH HAYKOBY CTaTTIO (JOTIOBiAb) HA OJHIA 3
iHO3eMHUX MOB», skomy HamaHo kopj 1.I1®.J1.04.ITP.0.02, npumnucani o3Haku: [1D —
npodeciiHol TUMOBOI 3adadi AisUTbHOCTI, JI — JlarHOCTHYHOTO Kiacy misuibHOCcTi, [IP —
PEeIMETHO-PO3YMOBOTO BUAYy YMiHHA, O — piBHS cdopmoBaHOCTI yMiHHA. Ymcna
MIPUTIMCYIOTh YMIHHS 0 HOMEPY, BIJIIOBIIHO, HOMEPY BUPOOHNYOI (DYHKIIIT, HOMEPY THUIIOBOI
3a7a4i AISTTBHOCTI Ta HOMEPY CaMOTro YMiHHS.

Mix o3nakamu OTO moxyth Oyt Kopemsii. Skmio kopemsii mix o3Hakamu OTO
3Ha4yHi, TO 3a 3BHYAEM, MPOCTIp O3HAK MOXe OyTH MEpPEeTBOPEHO Yy MPOCTip MEHIIOI
PO3MIPHOCTI 3 HEBEJIMKOIO BTpaToro iH(opmartii. Tomy mociimkeHHs] BHYTPIITHBOT KOpemsIii
kiacudikarii Mae ceHC 3 TOUKH 30y MOIIYKY MOXJIMBOCTEN BIOCKOHAJICHHS Kiacuikarii.

JlocmimuMo Kopemsiii MIXK JIIBOIO Ta MPaBOK YAaCTHHOIO O3HAK y Kiacudikamii yMiHb
BUKOHYBaTH THUIIOBI 3aJayl iSUIBHOCTI y TPHOX CTaHIApTaxX, SIKI PO3TJAIOTHCS Y JaHii
po6oTi. PesynpTaTn mociimkeHHs HaBeneHl y TaOum. 1. Skmio kopensiii MK MOKa3HUKaMU
O3HaK MaJi, To popMaibHO SKICTh Kiacudikallii Bucoka. HaBmakw, SIKIIO € CYyTTEBI KOPEJIALii,
TO — SIKICTb HU3bKA.

I3 anamizy Tabn. 1 ciimye, 0 YaCTOCTI MOSBU Map O3HAK PO3MOAUISIOTHCS IO TIEBHOMY
KJIactepy OLIbII-MeHIn piBHOMIpHO. Kopermsiii Mixk o3HakamMu y mapi Maike BCIOJHM Malli.
3BakarouM Ha Manuii 00’eM BUOIPKH, TOYHICTh OLIIHKA HEBUCOKA. AJie MOYKHA CTBEPKYBaTH,
o B IiioMy, (GopmanbHO, SAKICTh Kiacudikallii BUCOKa. € JWIIe OJAMH BUHITOK 3HAYHOI
Kopessimii, Maiike (yHKIIOHaNbHA 3alexHICTh y psaaky 10 Ttabn. 1. Skmo 3’sBuiach
koMOiHamis o3Hak [1D.C, To maibke 3axau ii Oyae CympoBOKYyBaTH KOMOIHAIliS O3HAK
[MI1.O0. Ane posrasn Tabn. | BUsBISE psii NPUHIMIIOBUX MOMEHTIB, fKi BKa3ylOThb Ha
MOXJIMBICTB BIOCKOHaeHHs kinacudikarii B 'CBOY.

1.  Bukimkae 31uBYBaHHA, 10 Kiactepu koaiB yMinb y I'CBOY, ski po3poluneHi y
PI3HUX HAYKOBO-METOAMYHUX KOMICISIX, 30BCIM HE TepecikaroThcs. Ha piBHI MOTrpimmHOCTI €
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HE3HAYHWI BHHATOK y psiaky 4 Tabn. 1. [lbomy Hema pallioHaJIbHOTO MOsicHEeHHsS. Takoi
HECXO0JKOCTI CTaHJAPTIB OJTHOTO W TOTO X OCBITHBbO-KBaTI(IKAMIIHOTO PIBHS HE MOXE OYTH.
ABTOpH CXWJIAIOTBCS OO0 JAYMKH, ILIO CIpaBa TYyT y CYO €KTHBHOCTI OIIHOK. MoxHa
MPUITYCTUTH, IO Npu (GOpMyBaHHI CTaHAAPTIB HE 3aCTOCOBYBAJlaCh OJlHA 3 BAKIMBHX
IpoIeyp EKCIEePTHUX OIHOK, KOJH TIC/si TPOBEIEHHS payHIy He3aJeKHUX OLIHOK,
eKcIiepTaM TMpea ABISIOThCS Pe3yIbTaTH OL[IHOK 1 MPOMOHYIOTh CKOPUTYBAaTH CBOi OLIHKH. |
TaK JI0TH, IOKH SIKICTh €KCIIEPTHUX OI[IHOK HE JTOCATHE MPUUHSATHOTO PiBHA.

Taboauus 1.
OrniHKa KOpessii (4acTOTHOCTI MOSIBH) IMapy O3HAK JIIBOI Ta MPaBOi YaCTHHU Y
kiacuikamii Kogy yMiHHS BUKOHYBATH THIIOBI 33/1a41 TisSUTbHOCTI

[Tapu o3Hak KinbKkicTh (4aCTOTHICTH) MOSIBU Mapy O3HAK Y
Ne Kiacugikamii I'CBOY 8.17010301 | I'CBOY 8.05100304 I'CBOY
3\ YMiHb «YTpaBiiHHSA «[Ipunaau i cuctemu 8.18010015
BUKOHYBAaTH 1HpOopMaIiiiHOO €KOJIOT1YHOT'O «KonconinoBana
THUIIOBI 331241 0E3IeKO0Y MOHITOPHUHTY» iHhopMaIis»
1 2 3 4 5
1 [1d. 1 - TIP.P 3 — —
2 1o, )1 — II1.P 2 —
3 [1d. 11— 3I1.P 3 — —
4 I1d.J1 - ITP.O 1 20 —
5 1o, 1 - TI1.0 — 8 —
6 I10.E — II1.P 1 — —
7 I1®.E —TIP.P 2 — -
8 [1®.E — 3I1.P 2 — —
9 I[1®.E - 3P.P 2 — -
10 [1d.C —II1.0 6 — —
11 [1®.C — II1.P 1 — —
12 CB.JA—3IL.P 6 — —
13 CB.J1—-3P.P 2 — —
14 CB.E -3P.P 8 — -
15 CB.1-TIP.O — 5 -
16 CB.1-III1.O — 4 —
17 CB.1-TIP.P — 7 -
18 CB.1-TIP.O — 7 -
19 CB.1-3P.O — — 2
20 [1®.E - 3P.0 — — 6
21 [1d. )T -3P.O — — 7
Bceporo (Bubipka) 39 51 15

[Ipore, mMoxxe OyTH HOIITBHUM 3a0X0YYBAaTH BY3W JI0 BIPOBADKCHHS aKaJIeMIYHHUX
cBOOOI.

2. Coocrepiraerbcsi Cy0’€KTUBHICTh Ta PI3HOMAHITTS y 3aCTOCYBaHHI IIKAIHM KJIAaciB
3a/1a4 isTbHOCTI. YacTiCTh 3aCTOCYBaHHS MOKA3HUKIB I1i€1 03HAKU BUTJISJIAE TAK:

I'CBOY 8.17010301: E - 16 pasziB, [ — 17 pazi, C — 7 pa3is;

I'CBOY 8.05100304: E-OpasiB, J—51pa3, C-0pa3sis;

I'CBOY 8.18010015: E—6paziB, J—9pa3ziB, C -0 pa3si..

OxHi By3M 3aCTOCOBYIOTH IIKaJly PIBHOMIPHO, APYri NMPUIHCYIOTh YMIHHSM Marictp
mumie giarHoctruuHuid (/) kmac, iHIII He BUKOPUCTOBYIOTH cTepeoturnHuii (C) kimac 3amad
JUSIIBHOCTI.
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[To3uiist aBTOpiB MOJSTae y TOMY, L0 Kjac 3ajad AisIIbHOCTI MOBHICTIO KOPEIIoE 13
OCBITHBO-KBaNi(PpiKamitHUM piBHEM (€ (QYHKI[IOHAIBHUI 3B’A30K) 1 MPUIHCYETHCA BCIM
yMmiHHAM MaricTtpa. Lle moxe Oyrtu eBpuctnunuii (E) kiac, a g cneundiyHux ramysei —
niarHoctTuaHui (/1).

SIKIIo OfiHE 1 TEX 3HAUEHHSI O3HAKU 3YCTPIYAE€ThCA B YCiX 0€3 BUHATKY KOJYBaHHSAX
yMiHb, TO IF0 O3HaKy TpeOa BHHECTH y Mpedikc KOAY 1 MO3HAYaTH HOTO Ha TUTYIHHOMY
apKylli CTaHJapTy AJs eKoHoMii Mici. [Hakme kaxydd, Tpeba BHHECTH IO O3HAKy I03a
CTaHJApT Ha PIiBEHb, 3 SAKUM BiH Kopemtoe. ToJi y3roJDKEHHS KOIYBaHHS THITIB 3a]ad
TiSUTBHOCTI 3 KOJYBaHHSAM KOMIIETEHIIIT TPH KOHCOMIIAIi] Mepesiky YMiHb CTaHe MPOCTIINM.

3.  PosrmsiHEMO, HE SIK MPOTMO3UILII0, a CKOPIIIE K PO3AYMH IIOJ0 MPOOJIEMH PiBHIB
copmoBaHocTi yMiHHS. TyT TakoXX CHOCTEpIraeThCsi HEPIBHOMIPHICTh 1 XAaOTHYHICTH Yy
3aCTOCYBaHHI KM PiBHIB COOPMOBAHOCTI yMiHHS. YacTiCTh 3aCTOCYBaHHS BUTJISAAE TAK:

I'CBOY 8.17010301: H—-0paziB, P—32pa3u, O —7 pasis;

I'CBOY 8.05100304: H—0pa3iB, P—7pa3iB, O —44pa3u;

I'CBOY 8.18010015: H-0pasziB, P-0pa3is, O - 15 pa3sis.

Pisens H He 3actocoByeThest 30BciM. Bukopucranns piBas P ta O Haramye monepemHii
BUMAJ0K. MOXXKHA CTBEpIUKYBaTH, IO piBeHb C(HOPMOBAHOCTI yMiHHS KOPENIOE 3 KJIACOM
3aMa4 AiSUTbHOCTI. ToMy, SKIO IO O3HAKY 3ajuIIaTH y CUCTeMI Kiacudikarmii TO BOHH,
YaCTKOBO, NYOJNIOIOTH O/HA OAHY. ABTOPH HE MOXYTh OIIIHUTH HACKIJIbKM O3HAKa «pPiBEHb
c(hOopMOBAHOCTI YMIHHS» BaXUIMBa I Kiaacu@ikalii THUIIB 3aaad AisUIbHOCTI. A B cdepi
BUIIOI OCBITH O3HaKa piBHA c(OpPMOBAHOCTI yMIHHSA MOXe OyTH 3alBOIO MiCHA
3aMpOBADKEHHS 3MaraJlbHOCTI Yy HaBYaJbHOMY MPOIECI Ta PEHTHHTOBOI CHCTEMH OIIHKH
YCHIIIHOCTI HaBYaHHA. J[ng AiarHOCTHKHM SIKOCTI BHIIOI OCBITH MOYHa 3aCTOCOBYBAaTH
PEUTHHTOBY CUCTEMY OIIiIHKH.

Pi3Hi migxomu 10 3acTOCYBaHHS IIKal Ta TPUIUCYBAHHS TMOKA3HUKIB O3HAKAM
kiacudikarmii MOKHA TOSICHUTH K HACHIJIOK 3aCTOCYBAaHHS PI3HUX Tpoueayp GhopmMyBaHHS
I'CBOY. Haramaemo, 1mo y mporeaypax mepiioro Ta TpeTboro THUIiB (IUB. puc. 1) Ha OCHOBI
nepeniky yminb, chopmoBanux B OKX, dbopmyroThcs BIAMOBIAHI iM 3MICTOBHI MOyl Y
MpoLeaypl APYroro TUIy (IuB. puC. 2) — (HOPMYIOTHCS BIAMOBIAHI iM OJOKH 3MiCTOBHHX
MoxayniB. ToOTo, y mponeaypi apyroro Tumy GOpMYTIOITECS YMiHHS OUIBII y3arajlbHEHi 1
MEHII JeTaji3oBaHuMu. Jleramizaiis 3MICTOBHHUX MOIYNIB BUKOHYETHCS Y C(HOPMOBAHUX
HaBYAJIBHHUX JMCHUIUTIHAX. BUTbII pallioHanbHOIO 3[a€ThCs MpOIeaypa APYroro THUITY, IO
MOSICHIOETHCSI HACTYITHHUM.

B cyudacHiii Haymi, 1 CIiIoM 3a HEIO B OCBITI BiIOYBA€THCS TMEpeXiJ Bia JAPOOJICHHS
HanpsMIB 1 CleiaIbHUX AMCUUILIIH, 0 PO3BUTKY MDKAMCIUIUTIHAPHUX HayK. [Ipukiamom
MOXYyTb Oyt iH(pOpMaTHKa Ta KiOEpHETHKa, YMpaBIiHHSA 1HPOPMAIIMHOK OE3MeKoro,
CUHEpPreTHKa, KOHCOJIiI0OBaHa iH(opMaIlist TOMIO.

Jlnst oOTpyHTYBaHHS O3HAYEHUX IO3MINN aBTOPIB PO3TIsiHEMO Tabi. 2, e MoKa3aHi
CHIBBIAHOIIEHHS KJIacy 3a4ad JisJIbHOCTI Ta OCBITHbO-KBasi()iKaliiHOTO piBHA Yy
1HyCTpiaIbHOMY CYCHIJIBCTBI Ta MPOTHO3 IIBOTO CITIBBITHOIICHHS JJIs1 TTOCTIHAYCTPIaTbHOTO
CYCHLJIBCTBA.

Tadauus 2.
[Iporuo3 AuHaMiKM THIIIB 33j1a4 AiSJILHOCTI Ta OCBITHRO-KBaJi(hiKaIlifHUX PiBHIB

Knacu 3agau OcBiTHBO-KBaTi(hiKalliiiHi PiBHI B
TiSTTEHOCTI IHyCTPIiaIbHOMY CYCITUIBCTBI MOCTIH]IyCTPIaJIbHOMY CYCHUIbCTBI
C — crepeotuniHa | PoGouuii, Monoqmmii crieriaiict PoGor
J1 — miarHoCTHYHA Crerianict KpeatusHuii ciemiasnicr
E — eBpuctuuna Marictp Marictp

€ dyHkIioHATBHU 3B’ 130K MK KJIacaMHM 3aj1a4 JIIsUTbHOCTI Ta BIJIMOBITHUMH OCBITHBO-
kBami(pikarifHUMu piBHAMU. [CHye TEHACHINS 10 TMepenadi CTePeOTUIHOI isSITBbHOCTI
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poboTaM HaBiTb Ha MOOYTOBOMY piBHi. 3MIHIOE€THCS PO3MOUT MPAIIOIOYMX 32 BHJIAMHU
BUpPOOHMIITBA. J{0JIs1 MpalliBHUKIB, 3alHATHX Y CUIBCHKOMY TOCTIOIApCTBI, Brane a0 2 — 4 %.
Jonst 3aiiHATHX Y MaTepialbHOMY BHPOOHUITBI 3MeHIIUTHCS 10 10 — 15 %. OcHoBHa Maca
MPAIIOIYHX 30CcepeanThest y cdepi oOcimyroByBaHHs, iH(oOpMmaliiiHii cdepi, BipTyaIbHOTO
(inopmariitHoro) BUpoOHHUITBA, y chepi KyIbTYpH TOLIO. BinNmoOBiTHO 3MIHUTBCS CTPYKTypa
Ta 3amadi ocBITAHCHKOI chepu. Ha BCiX piBHIX 3HAYHO 30UTHIIMTHCS IMOTpeda y Takii
CKJIaJIOBI KOMIIETEHIIi1 SIK KPEaTUBHICTb.

[ToHsATTS KpeaTWBHOCTI ocTaTouyHO Ime He chopmoBaHo. KpearwBHiCTh — 1€ TBOpYI
31I0HOCTI JIFOAMHU, SKI MOXYTh NMPOSIBISATUCH Y MUCIIEHHI, TIOYYTTSX, CIUIKYBaHHI, OKPEMHUX
BHUJIaX JISUTBHOCTI, XapakTEepU3yBaTH OCOOUCTICTh Yy IIJIOMYy Ta/abo i OKpemi CTOpPOHH,
OPOAYKTH isIIBHOCTI, TPOILIECH CTBOpEHHSA. KpeaTUBHICTh BH3HAYAETHCS HE CTUIBKU
KPUTUYHUM BiTHONICHHSM JIO HOBOTO 3 TOYKM 30py HAsSBHOTO JIOCBily, CKUIbKH
CHpUHHATIUBICTIO 10 HOBUX iAei. II. TopeHC BH3HAYMB KpPEATHBHICTH SIK IPOLEC IMOSIBU
YyTIUBOCTI 10 TpoOieM, 10 AehinuTy ado JUCrapMOHIi HasBHHMX 3HAHb, BU3HAUCHHS ITHX
npobneM, TMOIIyK iX BHUPILMICHHS, BHCYHEHHS TiNOTE3, MEPeBIPOK, HaMipiB, 3MIHH Ta
MepEBIPSHHS TIMOTE3, 1 HApeIITi, (OPMYIIOBaHHS Ta MOBIIOMJICHHS PE3yJIbTATy PIIICHHS.

CrupaeTbCst pI3HUI MDK OCBITHBOIO JUSUTBHICTIO 1 BIPTYyaJbHOIO BHPOOHHYOIO
JIisbHICTIO. BoHM cratoTh mogiOHMMu omuH  oaHoMmy. OOWABI Taiy3i BHPOOJISIFOTH
iHpopmamito 1 3HaHHA. CTae MOXJIMBOIO NPUPOJHA KOHBEPreHIIs LUX Talry3ei.
VHiBepcallbHa OCBITSHChKA Tally3b Ma€ TIOCTABJISATH HA PHUHOK TMpalli KOMIIETEHTHICTD,
KpPEaTUBHICTh Ta CaMOOCBITHICTb. BTiM, mpobnemu kiacudikarii yMiHb Ta KOMIIETEHIIT B
MOCTIHAYCTPiaTbHOMY CYCHIJIBCTBI I TUTHbKM Ha3piBatoTh. llei HampsMoOKk MoOXe CTaTh
TEMaTHUKOK TMOJANBIINX JOCHiKeHb. [loBepTarounch 10 TpoOIeMH  KOHCOJiJalii
kiacudikairii, MOXKHA CTBEP)KYBAaTH HACTYITHE.

BHacnigok cy0’€KTHBHOTO XapakTepy CTBOPEHHS Ta 3acTOCYBaHHS KiacH]ikarlii
daxoBuX yMiHb iCHYIOUa Kiacu(ikallis SBISETHCA 3aHAATO JCTAIBHOI 1 ckimamHoro. lle
pobuts ii He3zpyunoro st popmyBanHs ['CBOY, BigBomnikaiouu yBary BiJl 3MiCTOBHOI
YAaCTUHU CTaHAApTy. IcHyroua kmacudikallis yMiHb 3aKPIIUIIOE JIeAKi 3acTapil MPUHIUINA 1
noJjoxeHHs. L{e mpruBoANTE 10 KO3 1 yTpYIHIOE HOCSATHEHHS MeTu Kiacugikamii. IcHyroua
kinacudikaiis BiAmoBigae morpebdaM 1HAYCTpiadbHOTO cycmiabcTBa. lle craBuThH 3amady
€BOJIIOLIT CUCTeMH KJilacudikallii Ta po3poOKH ii He MPUHLIKMIAX MOOUTBHOCTI Ta IUKJIIYHOCTI,
YHIBEpPCAJIBLHOCTI Ta MOJYJBbHOCTI, KOHBEPIreHTHOCTI Ta camoopranizaiii. Lle TpymHi 3amauqi
HOBOT0, aJIe HEIAJIEeKOro MaiilOyTHROTO.

JocaigxeHHs MiZKKIACTEPHOI KOpeJsilii KoMIeTeH il Ta BAUPOOHUYUX PyHKIii

JisIbHICTh HaBYaHHS, HE Ka)Kydd BXKE MPO HAYKOBY JiSUIbHICTH, 3HAUYHO CKJIAJHIIIA Y
MOPIBHSHHI 3 BUPOOHWUYOK [isSIBHICTIO. BHUPOOHMYOIO MisUTBHICTIO IIUJIE HAMpPaBIICHO
3aiiMaeTbesa rpyna (iHoxi Oararo uyucieHHa) (axiBLiB JaHOI rairy3i BUPOOHMIITBA, OLIbII-
MEHIIl He3alie)KHa BiJ 1HMUX Trpym. JisSUTbHICTIO HaBYAaHHS TEX 3alMAaEThCsl TNEBHA Tpyma
¢axiBLiB ramysi BipTyaJIbHOTO HaBYJILHOTO BUPOOHUITBA. [IpoayKIli€ro 1IbOro BUPOOHHUIITBA
€ KOMIICTEHIIis, sKa TMOCTa4YaeThcs Ha PUHOK mparli. PuHOK mparii motpedye HOCIIB 1€l
KOMTIETEHIII1 — JIF0/IeH 1 poOOTiIB.

Ane B nmisuTbHOCTI HaBYaHHS (1 caMOHABYaHHS), CBIJIOMO YM HECBIJIOMO, NPHIMAIOTh
y4acTb 0araro I1HIIMX TPyI: ciM’s, TPYIOBI KOJEKTHBH, HehOpMalbHI yrpylnyBaHHS,
coIfialbHI Mepexi, KHUTH, 3aco0u MacoBoi iH(opmarrii, Tenedbauenns, [HTepHET, MO CyTi BCE
CYCHUIBCTBO 1 HaBiTh HAaBKOJIMIIHE cepeloBHIIE. MaroTh 3HAUYEHHS TPaJHIlii, MEHTAIITET,
MOpPAJILHUM KJTIMAT, 1 IIie 0araTo 4oro, MOXJIMBO Il HE /10 KiHIls BUBYeHOro. He quBHO, 1m0
Ui Kinacugikanii BUpoOHUYOT Ta HaBYABHOI AiSTIBHOCTI 3aCTOCOBYIOTHCS pi3HI IKamu. J{ims
kinacudikamii BUPOOHWYOI iSUTBHOCTI 3aCTOCOBYETHCS INKajga BHUIIB THUIIOBHX 3aJa4
nistipHOCTI: [1®, CB, CII. [dnsa xnacudikamnii HaB4ambHOI (1, MOKIIUBO, HAYKOBO1) JisSUTBHOCTI
3acTocoByeThes mKana o3Hak komrereHiii: KCO, K311, KI, K3I1, KCII. [llkanu pi3Hi 5K 110
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KUTBKOCTI O3HaK, Tak 1 3a 3MictoM. I Tyr, mpu ¢opmysanni 'CBOY, BuHukae me ojHa
(mpyra) Ko:i3is: pi3Hi KA 3aCTOCOBYIOTHCS JI0 OJTHOTO U TOTO Xk Cy0’ekTa — mpodecioHana,
(Mozeni) 0coOUCTOCTI, TOTOBOI J0 BHUPIIIEHHS CKJIaJHUX MPOOJIEM Ta 3aBIaHb ChHOTOJICHHS.
Jlnst xkoHcomijaii mepeniky ymiHb, Il IIKadu Tpebda SKOCh Y3roauTh. Toai HEoOXiJTHO
NOCHIAATH CTEIHb IX CXOXKOCTI 1 OLIHHATH CXOXICTh KUIBKICHO. BUHHKae 3amadya OLUIHKH
MDKKJIACTEPHOT KOPEJISIIIi.

Mu MaeMo TyT TpeTIO Komizito — TepMiHoyoriuny. O3naka [1® — mpodeciitauii €
YaCTUHOIO OUThIN mUpoKoi o3Haku CB — corianbHO-BUpOOHNYA. 32 CJIOBHUKOM 1HIIIOMOBHHX
CIIIB TIOHSITTS «COILIANLHUN» O3HAYA€: CYCIUTbHUN, TPOMAJCHKHM, TOH, IO CTOCYETHCS
cycmisbHOTO Jnaxy. IlpodeciitHa cdepa € vacTuHOW coriaabHO-BUpPOOHUYOi chepu. Tomy
Oynemo posymiti CB sik 3aranbHy coliaibHO-BUpOOHUYY cdepy, a 1D — sk cnemianbHy
COIiaTbHO-BUPOOHUTY chepy.

[TocninoBHicTs mpomenyp kinacudikamii Taka, 0 O00’€KTH, SKi HaJleXaTb [0
kinacudikamii — OTO — mpencraBieHi y mpocTopl, BUMIpaMH SIKOTO € O3HAKH. Y HAIlOMY
BUMAJIKY 11} 03HAKOBUU MPOCTIpP SIBISETHCS TBOMIPHHUM.

Cxoxicte MKk OTO, sKi ONHUCYIOTBCS CJIOBECHUMH IIO3HAYCHHSIMH OIIHIOKOTHCS
KoedilieHTaMi acoliaTUBHOCTI. BOHM mpeacTaBisioTh COOO0K0 BiHOIIEHHS CHOCTEpIiraeMoi
CHIBIAIa€EMOCTI 3Ha4eHb O3HaK s mapu OTO 10 MOXKIMBOrO 4YMCia CIIBMaJaHb abo 10
MOJKITUBOTO YHCJIa O3HAYEHBb CXOXKOCTI. «3araJbHUN BUJ KOEQiIli€eHTa acOIiaTUBHOCTI — IIe
koedimient cxoxocTi» [1, popmyna Ha ¢.11]

S./k = Z erksijk Zwiik 2 (1)
i=1 i=l

Ie 0<§,,<1 — cxoxicTb MK craHamu o3Haky i anst OTO j ta k; w, — Bara, 1m0

MPUITUCYETHCA LiM O3HALll; 7 — YUCIO O3HAK.
Cepenniii koeiIlieHT acOIaTHBHOCTI MO BChOMY KJIacTepy

5.=23s, /(ml), @)

Jj=1 k=1

7e n Ta [ —4uciio 03HAK O BIAMOBIIHUM OCSM IPOCTOPY O3HAK.

Taoanns 3.
OI1IHKH CX0’OCTI MOKA3HUKIB BUIIB TUIIOBUX 3aa4 AISLJIBHOCTI Ta KOMIIETEHITIT

Bunu tumosux 3amau Kommnerenmii
JUSIIBHOCTI KCO K3H KI K3I1 KCII
J§ () 0 0.5 0.33 0.33 0.33
CB 0.5 04 0.33 0.33 0.33
CII 0.5 0.1 0.2 0 0

[ToGynyemo matpuitio 3a popmyioro (1), mokazany y Tabi. 3, i ska Ma€ po3MipHOCTI IO
OC1 BUJIIB THIIOBUX 3a/1a4 JISUTBHOCTI Ta OC1 KOMIIETEHIIii. Bary, 1mo npunucyerbcst KOXKHIN 3
o3HaK OynemMo BBakaTu ojHakoBoio. Toxai y 3HameHHHKY ¢opmynu (1) maemo > =1. B
KOMipKax MaTpHIll MOKa3aHi OIIHKUA €KCIEePTIB — aBTOPIB JaHOi POOOTH — CXOXKOCTI O3HaK
yMiHb mpodecioHana 3 mo3uilii BUpOOHUIITBA 1 3 TO3UIlil HaBYaHHs. OIIHKY MMO/IaHI B IIKaTi
Bim 0 mo 1. fkmio meBHa oO3HaKa CXOXka Ha JEKUIbKAa O3HAK IO APYrid OCi, TO OIliHKa
MOAUISEThCS Mk ocraHHiMUA. Hampuxman, o3maka KCO —  comianbHO-OCOOMCTICHOT
KOMITETeHIIi1 cxoka Ha o3Haku CB — comianbHO-BUpoOHMuUMx 3amad T1a CII — comianbHO-
noOyTOBUX 3a7a4 AisUTbHOCTI. TO/Ii KOXKHIHM 3 OCTaHHIX MPUITUCYEMO OITHKY 0.5.
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Cepenniil koedilieHT acoIiaTUBHOCTI IO BChOMY KJIacTepy, 00UHCICHUH 3a (hopMyIoro
(2), cknanae BenuunHy S. = 0.28. Cepenniii koedilieHT acoliaTUBHOCTI MOXKHA TT1IBHIIUTH
3a paxyHOK BJIOCKOHAJEHHs cucteMu kiacudikanii. bimpm edexktuBHOIO MOXe OyTH
po3poOKa moJiTeTHYHO1 Kiaacugikallli ymMiHb, 3aCHOBaHOI Ha CTAaTUCTHYHOMY Tiaxoi [1, ¢. 9].
«3a Takoi knacudikamii OTO arperoBaHi BiTHOCHO 0araTh0X BHMIPIOBaHb MPOCTOPY O3HAK.
Pizni OTO OynyTh BiIXWISATUCH BiJl KJIacTepa B3JIOBXK PI3HMX O3HAKOBUX OCEH, ajie MOXYTh
OyTH pO3MOAUIEHUMHU IO BCili 00NacTi JesKuX 3HaueHb». Toml kimacu 00 €KTIB MOKHA
BU3HAYaTH HE 3a BCIMa O3HAKaMH, a MO0 HAWOIIBIIIOMY YMCIYy CHIJIBHUX 3HAYCHb O3HAK, TaK
IO Hi OJHA 3 O3HAaK CaMOCTIHHO He BU3HAYA€ HAJIEKHICTH JI0 AAHOTO Kjacy. Takoro tumy
kiacudikaiii 6Jau3bKi 10 0araThoX MPUPOTHUX KiIacH(iKalliii.

BucHoBku

CdopmoBaHni B naHiii CTAaTTI MPUHIMIK KOHCOMIAaIii kinacudikaiii GpaxoBux ymiHb Ta
MOJIeNIb HAyKOBOi Ta HaBYaJIbHOI [iSUIBHOCTI TpUAaTHI s (OPMYBaHHS Tally3eBHX
CTaHJapTIB BHINOI OCBITH, IPUHANMHI, Y TEXHIYHUX, CKOHOMIYHHUX 1 TIPUPOTHUINX TaTTy35X
BumIoi ocBiT. KoHCommoBaHa kinacudikailisi mpocTiiia, BpaXoBYy€e CydacH1 TEHACHIIIT TeXHIKU
1 HAyKW J10 KOHBEPTEHIIi1, MDKIUCIIUTIIIIHAPHOCTI, IO J03BOJIUTH MiIBUIIUTH SKICTh OCBITHIX
cTaHaapTiB. BoHU 0O3BOMSIFOTH YITKO BHU3HAYMTH HAMPSMKH TOJATBIINAX JOCTIHKEHB II0I0
noOy0BH KOHCOJioBaHOi Kiacuikaii Ta koaudikaiiii ¢paxoBuX yMiHb Ta KOMIETEHIII, a
TaKOX pO3pOOKH e(eKTUBHOI Mpoueaypu GOpMyBaHHS Taly3eBUX CTaHIApPTIB BHUIIOi OCBITH.
Temoro mogaabIIMX AOCTIHKEHb MOXKE CTaTH PO3pOOKa MoJiTeTHYHO1 Kiacudikaiii GaxoBux
YMiHb.
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KOHCOJUJAIINA KITACCUPUKAIIMA B MOJEJAX KOMIIETEHIIMA U YMEHUW B
OTPACJIEBBIX CTAHJAPTAX BULIET'O OBPA3OBAHMUS

A.A. Ko6o3eBal, B.I. KOHOHOBI/I‘II, n.B. KOHOHOBH‘JZ, 0.B. Hukonaenxko'
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PaccmarpuBaercs mpobiema kimaccuukanuu U KOIU(BUKAIMH YMCHHH CHCIHATINCTOB B
CBs3U ¢ OOHAPYKCHHBIMH KOJUTU3USAMH B IPAKTHUKE (POPMHUPOBAHUS CTAHIAPTOB BBHICIICTO
00pa3oBaHUsl B TEXHHYECKHX M IKOHOMHYCCKHX OTPACIsAX B YCIOBUSAX NPUMCHCHUS
KOMIIETCHTHOCTHOTO TOAX0Ja. HalJeHbl KOJUIM3UH, MPUYUHH KOTOPBIX COCTOSAT B TOM,
YTO: a) OTCYTCTBYET METOAMKA (POPMHUPOBAHUS CIUHOTO TICPEYHS YMCHUH CIICIUAUCTA C
YMEHHH pemaTh THIIOBBIE 3alauyd ACATEIIbHOCTH W YMEHHWH, KOTOpBIE 00ECIeunBaIOT
(opMupoBaHHE KOMITETCHINH; 0) OTCYTCTBYIOT MOJAEIH OOpaTHBIX CBsA3eH M MOJEIb
MOCTAaBIIMKAa KOMIETEHIIMH Ha PBIHOK TpyAa. VICHOIBp30BaHBl METOIBI IIKAIHPOBAHUS,
MHPOPMAMOHHOW aHAINTUKU M KOPPEIIUOHHBIA KiacTep-aHanms. [IpemnoxkeH BapuaHT
Momenu  jmesitensHOCTH — oOydueHms.  ChopMHpOBaHBI — MPHUHIUNBI  KOHCOJHIAITUH
KIIacCUPUKAIMA yMEHUH, KOTopas NpUMEHUMa, IO KpalHed Mepe, B TEXHHYECKHUX,
SKOHOMHUYECKUX W MPHUPOJHBIX OTPACIAX BbICIIEro oOpazoBaHus. KoHcomuaupoBaHHAs
Kinaccu(UKaus MPoIIe, yYUTHIBACT COBPEMCHHBIC TCHICHIIMM TEXHHUKU WM HAYKH K
KOHBEPICHIIUK,  MEXIUCIUIUTMHAPHOCTH, YTO  [O3BOJIUT  TOBBICUTH  Ka4eCTBO
00pa30BaTEeNBHBIX CTAHIAPTOB.

KuaroueBble ciioBa: KiaccHpUKAIWs, KIACTEPHI, OTPACIEBBIC CTAaHIAPTHI, KOHCOIUIALINS
nHPOPMALNHU, KOMIIETSHIIUH, YMEHHUS, 331a4H IEATSIFHOCTH, KJIACCH 33134 AEATEIIbHOCTH,
KOPPETAIHs, KOIbI (IIH(PHI) YMEHHH.

IN HIGHER EDUCATION INDUSTRY STANDARDS: THE ECONOMIST’S POINT OF VIEW
A.A. Kobozeva', V.G. Kononovich', I.V. Kononovich?, O.V. Nikolayenko1
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1, Shevchenko Ave., Odessa, 65044, Ukraine; e-mail: vl kononovich@ukr.net
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The paper discusses the problem of classification and codification of professional skills in
the context of the conflicts found in the practice of the development of higher education
standards for technical and economical branches using a competency-based approach. We
found the conflicts caused by the following: (a) no methodology exists to form a uniform
list of professional skills from the skills of solving typical professional tasks and those
ensuring the formation of competency; (b) neither the feedback model nor the model of the
competency supplier to the labor market exists. Scaling, data analysis and correlation
cluster analysis methods were used. An education activity model was proposed. We
proposed the principles to develop a consolidated classification of professional skills which
would be suitable in technical, economical and natural science branches of higher
education. A consolidated classification is rather simple, and takes account of the current
science and technology trends to convergence and integrated approach, thus making it
possible to improve education standards.

Keywords: classification, clusters, branch standards, data consolidation, competency,
professional skills, professional activity tasks, classes of professional activity tasks,
correlation, skill codes.
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METO/ CKPBITOW NEPEJAUYM JAHHBIX,
OBECIHEYUBAIOIIUI MPOBEPKY LEJOCTHOCTHU U
AYTEHTUYHOCTH NEPEJABAEMOI TH®OPMALMU

A.A. Kob6o3eBa, M.A. Ko3una

Onecckuii HAIIMOHAIBHBIN MMOTUTEXHUIECKUA YHUBEPCUTET
mp. HleBuenko, 1, Omecca, 65044, Ykpanna; e-mail: alla_kobozeva@ukr.net

B pabore mpenmnaraercs YCOBEpIICHCTBOBAHHE paHee pa3pabOTaHHOTO aBTOpaMHU
cTeraHOrpaMUecKoro METO/a, PEIIaloNiero OIHOBPEMEHHO aKTyallbHYI0 Ha CETOIHS
TPHEOUHYIO 3aJady cTeraHorpaduu: CKpBITOM Tepenadd JaHHBIX, MPOBEPKH HX
ayTeHTHYHOCTH U IEJIOCTHOCTH. B KauecTBe KOHTEHHEpa UCTIONB3YyeTCS IU(PPOBOE IIBETHOE
n3o0pakeHre, a B Ka4eCTBE IOIMOJHHUTEIBHON MH(POPMAIUN BBICTYIIAET HMPOM3BOIHHBIM
o0pa3oM cdopmupoBaHHas OWHApHAs IOCICIOBATEIBHOCTB. Y COBEPIICHCTBOBAHUE
cTeraHorpaMueckoro MeToJa BKIOYAaeT B ce0s: yYMEHBIICHHE 00beMa HEOOXOIMMO
mepeaBaeMoil MHGOpPMAMKM TIO 3allMIICHHOMY KaHAy CBS3M Ui OpTaHU3aIlluu
ayTeHTH()UKANUU JAHHBIX; OOCCIICYCHUE BO3MOXKHOCTH JCKOIUPOBAHUS IEepeIaHHON
uHpopManuu Oe3 Hanuuus KOHTeHHepa. [IpuBeAeHBI pPE3yibTaThl BBIYHUCIHTEIBHBIX
9KCICPUMCHTOB, MOTBEPIKIAIOIINE BBICOKYIO A(PPEKTHBHOCTD MPEIOKEHHOTO METOIA.

KiioueBble cjioBa: creraHorpadU4ecKWii METOJ, CKPBITHIA KaHAJN CBS3H, IEJIOCTHOCTD,
ayTeHTHYHOCTb, AUCKpETHOE Npeobpa3oBanne Dypre, muppoBoe n300pakeHne.

BBenenue

Creranorpadus — Hayka, KOTOpas U3ydaeT U 00ecreuyrBaeT COKphITHE MH(DOPMAIIUH B
MPOU3BOJILHOM HOCHUTENE-KOHTeHHepe (Hampumep, ¢GoTo, BUACO W JIp.), TAKUM 0Opa3zoM,
YTOOBl HHUKTO, KpPOME OTIPAaBHUTEIS W TIOJydaTellsi, HE IOA03peBall O CYIIECTBOBAHUHU
nepexaBaeMoii mHpopmanuu [1,2]. He orpanmumBas OOIIHOCTH pacCyKIICHUM, Jajee Kak
KOHTEIHep ucrnonb3yercs nudposoe nzoodpaxenue (L[N).

Creranorpadusi momMoraer pemarb BOIPOCHI, CBSI3aHHBIE C 3alIUTON aBTOPCKHUX IpaB,
MPOBEPKOH MOUIMHHOCTH, IIEJIOCTHOCTH Pa3IUNIHBIX HH(POPMAIIMOHHBIX KOHTEHTOB.

CymectBytonie creranorpauueckie MeTOJbl MOTYT OCYLIECTBISITH MOTPY>KEHUE
CKpBIBAEMOH, MJIM JONMOJHUTENbHON MHpopMarun ([I1), kak B mpocTpaHCTBEHHOM, TaK U B
YaCTOTHOM obJacTsax n300pakeHUsI. TpaauuuoHHO CUUTAETCS [1], 4TO
cTeraHompeoOpa3oBaHUe, pean3yeMoe B YAaCTOTHOM o0nacTh u300paxeHws, Oolee
YCTOMYMBO K pa3IMYHBIM BHJaM BO3MYIIEHUH (IO YCTOMYMBOCTBIO CTETaHOTPaPpUUECKOro
aIropuT™Ma, corjlacHo [3], TMOHMMAaeTcsi HEYYBCTBUTEIBHOCTb K  BO3MYLIAIOLIUM
BO3sIelicTBUAM chopmupoBaHHOTO UM cteranocooOmeHus (CC) (CC — pe3yabTaT BHEAPECHUS
AU B KoHTElHED)).

K coBpemeHHbIM cTeraHorpaduieckuM MeETOoAaM MpeabsBIsIeTca psii TpeOOBaHUM,
OJIHOBPEMEHHOE YJOBIIETBOPEHHE KOTOPBIX SBISIETCS HETPUBUAIBHON, HEPENICHHOH 110
KOHI[a, a MOTOMY aKTyaJlbHOM Ha CEroJHSAIIHUNA JeHb 3amadeid. Tak mpu opraHuzanuu
CKPBITOTO KaHajla CBS3M BHYTPU KaHaJla OOIIETO IMOJIb30BaHMs HEO0X0AUMO o0ecriedeHrne He
TOJBKO HagekHOCTH BocnpusiTus CC [3], ycTOWYMBOCTH CTETAHOAITOPUTMA K aTaKaM MPOTHUB
BCTPOCHHOTO COOOIIEHHS M CTETaHOAHAJIU3y, HO U BO3MOXKHOCTHU TPOBEPKU LEIOCTHOCTH
nepeaaBaeMoi nHGoOpMaIuu/KoHTeHHepa, ayTeHTU(P KA HHPOPMAITMOHHBIX KOHTEHTOB.
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HeoOxonuMo 3amMeTuTh, 4TO MocienHee TpedboBaHue, KOTOPOE Yallle BCEro B HaCTOSLIUI
MOMEHT oOecreyuBaeTcs IIyTeM HCIOJIb30BaHUs IU(PPOBONH IOANUCH, HMEET CBOH
OCOOEHHOCTH TpH OOECIEUEeHUH €ro JId MYJbTHMEANHHOW HWH(OpMAIu: COOOIICHHE,
cojiepkaiiee MUPPOBYIO MOIIKUChH, JOJDKHO XPAHUTHCS WIH NepeaBaThCsl a0COIIOTHO TOYHO
«OuT B OWTY», HO JaHHBIC, KOTOPBIE XpaHATCA B IU(PpoBOM (opmaTe, MOTYT HE3HAUUTEIHLHO
HCKaXaThCsl KaK Ha JTane XpaHeHus (Hampumep, MpU CKATHM), TaK U IPHU Iepenade Io
KaHajly CBf3M, HE Tepss CBOEil ayTeHTHMUHOCTH. Kpome TOro, 3HaYUTENIbHBIM HEIOCTaTKOM
M(POBOK TOMMUCU SBISIETCS TO, YTO €€ MOXHO JIETKO YJAIWTh U TPHUKPENUTh HOBYIO,
OTBEYAIOIIYIO JAPYroMy Blajenbily/aBTopy wuHbopmaruu [3]. Bce 310 ocraBmser Ha
CETO/IHSIIHUN JIEHb aKTyallbHON 3a/lady OpraHu3alud ayTeHTH(PHUKAIUU WHOOpPMALUU caMy
1o ceoe.

[TonpITKM OTHOBPEMEHHOTO PEIISHUSI HECKOIBKUX 3a/1ad CTeraHorpaduu, B 4aCTHOCTH,
OpraHM3aly CKPBITOTO KaHalla CBSI3U C MpoBepkoi ayreHTUUHOCTH L[M-koHTelHepa yxke
npeanpuHuManucek  [4-6], oaHako  mpe/ularaeéMble  pEIIEHHs ~— HENb3sl  Ha3BaTh
YAOBJICTBOPUTENBHBIMU. Tak creraHorpaduueckuii MeToj, NpemIoKeHHBIM B [4], He
rapaHTupyeT HaJeXHOCTh Bocrpusatus ¢(opmupyemoro CC, 4TO CTaBUT IOJ COMHEHHE
MPUHIUITHAIBHYIO BO3MOYHOCTh ero HCIIOJIb30BaHUS npu OpraHu3aluu
CTeraHOTpaMUECcKOro KaHayia CBS3U. YCOBEPIICHCTBOBAHHE OOCYXJIa€MOro MeToja ObLIOo
MpeIOKEHO B [S], 0THAKO M 37eCh BOMpOC oOecrnedeHus: HajaexkHocTH BocnpusTuss CC He
Halllell OKOHYaTelIbHOro pelieHus. He IuilleH 3HAYUTENbHBIX HEAOCTATKOB U METO/I,
pa3paboTaHHBIH B [6].

B [7] Ko3unoii M.A. ObIT IpeUIOKEH cTeraHorpauyeckuii MeTos, ooecreynBarOIuit
CKPBITYIO TIepelady MpOW3BOJILHON OWHApPHOW IOCIEAOBATEIbHOCTH C OJHOBPEMEHHOMN
npoBepkoil menoctHoctu U, cobmioneHne Haae)KHOCTH BOCIPHUATHS CTETaHOCOOOIICHUS,
YCTOMYMBOCTh K BO3MYIIAIOUIAM BO3JICUCTBUSIM B KaHAJIE CBS3U, KOTOPBIA MOCITYKHII
OCHOBOH JUIsl pa3paboTKu B [8-9] yHUKaJIBHOIO, KaK MOYKHO CYIUTh M3 OTKPBITOM INedYaTH,
MeTo/1a, 00ECTICUNBAIOIIETO PEIICHUE TpUeINHOMN 3a1a4uu cteranorpaduu (T3):

1.  OpraHu3zanuu CKpHITOrO KaHalla CBSI3U (C COOMIOICHHEM HAJICKHOCTH BOCTIPUSATHS
1 HEUYBCTBUTENBHOCTH (opMupyemoro CC K BO3MYIIAIONIAM BO3ICUCTBUSAM);

2. IIposepky uenoctuoctu [U;

3. IIpoBepky ayTeHTUYHOCTH TepeaBaeMoi HHPpOpMaIIUH.

Ileanb cTaTbu M NOCTAHOBKA 3aJaHUM

[Ipu Bceil cBOEH YHUKaJIbHOCTH, CTETaHOMETOJ, MPENJIOKEHHbIM B [8,9], He nuieH
HEJIOCTATKOB:

1. Heo6xoauMocTs HamMuust KOHTEHHEpa JUIsl OpraHu3anuu aekoaupoanus J1;

2.  bonpmoil o6beM uH(pOpMaAMK, HEOOXOAUMO IEpeaBacMON MO 3allUIIEHHOMY
KaHally CBS3H.

B cBa3m ¢ OTUM yenvlo JaHHOW pabOTHI  SIBISETCS  YCOBEPIICHCTBOBAHUE
npemioxkeHHoro B [8,9] creranorpaduueckoro Meroja IyTeM yMEHBIIEHUsS o0beMa
nH(pOpMaLIUK, KOTOPYIO HEOOXOIMMO IMepelaBaTh IO 3alIUIICHHOMY KaHAy CBSI3U IS
OpraHM3alyi ayTeHTH(QHUKAIMU JaHHBIX; OOecleyeHHs] BO3MOKHOCTH JIEKOAUPOBAHUS
nepeaaBaeMoil nHpopmau 6e3 Hau4yKs KOHTeHHepa.

3adauu, xoTOpBHIE HEOOXOTUMO PEIINUTH IJI JOCTUKESHHUS LIeITH:

1.  Beibop uHbopManuu, koTopas OyJeT mepeaaBaThCs MO 3alIUIIEHHOMY KaHAIy
CBs3U i1 oOecrieuyeHrsT BO3MOXKHOCTH JICKOJMPOBAHUS CKpbIBaeMoW wuHpopmaiuu 6e3
HAJINYUSI KOHTEUHEDA;

2. Br16op cnoco6a ¢hopMHpOBaHUS CEKPETHOTO KITF0Ua CTETaHOMETO/Ia ;

3.  Bpibop ycTOMYMBOrO K BO3MYIIAIONIMM BO3ACHCTBHUSIM CHOCO0a BHEIPEHHS

KJIFO4a Jis opranu3anuu ayrentudukanun J[M, obecreunBaromero HaJae)KHOCTh BOCITPUATHUS
CC.
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OcHOBHAA 4YaCTh

B pabore B kadecTBe KOHTEHHEpa BBICTYMaeT HU(PPOBOE I[BETHOE H300paKECHUE
MIPOU3BOJIHLHOTO (hopMaTa, JUisl XpaHEeHUs KoToporo ucnoiszyercs cxema RGB. Ilycts B —
M x N -matpuiia — oJiHa U3 IIBETOBBIX cocTaBisronux [[M-konTelinepa.

Paccmotpum OCHOBHBIE maru MpeaJIaraeMoro YCOBEPILIEHCTBOBAHHOTO
cTeraHorpauyeckoro Merojaa, obo3Hadaemoro pgaiee SM 3, W NpPHUHIOUNUAIBHBIE €T0
OTIMYUS OT pazpaboranHoro B [8,9].

Koouposanue. Onupasicb Ha  CyIIECTBYIOUIME MPUHUUIB  ayTEeHTU(PUKAIIUU
nepenaBaeMoi mHpopmamnmu, omucaHHbie B [1], pa3o0beM MHOXXECTBO HMMEIOIIUXCS
M300paKeHUI-KOHTEHHEPOB TIPOMU3BOJIBHO Ha MOAMHOXKeCTBa. KaKj0My i-My TIOJIMHOXKECTBY
IIOCTaBUM B COOTBETCTBHUE YHUKAJIbHYIO YHCIOBYIO METKY num,, BBIOUpaeMyI0 U3 Juara3oHa

[a; b], n yHUKaIbHBIA OMHAPHBIA KIKOY KOAMPOBaHUs K, — ¢ X p -Marpuily, y4acTBYIOIIUI B

MpeABAPUTEIILHOM KOJAMPOBAHUU JIOMOJHHUTENbHOW uHpopManmu, j =1,2,...,2797 ) KoTopbie B
COBOKYIIHOCTH 00pa3yloT TaK Ha3bIBaeMyK CTeraHorpapuueckyto mnapy (num;,K ), nanee

ob6o3zHauaemyro SP. B o0miem cirydae Kom4ecTBO C(HOPMUPOBAHHBIX KITFOUEH KOJIUPOBAHUS
Kj JOJI’KHO 6BITB HE€ MCHBIIC KOJHUYECTBA MECTOK num,, I-ITOGBI KaXXa0€ IOAMHOXKECTBO

KOHTEHHEPOB MOJIYYMJIO CBOM YHMKAQJIbHBIA KIIOU KOJAUWpOBaHHA. COOTBETCTBHUE MEXAY
METKaMH TOJAMHOXXECTB KOHTEHHEPOB M KIIOYaMU KOJUPOBaHMA (WIM HMX OJHO3HAYHO
OIpeensieMbIMM HOMEpPaMH, WM OJHO3HAYHO ONPEIEIIIEMBIMU METKAaMH) yCTaHABIUBAECTCS
IPOM3BOJILHBIM ~ 00pa3oM.  MHOXKECTBO  MHOJYYEHHbIX  cTeraHorpaguueckux  map,
obo3Hauaemoe aanee MSP, ornpenenseT CeKPeTHBINA KoY CTEraHOAITOPUTMA, IEpeaaeTcs 1o
3alIMIIEHHOMY KaHaly CBSI3HM, B OTJIMYKE OT [8,9] MMeeT peaibHbIE pa3Mephl.

OcHoBHble mary npu omnpexaeneHun [{M-koHTellHEpa ¥ COOTBETCTBYIOUIUX €MY
napameTpoB B SM 3

1. BwiOpate caydaitHeiM oOpazom u3 MSP creraHorpaduyeckyro mapy SP
(num;, K ).

2. BpIOpaTh MOAMHOXKECTBO KOHTEHHEPOB, KOTOPOE OTBEYAET METKE MU, .

3. W3 momyueHHOT0 Ha MPEIBIIYIIEM IIare MoIMHOKECTBA BEIOPATH MPOU3BOILHBIM
obpazom [[U-konTerinep sl ganbHeimero morpyxkenus [, ¢ wucnomb3oBaHuEeM

cootsercTBytomei SP (num,,K ;).

OnumieM  OCHOBHBIE ~ MOMEHTHI  CTETaHONpPeoOpa3oBaHUs,  0OECIIEYHBAIOIIECTO
HageKHOCTh BoctpusiTis CC, KOTOpBIe OBUTH MTPEIIOKEHBI B [7] 1 ucnonb3yoTess B SM 3.

Marpunia B paszbuBaercs cTaHmapTHEIM 00pa3oM Ha HemepeceKaroumumecs OIOKH

nm

pasMepoM 2x2, KOTOpele jmajee oOo3Hayarotcs F (B), nzl,[g} mzl,{%}. Jost

KKI0ro OJIoKa CTpOWTCS IUCKpeTHOoe mpeobpaszoBanue Dypre (AIID). B [10] Obuia
obocHOBaHa 1e51IecO00pa3HOCTh  BhIOOpa  YIOMSHYTOTO pa3mepa OJioka, KOTOPBIH
o0ecreunBaeT MOJIy4eHHE BEIIECTBEHHBIX YaCTOTHBIX KOI(PPUIIMEHTOB, a TAKKe MPEII0KEH
Croco0 TOJydeHHsI HENbIX YacTOTHBIX Kodddummento 1D, yTo sSBHIOCH OCHOBOHW st
OpraHU3aIy MPOBEPKH HAPYIIEHUS 1eT0CcTHOCTH JIW Ha 3Tarne geKkoaupoBaHusl.
JononuurensHas WHPOpMANUS TPEACTaBIsSeT ©3 ce0s ciaydailHBIM  00pa3om

ChOPMHMPOBaHHYI0 OWHApPHYIO IOCIENOBATENBHOCTb P, P,y D5 P, € {0,1}, j=Lt. C
IIOMOIIBIO KITI0Ya KoAupoBaHHsA K , UI KOTOPOrO ¢ = p =R, IPOMCXOAUT €€ MOOUTOBOE
KOJIUPOBaHUE:
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(m) (m) (m) J(K) J(K) J(K)
p,‘®Ku p, ®K1,z p, ®K|,R 1)[,[ R,z R,R
(m) (m) (m) J(K) J(K) J(K)
®K _ p/®K2,| p,®Kz,z ot p,®K2,R _ Pz,l P2,2 Pz,R _P/(K)
p; m = = ’
(m) (m) (m) J(K) J(K) J(K)
p/ ®KR,1 p,/ ®KR,2 p,/ ®KR,R IDR,I Re,z IDR,R

rae p; - O4YCpPCIHOM our 11, ® - nmorumyeckas omeparus «uckiaodaromee NIy,

K™, k,i=1,R - snementsi marpunsi K,; P’ - RxR-wmarpuna c snementamu

g oo m
P/, k,1=1,R , xoTOpas otBevaer 1 6ury p, JIU mocne konuposanus.

ITocie TOTO KaX b1 OUepeHoi 31emeHT P/ chopMupoBaHHOH OMHAPHOH MaTPHIIBI
J(K) v . (B)
P BHE/IPSETCSl B OYEPEIHOM HCIONBb3YeMblil [Uisi cTeraHomnpeodpasoBanust Omok F, .

B
Pesynbrar — 610k FF ® ¢ snemenramu:

nm

FF(B)(u,v):bitset(F(B) (u,v),pos,Pk{,(K) ), u,v=0,1, (1)

nm nm

rie bitset - omepanus, KoTopas peaim3oBaHa B nmakere Matlab (2009), paGoTaer cieayronmm
obpaszom: 3HaueHue P/X) ycraHaBnuBaeTCs B yKa3aHHOM IMO3ULHUH pos OT HPAaBOTO KOHIA

JIBOMYHOTO TIpesicTaBienus deMenta F.2(u,v), rme pose{2,3,4} [7]. Takum obpasom,

norpyxeaue 1 6urta /I mpoucxoaut B 6110k MaTpuisl B pasmepoM 2R x 2R, 9T0 ¢ yueToM
KEIaeMoro 0OeCIeYeHHsl J0CTaTOYHOW CKPBITOW TMPOITYCKHON CHOCOOHOCTH, HAKJIAIbIBACT
OTpaHMUYEHUS CBEPXY Ha pasMep R MaTpuIlbl KJIr04a KOJUPOBAHUS.

Buenpenune /JIW npoucxoaut He Bo Bce 2R x 2R —6noku marpunsl B. Ilpemnaraercs

ocTaBiATh P (P — HedeTHoe uucio) Onokos Bl ,k=1,P, pasmepom 8x8, pacrnoyoxeHHne
KOTOpBIX B mHpejenax B Moxker ABIATbCA 4acThlO CEKPETHOTO KJIIOYA CTEraHOAIrOPUTMA,
peanusytomero SM 3, ni1s norpyxeHus MeTKH KOHTelHepa num, . Beibop pasmepa Giioka
CBS3aH C NpeUIaraeMbIM CIIOCOOOM MOTPY)XEHHs num,, ONHCAHHBIM HIDKE, U HUKaK HE

CBA3aH C pa3MEpPOM MATPHUILL, y4aCTBYIOIIMX IIPU KOAUPOBAHUU U norpyxenuu M.
B xaxnplii u3 BEIOpaHHBIX P OJI0KOB HOrpyKaeTcs num, MPHU MOMOIIU YCTOHYMBOIO K

aTakaM IMPOTUB BCTPOCHHOI'O COOOUIEHMs CTeraHorpauieckoro ajropuTma, OCHOBOW IS
KOTOPOTrO MOCIY)XWJ CTEraHOANropuT™M, onucaHHelid B [11]: mmsa kaxnoro Bl ,k=1,P,
CTPOUTCS CUHTYJISIPHOE Pa3lioKeHHe

Bl, =ULV", (2)
rne U,V - oproroHampHble 8X&8—MaTpuIpl, CTOMOLBI KOTOPHIX — JIEBbIE M IpaBble
CUHTYJIIDHBIE ~ BEKTOpbl  MaTpHIIbI B, COOTBETCTBEHHO, X =diag(o,,..,0}),

0,20, 2..0, 20 - cunrynsapuslie yucna. llorpyxenue num, NPOUCXOIUT B CUHTYIISIPHBIC

yucna B/, B cOOTBETCTBUU ¢ (HOPMYJION:

o, I[Gl —GZ/K]-K+numl. +0,, szqu(numi)JrlO, KeN,

rae N — MHOXECTBO HaTypaJlbHbBIX YHCEIL.
s obecrieueHus: yCTOWYMBOCTU MPEVIOKEHHOTO CTEraHOAIrOpuTMa Ipensiaraercs

HCIIOJIB30BaTh YMUCJIIOBBIC METKH num; C IIarom 10 (GCJII/I B34ATh MCTKHM C MCHBIIHMM IIaromM
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00eCTeYnTh YCTOMUMBOCTD K BO3MYIIAIOIINM BO3ACHCTBUAM OyeT KpaifHe 3aTPyJHUTEIBHO).
B npaktuueckoil uwactu paboTel mpeiaraercss (GOPMUPOBATH METKY TMOJMHOXKECTB
KOHTEWHepoB u3 auanasona [0,50].

[Tocne BuHempenus JII B dacroTtHOoW oOmactu [[U-koHTeliHepa MPOUCXOIUT
BO3BpALICHNUE B MPOCTPAHCTBEHHYIO MPHU MOMOILIM 00pPaTHOTO AMCKPETHOTO MPeoOpa3oBaHUs
Oypre (OIID) mist manpHEimer nepenadn n3oopakenus mo kanany cBszu. OAIID Oyner
POUCXOIUTH 0€3 OKpYTIIeHHI ¢ yueToM cnennduku GpopmupoBanus kodddunuentoB Oypbe
Ui 67I0KOB 2 X 2 Onaronapst mpeuIoKeHHO opranu3anuu norpyxenus U [7-9].

HexonupoBanue. Ha 3rame  neKoAUMpOBaHUS  MPOUCXOAUT  BBIJCICHUE  TOU

cocrasisironie B nBernoro L{U-CC, B xotopyro npoucxoauio norpyxenue M. B obmem

cinydyae B# B.
HexonupoBanue IV HaunHaeTCs ¢ BBIACICHUS METKH MOAMHOXKECTBA KOHTEUHEPOB U3

B, xoropyro o0003HauuMM jainee num,, W3 P BO3MOXHO W3MEHEHHBIX, a IIOTOMY

o0o3HauaembIx panee Bli, k=1,P, G10KOB, 3aJeliCTBOBaHHbIX IJs NEPECBUIKU num,;. B

XO0Jle 3TOTO JUIsl Kakaoro Oyioka Bl; CTpOUTCS CUHTYISIpHOE paszioxeHue Buga (2), B

pe3yabTare KOTOPOTO BBIYHCIISIFOTCS €ero CHHTYJISIPHBIC yucia
— (k) _ — (k) — (k) a— (k) - a—
o, 20, 2..0y 20, k=LP.[lnanu3pneueHus MeTku num; u3 Onoka Bli, k=1,P,

HE00XO0IMMO MPOAETaTh CIEAYIONINE [Iary:
— (k) —(k)
1. Brruncauts 3HaueHue M = l(Gl -0, )/ K J;
2. U3 Bcex 3HaueHWH METOK num,, 3aA€HCTBOBAHHBIX Ipu (hopmupoBanuu MSP,

o — k)
BbIOpaTh Omkaiiee k M . [lonoxute num, =M .

(k) o
B obmem ciydae num, = # num,. B xauectBe num,; BbIOHMpAETCs TOT HOMEpP, KOTOPBIi

(k) —
HOBTOpsIETCsl OoJblIee KOJIUYECTBO pa3 cpeau num; , k=1P.

Brinenenue JIM Oyner nmpoucxoauTh U3 4aCTOTHBIX K03 duimeHToB mpeoOpa3oBaHus
@ypbe A7 HENEepeceKaroMMXCsl OJIOKOB 2 X 2, TMOJyYEHHBIX HPU TMOMOIIM CTaHJAPTHOTO

pa3OMeHHs] MaTpPHUIIBI B. W3 MaTpuIilbl OJoKa 4YacTOTHBIX KO3 dunuentoB JI1D

(B) e .
Fum "(u,v), u,v=0,1 mnpoucxoaur Beimenenue 1 >1eMeHTa (BO3MOKHO) BO3MYIIEHHOM

—J(K) .
Matpuilel P . JIig yCTaHOBJIEHUS ayTeHTHUYHOCTH/HEAyTEHTHYHOCTH mepenanHon (U

—J(K) = .
NPOBOJMTCS CpaBHEHHE P C KIF0YOM KOAMPOBaHMs K, WM ero MHBEpCHed, KOTOpbIE

NOJY4ar0TCAd MO BO3MOKHO BO3MYILEHHOMY BBIJICJIEHHOMY HOMEpPY num, W3 MHOMKECTBa

creraHorpadudeckux nap MSP, umeromuxcst y noxydatens. [Ipu Takom cpaBHEHUU BEIETCS
N —Jj(K) ~

noacyeT konndectBa K1 coBmamenuit matpuinpl P ¢ KIOYOM KogupoBaHus K ; WA ero

uHBepcueil. C yuyerom nomnydeHHoro B [9] noporosoro 3Hauenus A=87% s K1, nposepka
ayrentuaHoctd JIU B SM 3 mpoBoAMTCS CIIEIYIONIMM 00pa3oM:

ecau K1>87%
mo ayTeHTUYHOCTH JIONOJHUTEIILHON HH(pOpMAIK HEe HapyIlIeHa
uHaue AyTEHTUYHOCTH JIONOJHUTEIILHON HH(pOpMAIIMK HapyIIIeHA.

B ciiyuae, xorna ayrentuunocts 1M He HapymieHa, B SM 3 mpoBOAMTCS JBYXITaIlHAs

IIPOBEPKA €€ ILIEJIOCTHOCTH AHAJIOIMYHO TOMY, KaK 3TO mpemioxkeHo B [8]. Jlug 3Toro Ha
MEePBOM 3Tare U3 OMHAPHOTO MPEACTABIICHHS KaXJI0T0 YacTOTHOTO Kod(hduImeHTa KaKa0ro

T B
onoka Fum ', WCHONB30BAHHOTO TPU CTEraHONPEOOPAa30BaHUU, MPOMCXOAUT BBIIEICHUE
3HAaYeHHUs, KOTOPOE CTOUT B MCIIOJIb30BAHHOM MPHU MOTPYKEHUU MO3UIHH pos (CM. hopMyTy
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T B
(1)). Ecm 13 pasnM4HBIX JJIEMEHTOB TEKYINETO OMOKa ['wm = BBIIEIAIOTCS HEOAMHAKOBBIE
3Ha4YeHMs, TO uenoctHocts JM Hapymena. BrTopoll »3Tam  OCyIIECTBISIET INPOBEPKY
MPUHAITICKHOCTH BCEX YaCTOTHBIX KOA()()UIIMEHTOB MHOKECTBY I[EJIBIX YHCEIT:

- e B
ecau s B cymectByer 610K Fm'”, U1 KOTOPOTO CPE/IH €ro 3eMEHTOB
T~ B(: \N . - A1 - B),. .
Foun' )(1, ]), i, j=0,1, cymectByer F.n'"(i, )& Z, rne Z -MHOKECTBO LEIBIX YHCEN
mo IeJIOCTHOCTD TIepeaBaeMoil HH(pOPMAIUK HapyYIICHa;
uHaue IIEJIOCTHOCTH TIepeaBaeMoii HH()OPMAITUH HE HapYIICHA.

JlexoupoBanne O4epesHOro BOZMOKHO BO3MyIIeHHOro O6uta p, JI u3 ouepenHoro

omoka CC ocylIecTBIsIeTCS CIEIYIOIIUM 00pa3oM:

ecau MaTpuia I_Jj(K), YIOBJIETBOPSIET: PP -k i
mo ; ;=0.
—Jj(K) —Jj(K) =
eciu Matpuna P, ynoBierBopser: P =K, ,
mo ; ;=1
uHave IYCTh f, - KOJINYECTBA COBIAJCHUI MEXIY 3HAUCHUAMHU

— J(K) o
COOTBETCTBYIOIIMX dJIeMeHTOB MaTpull P u K ; » @t - KOJINYeCTBa COBMNAICHUN

—i(K) =
MEXy 3HAYCHUSIMUA COOTBETCTBYIOIINX 3JIEMEHTOB MaTpull P u K ;.

eciau t,>t,
mo p; =0,
uHave p; =1

Takum 00pa3oM, MPEUMYIIECTBOM MPEAIAraéMoro CTeraHorpaduueckoro MeToja
SIBJISIETCSL HE TOJIBKO YMEHBIIIEHHBIH 00heM MH(pOpMaIlUU, KOTOPHI HEOOXOIUMO TMepeaBaTh
M0 3alUIICHHOMY KaHaly CBsI3U, MO CpaBHEHUIO ¢ [8-9], HO U TO, YTO OH SIBJISETCS
«CIIETIBIM», HE TPEOYIOINM UCXOTHOTO KOHTEHHEpa Ha dTare aekoaupoanus J.

PesyibTaTsl

Jns anpoOanuu mpeaiokeHHOro meroxa SM 3 mpejuiaraercsl pealu3yIOHid ero
QJIITOPUTM, JUJIsl KOTOPOM MCTOJIB3YIOTCS CIEAYIONINE 3HaYSHHs! TapaMeTPOB:

1.  KonnuecTBO MOJAMHOXKECTB KOHTEHHEPOB — Kol=5;

2. KomnuuectBo OJIOKOB HJisi TIOTPYKEHHS METKH TOJMHOKECTBA KOHTEHHEPOB —
P=5;

3.  MeTku MOIMHOXECTB KOHTEHHEPOB BhIOMpanuch U3 MHoxkecTBa {10,20,30,40,50}.
Heo0xo1muMo OTMETUTE, 9TO TIPHU YBETUYCHUN/YMEHBIIICHUH [1ara MeXAy 3HAYeHUSIMUA METOK
MOBBIIIACTCS/TIOHUKAETCS YCTOHYMBOCTH K BO3MYILIEHUSIM CTEraHOAJITOPUTMA,
UCIIOJIb30BAHHOTO JUIsl TIOTPYXKEHHWs METKH KOHTeiHepa. IIpennmaraemMoe MHOXKECTBO
UCIIOJIb3YEMBIX 3HAYEHHI 00ecreyrBaeT KOMIIPOMUCC MEXY YCTOMYHUBOCTBIO YITOMSHYTOTO
CTETaHOAJITOPUTMA U BEPOSITHOCTHIO 00ECIICUCHHSI HAJICKHOCTH BOCTIPUATHS (HOPMHUPYEMOTO
CGC;

4.  Pa3mep Kiroua KOgupoBaHus — R=4.

[TorpyxeHne MeTKH TOJMHOXKECTBA KOHTEHHEPOB MPOUCXOJMIO B TSATh OJOKOB
KOHTEeWHepa pasMepoM §x 8, I KOTOPhIX BCE 3HAUYEHUS SIPKOCTH NMUKCENIEeH HaXOAWIHCH B
nuanazone [50;200], gyto o6ecnieunBano HeBbIxo sipkocT nukcener CC 3a rpanutsl [0;255].

HemocpencrBenHoe 3HaueHue P=5 BbIOMPAIOCh OAKCIEPUMEHTAIBHBIM  ITyTEM.
brnarogapsi ycTOMYHMBOCTH CTETaHOANTOPUTMA, UCIOJIB30BAHHOTO ISl TMOTPYKEHUS METKH,
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P=5 o0ecrieunBaeT AEKOJUPOBAHUE num, Jaxke NpU HaloxeHUH Bo3MmymieHuit Ha CC,

KOTOpbI€ TPUBOAAT K HAPYLICHUIO €T0 HAJEKHOCTU BOCTIPUATHUS (UTO HEJIb3sl YTBEPKIATh TS
P <5). Takum o6pa3om, yBeaudeHue P, MPUBOAIIEE K YMEHBIIIEHUIO CKPBITOM MTPOITYCKHON
CIIOCOOHOCTH  OpPTaHM3yeMOro  CTeraHorpauueckoro  KaHama  CBs3M,  SIBIIAETCS
HEIEJIeCO00Pa3HBIM.

Jlnst poBepku 3PPEKTUBHOCTH peaiu3yroliero creranomeronq SM 3 anroputMa npu
YKa3aHHBIX 3HAYEHHUSIX MapaMeTpoB B cperne Matlab Obu1 mpoBeneH BBIYMCIUTEIbHBIN
JKCIIEPUMEHT, B KoTopoM 3aneiictBoBaioch 300 L[M-konteitHepoB. B pesynbraTe
SKCIIEPUMEHTA OMUOKY MEPBOTO U BTOPOTO POJia BHISIBICHBI HE OBLIH.

BriBoabI

B pabote mnpexanaraercss yCOBEpIIEHCTBOBaHWE YHHMKAJIBHOTO CTETAaHOTPA(UIECKOTO
METOJla, PELIAIOLIEr0 OJHOBPEMEHHO aKTYaJbHYI0 Ha CErofHi TPUEAMHYIO0 3ajady
creraHorpaguy, BKIIOYAIOIIyl0 B ce0sd OJHOBPEMEHHYIO OpraHM3alHI0 Iepenady
KOH(HICHIIMATBHBIX JAaHHBIX, IPOBEPKY UX AyTEHTHYHOCTH U IIETIOCTHOCTH.

[TpennoxenHass MomuQUKaIUs UMEET P MPEUMYIIECTB IO CPABHEHHIO C METO/OM,
pa3paboTaHHBIM B [8-9]: yMEHBIICHHBIH 00beM HHPOPMALIMU, HEOOXOMMO TIepeaBaeMoi 1o
3aIIMIIEHHOMY KaHay cBs3u; SM 3 SBISeTCS «CIETBIMY» CTETaHOMETOIOM.

Pe3ynabpTaThl  BBIYMCIUTENBHBIX ~ IKCIEPUMEHTOB  TMOATBEPXKIAIOT  BBICOKYIO
3 PEKTUBHOCTh YCOBEPIICHCTBOBAaHHOTO MeToa SM 3.
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METO/] TIPUXOBAHOI MEPEJIAYI JIAHUX, AKUA 3ABE3IEYY€ ITIEPEBIPKY LLIICHOCTI TA
ABTEHTUYHOCTI IH®OPMAIII, IO NEPEJAETHCSA

A.A. Kob6o3eBa, M.O. Kosina

OnechKuii HAITIOHATHLHUHN MO TEXHIYHUHN YHIBEPCUTET
mp. HleBuenko, 1, Oneca, 65044, Ykpaina; e-mail: alla_kobozeva@ukr.net

Y  po0oTi TPONOHYETHCS  BIOCKOHAIECHHS  paHille  pO3pOOJICHOTO  aBTOPOM
cTeraHorpaiyHoOro MeTony, SIKMi BHPIIIYe OJHOYACHO aKTyaJbHY Ha ChOTOJHI TPUEANHY
3aja4dy creraHorpadii: NpuxoBaHOI mHepenadi NaHMWX, NEPEBIPKH IX aBTEHTUYHOCTI Ta
iticHocTi. B sIKkoCTi KOHTEitHEpa BUKOPUCTOBYETHCS LIN(PPOBE KOJILOPOBE 300pakeHHSI, a B
SIKOCTI JTOJATKOBOI iH(opMalii BHCTyHae IOBIIBHUM YHHOM cdopMoBaHa OiHapHa
MOCITIZIOBHICTh. Y IOCKOHAJIEHHSI CTETaHOTPaiqHOTO METOMY BKIIOYAE B ceOe: 3MEHIICHHS
o0csTy HeoOXiTHO mepeaanoi iHdopMamii Mo 3axXUIEeHOMY KaHally 3B'S3Ky UL OpraHizarii
aBTeHTH(}IKAIII JaHWX; 3a0e3MeYeHHS MOKJIMBOCTI JEKOMyBaHHS Tepenanoi indopmarii
0e3 HasBHOCTI KOHTeifHepa. HaBeneHO pe3ynpTaTH 0OYMCIIOBATBHUX EKCIIEPHMEHTIB, IIIO
M ATBEPIKYIOTh BHCOKY e(heKTHBHICTD 3aIpPOTIOHOBAHOTO METO.Y.
KarouoBi cioBa: creraHorpadiunuii MeTon, NpUXOBaHMH KaHall 3B'SI3Ky, LUIICHICTb,
aBTEHTHYHICTb, IUCKpeTHE neperBopeHHs Dyp'e, unppose 300pakeHHs.

HIDDEN DATA TRANSMISSION METHOD THAT PROVIDES VERIFY THE INTEGRITY AND
AUTHENTICITY OF TRANSMITTED INFORMATION

A.Kobozeva, M. Kozina

Odessa National Polytechnic University
1 Shevchenko Str., Odessa, 65044, Ukraine; e-mail: alla_kobozeva@ukr.net

In this work it is proposed the previously developed steganographic method, which solves
both actual today triune task steganography: to hide data, verify their authenticity and
integrity. As a container used digital color image, as an additional information acts
randomly generated binary sequence. Improving steganographic method includes:
reduction of transmitted information necessary to secure a communication channel for the
organization authentication data; to be able to decode the transmitted information without
container. The results of computational experiments confirming the high efficiency of the
proposed method.

Keywords: steganography method, hidden communication channel, integrity, authenticity,
discrete Fourier transform, a digital image.

64



[HOOPMATHUKA TA MATEMATUYHI METO/I1 B MOZEJIFOBAHHI = 2015 = Tom 5, Nel

V]IK 004.056.53 Informatics and Mathematical Methods in Simulation
Vol. 5 (2015), No. 1, pp. 65-70

CTBOPEHHSA BJOCKOHAJIEHOI'O IIVIAI'THA 3AXUCTY
THOOPMAIII JJI1 IHTEPHET-MAT'ABUHY HA
INVIAT®OPMI WORD PRESS

M.O. MeabHuk, A.P. Aragxansi, SI.I'. MaxoBcbka

Opnecbkuii HaIllOHATIBHUH MTOJIITEXHIYHUI YHIBEPCUTET
np. [lleBuenko, 1, Oneca, 65044, Ykpaina; e-mail: ritochek@ya.ru

B po0oTi mmsaxom TOCTIDKEHHS pi3HUX TUIATGOPM JUIsl CTBOPSHHS IHTEPHET — Mara3wHiB,
Oyna BuOpaHa HaWIOIIMpEHilIa, aHami3 SKOi MPOBOAMBCS 3a HACTYIMHUMHU (aKTOPaMU:
MONYJIAPHICTh, PO3MIp CIIIBTOBapUCTBAa KOPHCTYBadiB 1 pO3POOHHMKIB, 3pY4YHICTBH
aJMIiHICTpyBaHHS, TeXHi4Ha HiATpuMKa. ByB mnpoBeneHui aHalli3 HEMOJIKIB ICHYIOYHX
3aco0iB I opraHizaiii 3axucty iHdopmanii nanux oOpaHoi miardopmu. Pospobnenuit
CKOMITUILOBAaHMH IIPOrpaMHUA MOAYJb Uil 3aXHCTY JaHMX B IHTEpHET - MarasuHax,
CTBOPEHHUX Ha 00paHiil aTdopMi.

KuiouoBi cjioBa: iHTepHET — MaraswH, CKOMIIUILOBAaHWH MPOTPaMHHUA MOIYJb, TUIATIH,
Word Press, koHIenIIist 6e3Mekn B €IEKTPOHHUX MarazuHax, CUCTeEMa yIpaBIiHHSI BMiCTOM
(CMS).

Beryn

ITommpenHst 3 BETUKOIO MBUAKICTIO IHTEPHET-Mara3uHiB (€JIEKTPOHHUX Mara3uHiB) B HAIll 9ac
€ HEBIJ EMHOI0 YaCTHHOIO CYCIJIbcTBA. OIHOIO 13 CKIAJOBHX EJIEKTPOHHOI KOMEPINi € TeXHIYHI
pillleHHs, TOOTO CHCTEMM YIpaBJIiHHA caiiToM. X MOKHA PO3JLINTH HAa CHCTEMH YIIPABIiHHSA BMiCTOM
(CMS) i mporpamu ajsl IPOCYBaHHS, BEICHHSA, MOHITOPMHIY Ta aHallizy cTatucTuku [1]. PunOK
TEXHIYHUX PIMIEHB TS eJICKTPOHHOI KOMEPIIil JOCUTH Pi3HOMAaHITHHHA, TOMY B POOOTI MU CIIpOOyBaJIH
CKOHLIEHTPYBAaTHCSA HAa OCHOBHHUX (DYHKL[IOHAIILHIX MOXKIIMBOCTSIX ICHYIOUMX IIIATPOPM, SIKi HEOOXimH1
Ha CHOTOJHIIIHINA A€Hb A €PEeKTHBHOTO BEICHHS MPOLECIB, MOB'I3aHUX 3 TEXHIYHOIO CTOPOHOIO
3aXUCTy iHpOopMaIrii.

He BTpauaroTh CBO€i akTyaabHOCTI HpoOiieMu OE3MeKH eIeKTPOHHHUX MarasuHiB. KoxkeH pik
BIIKPUBAIOTHCSI TUCSYI TakuX Mara3uHiB, ane 85% icHytoTb MeHme poky [1]. Taka craTuctuka
OB s13aHa HE TUIBKH 31 CKIIQIHIM €KOHOMIYHHM CTAaHOBHIIEM, a W 3 TUTAHHAMHU Oe3MeKH iH(opmartii:
HU3BKAM PIBHEM CTaHAAPTHOI PO3POOKH, BIACYTHICTIO €IWHOI KOHIICHIN] O€3MeKH, BUKOPHUCTAHHSIM
JEKITBKOX aKayHTIB JI OJHOTO KOPHCTYBaya Ta iH.

HeoOxigHo 3BepHyTH yBary Ha Te, IO NPH 3MiHI CTaHJAPTHUX HalamTyBaHb JavaScript
JOJATKOBI PO3IIMPEHHS MOXYThb HE MpauoBaTd. Taki HpoOJeMH MOXYTb BHUHUKHYTH, SIKIIO
miaKmoYnTy JS-ckpunT y Qaiini mabnoHy, a TOTiM BUKOPUCTOBYBATH IUIATiH, SKOMY MOTPiOeH LeH ke
ckpunT. TakuM YHMHOM TOPYIIYETHCS JIOTiIKAa MINKIIOYEHHs, i miarid He Oyne (yHKUiOHYBaTH.
Haitgacrime take BinOyBaeThes 3 JavaScript-610i0TeKaMu, HAPHUKIIA, 3 MAKITIOYEHHIM jQuery.

He cmig 3abyBaty, mo y OLIBIIOCTI BHUMAAKIB PO3POOHUKH IUIATIHIB HE MAlOTh OCTYITY 0
¢aiiniB mabiony, crBopeHomy Ha miargopmi WP. Pa3zoMm 3 TUM po3pOoOHHKH MOBHHHI TapaHTyBaTH
MOJKJIUBICTh TIIKITIOUEHHS HEOOXIMHUX CKPHIITIB, TOMY UII HAX OJHHUM 3 KpallluxX BapiaHTOM Oyze
BUKOpHUCTaHHS (yHKIisE wp_enqueue script. g ¢yskmis minkmodae JS-¢aiin, skmo BiH He OyB
MiAKITIOYeHUH paHilie, il MOXKHa BUKIMKATH KiIbKa pa3iB AJS OJHOTO 1 TOTO X CKPHUITA i IPU LHbOMY
CKpuIIT OyJe BCTaBICHUH TUIBKH OJHH Pa3.
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MeTa cTATTI TA MOCTAHOBKA JOCJII’KEeHD

Memow pobotn € anHam3 piBHA 1H(opmMaliiHoi Oe3neku cydacHux CMS s
€JIEKTPOHHOT'0 MarasuHy, aHaji3 ICHyIOUMX 3ac00iB 3aXUCTY Ta OpraHizallis 3aXUCTY JaHUX B
€JIEKTPOHHOMY Maras3uHi, BUSIBJICHHSI HEIONIKIB Ta 3alpONOHYBAHHS IIISXY BIOCKOHAJCHHS
3aXUCTY.

JI71st MOCSATHEHHS MTOCTaBJIECHOT METH HEOOX1THO BUPIMIUTHA HACTYIHI 3a0ayi:

1.  Ilposectu anaii3 miatdopm, siKi HAHOUIBII BUKOPUCTOBYIOTHCS ISl CTBOPEHHS
IHTEepHET-Mara3uHiB, BUOpATH HAWMOMIMPEHIITY 3a HACTYMMHUMHU (HaKTOpaMHU: MOIMYJSIPHICTD,
3pYYHICTb aJIMIHICTPYBaHHS, TEXHIYHA MiATPUMKA;

2. TlpoBectn anHaii3 iCHyrOUMX 3aco0iB JIJIsi opraHizamii 3axucTy iHpopMallii JTaHux
00paHoi /U1 CTBOPEHHS IHTEpHET-Mara3uHiB IaTGOpMH;

3. Po3poOutu mporpaMHUN MOIYNb IS 3aXUCTy JaHUX B IHTEpHET-Mara3uHax,
CTBOPEHHUX Ha 00paHiil miardopmi.

OcHOBHA YacTHHA

Amnaniz mnatdopm, SKi HailuacTimie BUKOPUCTOBYIOTHCS MJISi CTBOPEHHS IHTEpHET-
MarasWHiB, TIIOKa3aB, IO HaWnomupuHime € tiarpopma WordPress. ITlomambrni
JOCHIUKeHHsT B poOoTi Oyayts moB'a3ani 3 WordPress y 3B'si3ky 3 ii momyssipHicTIO,
3PYYHICTIO aJIMIHICTPYBaHHS, BEJIMKUM CITIBTOBAPUCTBOM KOPUCTYBadiB 1 po3poOHHKiB. Kpim
TOTO, OJTHOIO 3 BaroMuX IepeBar € ii Jierka ajamnrailis 10 MONIYKOBUX alTOPUTMax, IO €
BOXJIMBUM IS MOAAJIBIIOTO MPOCYBAHHS €JIEKTPOHHOIO Marasuny [2].

Jlis pilieHHs 03HAYeHUX B pOOOTI 3a7]a4 BaXKJIMBUM € HACTYITHE TBEpKeHHS [3]:

Teepoowcennuss 1. CBoewacHO moHOBIOBaHI Bepcii CMS B3HIKYIOTh PHU3UK TOSBH
npo6JeM 3 3aXUCTOM iH(opMarlii B cepeJHLOMY B JIBa pasu.

AHaJi3 ICHYIOYMX TPOrpaMHHX MOJYJiB (TUIariHIB) JIS 3aXHCTy 300pa)keHb 1
TEKCTOBOTO KOHTEHTY MTOKa3aB, 10 JI0 HEJOIKIB TYT MOKHA BIJIHECTH HACTyMHE [4]:

1.  Posmmupenuit GyHKIIIOHAT MPOTIOHYETHCS Y OUTBIIOCTI IUIATIHIB TUIBKH B TUITATHUX
BEpPCIfX;

2. bigpmicTh miariHiB HeCyMicHI 3 HOBOIO Bepciero WP.

Byno mpuiiHATO pillIEeHHS TO CTBOPEHHIO BJIACHOTO IUiariHa 3 HaszBoo WP-Copy-
Protection-System, sikuii Oy/1e MOBHICTIO 0€3KOITOBHUM 1 BKIIFOYaTUME B ce€0€ MaKCUMAJIbHY
KUTbKICTh (PYHKIIN 11 3axucty iHpopmaumii caiity. IlmariH MokHa BCTaHOBHMTH JIBOMa
croco0aMu: BHKOPHUCTOBYIOUM aJMIHICTPAaTHBHY IaHENb MarasuHy, 3a gomnomoror FTP-
KITIi€HTA (3aBaHTAXyEMO TUIarid y nanky 0:/www/Bam_caidt/wp-content/plugins/ (puc. 1)).

- — B i i

Puc. 1. [TouaTok 3aBaHTaXEHHS IJIariHa
[Ticnsa 3aBaHTa)XeHHS IUIAriH HEOOXinHO akTuByBaTH (puc. 2). HactymauMm kpokom €

fioro HamamTyBaHHSA. JInsg 1mbOro B MEHIO QAMIHICTpaTopa 3HAXOIATbCA —IaHeNi
«HamamryBanusy» 1 Bubupaerncs miarin WP-Copy-Protection-System.
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WooCommerce Product Slider
feakTmBnpoBaTs | M3meHuTs | Settings

WordPress Importery Hasga nnariHa

JeaktBupoBath | M3

WP-Copy-Protection-System |

AKTUBMPOBATL = M3MEHUTE | YhanuTs
_____

A simple WooCommerce product slider plugin.

Bepans 1.2.1 | Aetop: subhansanjaya | JeTanu

23

m

TMAariH 3a60poHAE KONIKBATI TEKCTOBUMA KOHTEHT, 306PaXEHHS,
3a60pOHAE BUKOPWCTAHHA kNaBill ctrl+a & ctri+u, B marazuHi
Wordpress.

WPBakery Visual Composer AKTUBYEMO

AKTUBMPOBATL | M3MEHWTE | YhaauTs nnarid

Puc. 2. AxTuBizarisa miariga

Bepcur 1.0 | AsTop: Melnyk M., Agadzhanyan A. Mahovskaya Y.

Drag anc
WordPrd
knowled

gss. Take full centrol over your
[nagine - no programming

ABTOpW nnarixa

Bepcun 4.4.2 | AeTOp: Mict
CTpaHuLy naarkHa

ael M- WPBakery.com | MNepeitn Ha

[epexoaumo Ge3nocepeIHBO 10 HAJAIITYBaHb CaMOTO IUIariHa. BukopucTtanHs mpaBoi
KHOTIKM MUIII JUIsl KOMIIOBaHHSA TEKCTa JIyXKe Po3NoBcrokeHe. HactymHa ommis 3a60poHsie
BUKOPHUCTOBYBAaTH TpaBy KHOINKY MHIII B IHTEpHET-MarasuHi, Ha calTi. BUKOpHUCTOBYHOUYH
JaHy OIIiI0, MOXHA 3MEHIIUTH KUIBKICTh BKpaZeHol iH(opmawii 3 IHTepHET-MarasuHy
[IUISIXOM TTPOCTOTO BHIUIEHHS 1 KOIMIOBAHHS Yepe3 MpaBy KHOIKY Muilli (puc. 3, a).

3a6opoHa Ha BUKOPWCTaHHSA 3abopoHa Ha BUAineHHs

npaBol KHOMKX MULLI:

a

3abopoHa Ha KOoNilBaHHA
306paKeHb:

B

TeKCTY:

0

3a6opoHa Ha BUKOPUCTaHHA
knaeiw ctrl+a & ctrl+u:

r

Puc. 3. Omii, 110 BUKOPUCTOBYIOTHCS Il 3aXUCTY iH(pOpMalii: a — 3a00poHa HaJlaIITyBaHHS
npaBoi KHOMKW MuIli; 6 — 3a00poHa BUIIJIEHHS TEKCTYy; B — 3a00poHa KoOmitoBaHHSA (POTO
(MamroHKiB); T — 3a00pOHa BUKOPHCTaHHS Kiasil ctrl+a & ctrl+u

Onuii «3a0opoHa BUIUIEHHS TEKCTY» (puc. 3, 0) qyXe BakIMBa JUIs 3aXUCTY IHTEPHET-
Mara3uHy BiJ KOIIIOBaHHsS KOHTEHTY. AJKe JUIsl TOTO, MO0 Mara3uH MOCTIMHO 301/IbIITyBaB
KUJIBKICTh BiJIBiTyBadiB, fKi B Till YW IHIIIM KUIBKOCTI MEPETBOPIOIOTHCS HA TOKYIIIIB,
HEoOX1IHO HapoOIlyBaTH caMe TEeKCTOBUN KOHTEHT 3 yHiKalbHICTIO 97-100%, mpaBuibHO HOTO
oopMIsATH, pPO3POOUTH CEMaHTHYHE SAPO 1 PO3CTAaBUTH B TEKCTI KIIIOYEBI CIIOBa, 3a
JIOTIOMOTOF0 SIKMX POOOT IOITYKOBOI CHCTEMH MpOaHATI3ye CTOPIHKM Mara3uHy 1 3aHece ix B
0a3y. Sk mokasye MpakTUKA, YUM YHIKQIBHIMIWK 1 MIKABIIIMA TEKCT, [0 MICTUTH KIIFOYOBI
CJIOBa, TUM BHUIIHMI pEeHTHHT y MarazuHa. CamMe TOMY IyKe BKIIMBO 3aXHUINATH CBIi KOHTEHT
BiJ{ KOITIFOBAaHHSA.

KoxeH iHTepHeT-mMara3uH HaMmaraeTbCs IMpOJAaBaTH TOBAP, BUKOPHUCTOBYIOUM BIIACHI
doro. [yxe yacto JUIsl OTpUMaHHS SIKICHUX (DOTO 3ampoIlIyroTh mpodeciitHoro ¢ororpada,
SK1{ PAaBWJIBHO BUCTABJISIE OCBITJICHHS, KYTH OTJISITy TOT'O UM 1HIIIOTO TOBAapy, pOOUTH Oarato
3HIMKIB, JUISI TOTO, 00 iX MOTIM BiJICOPTYBaTH 1 MOCTABUTH SK 300pa)K€HHS TOBapy B
IHTepHEeT-Mara3uHi. | ToMy ayke BakJIMBO, IIOO OTpHMaHI TaKOK BaXXKOIO Mparero ¢oTo,
3aJUIIMIACH TUTBKM Y BJIACHMKA Mara3WHa Ha CalTi, a HE CTald KpaIlUMH 300paKeHHSIMHU
KOHKYpeHTIB. TOMy peKOMEHIYEThCS 3aXUIIATH 300payKEHHS BiJl KOTIIOBaHHS 3a JIOTIOMOTOFO
omiii «3a00poHa KOMiroBaHHS 300pakeHb» (puc. 3, B).
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3abopoHa BUKOpUCTaHHA Kiasill ctrl+a & ctrl+u — me ogna norpibHa onuis (puc. 3, r):
3a00pOHa BUAUICHHS 3a IOMMOMOTOIO KJIABIMI Ctrl+a BChOro 3MiCTy CTOPIHKW; HEBUKOPUCTAHHS
KoMOiHamii ctrltu gae MOXIUBICTE 3a00pOHHUTH TEPETyIsii KOOy CTOPIHKH, TOOTO HE Jae
MOXJIMBOCTI TIEPETIsTHYTH, Ha sikii CMS mpairioe iHTepHET-Mara3uH, SKi CKpUNTH B HOTO
poOOTI BUKOPUCTOBYIOTHCS, SIKI ITUIAriHU, SIK TPOMUCaHI Merarerd 1 T.i. Buxopucrtanss
OJIOKYBaHHS MEPErIsIy KOAY CTOPIHKHA CTBOPIOE TOJATKOBUHN 3aXUCT JUTSI iHTEpPHET-Mara3uHy.

Onuist «/logaBanHs afpecH MepIIoKepena 10 CKOMiioBaHOTO TEKCTY» (SIKIIO (YHKIIIs
3a00pOHM BUAUICHHS TEKCTY BUMKHEHA) BOKJIMBA JIJISl 3aXHUCTY TEKCTOBOTO KOHTEHTY. [1i1 uac
BUKOPUCTaHHA JJaHO1 (PYHKIIi 70 CKOMiOBAaHOTO TEKCTY aBTOMATUYHO JOAA€THCS MOCHIAHHS
Ha TepuIojpKepeso. TakKuM YMHOM, CKOIIIOBABIK MaTepiay 1 pO3MICTUBINMU 1€l MaTepiasl Ha
CTOPOHHbOMY MarasuHi (caiTi), MU OTPUMAEMO 3BOPOTHE IMOCHUJIAHHS Ha CBI MarasuH, II0
Oyne moOpe aJis MOIIYKOBOI ONMTHMI3aIii. 3BICHO, YBaXXHO MEPEYUTABIIN TEKCT, MTOCHIAHHS
MOKHAa 3HAWTH 1 BUJAIWTH, aje, K IOKa3ye NpakTuka, Onm3pko 40% KOpuCTyBadiB He
BUJAJISIE TAKUX MTOCHIaHb. TOMY 1 IIeif METO/ 3aXHUCTy KOHTEHTY MOXe OyTH KopucHuM. Ciij
3ayBaKUTH, IO JUI1 aKTHBYBaHHS HaHol (yHKIiT HeoOXximHOo, mob ¢yHkmis «3abopoHa
BHJIUICHHSI TEKCTY» Oysia AeakTuBoBaHa (puc. 4).

foaaeatit konipaidT npu
KONiOBaHHI TERCTY? DyHKUiA
2a00poOHK HA KONIOBAHHA
TeKeTy Mag ByTin BUMKHEHA:

Puc. 4. JlogaBanHs ajipecu nepuiopkepesa 0 CKOMiiHoBaHOTO TEKCTY

Hactynna omnmist po3MillleHHsI MOBIJOMJICHHS HpO 3a00pOHY KOIIIOBAaHHS KOHTEHTY
HocuTh iH(opMamiitauii Xapaktep. Ii akTuBamis 103BoJse MpoiHGOPMYBAaTH BifBimdyBadiB
IHTepHeT-Mara3uHy, M0 BUKOPUCTOBYETHCS IUIATIH, SKUHA 3aXHUINAE TEKCTOBHM KOHTEHT 1
300pakeHHs. B HamamTyBaHHSX MOXE BKasyBaTHCs Oyab-skuid TekcT. Jlana omiis
niarpumyeTbes html (puc. 5).

MokasyBaTu NOBIAOMNEHHS
BHU3Y CTOPIHKM CAATY Npo
BUKOPUCTaHHA NaariHa?
(NigTpumye html):

v| Ysara! KoniiosaHHs maTepiania 3abc

Puc. 5. HanamryBaHHs MOBiIOMIIEHHS TIPO 3a00pOHY KOMIIOBAaHHS KOHTEHTY

[Tpuknaa BUKOpUCTaHHS AaHOT PYHKIIIT B poOOTI IHTEpHET-Mara3uHy mpecTaBIeHIH
Ha (puc. 6).

Puc. 6. [Tpuknag poOOTH HaTAITYBaHHS MOBIJOMJIEHHS PO 3a00POHY KOMIIOBAaHHS
KOHTEHTY

[Ticns 3aBepIIeHHs HAJANTyBaHb HATUCKAETHCS KHOMKA «30epertuy (puc.7).
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[WP Copy Protection System|
Hmbuﬂk‘BﬂHHQ

8G0p0HS 13 BIapHETS

FRABOT K ML

Safiopona 1a meginesiem
TOKETY

e Ee——
PrE—

SABOPIHA KA BROPUCTAHHA
;...w:iu:.an.a & ctrbeu

Moxkazymat nosiaomner
Emiy cropibKN calfty npo
ESKEPICTAMIEN NinaTingl
(Mlzzrpianeye bl

Puc. 7. [IpaBuiibHE 3aBepIICHHS HATAIMITYBaHb IJIariHa

[Ticnst BipHOTO HaAJAIITYBAaHHS, IUIariH BUKOPUCTOBYE YCI 3asBIeH] ()yHKIIIOHAJBHI
MOJKITUBOCTI.

BucnoBxku

B pesynbrari poboTtr 6yi10 3p06eHO HACTYIIHE:

1. TIlpoBenmenuii aHami3 mmiaThop™, SKI HaW4aCTIIIE BUKOPUCTOBYIOTHCS IS
CTBOPEHHsI IHTEpHET-Mara3uHiB. BuOpana Haimommpenima miargopMa 3a HACTYMHUMHU
dbakTopaMu: MOMYJIAPHICTh, 3pYYHICTh aAMIHICTPYBaHHS, TEXHIYHA MMATPUMKA;

2. IlpoBenenmii aHami3 iCHYIOUMX 3aco0iB Ui oOprasizaiii 3axucry iH(popmarii
JaHuX o00paHoi miatGopMu JJIi CTBOPEHHS I1HTEpHET-Mara3uHiB. 3poOJeHWN aHai3
HEJOJIKIB ICHYIOUHX 3aCO01B.

3.  Po3poOnenuii miarid JJis 3aXHCTy JaHUX B 1HTEpPHET-Mara3uHax, CTBOPEHUX Ha
oOpaHiit TaThopmi.

Po3pobiiennii marin mae TepeBaru: BiH BKIIOYAa€ BCi (DYHKINT po3poOJICHUX paHilie
PO3IIUpPEHB, ajie, Ha BIIMIHY BiJ] HUX, IUIariH CHHXPOHI30BaHM /10 HOBOT Bepcii WP.

Po3pobniennii mrarin OyB TpOTECTOBaHMM Ha JBOX IHTEpHET-MarasuHax. PobOora
IUIariHa BIJNOBigae 3asBICHUM mNoTpedam 3axucty iHdopmarii B iHTepHeT-Mmarasuhi. Bci
3astBiIeH1 (DYHKIIIT TIIKITI0OUeHI Ta mpaioioTh. [lepeaymMoBoro s pobOTH Iiiariny Mae OyTH
BKIIIOYeHUi JavaScript B Opay3epax xopucrtyBauiB. [Ipu BiaxmoueHomy JavaScript caiit He
MMOBUHEH TpaIOBaTH B3araji:

<noscript>

<style>
body{display:none;}
</style>

</noscript>.

HactymHuM KpokOM aBTOpIB € po3poOKa 3arajabHOI KOHIEMIi Oe3nmeKw, JIKBiIaIlis
ICHYIOUHMX CJIa0KUX MICIb (HampuKIaJa, TaKuX, SK BXiJ B aaMiHICTpaTHBHY mnaHenb). Kpim
TOTO, III€ pa3 3BEpPHEMO yBary Ha Te, IO MPHU 3MiHI CTaHJAPTHUX HajamTyBaHb JavaScript
JOJTATKOBI PO3IIMPEHHSI MOXKYTh HE MpalfroBaTty. HaifuacTimie Take BinOyBaeThes 3 JavaScript-
610yioTekamMu, HaAPUKIaA, 3 MIAKIIOYeHHSIM jQuery. AKTyalbHICTh MiIKITIOUeHHS 010710TeK
no oboHoBneHUX Bepcii WP € 6e3ymoBHOW0. P0o3B si3aHHs 11bOTO TUTaHHS Oy/ie 000B S3KOBO
PO3IIISTHYTO B HACTYMMTHUX pOOOTax aBTOPIB.
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CO3JAHUE YCOBEPIIEHCTBOBAHHOT O IIJIAT'MHA 110 3AIIUTE UH®OPMALIUU JTJISA
HUHTEPHET — MATAZUHA HA IIJIAT®OPME WORD PRESS

Mensauk M.O., Aramkansa A.P., Maxosckas S.T".

Onecckuii HAITMOHATBHBIN TIOJTUTEXHUISCKUI YHUBEPCUTET
mp. HleBuenko, 1, Omecca, 65044, Yxpanna; e-mail: ritochek@ya.ru

B pabote myrem aHanmm3a HambOoyiee TMOMYJSAPHBIX TUIATGOPM Ui CO3JaHUS WHTEPHET -
MarasuHoB, Obia  BeIOpaHa  camas  pacnpocTpaHéHHas.  AHamu3  HauOojee
pacnpocTpaHEHHOW TUTATGOPMBI, MPOBOJMIICA TYTEM PACCMOTPEHHS  CIETYIOIIHX
(hakTOpOB, TAaKUX KaK MOMYJSIPHOCTh IUIATGOPMBI, pa3Mep COOOIIECTBa MOJIb30BATEICH U
pa3paboTYNKOB, YAOOCTBO aJIMUHUCTPHPOBAHUS, TEXHUYECKAs MOAEPkKKA. BBl MpoBecH
aHaliM3 CYMICCTBYIOIIMX CPEJACTB I OpPraHM3aluHM 3aIlUThl WH(POPMAIUU IaHHBIX,
paccmarpuBaeMmoii aTgopmel. [IpoBeieH aHanM3 HEIOCTATKOB MPEATIAracMbIX CPEICTB.
Pa3paboTaH CKOMIIITHPOBAHHEIA MPOTPaAMMHBIA MOJYIIb JUIS 3AIIUTH JAHHBIX B HHTCPHET
- MarasuHax, CO3JJaHHBIX Ha BEIOpAaHHOM M1aTdopme.

KiloueBble cjI0Ba: MHTEpHET - MarasuH, CKOMIMJIMPOBAHHBIA MPOTPaMMHBIA MOMYIb,
aruH, Word Press, koHIenmms ©0€30IacHOCTH B JJIEKTPOHHBIX MaraswHax, CHCTEMa
ynpasieHus coaepxxumsiM (CMS).

DEVELOPMENT MORE COMPLETE PLUGIN FOR INFORMATION PROTECTION FOR THE
ONLINE SHOPS BASED ON THE PLATFORM WORD PRESS

Melnyk M., Agadzhanyan A., Mahovska Y.

Odessa National Polytechnic University
1 Shevchenko Str., Odessa, 65044, Ukraine; e-mail: ritochek@ya.ru

In this paper, by analyzing the most popular platforms for develop online - shops, was
selected the most common. The analyze of the most common platforms, conducted by
considering the following factors, such as the popularity of the platform, the size of the
community of users and developers, ease of administration, technical support. By analyzing
the shortcomings were found existing tools to protect information. Develop more complete
plugin for information protection for the online shops based on the platform WordPress
(WP).

Keywords: online shop, plugin, WordPress, the concept of security in e-shops, content
management system (CMS).
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USING CIRCULAR BLOCKS FOR DETECTION OF FORGED
REGIONS IN DIGITAL IMAGES

E. Lebedeva

Odessa National Polytechnic University
1 Shevchenko Str., Odessa, 65044, Ukraine; e-mail: whiteswanhl@yahoo.com

In this work, the use of circular blocks for the detection and location of cloned regions was
investigated to improve the detection accuracy. The procedure to develop circular and
sector blocks in a digital image was presented. The modified method developed for the
detection and location of cloned regions allows locating a cloned region with the use of
circular blocks in a more accurate way.

Keywords: digital image forgery, forgery detection, cloning, circular block

Introduction

Widespread use of modern digital cameras and digital image (DI) processing software
(such as Adobe Photoshop and GIMP) has lead to the emergence of image forgery hardly
detectable to the human eye. Since the tools of these graphic editors are rather easy to use, the
number of image forgeries has been increasing day by day. Digital images are of primary
importance in cyberspace and are used in the printed media, medicine, science, forensic
proceedings, etc. It is essential not only to detect forged regions, but to determine their
borders as accurately as possible. Therefore, solving the problem of accurate detection of
forged regions in digital images is an urgent issue.

Statement of the problem and purpose of the study

In this paper, we discuss cloning, one of the commonest methods used for digital image
forgery. In cloning, parts of the DI are changed with parts of the same image.

Implementation of this approach with graphics editors such as Adobe Photoshop and
GIMP generally involves the use of specific tools (Rectangular Marquee Tool, Lasso Tool,
Eraser Tool, etc.). The tools mentioned make it possible to create a cloned region of an
irregular shape.

In [1, 2], a method has been developed to detect and locate cloned regions using
standard blocks. For the purpose of methodology, a standard block means a square-shape
block of any size. Investigations performed with that method revealed that the 8 x 8 block has
the most favorable size among standard blocks. However, the results of the experiments have
shown that the use of standard blocks does not allow for proper accuracy in the size and
location (shape) of the detected forged regions.

To detect cloned regions more accurately, one should use the blocks of non-standard
shape.

The Purpose of the study was to investigate the potential for the use of circular blocks
in DI, and to develop a modification of the method for the detection and location of cloned
regions using circular blocks in order to improve the detection accuracy.
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The detection accuracy was assessed by the percentage ratio of the area of detected
cloned region to the actual area of cloned region. The actual area of cloned region was
determined as the difference between the original image and the forged image. The area was
measured in pixels.

To accomplish the purpose of the work, the following problems were to be solved:

1. To elaborate the procedure of obtaining circular blocks;

2. To modify the method for the detection and location of cloned regions in order to
use circular blocks;

3.  To use computational experiments to conclude whether it is expedient to use
circular blocks.

Procedure of obtaining circular blocks

Let us address the development of a circular block based on a square-shaped block
(Fig.1)

c d

Figure 1. Decomposition of a square-shaped block into: a — round 8x8 block; b — sectors of a
round 8x8 block; ¢ — round 16x16 block; d — sectors of a round 16x16 block

The brightness matrix S of a square-shaped DI block will be used as a basic one. The
brightness matrix L of a circular block is formed from the brightness values of marked pixels
(Fig. 1 a, c) of matrix S, whereas the values of non-marked pixels are zeroed. Aside from a
circular block, one can obtain sector-shaped blocks (Fig. 1 b, d). In this case, we will get four
sector matrices L, L,,L,,L,to be filled in a similar way, i.e., e.g., matrix L, will contain the
values of pixels of matrix S located in zone 1 (Fig. 1 b, d), whereas the values of other pixels
are zeroed.
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Method for the detection and location of cloned regions using circular blocks

Let us modify the basic method in order to use circular blocks for the detection and
location of cloned regions.

Briefly, the procedure of the method for the detection and location of cloned regions in
a DI using circular blocks is as follows.

1. Divide the brightness matrix Y of a DI into px poverlapping blocks

C={c,c,,...,c.}, Ucl. =Y, (here each block c, is obtained by a single-pixel right shift, left
i=1
shift, down-shift or up-shift of block ¢, ).
2. For a block pair considered, c,, ¢, i=L..s, j=itlL..s obtain circular
subdivision blocks ¢, and c'j , respectively. For each subdivision:

3. Calculate the correlation coefficient & = Correlation(c],c’).

1

4. Analyze the value of correlation coefficient & to determine pairs of blocks ¢, and c;.

suspected for belonging to cloned regions and to a clone prototype.
Fig. 2 shows a sample of application of the modification method developed for the
detection and location of cloned regions.

Figure 2. Results of the application of the modification method for the detection and location
of cloned regions using the blocks of circular shape: a — original image, b — forged image, ¢ —
result of the detection using 8x8 square-shape blocks, d — result of the detection using 8x8
circular-shape blocks

To improve the accuracy of detection of clone borders, let us use not only circular
blocks, but also sector-shaped blocks (Fig. 1 b, d) within the process. In this case, briefly, the
procedure of the method for the detection and location of cloned regions in a DI using circular
blocks is as follows.
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1. Divide the brightness matrix Y of a DI into px poverlapping blocks

C={c,c,,...,c.}, Oci =Y, (here each block c, is obtained by a single-pixel right shift, left
i=1
shift, down-shift or up-shift of block ¢, ).
2. For a block pair considered, c,, ¢, =18, j=itl.,s obtain circular
subdivision blocks ¢, and c;. , respectively. For each subdivision:

2.1. Calculate the correlation coefficient &' = Correlation(c],c')

2.2 Analyze the value of correlation coefficient 6’ to determine pairs of blocks c;
and c;. suspected for belonging to cloned regions and to a clone prototype. If the suspected
blocks are not found, obtain sector-shaped blocks cl.k and cf , k=1,....4. For each
subdivision:

2.2.1 Calculate the correlation coefficient 5* = Correlation(c; ,c})

2.2.2 Analyze the value of correlation coefficient 5* to determine pairs of blocks
c* and cf suspected for belonging to cloned regions and to a clone prototype.

1

Fig. 3 shows a sample of application of the modification method developed for the
detection and location of cloned regions using circular and sector-shaped blocks.

Figure 3. Results of the application of the modification method for the detection and location
of cloned regions using circular and sector-shaped blocks: a — original image, b — forged
image, ¢ — result of the detection using circular-shaped blocks, d — result of the detection
using circular and sector-shaped blocks
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The use of circular and sector-shaped blocks for the detection and location of cloned
regions allowed increasing the detectable area of cloned region, as compared to the use of
circular blocks only. E.g., regarding the images presented at Fig.3, the ratio of area of detected
cloned region to actual area of cloned region increased 1.34, 1.57, and 1.47 times, as
compared to the use of circular blocks only.

Hereinafter, by “using circular blocks” we mean
blocks”.

A computational experiment was performed to analyze the efficiency of the method
developed for the detection and location of cloned regions using circular blocks based on the
accuracy of detection of cloned regions. Within the experiment, the size of a cloned region
was arbitrarily selected depending on the specific image, and irrespective of the size of
subdivision blocks used in experiments. The cloned region boundary was subjected to
blurring to get the improved visual embedding into the image. After application of cloning
technology, the forged digital image obtained was saved using lossless format. The results of
the experiments are presented in Tables 1 and 2.

3

‘using circular and sector-shaped

Table 1.
Accuracy of the detection of a cloned region with blurred boundaries using the square-
shaped and circular blocks

Percentage ratios of area of detected cloned region to actual
Types of subdivision area of cloned region
Max Min Average
Blocks of square shape 69.17 32.13 47.51
Blocks of circular shape 74.69 49.66 63.42

Table 2.
Evaluation of the accuracy of the cloned region detection with the method developed by
means of a relative mean error of the area of detected cloned regions

Types of subdivision Relative mean error of the area value (%)
Blocks of square shape 52.49
Blocks of circular shape 36.58
Conclusions

A procedure was developed to obtain circular blocks based on a square-shaped block of
the DI matrix. A method for the detection and location of cloned regions was modified in
order to use circular blocks. A computational experiment was performed to analyze the
efficiency of the method developed for the detection and location of cloned regions using
circular blocks based on the accuracy of detection of cloned regions. The experiment showed
that the ratio of area of detected cloned region to actual area of cloned region increases more
than 1.3 times, and relative mean error of the area value decreases 1.44 times, as compared to
the use of square-shaped blocks. The results obtained prove that it is expedient to use circular
blocks for the detection and location of cloned regions.
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BUKOPUCTAHHSA KPYTJIMX BJIOKIB JIJISI BUSABJIEHHS OBJIACTI ®AJTbCUPIKAIII B
OUPPOBUX 30BPAKEHHAX
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VY crarTi KOCHIDKY€EThCS BUKOPUCTaHHS KPYIJIMX OJIOKIB NMpW BUSBJICHHI Ta JIOKasi3amii
obmactedl KJIOHYBaHHS MUl MiJABMIIEHHS TOYHOCTI BHSBJICHHS KIOHOBaHHMX oOiacTel.
HaBoanTbest MeTonuka moOyJ0BH KPYTIINX 1 CEKTOPHHUX OJIOKIB Y HU(POBUX 300pakKEHHSX.
Po3pobiiena Moxndikanis METOAY BHSBICHHS Ta JIOKajdi3alii objacTell KIOHYBaHHS, IO
JI03BOJISIE OUTBII TOYHO JIOKATi3yBaTH KJIOHOBaHY 00JAacTb 3 BHKOPUCTAHHAM KPYTIHMX
OJIO0KiB.

KurouoBi cioBa: danpcudikamis 300pakeHs, BUABIEHHS (anbcudikamii, KIOHyBaHHS,
Kpyriuii OJI0K.

HCITIOJIB30BAHUE KPYTIJIBIX BJIOKOB JJIs1 BBISABJIEHUSI OBJIACTH ®AJTBCUPUKALINHU B
OUPPOBBIX N30BPAKEHUAX
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Onecckuii HAITMOHATBHBIN TIOTUTEXHUIECKUI YHUBEPCUTET
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B craTbe uccnemyercs UCMOJIb30BaHHE KPYTIIBIX OJOKOB IPH OOHAPYKEHUU U JTOKATH3AIUN
oOnacTel KIIOHMPOBAaHUS ISl TOBBIIICHUS TOYHOCTH OOHApPY)KCHUS KIOHHPOBAHHBIX
obnacreit. [IpuBOIUTCS METOIUKA TIOCTPOCHHUS KPYTJIBIX U CEKTOPHBIX OJIOKOB B IIUPPOBBIX
n3o0paxkeHusx. Pa3paboTana MomupHKaus METoJa OOHAPYXKCHUS U JIOKAIHA3AIUU
obyacTeil KJIOHHUPOBaHHS, YTO TO3BOJSIET 0OJiee TOYHO JIOKAIM30BATh KIOHHPOBAHHYIO
00J1aCTh C UCTIOIL30BAHUEM KPYTIIBIX OJIOKOB

KimoueBbie cnoBa: (danbcudukanms w3o0pakeHuidd, oOHapykeHUs (HaabCUPUKAIH,
KJIOHMPOBaHUE, KPYIJIbIi OJIOK.
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NIITPUMKA IPUMHATTA PIIIEHD TP ®OPMYBAHHI
MPOI'PAM IHOGOPMALIMHOI BE3NEKHU JIEPKABU:
MOJEJII 3AT'PO3 I PU3UKIB

C.B. 3u0in, B.O. Xopomko

HarmionanpHMi aBialliiHUN YHIBEpCUTET,
npoct. Kocmonasta Komapoga, 1, Kuis, 03680, Ykpaina; e-mail: professor va@ukr.net

[IpomonyeThes MiAXia A0 MIATPUMKH MPUAHATTS pillleHb s GOPMYBaHHS KOMIUICKCHHX,
IJTBOBHUX TMporpaM iHhopMamiiHoT Oe3nekn Jep)kaBh MPH HASBHOCTI 3arpo3 i PHU3HUKIB,
KU 0a3yeThCsl Ha BBEJACHHI MOJIEJICH 3arpo3 1 pU3HKIB B i€papXiro IIijiei mporpam (3a1aq)
1 11 iboBOT OmiHKK. MoJenb pu3uKy Mae (akToOp PU3HKY, SKHH SBISETHCS BUIIAIKOBUM
TIPOIIECOM 1 Ma€ CIeIliaqbHy IiIb. 3arpo3a MOJETIOETHCS CHENiaJbHOI0 MPOrpaMoro, siKa
BBOJIUTHCS B i€EpapXito IijieH.

Kro4oBi cioBa: miarpuMKa NpUAHATTS pillieHb, MOAENI 3arpo3 1 puU3HMKiB, iHpoOpMaliiina
Oe3rmeka, iepapXist HiJeH, ITbOBA OIIHKA.

Beryn

KomrmiekcHa nporpama 3a6e3nedenns iHpopMmaiiitaoi 6e3nexu nepxasu (I11BJ1) sese
co00I0 CYKYIHICTh 3aXOMiB, sIKI 00'€qHAHI €IHICTIO TJIOOATBHOI METH W 3arajJbHUMU
pecypcamu [1, 2]. OcHoBHi 3aBmanHs po3poOku ckiaagHux [1IBJ[ — BigOip mporpam, 1o
BXOJSITh B KOMIUIEKCHY Iporpamy, i posmnoain Mix HumH pecypciB. IIpu npomy ITIB/], sk
MpaBUJIO, MOXKE IIJIAHYBAaTUCS Ha BEJIHMKI MPOMIKKHA Yacy, TOMY HEOOXIJHO OIlIHIOBaTH
e(eKTUBHICTh IPOTpaM Ha 3a/laHOMY IHTEpBali yacy.

HpH po3po6u1 B/ cnm BpaxoByBaTH MOXJIMBICTh BUHUKHEHHS 3arpo3 1 PU3HKIB,
ycynenHs ix. Ilpm ¢opmysanni IIIBJ] i3 ypaxyBaHHsSM 3arpo3 1 pPH3HKIB HEOOX1THO
PO3B'sI3yBaTH HACTYIIHI 337a4i:

1. Bwu3HaueHHs KiITbKICHUX XapaKTEPUCTUK BIUIMBY 3arpo3 1 pU3HKiB Ha €()EeKTHBHICTh
MIB/;

2. BwusHaueHHs KITbKICHMX MOKA3HHUKIB €()EKTHBHOCTI ITPOrpaM MpH HAsSBHOCTI 3arpo3
1 pU3HKIB;

3. Posmonin pecypciB mMix 3acobamMu TPOTHIIT 3arpo3aM 1 pu3UKaM Ta MporpamMamu,
110 MaIOTh CIPSMOBAHICTh HA MiABUIIEHHS iH(OpMaIiifHOT Oe3NeKu Aep:KaBu.

Bimomi meromu po3B's3aHHs Tepiioi 3amadi nependavyaroTh iIeHTU(IKAII0 PU3HKIB
(AKicHMI aHalli3), a TaKoXX OI[IHIOBaHHA WMOBIPHOCTEH 1 pPO3MIpiB MOXXIMBOTO 30UTKY
(ximpkicHUHM aHami3) [3, 4]. OmHak mpH IBOMY 3ajada OIIHKH €(PEKTUBHOCTI MpOTpaM 3
BpaxyBaHHSIM PU3MKIB HE BUPIIIYETHCS M 3aJMIIAETHCA HA PO3CYJ eKcrepTa — 0coOu, II0
npuiimae pimenas (OIP). binbmie Toro, Bu3HaueHHs 30MTKY B aOCOJIFOTHOMY BHUMIpIOBaHHI
4acTO HEMOXJIMBO Jj1s1 ckiaaaux [TIB/1.
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jinb podoTu

VY poborti nmponoHyrThCss MeToau pimeHHs 3anad [1Ib/]. PoGora cknagaeThes i3 1BOX
JacTUH. Y TepIIid YacTHHI BUKIAJAETHCA CYTHICTH 3alPONOHOBAHOTO MiAXOAy ¥ Mopeni
3arpo3 1 pHU3WKIB, a B JAPYrid — MeToAM OOYHMCICHHS KUIBKICHMX ITOKa3HUKIB BIJHOCHOI
epexTuBHOCTI mporpam IBJ] B ymoBax 3arpo3 i pu3ukiB, HanpsMkiB BukoHaHHsa I[IIBJ] i3
ypaxyBaHHsIM 3arpo3 1 PHU3HKIB, BIIHOCHOI €(QEKTHBHOCTI 3a/JlaHOi MHOXKHHH: 3arpo3 i
PH3HKIB, 3aC001B MPOTUIT 3arpo3am 1 pu3uKam.

OcHOBHA YacTHHA

Metox pimeHHs 3a7adi OIIHKM BiHOCHOI €(EKTUBHOCTI IMpOrpaM IpH HasBHOCTI
3arpo3 1 pU3HKIB MPUPOIHO PO3pOOIIATH HA OCHOBI METO/IIB PIllIEHHS aHOI 3a/1a4i 0e3 00Ky
mux ¢axrtopiB. HaiiOinblie po3MOBCIOMKEHHS CHOTOAHI OJEpXKald MYJIbTHKPUTEPiaIbHi
MeToau oIiHKU nporpaM [5]. [Namy3p iX 3acToCyBaHHSI OOMEXKYETHCS JBOMa YMOBAMH, SKUM
MOBMHHA 33/I0BOJIbHATH KOHKPETHA 3a]1a4a.

[Tepmia ymoBa — HassBHICTh MHOXKHHHU KPHUTEpIiB, MO KO)KHOMY 3 SKUX MOKHA OIlIHUTH
OKpeMy aJIbTEpPHATHBY.

Hpyra ymoBa — 3paatHicTh OIIP omiHMTH THM a00 IHIIMM CHOCOOOM KOXHY
aIbTePHATHBY 32 OKPEMHM KPUTEPIEM.

[Tepma ymoBa B OunbmiocTi BumankiB (opmyBanHs ckianuux I1IB/] He BUKOHYETHCA
yepe3 ICTOTHY PI3HUIIO NPUPOIM MpOrpam, 10 BXOASATh y HUX. BUKOHaHHA ApYyroi yMoBH
SIBISIETHCSL JIOCHTHh TPOOJIEMATHYHOK, KOJM BHOIp HAWOUIBII ONTHMAJIBHOTO BapiaHTa 3
JEKUIbKOX a00 paHXHpPYBaHHS TakKoi KUIBKOCTI BapiaHTIB BHMAarae oOOJIIKY IX OIIIHOK IO
JEKUTBKOM JIECSTKaM B3a€EMO3JICKHUX KputTepiiB. Taka cutyarliss Mae Miciie pu MPUHHATTI
pimens o ¢popmyBanHio ckinaanux [TIB/1.

Tomy MeToM MIATPUMKH MPUHHATH pieHs nmpu ¢opmyBanHi [1IB]] B ymoBax 3arpos i
PU3HKIB MOKHA PO3POOIATH IIITXOM MOAMU(DIKAIliT METO/IIB ITLOBOTO OIIHIOBAHHS BapiaHTIB
[1, 2, 5]. IIpu migTpumii pimens mo po3podbii [TIBJ] BigHOCHA €deKTHBHICTH MpOrpam
MOBMHHA OI[iHIOBaTHCA SK (QYHKLIA dYacy, 3afaHa Ha iHTepBami IutanyBaHHsa [3]. Tomy
MOXUJIMBICTh 00Ky (hakTopy uacy mpu omiHii nporpam Ib/] mpuHmmmoBa mjis po3B's3aHHS
3aja4 MiATPUMKH PillIeHb TAaKOTO POJY.

OcHOBHA i/1es 3alPOTIOHOBAHOTO MIIXOMY JO0 aHali3y BIUIMBY 3arpo3 1 pHU3WKIB MpHU
BukoHanHi IIIBJ] momnsrae B TOomMy, mo momii, sIKi CIPHUYMHSIOTH 3arpo3u abo PHU3HKH,
po3rsiaroThes K ckmamoBa dvactuHa [IIBJI, ToOTO mporpamMu BIUIMBY 30BHINIHBOTO
cepenoBuina. Tomy Taki mporpamu-Mojeni 3arpo3 abo pU3HKIB BKJIIOYAIOTHCS B 1€pApXiio
e TTIBJ] [6], BcTaHOBIIOIOTHCS iXHI 3B'I3KK 3 iHIMMH nporpamamu i mimsmu [TIB/].
TakuM yMHOM, KOKHA 13 MPOrpaM-MoJeNel 3arpo3 abo pU3UKiB Mae xoda O OAHY IIb abo
rporpamy, Ha JOCATHEHHS SKOi (CTyNiHb BHUKOHAHHS SIKOi) BOHA Oe€3MOCepeaHbO BILIUBAE.
Buxonsuu i3 [6], BU3HaUMMO Taki miii (mporpamu) Oe3nocepeaHiMu HAAIUISIMU TTPOTPaAMHU-
MojIeli 3arpo3u abo pusuky. [Ipu mboMy BIUIMB 3arpo3u i/ab0 pU3MKYy, SK 1 IHITUX MPOTpaM
ITIB/I, OuLiHIOETBCS CTYNEHEM BIUIMBY Ha JOCATHEHHS TOJIOBHOI WiJl TMpPOTpaMHu.
EdextuBnicts mporpamu IBJ[ omiHIOETECS 32 YMOBH HAsBHOCTI 3arpo3 1 pPH3UKIB 3
BpaxyBaHHSAM X MMOBIPHICHUX XapaKTePUCTUK. Takuil MmiaxiJ A€ MOMKIJIMUBICTh PO3MOAUTUTH
pecypcu Ha BiAOWBAHHS 3arpo3 1 PU3UKIB HAPIBHI 3 PO3MOJILJIOM PECYPCiB Ha MPOTrpamu, 10
ckinagaroTh cytHicTs [1IB/1.

Jlst peasizartii 3arpomOHOBAHOTO MiAX0y HEOOX1THO BUPIIIUTH Pl YACTKOBHX 3aJ1a4.
[lepma moB's3aHa 3 po3pOOKOI0 MaTEMaTUYHHUX MOJIEIEH 3arpo3 i PU3HUKIB, IO JAO3BOJSIOTH
BKJTFOYATH TO/I1i, K1 CIPUYMHSIOTH 3arpo3y i/abo pusuk, B iepapxito uuiei [1IbJl. CytHicTh
Apyroi 3aiadvi moyuArae B po3poOii METOAY KiJIbKICHOTO OIIHIOBAaHHS BIUIMBY 3arpo3u i/abo
pu3uky. HactymHa 3aiaua — momryk crnocoOy OIliHKH BiTHOCHOT e(heKTuBHOCTI mporpamu [1b]]
IIPU HAsIBHOCTI 3arpo3 1 pU3HKIB.
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Amnaii3, SKUI BU3HAYa€ 3arpo3d JO3BOJIAE BUSBUTH JI€sIKi BJIACTUBOCTI, IO
XapakTepu3yloTh 11e MoHATTs. [lo-mepire, ciif 3a3Ha4YUTH, 1O 3arpo3a — I HACTIAO0K MOJIii,
IO TOJIATa€ Yy BHUHUKHEHHI CUTyallii, ska BIumMBae Ha BukoHaHHs I[IIB/I. Onmnak 3arposa
SBJISIETBCSL PE3YJIHTATOM MISUTBHOCTI MEBHUX TPYI JIIOJEH Ha BIAMIHY BiJ] PU3HKY, SKHA B
OCHOBHOMY SIBIIIETbCSL HACHiAKOM BHMaakoBoi mnofii. Ilo-gpyre, iHTEHCHBHICTH BIUTUBY
3arpo3u Ha BukoHaHHs 3a7a4 [1IB]] — e BumagkoBa BeuunHa, M0 3MIHIOETHCS 13 YaCOM.

3aranpHUM IS MOHATH "3arpo3a’ 1 "pu3uK" € BIUIMB 30BHIIIHBOTO CEpEIOBHINA Ha
BukoHaHHs [TIB/] 1 Te, 1o BOHM SBISIOTHCS HACHIIKOM ii BIutMBY Ha BukoHaHHs [TIB/].

Ha mincTaBi npoBeeHUX TOCTIKEHb CHOPMYITIOEMO BU3HAYECHHSI.

Busnauenns 1. 3arpo3a € cTaH cepeoBHINA, 10 BITMBaE Ha ehexTuBHICTH 3a1ad 116/,
y SIKOMY BUKOHY€EThCS KOMIUIEKCHA I1JIOBA Mporpama.

Kpim TOTO, MOXHA 3pOOMTH BHCHOBOK IO iICHYBaHHS 3ac00iB HEHTpasizalli 3arposu,
SIK1 BILTUBAIOTh HA PiBEHB 11 HEOE3MEKH.

I3 11bOrO BHIUIMBAE MOMJIHMBICTH MOOYTOBH MOJEII 3arpo3H, sKa SIBJISE COOOI0 JCSIKY
3anauy [1IBJ], mpuuomy icHye xoda O omHa 3amada abo IIiyib, PiBEHb NOCATHEHHS SKOi
3aJIeKUTh BiJ piBHS BUKOHAHHS 3aaadi-mMozeni 3arposu (3M3). Kpim Toro, 3M3 mMoxe Matu B
SIKOCTI MMiJ[3a71a4 1HII1 3a7a4i, 10 BIUIMBAIOTH Ha ii e()eKTUBHICTH, TOOTO 3aX0/1M HEUTpasi3arii
3arpo3u.

TakuM YWHOM, MOJIENb 3arpo3u Mae Bci BmactuBocTi 3amaui [IIB]] i3 nmeskumu
0COOJIMBOCTSIMHU.

BusnauuMo y BIAMOBIMHICTE 3arpo3i p, jaeske uucio 0< )7, <1, sKe Ha3UBAETHCA
CTyMEeHEeM peajtizallii 3arpo3u, npudaomy A/, =0, Npu MOBHIA BiACYTHOCTI BIUIUBY 3arpo3u i
M. =1 nipu MakcUMaTbHO MOXKJIHBIH ii posiBi. KpiMm Toro, OyaemMo xapakTepu3yBaTH 3arpo3y
7, MMOBIpHICTIO p, 1i peani3aumii B MOMeHT uacy f. Lo BeIMYMHY MOBHHHI BU3HAYUTH

€KCTIEPTH 3a JIOMTOMOTOI0 TPYITOBUX METO/IIB €KCIIEPTHOTO OIIHIOBAaHHS [2, 8].

Busznauenns 2. YactkoBuil koedinieHT BILIMBY ¢, (UKB) 3arpo3u p, Ha pocsrHeHHs ii
6e3nocepeHboT HAMIM 4, (CTYIMiHb BUKOHAHHS 33/1a4l P,) € MPUPICT CTYNEHS TOCATHEHHS
HaJALLIl /], CTYIIHb BUKOHAHHA 3a/a4l P, ), OTpPUMaHMi BHACIJIOK IIOBHOI peai3auii 3arpo3u
Vi-

VY po0oti gani, SKIIO 11e HE BUKIUKAE PI3HOYUTAHB, OyJIeMO BUKOPUCTOBYBATU TEPMiH
"Hamaiae" IS TMO3HA4YEHHsS SK IIUTl, HAa CTYMIHb JOCSITHEHHS SKOi Oe3MOCepeIHbO BILTMBAE
3a/1a4a-MO/Ielb 3arpO3H, TaK 1 3aj1adi, Ha CTYMiHb BUKOHAHHS SIKOT BIIMBAE 1151 3arpo3a.

Jlnst OiapIn aieKBATHOTO OMNMUCY 3a7ad MIATPUMKH PIlIeHb MO0 KOMILIEKCHOTO
I[IJIbOBOTO MJIAHYBAHHA 3 YPaxXyBaHHSAM 3arpo3 1 pU3MKIB JAOIUILHO BPaXOBYBAaTH 3MiHHU B Yaci
ix BrumBiB. Buxomsuu i3 115010 Oy/€eMO TOBOPUTH NPO MHUTTEBI 3HAUYCHHS B MOMEHT 4acy f
koedirieHTa BIUIMBY (., (f) 3arpo3u p, Ha JOCATHEHHs i1 O0e3mocepeHbo1 HAAIM A, , AKUH
BHU3HAYAETHCS 3 BUPA3y

0, akwo t <z,; (1)
Oin (t) = .
Ban»t),inaxkwe,

ne ¢, — cramioHapHe 3HadeHHs koedimienTa BBy (C3KB) 3arpo3u , Ha Ge3mocepeaHio
HAOIIIb A, ;
7, — GKCIIEPTHA OIliHKA 3aTPUMKH BIUTUBY 3arpo3H p, HA HATIUIb A, ;
] — ToJliHOMiaJIbHa (PYHKIIis, sSIKa OMUCYE 3MIHY KOe(DiIlieHTa BIUIMBY B Yaci.

Tak sk moctoBipHa iH(OpMAIlA IOJ0 TOYHOCTI EKCIEPTHUX OIIIHOK KOoe(DIiIieHTIB
nomaoma f(g.,t) BiacytHs, BuzHauumo B (1) f(q.,t) = a. , TOOTO OyaemMo BpaxoByBaTH

TIJIbKM 3aTPUMKY BIUIMBY 3arpo3u Ha ii 6e3nmocepenHio Haalib. [0 BennynHy BU3HAYaIOTh
€KCIIEPTH.
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CramionapHi 3HaueHHs KOeQIIE€HTIB BIUIUBY ¢, € A,,i = (1,5,), 0e3mocepenHix
MiAIIIed Haamm ¢, , Cepea SKUX MOXYTh OyTH 3arpo3u, IO 3aJ0BOJIBHSIOTH YMOBI

>
i=1
VY 3aranpHOMY BHUNAIKY 3arpo3a p, € Oe3mocepemHsl MiANiiab JACKIIBKOX HaAIIeH

Ais Arseees Adnseees Ao, TIPAIOMY 6y;[b-;11<a HaOmiabp J, Mae JCSIKYy MHOXHHY { p = Ah,[}
aTbTEPHATHUBHUX IMIAMHOKHWH CYMICHHUX O€3MOCepeNHiX Mmanuiend, A, N A, # @,k #1. Tomy

O(m|:l .

MO>KJIMBUNA BUNIAJIOK, KOTM 4, € A, , A, € A, ,k #1,1 onHa il Ta cama 3arpo3a p, OyJe MaTu pi3Hi
CTaIllOHApHI 3HAYEHHS (1., KOoe(illieHTa BIIMBY Ha OJHY W Ty camy Oe3mocepeHIo
HAIUIb J , sIKi OOYMCIIeH] IS Pi3HUX aTbTEPHATUBHUX MIAMHOXKUH A5 Ay -

K10 qOCSATHEHHS M ], CIpHse TOCITHEHHIO ii Oe3rmocepeHpoi Haamum 1, , TOMI
ii C3KB ¢, >0, iHakme ¢, <0. [3 BMicTy MOHSATTS 3arpo3 BUIUIMBAE, IO YaCTKOBI
Koe(illieHTH BIUIMBY 3aJa4, $KI SBISIFOTBCS MOJEISIMH BIATOBITHUX 3arpo3, Bia'€MHI.
3ayBakuMo, 110 710 To4aTKy mnporecy Bu3zHaueHHs C3KB miaminei iepapxisi moBUHHA OyTH
neperBopera TakuM yuHoM, mo0 C3KB Bcix mimminedt Oynu momanumu. lle mocsraerncst
3aMiHOIO MifIIel, sKi HEraTWBHO BIUIMBAIOThL HA BIANOBIAHI HAMII, IIIIUIIMM, SKi
SBIISIIOTHCS 1X JIOTTYHUMU 1HBEPCIsIMHU.

Ternep BU3HAYMMO XapaKTEpUCTHKH 3arpo3. [leprior xapakTepucTHKOO, sIKa BH3HAYAE
THUI 3arpo3H, € CIoci0 BHpaKeHHS YMOB 1 HACHIAKIB ii peamizamii. SIKmo yMoBH peami3amii
3arpo3d MOKHAa BHPA3UTH PE3YJbTaTOM BHUMIPY JESKOi OJHI€], KOHKPETHOI BEIMYUHHU-
pecypcy, TO Taka 3arpo3a Ha3uBa€ThCs KiIJIBKICHOIO TI0 BXOAY, 1HAKIIIE — SKiCHOIO.

Ockinbky BIuB 3M3 Ha OCATHEHHS iX Oe3mocepeaHiX Hallijied HeraTUBHUHM, TO JIIs
HAMripmoro BUMAJAKY CTYMiHb iX BHKOHAHHS IpPH BiJCYTHOCTI KOMIIEHCYIOUMX BIUIMBIB
npuiiMaeTbest piBHUM 1. [Ipu oMy pecypc BH3HAUAETHCS K KiJIbKICHE BUPAKEHHS YMOB
KOMIICHCAIlil 3arpo3u, sika NPUBOAWUTH JO TOro, WIIO CTYNiHb BUKOHaHHA 3M3 Oyxe
JOpiBHIOBaTH Hym0. Tak, pecypc 3amadi, SKHH SBISE€THCS MOJEIUTIO 3arpo3W "aTaku Ha
iHpopMariiiHi pecypcu Aep:kaBu" ABsie cOO0I0 CyMy OKpEMHX aTak Ha Pi3HI €JIeMEHTH IUX
pecypcis.

SIkmo 3Ha4YeHHsI pecypcy KUIbKICHOI MO BXOJY 3arpo3W BiJIOMO, TO Taka 3arposa €
KUTPKICHOIO TI0 BXOJY BH3HA4YCHOIO. 3HAYEHHS pecypcy Takoi 3arpo3d OJHO3HAYHO
BU3HAYA€ETHCS EKCIepTaMu Ipu MoOynoBi iepapxii muned. Skmo *x 3HaueHHS ii pecypcy
HaIreBHO HEBIJIOMO, TO TaKa 3arpo3a sBJISEThCS KiJIbKICHOIO MO BXOJYy HEeBH3HaueHOIo. J[iis
TaKWX 3arpo3 BU3HAYAIOTHCS MOTO/KEHI y3arajlbHEH1 €KCIEpTHI OLIHKH BETUYMHU Pecypcy
[1, 8].

Tomy mo 3M3 3aBxau ABISETbCA OE3MOCEPEAHBOI0 MU0 SKOI-HEOyAb Liii abo
3ajadi, BOHA XapaKTEPU3YEThCS PE3yJIbTaTOM HOT0 BHKOHAHHS. SIKIIO pe3ylbTaT IMOBHOTO
BUKOHAHHS 3arpo3ud MOKHA BUPA3UTH €()EKTOM, TOOTO PEe3ybTaTOM BHMIPY JESKOi OAHIET
BEJIMYMHM, TO 3arp0o3a € KUIbKICHOIO 0 BUXO/Y, a SIKIIO Hi, TO — KICHOIO 110 BUXOY.

3po3yMiJio, 10 MPH BU3HAYCHHI CTYMEHS JOCATHEHHS HAJIIIi TOBUHHI BPaXOBYBaTHUCS
edeKTH BiA JOCATHCHHS TUIBKM MHOXHMHU 11 cymicHMX miied. Tomy 1o 3arposa i€
He3aexkHo Bin BukoHaBIiB I1IB/], cimix BBaxkatw ii cymicHOT 3 KOXKHOIO 3 mijanuieid. Tomy
3M3 BXOAHTH Y KOXKHY HiJIMHOKMHY CYMICHUX MiALINeH Ti€i Hauiii, HA JOCSITHEHHS SIKOI
Oe3mocepeIHbO BILTUBAE 3arpo3a. OTke, MOXKHA C(HOPMYITFOBATH HACTYITHE BUSHAYCHHSI.

Busnauenns 3. besnocepenHi miauim 4, 1 A,, y TOMy 4HCHi ¥ 3arpo3u JesKoi HaIil
As, HA3UBAIOTBCA CYMICHUMH, SIKIIO JOCATHEHHS OJIHI€T HE BUKIIOYAE MOMIHBOCTI abo
JOLUTBHOCTI JOCSATHEHHS 1HIIO1, 1 HECYMICHUMH B IIPOTHJIC)KHOMY BHIIAJIKY .

Ha mingcraBi mpoBeAeHWUX JOCTIHKEHh MNPUCTYIUMO JIO CTBOPEHHS Yy3araJlbHEHOI
Mozen 3arposu. [Ipu oMy MHUTTEBE 3Ha4YeHHS )f,(f) CTymeHIO peami3aiii 3arpo3u p, Y

MOMEHT Yacy { BU3HAYAETHCS B TAKUH CIIOCIO:
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0, axwo sup, Zia'h/‘ O M. () <I1,;

1., AKwo sup, ZP‘M OM.(H)=TI1; )
S(sup, D" () M (1)), Ao TT, < sup, D aru () M (1) <1= ), |ar'l (¢)
L, o (1= ol (D) <sup, D" () M. (1) <1

M. ()=

3

ne [, — IMopir 3arpos r, ;

f(sup, Z,a""k(t) M. (¢)) — QyHKIIS CTyHeHs peami3alii 3arposu s, ;

k — HOMEp TIAMHOXKHUHU A, CYMICHHX O€3MOCepeNHIX MiAliiel 3arpo3u , ;

[ —HOMep miAuI 4, € A, ;

o (t) — MHTTEBe 3HAUEHHS B MOMEHT 4acy { 4YacTKOBOTO Koedilli€eHTa BIUIMBY AL
A, € A Ha JOCATHEHHS 3arpo3u j,, OOYUCIICHE 3a YMOBH, IO ML ], PO3TISAAETHCS SIK
€JIEeMEHT MIAMHOXXHHHN A, CYMICHHUX, O€3ITOCepeIHIX MiIIIeH 3arpo3u ., ;

M .(t) — MUTT€EBE 3HAYCHHS CTYICHS TOCSATHEHHS MU |, Y MOMEHT 4acy f;

o (f) — MHTTEBE 3HAYCHHS B MOMEHT 4Yacy ! YacTKOBOrO Koe(illieHTa BIUIMBY AL
A, € Ay » IO HETATUBHO BIUTMBAE HA 3aTPO3Y -, .

BaxxnuBi okpeMi BUNIQJKK 3arpo3 — 1€ 3arpo3u KBa3uIiHiiHA i TOporosa.
Cryninb )/, BUKOHaHHS KBa3UTiHIMHI 3M3 -, BU3BHAYAE€THCS BUPA3OM

SUP Y @ty M > AKUOSUP D ety M i < I
hoos h s

M=
1, AKWOSUP Y ot M i > 1,
h 5

ne h — Homep MiAMHOXKUHU A, CYMICHHUX, Oe3mocepenHix miauiieit 3M3 3arposu r,;
S — HOMep IiAuiimi 4, € A, ;
o — YaCTKOBUH KOE(ILIEHT BIUIMBY NIALUIL 4, € A, Ha JOCSATHEHHS 3arpo3u ;.

Bupa3 s oOuucieHHS )/, CTymeHs JOCATHEHHS IOPOTOBOi 3arpo3d jp, Mae
HACTYITHUU BUIJIS]

J

I,SUPZa.\-mMW > - ZO{,,
S -

jelJi

0,8iHWwoMy 8Unaoky;

ne J; — MHOXXHHA HOMEPIB MiJIiJIel 3aTPO3H -, C HETaTUBHUM BILJTHBOM.

Tenep mpucTynuMo 10 po3poOKu Mojeni pu3uky. [TOHATTS pU3HKY XapaKTepU3yEThCS
HEBHU3HAYEHICTIO, TMOB'SI3aHOI0 3 MOXJIMBICTIO BUHUKHEHHS B Xoji peamizarii 3amaui [1IB]]
HECTIPUATIUBUX CUTYyalidl 1 HachiakiB [3, 4]. [nakmie kaxydu, miJ PU3UKOM CIIiJ PO3YMITH
HACJTIZIOK BHITAJIKOBOI MO1i, BHKIMKaHOI 30BHIMHIMU BimHOocHO IIIBJ] dakTopammu, ska
HoJIsirae y BAHUKHEHHI CUTYallii, 110 BIUTUBAE HA BUKOHAHHS nporpamu B/l

OCKUIbKY pU3UK € HACTIIOK BHUIMAJAKOBOI MOJII, IKa YU TO BiAOYAETHCS, YU TO Hi, TOMY,
3aJISKHO Bi TOTO, 4M sBisgeThesl po3poOHuk ITIBJ] onTumicrom abo mecuMicCTOM, CYTHICTb
nmoii, sKa BUKIWUKAE PHU3UK, MOXHA CPOPMYJIIOBATH B OJIHOMY BHIIQJKy TakK, IO HOTO
BUHUKHECHHS BUKJIMYE HETATUBHUH BIUIMB Ha BUKOHAHHS Mporpamu, abo Tak, 10 BOHO Oyle
MaTH MMO3UTHBHUI BIUIUB.
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3anexHO BiJ TNPUPOAM TOAINM, SKI BHUKIMKAIOTH PHU3HMK, PO3PI3HSAIOTH: TEXHIKO-
TEXHOJIOTIYHI, TOJIITUYHI, €KOHOMIUHI, BOEHHI, (JIHAHCOBI, E€KOJIOT1YHI PHU3WKH Yy4YaCHHUKIB
3ajadi, pu3uKu oOcTaBMH HemepeOopHoi cumn (popc-makop) 1 crenudiuni pusuxu [4, 9].
[Ipu mpoMy omHa ¥ Ta cama MO MOXE BHKJIMKATH PU3UKH, SIKI MAlOTh 30BCIM Pi3HI
Hacniaku as BukoHaHHs [1IBJ1. Ilpu npoMy pusuMku HEOOXiTHO OLIHIOBATH, BHXOISYM 13
CHUCTEMHOTO TiaX0y, 3 ypaxyBanasaMm metu [1IB/] 1 1i cTpykTypwu.

3anpoBagMo BU3HAUCHHS JESIKUX MOHSATH.

Busnauennsn 4. ®axropom pusuky y s B/l P nHasuBaeThest ipoec &, TakHid, 110

3p, e PV (p)E, () 2V (p)—E, (D) ne V(p)E, (1) #V(p)—E, (1) — binmocka edexrnHicTs
3azaqi (porpamu) p, € P 3 ypaxyBaHHaM ¢akropy pusuky &, (7) 1 6e3 iioro ypaxyBaHHs,
BIJIITOBIHO.

Busznauenns 5. laaukatopoM pU3HKY |/ Ha3MBAEThCs (DIKTUBHA LI J,, €IUHOI

vy
TIIUILTIO SKOI € PaKTop PUBHKY ¥/ .

3a3zHauumo, o (HaKTOp PU3HKY € MIALLUIb 11 TAKMX IHIAUKATOPIB PU3MKY AK A, 1 A, .
[ligmim 4, 1 A, — IHIMKaTOpd PH3UKY, MOBHICTIO OIHUCYIOTHCA (YHKIISMH CTYIEHS
JOCSTHEHHS IIiIi. Y 3araJlbHOMY BHIIAJKy MUTTEBE 3HAYeHHS [, (f) CTYyNEHsS JOCSITHEHHS

Oe3rocepeIHbOl HA I |, Y MOMEHT 4acy ¢ BU3HAYa€ThCS BUPa3oM (2).

[Tpu 3aBHaHHi QYHKIII TOCATHEHHS IUli-iIHAMKAaTOpa PU3UKY HEOOXITHO BpaxOBYBaTH
HACTyIHI 0COOJIMBOCTI:

1. Ockinbku moOporu mijied 3aaoBodbHAIOTE yMOBI [10] 0< 1], <1, Tomy 3HaYeHHS

BUIIJIKOBOTO mporecy &, (¢), wo 3a1ae HakTop pUsnKy i/, IOBHUHHE TAKOX 3aJ0BOJIBHATH
ymoBi 0<& (9)<1;
2. SMxmo [GM (ﬁ«w,)/ g, (t)J <0, y axocTti (pakTOpy PU3UKY IS LT, , IO SABJIAEThCA

1HIUKATOPOM IIHOTO PU3HMKY, HEOOX1JHO BUOUpATH [1 -<, (t)J 3aMicTh &, (7).

Bucnosxu

[IpononyeTscss MiAXiA [0 MIATPUMKH TPUHAHATTA pilleHb Npu  (GopMyBaHHI
KOMIUIEKCHUX TIporpam 3abe3rneueHHs iHdopmarliiiHoi Oe3meku Aep)KaBU 3 BpaxyBaHHIM
3arpo3 1 pusukiB. Ilig 3arpo3oi0 po3yMieTbCs CTaH CEPEIOBHUINA, IO BIUIMBAE Ha
edextuBHICTh 3ama4 [1IB]l, y sikoMy BHKOHYEThCS KOMIUIEKCHA IJIbOBAa Mporpama. Pu3nk
BU3HAYEHHUI K HACIIIIOK BUIIAJKOBOI IMOIi1, BUKIMKAHOI BILIMBOM 30BHIiIIHIX BigHOCHO ITIB]]
(dakTopiB, IO TMOJSATa€E y BUHUKHEHHI cHTyalii, ska BruimBae Ha BukoHaHHs [IIB/].
3anpornoHoBaHi MOJIEN 3arpo3 1 pU3HKY.
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MOJJEPKKA IPUHATHUS PEIIEHAN ITPU ®OPMHUPOBAHUHW ITPOTPAMM

WH®OPMAIIMOHHOM BE3ONMMACHOCTHU T'OCYJIAPCTBA: MOJEJH YT'PO3 U PUCKOB.

C.B. 3b16uH, B.A. Xopouiko

HanuoHnanbsHb1i aBHallMOHHBIA YHUBEPCUTET,
npoct. Kocmonasra Komaposa, 1, Kues, 03680, Ykpauna; e-mail: professor va@ukr.net

[pemmaraercs momXoA K TOJJCPKKE TNPUHIATHA pPENICHUH Uit (OPMHUPOBAHUS
KOMILUICKCHBIX IICJICBBIX MPOTpaMM HH()OPMAIMOHHON OE30MacHOCTH TOCYAAapCTBa IMPU
HAJIMYHMHA yTPO3 U PUCKOB, KOTOPBIA 0a3upyeTcss Ha BBEJCHUU MOJICICH yrpo3 U PUCKOB B
Hepapxuu 1elyiel mporpaMM (3a7ad) U IeNieBoi omeHku e€. Mojenb pucka uMeeT (hakTop
pHUCKa, KOTOPBII SBJIAETCS CIy4alHBIM IIPOLIECCOM M HUMEET CIELUANbHYIO LENb. YTpo3a
MOJICIMPYETCS CIIEMAIbHON MPOTPpaMMOM, KOTOpasi BBOAUTCS B UEPAPXHUIO IIEJICH.

KiroueBble cjioBa: mOAAEp)KKAa NPUHATHS pEIICHHH, MOJIENH Yrpo3 W PHUCKOB,

I/IH(i)OpMaIII/IOHHaﬂ 6630HaCHOCTL, nepapxusa ueneﬁ, ejcBas OILCHKaA.

DECISION-MAKING SUPPORT IN THE DEVELOPMENT OF NATIONAL INFORMATION

SECURITY PROGRAMS. PART 1: DANGER-AND-RISK MODELS
S.V. Zybin, V.O. Khoroshko

National aviation university
1, Kosmonavta Komarova Avenue, Kyiv, 03680, Ukraine; e-mail:professor va@ukr.net

The paper presents an approach to decision-making support in the development of
comprehensive special-purpose national information security programs in the presence of
dangers and risks. The approach relies on the introduction of danger-and-risk models into
the hierarchy of program/task targets and on the target-based assessment of the support.
The risk model has a random risk factor and a special target. The danger is simulated by a
special program which is introduced into the target hierarchy.

Keywords: decision-making support, danger-and-risk models, information security, target-
based assessment.
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MOJU®UKALIMA METOJA BETBEI U TPAHULL J1JIS1
PEIUEHMS 3AJAY HEJOYUCJIEHHOIO JIMHEWHOTO
MPOTPAMMMUPOBAHUS U UX DPPEKTUBHOCTD

B.A. IOxumenko

Opeccknii HAMOHATHHBIA TOTUTEXHUICCKIA YHUBEPCUTET,
npocrr. [lesdenxo, 1, Onecca, 65044, Ykpanna; e-mail: pm1987pm@gmail.com

B pabote maH kpatkmii 0030p pa3pabOTOK MO KOMOMHATOPHBEIM METOJAaM PEIICHHUs 3a1ad
LIEJ0YUCIIEHHON JIMHEHHONW onTtumu3auuu. IIpuBeneHbl OCHOBHBIE COCTaBIISIOIIME METOAA
BEeTBEH W TpaHUI], KOTOPHIE MOXHO pacCMaTpUBaTh I0-Pa3sHOMY W IIONy4YaTb HOBBIE
MoauduKau 3TOro Merona. JlaHBl HEKOTOphIe OIEHKH 3()PEeKTUBHOCTH pPabOTHI
MOJTUGUKAIIMOHHBIX COCTABJISFOLIHX.

KiroueBble ¢j10Ba: OlLEHKA, MOCIEAOBATEIbHOE MOCTPOCHUE, KOHKPETU3AIMSI, YACTUIHOE
pemerne, QyHKIIUHN TPEIIOYTCHUS.

BBeaenue

Ontummsarus. [lpuHsaTHe oONTUMaNBHBIX pemieHUd. OTH  (pa3sl  BcE  yarie
UCTIOJNB3YIOTCS B PasroBOpax COBPEMEHHBbIX moael. JlelicTBuTensHO, TH000€ pasyMHOE
pelleHrne MOXHO Ha3BaTh ONTHUMalbHBIM. OHO ompenesnseTcss NyTéM CpaBHEHUS C APYTUMU
BO3MOKHBIMHU perieHussMi. C MareMaTu4ecKuX MO3HMIUN «ONTHMAIbHOE pelieHHe» Tpedyer
3HAYUTENBbHO Oousble. MaTeMaTHK MOKET Ha3BaTh peIllleHHE ONTHUMAalIbHBIM TOJBKO TOT/A,
KOTI'J1a OHO yJOBJIETBOPSIETCS IPU3HAKY ONTUMAIbHOCTH.

MHOroBapUaHTHOCTh W HAJIMYUE KPUTEPHUS MPEIONpeAesieT TEOPHUI0 ONTHMHU3ALINU.
HaxoxxaeHne onTHUMalibHOTO BapuaHTa COTJIACHO BBIOPAaHHOMY KPUTEPUIO CO3Aa€T OCHOBY
METOJIOB ~ ONTUMH3AIMHU. MeToJl ONTHUMM3AlMK BO MHOIOM 3aBHCHUT OT ¢opM
MaTEMaTHUYECKOr0 OIHUCAaHUS, KaK MHOXKECTBA BAapUaHTOB, TaK M CAMOI0 KpUTEpUs
ONTUMU3AIMU. B CBA3M € 3TUM XOpOILIO M3BECTHA YCJIOBHAs M Oe3yclOBHAs, JUCKpPETHAs U
HEIpepbIBHAs ONTUMU3ALIUS.

Haubonpiiero BHUMaHMS Cpeaud MaTeMaTHKOB BBI3BIBACT YCJIOBHAs JIMCKpETHAast
ontuMu3anys. Takas NONMyISIpHOCTh NPEJONPEAEHAETCS IPOCTOTOW MaTEMaTHYECKOTo
ONMMCaHUA 3a/7a4y ONTHUMH3AIMM, a TaKKe WX peaJu3alldyd B BBIYUCIUTEIHLHOM CMBICIIE.
Teopernueckn BO3MOXKHBIM TMOJHBIA TepeOOp BapUaHTOB 3aMEHSETCS YAaCTHMYHBIM, U YeM
MEHBIIIC BAPHAHTOB MIEPECMATPUBAETCS, TEM aITOPUTM cuuTaeTcs 6onee 3¢ dexTuBHbIM. [Ipn
pa3paboTke, B OCHOBHOM, MCIOJb3yeTCs] KOMOMHATOPHBIN MOIXO. DTO JaeT BO3MOXKHOCTh
BBOJUTH HOBBIE AJIEMEHTHI NpHU pa3paboTke WM MoAu(UKAuUU anroputMoB. He cioxHO
nepepabarbiBaeTcs IMporpaMmMHoe oOecrieueHne M caMu [T-TeXHOMOTMH, YTO ympoIIaer
pean3aiuio NPakKTUYECKUX 3a/1a4, OTHOCAIIMXCA K 3a/1a4aM JIUCKPETHOW ONMTUMM3AIIUH.

OcHoBHAA YaCTh
[TepBbie pa3pabOTKH MO AJITOPUTMHU3AIMH, Pa3pad0TKEe METOJOB W METOJIUK PEIICHUS

3a/la4 JTMCKPETHOW ONTHMH3AIMM ObUIM HaIpaBlIEHl HA WCIIOJIIb30BAHUE HMEIOIIETOCs
MaTeMaTHYeCKOro ammapaTa Ui pelieHus 3a/1ad HempepbhlBHON ontumuzanuu. K mpumepy,
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unes Jaunuura [1], npenonpenenstoniasi BO3SMOKHOCTb UCIOIb30BaTh CUMILJIEKC METOM ISt
peuieHus 3ajiay JIMHEWHOW TUCKPETHOM ONTUMHU3ALMM, Jlaja Hayajao ILEeJIOMY HaIlpaBJICHUIO
pemieHus 3a1a4  LEJIOYUCIECHHOTO JIMHEWHOro mporpammupoBanus. MHpero Jlanmura
peamm3oBan lomopu [2]. EMy ymamoch pemuTh Bce MpoOJEMBI, CBSI3aHHBIE C
ANrOpUTMHU3ALMEN M BO3MOYKHOCTSMHU THPAKTHUYECKOTO MCIIOJIB30BaHUs JTOM wuaeu. B
HACTOSIIIEe BPeMsI METO/IbI OTCEKAIOIINX IUTIOCKOCTEH IIIMPOKO U3BECTHHI B chepe TUCKPETHOM
ONTHMU3AIIH.

Hpyroe HanpaBieHUe B TUCKPETHOM ONTHUMHU3AIMKA UMEET CBOE HAYajlo C MOSBICHUEM
paboter JIaun u [oir [3]. MeTton, mpeyioKeHHbBIH aBCTPUHCKUMU MaTeMaTUKaMH, TaK XKe
OCHOBaH Ha CHUMIUIEKC METOJIe, HO YK€ B APYrom pakypce. Pemenue onpenenéHHon 3a1ayu
JUHEWHOTO TPOTrpaMMHUPOBAHUSI HCIOJIB3YETCS, B OCHOBHOM, /Jisi TOJYYEHUS OIICHKU
MOJAMHOKECTBA BAPUAHTOB. 3HAYCHHE II€JICBOM (DYHKIIMU TIPH ONTUMAaJIbHOM BapHaHTE
MOJIMHO’KECTBA OTPAaHUYMBACT CBEpXY (CHHU3Y) 3HAYCHHsS IENEeBOH (DYHKIHMH JAPYrUX €ro
BapuaHToB. B mpunnumne, meton JIoHm um JloWir mmeeT KoMOWHATOpHBIM Xapaktep. [lpm
MIOMOIIM JIOMOJHUTENBHBIX OrpaHUYCHUN (POpPMHUpPYETCS MOIMHOKECTBO BapHaHTOB. BBeneH
MPU3HAK ONTHUMAJIBLHOCTH C UCIOJIB30BAaHUEM OLIEHOK MOJAMHOXKECTB. JlaHHOE HampaBieHUE B
JUCKPETHOM ONTHUMU3ALUU CTAJI0 UMEHOBAThCS METOI0M BETBEH U I'PaHULL.

[IIupoxoro ucnonb3oBanus merod JIsua u Jlor He nomyumi. ClienyrommM TOJTYKOM B
JVCKPETHOW JMHEHHOW ONTUMU3AIMK ObLIO mosiBieHHe paboTsl Jlutina, Myptu u ap. Um
MIPEAJIOKEH METOJT BETBEH U TpaHUIL JUIsl PEIICHUS 3a7a4i 0 KOMMHUBOsDKepe [4]. D10 Obliia Ta
uaes, KoTopas TMOpOJAMJia  MHOXKECTBO  QJITOPUTMOB  COBPEMEHHOM  JTUCKPETHOM
BBIYHCIIUTEIILHON MaTeMaTHKU. Torna emé HHTYUTUBHOE CY)KJICHHE O pa30MEHUN MHOKECTBA
BAPUAHTOB pEILIECHMUS Ha IOJMHOXKECTBA, HE UYTO HMHOE, KaK HuJes IOCJIeJ0BATEIHLHOTO
MIOCTPOEHUS pelieHus [S].

Uto kacaercst OIICHMBAHMS TOJMHOXKECTB, O3TO U CYXEHUS — pacIIUpEHUs
MHO’K€CTBa BapuaHTOB [6]. Jpyrumu cioBamMu, NMpUBEIAEHUE 3a7a4M K JIETKO pa3periacMou
3a/a4e, C IETbI0 HCIOIh30BAHUS CYIIECTBYIOIIETO MPOTPAMMHOTO oOecreueHus: ans e
penieHus.

Merto BETBEW U IPaHUL] COCTOUT U3 TPEX OCHOBHBIX MPOLIEAYD:

1. Pa3buenne MHOXKECTBa BApHAHTOB HA MMOJMHOYKECTBA;
2. OneHuBaHue NOJMHOKECTBA BAPUAHTOB;
3. IIpoBepka Ha ONTUMAIBHOCTH MOJTYYEHHOTO BapHaHTA.

Pazbuenre MHOXKECTBa BapUAHTOB Ha TIOJMHOKECTBA — JTO pa3/eliecHue BapUaHTOB I10
onpenen€éHHoOMy Tpu3Haky. CkaxeMm, B anroputmax Meroma Jbua u JloWr MHOXKECTBO
BAPUAHTOB JICJTUTCS HA JIBa MOJAMHOXECTBA. B 0JHOM OJIMHOKECTBE HEKOTOpast MepeMeHHast
JOJKHA OBITh HE MEHbILE ONpeAeNEHHOr0 LENOro 3Ha4YeHHs, a BO BTOPOM MEHBIIIE.
HpaKTI/I‘IeCKI/I, 9TO HCKIHOYCHUC nu3 paccMOTpCHUA HELCJIOYHNCIICHHBIX 3HA4YCHUU
paccMaTpuBaeMoOl MEpEMEHHON B eAMHWYHOM HHTepBajie. K mpumepy, eciu B pesyibrare

*
peleHnss KOMIIOHEHTa X, IOJIydWIia HELEIOUUCIEHHOEe 3HadeHue, To (opmupyercs

OrpaHUYCHHA THIIA

x, 2| |+1, (1)

x, <[x1], )

* *
rie [xk] — 11eJ1as 4acTh X, .

O6benunenue orpannueHuid (1) u (2) moouepeaHO C OTrpaHUYEHUSIMH HCXOJHOU
AUHEeMHON 3amaun, GOpMUpPYIOTCA JBa TOJMHOKECTBA BapHAaHTOB C OIpeAeIEHHBIMU

TpeOOBaHUSAMH K KOMIIOHEHTE X, .

CoBceM apyroil mOAXOJ BETBIEHHUS OBLI TpeqIoxkeH JIUTIOM M €ro KoJuleramwu.
[TapameTpoM pa3OueHHs] MHOXKECTBA BapHMAHTOB 00BE3/la TOPOJMOB SIBIISETCS IMapa TOpOIOB
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(k,1). Ilapa mubo BKIItOUAETCS B BapHaHT oObe3na Jubo HeT. Takum oOpa3oMm, UMEETCs JBa

MOJIMHOXecTBa BapuaHTOB. OJTHO MOJIMHOXKECTBO COJICPKUT Iepee3 U3 k B [, Apyroe — 3TOT
nepees3/ 3ampelieH. MareMaTH4ecKH, €ClId BapuaHT peUIeHHs] 3aJaud O KOMMHUBOSKEpe
MPEACTABIISIETCS MAaTPUIIEH HWHIMACHTHOCTH, TO CTpOKa k 1MOO WHIMJICHTHA CTOJIOIY !/,
0o HeT.

OneHnBaHuE MOJMHOKECTBA BAPUAHTOB — 3TO OINpeeNIeHUE IPaHULIbI CBEPXY (CHU3Y —
JUIS  3a7ad  MHUHUMH3AIUM) 3HAYCHHUS 1IeJIeBOM  (YHKIMM BApUAHTOB OIIEHUBAEMOTO
noaMHOXecTBa. OleHKa mpelonpeaeseT IPUOPUTETHOCTh MOAMHOXKECTB. [ nanpHeiiero
pa3OueHusi BBHIOMpAETCs caMO€ MPUOPUTETHOE IOJMHOXKECTBO. Ero OOBIYHO HAa3BIBAIOT
MEPCTIEKTUBHBIM MOJIMHOKECTBOM BapHUaHTOB.

CyIecTBYIOT pa3nuyHble CHOCOOBI TOJMYYEHHS OIEHOK IOJMHOXKECTB BapHAHTOB.
Opnako, yeM TOYHEe, T.e. YeM OJiKe 3HAueHUE OICHKH K JKCTPEMalbHOMY 3HAYCHHIO
1eneBor GyHKIIUU BapUAHTOB MOJMHOECTBA, TEM JTYUIIUM CYUTACTCS CTIOCOO OIICHUBAHMS.
UYepe3 OLIEHKM MOJMHOXKECTB BBbIpaXkaeTcs MNpPHU3HAK ONTUMAJIbHOCTH METO/a BETBEH U
rpaHull. YTo, B CBOIO O4YEpE/b, BINAET HA CKOPOCTh CXOUMOCTHU alIrOpUTMa.

[IpocTeiimuM © caMblM TOYHBIM CIOCOOOM OILICHMBAHMS SIBISIETCS pellIeHUE
COOTBETCTBYIOIIEH 3a7aud JIMHEWMHOrOo MPOrpaMMUPOBAHUSA JUJISI TOJIYYEHHUS OIIEHOK
MHO’KECTBa LIEJIOYMCIIEHHBIX BapUaHTOB. DTOT COCOO ObLT BBISABIEH MPH CO3JaHUU METOJa
Jbug n [oiir. B camom nene, 3T0 HE 4TO MHOE, KaK PacIIMPEHUE MHOKECTBA BApUAHTOB U
MpUBEJICHNE 3a7]aud LIETOYUCICHHOTO JIMHEIHOrO MpOrpaMMUpPOBaHuUs K 3a/Jaye JTUHEHHOro
[IporpaMMupoBaHus. PelieHne Takou 3a7a4y He COCTaBISAET TPYIHOCTEN B aJITOPUTMUYECKOM
cMbIcie, HO siBisieTcs He 3((EKTHUBHBIM B BBIYHUCIUTEILHOM CMBICIE, MOCKOJBKY pellaTh
JUHEWHBIX 3a7a4 MPUXOJUTCS JOCTATOYHO MHOTO.

Uro kacaercst mpU3HaKa ONTUMAIBHOCTH, TO (JOPMAIbHO OH COCTOMT M3 ABYX YacTew.
[lepBas yacTp — nMpoBepsieTCA HATUYUE MEPCIIEKTUBHOIO MOAMHOKECTBA BapHUAHTOB, TO €CTh
MOJIMHOXKECTBA, B KOTOPOM MOXET HAXOIUTHCS Jydllle BapUaHT, Ye€M IpPOBEpSIEMbIil Ha
ONTUMAIBHOCTh. ECIM TakuX MOAMHOXKECTB HE CYILECTBYET, TO PacCMaTpPUBAETCS BTOpPast
yacTh MNpu3Haka. [IoCKoIbKy B MOJMHOXXECTBE BAPUAHTOB MOXKET HAXOJUTHCS BapHaHT
Jqydmie MpoBepsSeMOro, TO 3HA4YCHHWE LeNeBOM (YHKIMM TPOBEPSIEMOTO BapHaHTa
CpaBHHMBAeTCi C OIICHKOM TMOAMHOXecTBa. TpelOyeTrcss COBMAJCHHE [0 BEIUYUHE DTUX
3HaUeHUI. DTOT MOMEHT U IPEIONPEAEIAET CKOPOCTh CXOAUMOCTH aJIrOPUTMA, 3aBUCSILIETO
OT TOYHOCTH OIICHKH.

[lepebupaemMoe KOJIMUYECTBO BApUAHTOB B METOJE BEPBEH W TpaHUIl B HEKOTOPOM
CTETEeHU 3aBUCHUT U OT BHIOpDAHHOW BEPIIMHBI JIepeBa PElICHUH B ciydae, eciu MOTyYeHHbIN
OUepeHOW BapUAHT OKAXETCs He ONTHUMaNbHBIM. OOBIYHO BBIOMpPAETCS BEpIIMHA C
Hauydiied (MakCUMaIbHOM WM MUHMMAJIBHOW) OIIEHKOW. DTOT MpPHUEM TOHMMAETCs, Kak
caMO CO0Oi W3BECTHBIN, HCHONB3YETCS, MOXHO CKa3aTh, MO ymondaHuto. OmHako,
MakCHMaJbHble IO 3HAYEHHIO OLIEHKHM HUMEIOT MOJMHOXECTBa, B KOTOPBIX KOJIUYECTBO
BapHAHTOB MOOOJIBINE. DTO B IEPEBE PEIICHUI HAXOIUTCS B BEPXHUX sIpycax U J0 MOTydeHUs
BapyWaHTa HEOOXOIUMO TMPOWTH JIMHHBIA TyTh, YTO yMEHbIIAaeT 3()PEKTUBHOCTh PabOTHI
anroputma. Bo3MOXHBI JApyrue mNOAXOAbl, B TOM YHCIE€ W PaHIUMU3UPOBAHHBIA IO
OTHOIIIEHWIO K OIlEHKaM TMOAMHOXecTB. B pabore [7] Obuim mnpemioxkeHbl (QYHKIIMH
MPEANOYTeHUs], WCIOIb3yeMble TMPU BBIOOpE BEPIIMHBL JTO e€mE OJWH DJEMEHT,
MO3BOJISIIOIINN MOAUGPUIIMPOBATH aJITOPUTMbBI METO/Ia BETBEW M T'PAHUI] C LIEIbIO YBEIHUUEHUS
UX CKOPOCTU CXOAUMOCTH.

[IpuBeneM HECKOIBKO MOIXO00B pealn3alii METoa BETBEI 1 TpaHuI] U JOBEACHHUS 10
aJIrOPUTMOB.

JloctatouHo maBHO [7] OBLT MpEJIOKEH CIOCOO OIEHWBAHHMS MHOKECTBA BapHAHTOB
pelieHus 3a1add JIMHEHHOTO MPOrPaMMHUPOBAHUS C OYJIEBBHIMH TMEPEMEHHBIMH, HCIONB3Ys
UJCI0 pacIIUpeHHs] — CYKEeHUs MHOXecTBa BapuaHToB. Cama wujes Obula MpeioKeHa
npodeccopom Illkyboit B.B. [6]. E€ ucmonb3oBaHre 3HAYUTENHHO YIPOIIAECT MPOIEAYPY
MOJIy4EHUs OLIEHOK, XOTs JIaJieKo He Bceraa Aa€T jKeJaeMylo TOYHOCTh olleHnBaHusa. OHaKo
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YaCTO HETOYHOCTb KOMIICHCUPYETCSl BBIUUCIUTEIBHOM IIPOCTOTOM MPOLELYPBI ONPEAEICHUS
3HAYEHUS OLICHKH.

Wnes cocTout B TOM, 4TO MHOKECTBO BapUAaHTOB, 3a1aBAEMbIX CUCTEMOM OrpaHUYCHUH,
pacumpsieTcs IyTeM 0TOpachIBaHMsI HEKOTOPBIX TPEOOBAaHUM K MCKOMBIM BEJIMYMHAM. 3ajaya
IIEPEHOCUTCSL B JPYroM Kiacc 3aJad JIMHEMHOW ONTHMM3AalUU, DPEIICHHE KOTOpOM He
COCTaBJISIET TPYJHOCTEM.

Ilycts mmeeTcst 3agada IEJIOUYMCIEHHOIO JIMHEHHOro mnporpammupoBanus (LUJIIT) B
IIOCTaHOBKE

Z=max} cx,, &)
j=1
TIPU OrPAaHMYCHUSIX
Yax, <b,i=Lm: (4)
j=1
X, 20, j=1n; (5)
X; € {0,N}, (6)

rae N — MHOXECTBO HaTypalbHBIX YHCEIL.

OtbpaceiBasi TpeOOBaHUS IETOYUCICHHOCTH (6), ToMydaeM 3aJady JIHHEHHOTO
nporpammupoBanus (JIIT). 3Hadenne neneBoit GyHKIMK IPH ONTUMATIBLHOM PEIICHUH 33]1a41
JIIT nact oLleHKY MHOXKECTBA BapUAHTOB, ONMKUCHIBAEMBIX OrpaHuueHusMu (4)-(5)-(6), npuuem
JIOCTaTOYHO TOYHYIO.

Ecnu tpeboBanue (6) 3aMeHUTH HA TpeOOBaHUE

X; € {0,1}, (7)

to umeeM 3anady LUJIII ¢ OyneBeiMu mepemennsiMu. CooTBercTByromas 3anada JIIT Oynet
MMETh YIBOCHHYIO pa3MepHOCTh. TpeboBanue (7) pacnagaeTcs Ha ABa TpeOOBaHMs, 8 UMEHHO

)Cj —eJoc.

Marpunia ycioBHid CTaHOBUTCS pa3MepoM (m-+n)xn. PemieHwe 3amadu CHUMILIEKC
METOJIOM, ITPUYEM MHOTOKPATHO, NIPH TAKOW Pa3MEPHOCTH 3aTPYAHUTEIBHO BO BPEMEHHU.

[Tpouenypy pemenus 3agaun LJIII ¢ OyneBbIMH TEpEeMEHHBIMH C IIEIBIO OICHKH
MHO’KECTBA BapMAHTOB MOKHO NPUBECTU K PELICHUI0 M OJHOMEPHBIX HE LEJIOYHMCIEHHBIX
3aja4 o paHue [6].

JanHblii moxxox ObLT omyOonuKoBaH [9] U cpa3y MOMYYHI NO3UTUBHYIO OIEHKY M OBLI
WCIIOJIb30BaH MPHU ONPEJEICHUH ONITUMAIBLHOTO pa3MENIEHUs T€0JOrMYeCKUX YCTaHOBOK [10].

B 60-x romax XX cronerust B uncturyre kubepHeruku AH YCCP Owin pa3paboran
METO/] TIOCTIEI0BATEILHOTO aHAJIM3a BAPUAHTOB, COCTOSIIIHI B IOCIIEIOBATEILHOM ITOATAITHOM
KOHCTPYHUPOBaHUH KOHKYPEHTOCIIOCOOHBIX BapHaHTOB [5].

[TocnenoBarenbHOE KOHCTPYMPOBAHUE PEIUICHUS TMPEACTABIsET COOOW IMOIIAaroBhIN
npouecc. Ha kaxaom Imare KOHKPETH3UPYETCS 3HAYEHHME OJHOM KOMIIOHEHTHI BEKTOpa
pemienuii. IlpucBoeHue 3Ha4YeHHS KOMIIOHEHTE NPEIONpeAeNsieT MOJIMHOXKECTBO TeX
BapHUaHTOB, KOTOPBIE COJEPKAT KOMIIOHEHTY C KOHKPETHBIM 3HaueHHEeM. Takum o0pazom,
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MOCJIeIOBATENbHOE TOCTPOCHUE PELICHUs UCIOIBb3YETCsl Kak crocod pa3OMeHHs MHOXKECTBA
BapHaHTOB Ha MOJJMHOKECTBA.

Cama  opraHuzanuss  IOCJIEJOBATEIBHOTO  TOCTPOEHUS  PEIIEHUH —  3TO
nociiefioBaTenbHas «cOopka» BapuaHTa Mo OAHONH KOMIIOHEHTE ¢ KOHKPETHBIM €€ 3HaUCHHEM.
Homep KOMIOHEHTHI, mOANEXKAIIEH KOHKPETH3allMM Ha OUYEPEJIHOM IIare MOXKET
ompeNenaThCs mo-pazHomy. [Ipocrelimmuii cmocod — 3To cleoBaHue JEKCUKOTpadhUIEeCKOMY
YIOPSAA0OYEHHUIO CaMUX KOMIIOHEHT. Ha nepBoMm 11are KOHKpeTU3UpyeTCs IiepBasi KOMIIOHEHTA,
Ha BTOpOM — BTOpass W T.1. OJHAaKoO B TakOoM ciy4ae HEOOXOIUMO MEpPEecCMOTPETh BCe
KOMITOHEHTBI, HE3aBUCUMO OT TOr0, KOMIIOHEHTa MOKET HMETh MOJIOKUTEIbHOE 3HAYEHUE
WU TOJIBKO HyJleBoe. JIto0oe ymopsimodeHne ¢ y9éToM 3HAa4eHUH KOd()PHUITMEHTOB 1eeBOH
(GYHKIIUY, a TaK)Ke BIUSHUE KOHKPETHU3UPYEMOW MOJIOKUTEIHHBIM 3HAUEHUEM KOMITOHEHTHI
Ha HEYBSI3KM B CHUCTEME OrpaHMUYEHUN HE MOXET HEe BIIMATh Ha CKOPOCTh CXOJUMOCTHU
anropuTMa.

YcTaHoBneHHE ouepeld KOHKPETU3alluy MepeMeHHbIX UMeeT Havyalo B Metojae bamama
[11]. Meton sBasieTCss OCHOBHBIM (MOXXET W  €IMHCTBEHHBIM) IIPEICTaBUTEIIEM
OJIHOCTOPOHHET0 BETBJIEHHS. 371€Ch OTCYTCTBYET MOHATHE OILIEHKM MOJIMHOXeCTB. BBoauTcs
MOHSATHE MHOKECTBA TaK HAa3bIBAEMBIX «XOPOIIMX BEKTOPOB». CMBICT COCTOUT B TOM, YTO Ha
OCHOBE YK€ HMEIOLIErocs YacTMYHOTO pELICHHUS BbIOUPAIOTCS OCTajJbHble KOMITOHEHTHI
BEKTOpa PEILIEHUM, KOTOpble MOTYT NMPUHMMATh 3HAYCHUE «EAuHULa». Bapuant pereHus
CUMTAETCS OIpE/IEJICHHBIM, €CIU HE MMEETCS KOMIIOHEHT, KOHKPETU3HPYEMbIX €IUHUYHBIM
3HaueHueM. [Ipu3HaK ONTUMATBHOCTH B JAHHOM METOJIe TOXe 000COOICHHBIN. 3aKTF09aeTcs
OH B TOM, YTO OOJIbIlI€ €MHUYHBIX 3HAYCHHUI HEJIb3s MOCTABUTh HU B OJIHOM INPOJIOJKEHUU
HU OJIHOTO YaCTUYHOTO perieHus. Takol Mpu3HaK CYUTAeTCs «CIa0bIM» U MOXKET MPUBECTH K
MOJIHOMY Tiepebopy, uToObl yOeIuThCS B OTCYTCTBUM Jy4IIero BapHaHTa. JJOBOJBHO YacTo
[12] mpoBepka Ha ONTHUMAJBHOCTh 3aHMMAET OOJbIIE BPEMEHH, YEM IIOJy4YE€HHE CaMOro
onTtuMaigbHOro pemeHus. OAHAKO 3Ty WA YCTAaHOBKM IPUOPUTETHOCTU TMEPEMEHHBIX
yAQJIOCh TEPEHECTH B AQJITOPUTMBI C JIBYXCTOPOHHHUM BETBJICEHHEM, TJ€ MpHU3HAK
ONTUMAJILHOCTHU 00JIee «KECTKHII».

Cny4aii onpeziesieHUss HOMEpa KOHKPETU3UPYEMOM KOMIIOHEHTBI, HaBESIHHBIN HACSIMU
anroputMma banamra, OpuT mpemoxkeH aBTopoM [13], U ganm odeHb XOpoIIue pe3ynbTaThl B
cMbIciie cKopocTH cxoaumoctd [14]. CylHOCTH 3TOro Mmoaxoia COCTOUT B TOM, YTO
MPEANoYTeHUEe OTJACTCSI KOMIIOHEHTE, KOTOpas JaeT OTHOCUTENbHO OOJBIINNA «BKJIAI» B
3HAUEHHUE IeNIeBOM (YHKIMU W, TEM CaMbIM, MEHBIIE BCETO «HCUEPHAET» KOMIIOHEHTHI
BEKTOpa OTPaHUYCHUH.

C uenbio YMEHBIIEHHsS] KOJIMYECTBA IIEPECMATPUBAEMBIX KOMIIOHEHT CO3JacTCs
MHOKECTBO HAa3bIBAEMBIX «XOPOILIUX» KOMIIOHEHT, T.€. Te€X, KOTOpble MOTyT IpPUHHUMATH
[I0JIO)KUTEIIBHOE 3HAUECHHUE.

Kaxnas mnepemenHas, KoTtopas B CHIy OrpaHMYEHUH MOXKET MPUHUMATh
MIOJIOKUTEIIPHOE 3HAaueHWe, oleHuBaeTcs. [lo BeJIWYMHE OLEHKM YCTaHABIMBAETCS
MIPUOPUTETHOCTh  (TIEPCTIEKTUBHOCTh)  KaXIOW  mepeMeHHo. Jpyrumu  cioBamw,
YCTaHABIIMBAETCS OYepe/lb UX KOHKPETH3allUU, T.€. BKIIOYEHHE IMEPEMEHHBIX B BapUaHT
pelIeHrs C TOJOXKUTENIbHbIM 3HayeHHeM. BennynHa OLIEHKH NPUOPUTETHOCTH 3aBUCUT OT
JIBYyX MOMEHTOB. BO-TIepBBIX, KakOil «BKJIaa» B 3HAUCHUU IEJICBOM (YHKIIMH MPUHECET
KOHKpeTH3upyeMasi MepeMeHHas. OTO OIpeAenseTcss Kak OTHOCUTENIbHAas BeIMYMHA IO
CpPaBHEHHMIO ¢ MHHHMMAaJbHBIM 3HaueHHEeM Kod(pduumenra neneBoil ¢pyHkimuu. Bo-BTOpHIX,
HAaCKOJIbKO B CyMME€ M3MEHHUTCS 3HAa4eHHE KOMIIOHEHT BEKTOpa OrpaHUuYeHUi, eclu
NepeMeHHass Oy[eT MOANeXaTh KOHKpeTw3anuu. [IpousBeneHre 3TUX JIBYX BEIHYWH JACT
OIICHKY mepeMeHHoi. bonee monpodbno cmotpure [13].

Uro kacaercss CTpaTerud BbIOOpa BEpINMHBI JJi JATbHEHUINEro BETBICHUS, TO
BKJIIOUEHHUE SBPUCTHK B JETEPMUHUPOBAHHYIO YacTh aJIrOPUTMOB METOJIa BETBEM U I'paHUIl
TaKXke JaeT cBOH pe3ynbrar. CTpyKTypa METOAa MO3BOJSET OCYLIECTBUTH BBHIOOPKY 000
BEpIIMHBI JiepeBa pelieHuid. Mcxon — momydeHue Jydmiero pemeHus 3aBUCHUT OT TOrO
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«Hayajay, KoTopoe OblI0 BeIOpaHo. Kakoii BepinHe oTaaTh NpeArnouTeHUE MPeaonpeaeseT
GyHKIMS TpearnoYTeHHS.

B nerepMuHHpPOBaHHOM cllyyae BBIOOpD BETBHM MOXKET OCYIIECTBISTHCS COTJIACHO
BEJIMUMHE OLICHKH BETBHU. /[OBOJBHO 4acTO OIIEHKH BETBEH JIMOO OAMHAKOBBIE, TUOO OJIM3KU
Mexay cobor. OHO3HAYHBIN BHIOOP ONHONM M3 HUX He Bcerna ompasnal. ITo aTomy, cxembl
pemieHus gomnonHsoTca uaesmu Monre-Kapno Ttakum o6pazom, uTO BBIOOp BETBU
OCYILECTBIISICTCSI ¢ YaCTOTOM, MPOMOPLHUOHATIBHON 3HAUYEHHUIO OLEHKH, JTUOO C OAMHAKOBOM
YacCTOTOM.

[Ipennonoxxum, 4YTto BepmIMHBI TpoHyMepoBaHbl oT | go N . ComnoctaBum B

N

COOTBETCTBHE KaXJIOW BEPUIMHE BEIMYMHY p, TaKyl, YTO Z p, =1, u HeKoTOpBbIi
g=1

MHTEpBaJ [r,s], re 7, =S,

g 138, =1, + pur, =0.

JlniHa uHTepBana p, MOXKET ObITh pa3IMYHON. PaccMarpuBaroTes Tpy cirydast:

1. Bce BepUIMHBI HMEIOT OIMHAKOBYIO BEPOSTHOCTD NPU BhIOOpE: p, =1/ N;
2. BenuuuHa BEpOSTHOCTH IMPONOPIHUOHAIBHO 3aBUCUT OT BEJIMYUHBI OLICHKU BETBU:
N
pq = é:q ZG‘I’
gq=1
3. BennuuHa BEpOSTHOCTH MPOMOPLUHUOHAIBHO 3aBUCUT OT kK «HAMIYYIINX» OILEHOK

BepwuH p, =&, ZG ,»Te R HOMepa k BepuIMH ¢ HAUOOJIBIIMMU 3HAYCHUSIMU OLIEHOK.
qER,
AnropuTMHYeckH peanu3anus (QYHKIUH TOpPEArnouTEeHHs] OCYLIECTBISETCS uepes3
TeHepalri0 PaBHOMEPHO-PACIIPEACIIEHHBIX CIyYaiHbIX YHMCEN U3 MHTEpBaja [0,1]. OyHKIIUU

MPEAIIOYTCHUSA MOTYT HCIIOJIb30BATHCS B pa60Te ACTCPMUHUPOBAHHBIX AJTOPUTMOB METOJA
BeTBeH u rpaHull. Toraa ux 3pPEeKTHBHOCTH OIEHUBACTCS YUCIIOM UTEPAIMNA MTPH MTOJTydSHHH
ONTUMAJIBHOT'O PCHICHUA. Ecmu AITOPUTM MNPCAHA3ZHAYCH I HNOJTYYCHUSA JOCTATOYHO
«XOpOIIET0 pemeHus’», TO UuX JA(PGEKTUBHOCTh OLEHUBACTCS PSJIOM ITOKa3aTelnei,
OCHOBAHHBIX Ha CTaTHUCTUKE. B mepByro oyepenb HEOOXOAMMO ONPEAETUTh CTENeHb OIU30CTH
K ONTUMAILHOMY IUIaHY, W3 TUTAHOB, MOJy4aeMbIX 3TOH (yHKIMe#d mpeamodreHus. Kpome
TOro, MaTCMATUYCCKOC OKUJAHUC OTKJIIOHCHUSA IOJYUCHHBIX INIAHOB OT OITUMAJIBHOTO TOKC
SBJISICTCSI OLIEHKOH 3¢ dekTuBHOCTH GyHKIMK nipeanouteHus. [Ipu Gosnee cepbe3HOl OIeHKE
(GYHKIMU TPEANOUTEHHs CIEAyeT pacCMOTPETh TUHAMUKY WM3MEHEHHUS OTKIOHEHHHA OT
ONTUMAIILHOTO IUTaHA, YTO MOJXKHO WCIOJNB30BaTh TP TPOTHOSHUPOBAHUU TOSBICHHS
YIIY4IIEHHOT'O IIJIaHa.

BriBoabl

Boutn mipuBeieHbl pa3iauuHbie MOAU(UKAIIME METOJAa BETBEH W TpaHUIl Ui PEIICHUS
3a]a4 11eJI0UYMCICHHOTO JJMHEHHOro mporpaMmmupoBanus. MoauduuupoBaiiuch Bce OCHOBHbBIE
COCTABIIAIONIME CAaMOT0 MeToJa. YIpollaiach Mpoueaypa MOJyYeHHs OLIEHOK MHOXKECTBa
BApUAHTOB. PemieHre COOTBETCTBYIOUIEH JMHEWHOW 3aJaud 3aMEHSUIOCh PEIIEHUEM psija
HELEJIOYNCICHHBIX OJHOMEpHBIX 3azad O paHue. IIpy TakoM yNpomEeHUH IIPOLELYpPHI
OLICHMBAHMSI «OcHalsIachy TOYHOCTh IMOJYYEHHUsS OLICHOK, HO 3HAYUTENbHO YIPOIIalach
BBIYUCIIUTCIIbHAsA CJIOXKHOCTbD. HOTGpSI TOYHOCTHU KOMIICHCHUPOBAJIACh HpOCTOTOﬁ
BBIUMCIUTENBHOM MPOLIEYPhl U YCKOPHIIA MOJTy4Y€HHE ONITUMAIbHOTO PEIICHUSI.

[IpuBenennas mponenypa pazoMeHHnss MHOXKECTBa BapUAaHTOB HA MOAMHOXKECTBA UMEET
nBe Moaudukanuu. Ha ocHOBe moce10BaTeNbHOTO MOCTPOSHHS PEeLIeHHs OblUTa MpeiokKeHa
KOMIIOHOBKA PEIICHHs] COTJIACHO JIEKCUKOTPaUUECKOMY YIOPSAOYCHHIO KOMIIOHEHT
BapHaHTa PEIICHUS W BBHIOOPOYHBIM CIIOCOOOM KOHKpETH3aluH nepeMeHHbIX. Oba crocoba
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B.1. IOxumeHko

SIBIITFOTCSI JTOTIOJTHEHHEM KIJIACCMYECKOTO0 MeToJla BeTBed M rpanmil. Kpome Toro, BTOpou
croco0 (BHIOOPOYHBIN) 3HAYUTEIHHO YCKOPUJ CXOJAMMOCTH aJITOPUTMOB, MOCTPOEHHBIX Ha
ITOU Hzee.

B npaktuueckoe ncnosib30BaHNE METO/Ia BETBEH U IPaHUILl BBEACHHI 31eMEeHThl MoHTe-
Kapnosckux mporieccoB. DyHKIIUU TPEANOUYTEHHUS CO CIYyYallHBIM BBIOOPOM BETBU IS
MPOJOJKEHHUs] KOMIIOHOBKH PEIIEHUs, MOXXHO CKa3aTh, HOBBIA 3JIEMEHT IO CPABHEHHUIO U
JETEPMUHUPOBAHHBIM BBIOOPOM MO HAaWOOMBINEH OIeHKE BETBU. HeOONMbIONW IKCIIEPUMEHT
na€T HaueXay Ha YCKOPEHHE CXOIMMOCTH alirOpUTMOB C HCIOJB30BaHHWEM (DYHKIHU
MIPEATIOYTCHUS.

Bce paccmorpeHHble MOMEHTHI MOIUGUIIMPOBAHUS METO/la BETBEW U T'PAaHULl MEXIY
co00i1 He3aBUCUMBI, TaK KaK YCOBEPIICHCTBYIOTCS pa3HbIe dJIeMeHTH MeTona. Creays sToMy,
MO>KHO CO3/1aTh HE OJIMH aJITOPUTM METOJIa ¥ BBIOPATh CaMBblii y1auyHBIH.
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MOJUPIKAIII METOAY I'/IOK I MEXK JIUIS1 PO3B'SI3BAHHA 3AJAY NVIOYUCJIOBOT'O
JIHIMHOT' O TIPOTPAMYBAHHS TA IX EOPEKTUBHICTD

B. B. IOxumenko

OnechKuii HAITIOHATHLHUH MO TEXHIYHUN YHIBEPCHUTET,
npoct. [leBuenka, 1, Oneca, 65044, Ykpaina; e-mail: pm1987pm@gmail.com

B po6oTi n1aHO0 KOpOTKWI OTJIsA po3pOOOK 32 KOMOIHATOPHHUX METOJIB PO3B'SI3aHHS 3a/1a4
LIJIOYHCIIOBOT JIIHIHHOT onTuMi3anii. HaBeleHO OCHOBHI CKJIAZOBI METOY TIJIOK 1 MEX, SKi
MOYKHa PO3IJISIIaTH MO-PI3HOMY 1 OTpUMYBATH HOBI Moaudikawii poro meroxay. HaBexeno
OLIHKHU e(peKTUBHOCTI poOOTH MOAN(IKAIIHHUX CKIaJOBHX.

KarouoBi cioBa: orminka, mociiioBHe MOOyAOBa, KOHKPETH3allis, YacTKOBE DILICHHS,
¢byHKLIT nepeBarm.

BRANCH AND BOUND METHOD MODIFICATIONS FOR THE SOLUTION OF INTEGER LINEAR
PROGRAMMING PROBLEMS AND THEIR EFFICACY

B.I. Yukhimenko

Odessa National Polytechnic University,
1, Shevchenko Ave., Odessa, 65044, Ukraine; e-mail: pm1987pm@gmail.com

The combinatorial approaches to the solution of integer linear optimization problems were
briefly reviewed. We discussed the main components of a branch and bound method which
can be considered differently to obtain new modifications of the method. The efficacy of
the operation of modified components was assessed.

Keywords: assessment, sequential sampling, obtaining specific forms, preference
functions.
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MOJIEJTIOBAHHS I'AYCIBCBKHNX BUITA TKOBUX
BEJIMUMH I3 BUKOPUCTAHHSM NEPETBOPEHHS
NKOHCOHA 13 CIM’L Sy,

C.b. Ilpuxoabko

HamionansHuii yHiBepcHUTET KOpadieOy myBaHHS iMeHi anMipana Makaposa,
npocrt. ['epoiB Craninrpany, 9, Mukoinai, 54025, Ykpaina; e-mail: sergiy.prykhodko@nuos.edu.ua

Pobora mpucBsdeHa YIOCKOHAICHHIO METOJa MOJCIIOBAHHS TayCIiBCHKHX BHUITaIKOBUX
BEJIMYMH Ha OCHOBI HOpMai3ylodoro mneperBopeHHs JloHcoHa i3 cim’i Sy, sKkuil, Ha
BiIMiHY BiJ 06araThbOX iCHYIOUHX METOIB, JJIs TeHEPYBAaHHS OJHOTO 3HAYEHHS IayCiBCHKOT
BUIIAJKOBOI BEJMYMHHM TOTpeOye TiJbKM OJIHE 3HAYCHHS BUIAJKOBOI BEIWYMHH 3
PIBHOMIDHAM PO3MOJIIIOM Ta TIOKpallye pe3yJdbTaTH MOJCIIOBAHHS Ha TPaHUIX
EMIIiPHYHOTO PO3MOIITY TayCiBCHKOI BUITAIKOBOI BEJIMIMHH, 110 MOJEITIOETHCS.

Kuro4oBi cioBa: MoJetOBaHHsS, BUIAIKOBA BEIUYMHA, PO3MoAln ['ayca, mepeTBOpeHHs
J>xoHCOHA

Beryn

[Ipu cTaTucTHYHOMY MOJICITFOBaHHI BUTIAJKOBUX IIPOIIECIB YaCTO BUHMKAE HEOOXITHICTh
y 3HAYCHHSIX BUIMAJKOBUX BEJIMYMH 3 po3nojauiom [ayca. 3apa3 ansi MOJETIOBAHHS TaKHX
BEJIMYUH BUKOPUCTOBYIOTH METOJM, OCHOBOIO SKHX € MEPETBOPEHHS BUIAIKOBUX UHCEN 3
PIBHOMIPHMM PO3MOAIIOM Yy Taki, 0 MaloTh po3nozin [ayca [1-6]. Bcei i MeToan MoxkHa
MOAUTMTH Ha JBI TPYMH: METOAM, IO 0a3yroThCsd Ha BUKIIOYEHHSX [1-3], Ta Meromm, 110
BUKOPUCTOBYIOTh Pi3HOMaHITHI mepeTBopeHHs [3-6]. MeToan Ha OCHOBI BUKIIOUEHb (200
METOAM BiIOpaKyBaHHs) Ta YaCTHHA METOJIB, IO 0a3yeThCS HA HENHIMHUX TEPETBOPEHHIX
(nanpukinag, bokca-Mromiepa), noTpeOyloTh Ui CTBOPEHHS BU3HAYEHOI KIIBKOCTI 3HAYEHb
rayciBcbkoi BumaakoBoi BennuuHu (I'BB) mpubmmszno B 1.25 pa3u Oinbmie 3HaueHb
BUMA/IKOBUX YHUCEN 3 PIBHOMIPHUM po3moaiioM. B oMy pasi icHye mpobiema 3MEeHIIeHHS
(hakTUYHOI KITBKOCTI 3HA4Y€Hb IICEBIOBUITAJIKOBUX YHCENT 3 PIBHOMIPHUM PO3MOJIJIOM B
MeXax IMepiojly reHepaTtopa, SKy MOXKHA BHUKOPHUCTOBYBATH N0 iX MOBTOpeHHs. OmuH i3
NUBIXIB pIMIEHHS ITi€l mpoOieMr MOXe OyTH peali30BaHUM 3aBISIKM METOJYy Ha OCHOBI
3BopoTHOI (yHKIIT [3]. Ase Hioro BUKOpUCTaHHS Juisi MojentoBaHHs [ BB yckmagneHo tum,
0 HE ICHYE aHAJTITUYHOTO BHUpa3y 3BOpOTHOI (PyHKIT 1 pyHkIii po3moainy ["ayca, a 1e
notpelye BiAMoBiAHOI ii anpokcumariii. Jpyruii misx — 1e 3acTOCyBaHHS METOAY Ha OCHOBI
HOPMaJTI3yIOUMX TEPETBOPEHb, 30KpeMa TnepeTBopeHHs J[Ixoncona [5, 6]. B [5] nmns
mojemtoBanHs [ BB 3anpomnoHoBaHo 3acTOCOBYBaTH HOpMallizyroue nepeTBopeHHs [>koHcoHa
13 cim’1 S,;. Cimig 3a3HauMTH, LI0 NMEPETBOPEHHs 13 L€l cIM’i He € OlEKTUBHUM. A 1€
MIPUBOJUTH JIO TIOTAHWX PE3yJbTATIB HAa TPAHMIX a00 «XBOCTAaX» €MIIIPUYHOTO PO3IMOALTY
I'BB, mo moxemntoeThcsi. B [6] st moKpaleHHs pe3ysbTaTiB MOJIETIOBAHHS BUMAJIKOBHX
BEIMYMH 3 po3nojaiioM [ayca 3amporoHOBaHO 3aCTOCOBYBATH Ol€KTHBHE HOPMAaTi3yroue
TIepEeTBOPEHHs, AKUM € TIepeTBopeHHs JIkoHcoHa i3 cim’i S, . Moro 3acTocyBaHHS 103BONMIO

PO3MIMPUTH TpaHUIli 3MozensoBaHoi BB 3 2 1o 3 cepeaHpo KBagpaTUYHHUX BIIXWICHb BiJ
MaTeMaTUYHOTO OUiKyBaHHsS. AJie 4aCTO BUHHMKAE MOTpeda B 30UIBIICHHI MEX MOJICTIOBaHHS
I'BB. A 1ie motpe0ye MoOAanbIoro yaIOCKOHaJIGHHI MeTona monentoBaHHs ['BB Ha ocHOBI
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HOPMaJli3yIouoro mneperBopeHHst JIKOHCOHa 13 ciM’i S, SKuil JUId TeHepyBaHHsS OJHOI'O

3HayeHHa ['BB motpeOye TiabKM OJHE 3HAYEHHS BUIAJAKOBOI BEJIMYMHU 3 PIBHOMIPHUM
PO3IOALIOM.

MerTta cTaTTi i MIOCTAaHOBKA 32124 JOCTiKeHHS

Mema pobOTH TIONATAE B MOJANBIIOMY YIOCKOHAJICHHI MeTona MojaentoBanHs [ BB Ha
OCHOBI HOPMaJIi3yl04Oro nepeTBopeHHs JIKOHCOHA 13 ciM’T S, I NOKPALIEHHS Pe3yIbTaTiB

MOJICJIIOBaHHSl Ha T'PaHUILIX eMIipudHoro posnonainry I'BB, mo mozpemtoeTses, B iHTepBai
OLTBIIIOMY 3a TPH CEPEIHBO KBAAPATUIHUX BiAXUIICHHS Bl MATEMaTHYHOTO OYIKYBaHHS.

JUist TOCSITHEHHST TTOCTaBJIEHOI METH MOTPIOHO BUPIMIUTH HACTYIIHI 3ajiadi: pO3TISHYTH
nepeTBOpeHHd JIKOHCOHa 3 MOXJIMBICTIO YAOCKOHAJIEHHs Ha HOro OCHOBI MeEToAa
reHepyBaHHs [ BB; Bukonatu komn’rorepHe mojentoBanHs ' BB 3a ynockoHaneHuM MeToaoM

Ha OCHOBI IlepeTBOpeHHs J[»KoHCOHa 13 ciM’T S, .

BukJiiageHHs1 0CHOBHOT0 MaTepiainy
B 3aransHOMY Bunaaky nepeTBopeHHs JoHcoHa Mae BUrisy [4]
z:;/+77h(x,(p,/1);77>0;—oo<;/<oo;/1>0;—oo<(p<oo, (1)

Je z — HOPMaJbHO PO3IOJIiJICHa BUIAKOBA BEIMYMHA 3 MAaTEMATUYHUM OUYIKYBaHHSM HYJIb 1
JUCTIEPCIEI0 OJUHUIIA, X — BUITAJIKOBA BEIMYHMHA 3 po3mojiioMm J[)KoHCOHA; ¥, 17, A, @ —

napamMeTpH rnepeTBopeHHs abo posnoainy JoHcoHa; s — GyHKIIA 3 IEBHOI CiM’T:

ln(f), x>, s ciM't S ;
h=:n[X/(1-%) @<x<@+A, mciMis,;
Arsh(X), —oo<x<+4oo, mmacim'is,.

Tyr ¥ =(x—@)/A; Arsh(%)= ln(f +4X? +1).
st meperBopenss (1) byHkuii uinpHOCT #imMoBiprOcTi (DLLIM) BrnaakoBoi BemnunHn
X BIANOBiAHUX ciMelt S, , S,, S, 3amaroTbes K

7,(0)= (/W27 (x = 0))Jexpl- 0.5-72[( =0 2)/m + In(x - )F J;
12/ (V2 (x - o) + o - x))expl- 0.5y + yin((x - @)/ (2 + 9 - x))F |

(n/\arlle=o7 + 2} Jesof- 05 sl +F 1 @

fB(x)

o (%)

Cim’i posnozinis J[>koHCOHa y ILIOLIMHI acUMeTpii y kBaapati A° Ta ekcliecy & 3aiiMaroTh

3Ha4Hi o6nacti (puc. 1). SIkmo koMGinalis 4> i & 3HaX0AUThCA GiNs MiHil S, , TO o3IO
anpokcumyetbes DI cim’i S, . Poznonin 31 3HaUCHHSAMHU A* i &, Axi nexatp BUIIE JTiHIT

S, , anpokcumyrotbes QI cim’i S, , a ki nexaTh HUK4e JiHIT S, (10 JiHIT KPUTHYHOL

o6nacti) — ®IIU cim’i S, . Sximo kombinamis 4 i & nonajgae B KpUTHYHY 06JIaCTh, TO
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C.Bb. IIpuxoapko

BUOIPKOBUI PO3MOALT HE MOXKHA alPOKCUMYBATH po3noaiiom /[xoHcona. OyHKIi, 1110
ampOKCUMYIOTh BIJIITOB1IHI JIiHIi Ha puc. 1, HaBeneHi B [7].

€

100

90 "
20 SL Pt
70 -

60 ]
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40 - Sz
30 =l
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20 //

10 SR — KpuruuHa obnacte
0 = |

0 5 10 15 20 25 30 A

Puc. 1. Kombinamii 4% i &€ mis posnoxaimB J[>koHCOHA

Or1iHIOBaHHS TapaMeTpiB mepeTBopeHHs [[’KOHCOHA y pa3i BENMKOI BUOIPKH, KOJHU €
MO>KJIMBICTh MOOYIyBaTH TiCTOrpamy, MOXKHA 3/IICHUTH 32 METOJJOM HaMEHIIIUX KBaJIpaTiB,
HanpuKiIaa, sk B po0oTi [5]. ¥V pasi sk Mainoi, Tak 1 BeIWKOI BHOIPOK BIAMOBIIHI OIIIHKA
napamMeTpiB MOXYTh OyTH BU3HAYEHI 3a PillIeHHAM 3aaa4i [5]

A

0 = argmin{Az2 + (gz —3)2 +z° 4+ (SZ2 —1)2}, (3)
0

ne 6 — BEKTOp HEBIIOMHX IapaMeTpiB, 0:{7,77,/1,(0}; A :%Zn:(zi—ff;
no. i
€, = l ZH:(Z[—E)4; E:lizi; Sf=lzn:(z,.—2)2; Z, — [-3HAQYEHHSA BEIUYMHH Z Y
Nz oS

BUOIPII TOBXKHUHOIO 7, [ € [l,n] , BA3HAYAI0ThCS 32 IepeTBOpeHHsIM (1).

B (3) BpaxoBane Te, mo B mneperBopeHHi JDxoHcona (1) z — 1e HOPMaIbHO
pO3MOALIEHa BUMAKOBA BEJIMYMHA 3 HYJIBOBUM MAaTeMaTHMYHHM OYIKYBAHHSAM 1 OJAMHUYHOIO
JUCTIEPCIETO.

Or1iHKu TapamMeTpiB nepeTBopeHHs1 [[KOHCOHa MOXYTh OyTH BH3HAYEHI 33 METOJIOM

MaKCHMAIIbHOI IPaBIONOAiOHOCTI Hzargmaxl(é’), ne (@) — norapupmiuna QymKiis
6

npasponoaioHocti. s neperBopeHHs JxoHcoHa ciM’i S, akomy Bignosigae QI (2),
norapumivHy (QYHKIIIO TPaBAOMOI0HOCTI MOYKHA 3aMHCATH SIK

2

1(6)=nlnn—0.5-nIn27-0.5- anln[(x,. —o) + /12]— 0.5- Zn:[y +n Arsh((x, — )/ 1)] .

i=1 i=1

Jlist Toro, mo6 3a neperBopeHHsM (1) orpumatu 3HaueHHs ' BB Tpeba matu 3HaueHHS
BUIAIKOBOT BEJIMYMHH 3 pO3NOALUIOM JIKOHCOHA, sIKE MOTPIOHO OTPUMYBATH 3a 3HAUYEHHSIM
BHITQIKOBOT BEJTUYMHHU 3 PIBHOMIPHUM po3nojiioM. B [5] Oymo 3amponoHOBaHO 3HAYCHHS
BUIIAIKOBOI BEIMYMHU X 3 po3noainoM JIkoHcoHa i3 ciM’i §, BHU3HA4YaTU 3a 3HAUCHHS

BHUIAKOBOT BeTMUMHKA U 3 pIBHOMIPHUM PO3TMOIIJIOM 3a TIEPETBOPEHHIM
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x=sin(zU/2), U e[-1,1]. (4)

Bukopucroytoun (4), 3nadenHs ['BB 3 wmaremaTMyHUM OYiKyBaHHSM HYyJIb 1
JCTIEPCI€0 OMHUL B [5] 3aIpOIIOHOBAHO 3HAXOAUTH 3a NepeTBopeHH:sM (1) 13 cim’i S :

z=0.3522056In[%/(1-%)], (5)

ne X = (sin(zU/2)+1.0017416)/2.0034832 .

Ane Bukopucrtanus (5) ans reHepyBanHHs [ BB nae 3am0BimbHI pe3yiabTaTH B MeXax
m,*2c_ . Tyr m_, — 1e mMareMaTHMYHE OYIKyBaHHs BUIIQJKOBOI BEIMYUHM z, & O, — ii
cepelHe KBajpaTWyHe BiaxuieHHs. Ha rpanunsx intepBanry m_+2.50, pe3ynbTaTu
TeHepyBaHHS CTalOTh HE 3a/I0BUILHUMH: EMITIpUYHA aOCONIOTHA YacTOTa BEIUYUHH Z
MEePEBUIITYE TEOPETUUHY HACTUIBKH, IO 3 TOBIpYOI0 iiMOBIpHIcTIO 0.95 HyIBOBA TiTOTE3a MPO
HOPMAaJIbHICTh 3aKOHY pO3MOJiIy MOBMHHA OyTW BiakuHyTa. Takuil pe3ynpTar MOXHa
HNOACHUTH THUM, 110 nepeTBopeHHs JxoHcoHa (1) i3 ciM’1 S, He € OIEKTUBHUM 1 MHOXHHH
3HAa4YeHb BUMA/IKOBUX BEJIMUUH Z Ta X HE € 130MOPHHUMH.

BumnpaBuTH Taky cuTyalliro MOKHa 32 paXyHOK 3aCTOCYBaHHS IepeTBOpeHHs [[oHcoHa
(1) 13 ciM’i §,, AKke € Ol€EKTUBHUM, a MHOXHMHU 3HAU€Hb BUNAJKOBHX BEIMYMH Z Ta X €
13oMoppHUMHU [6]. ¥V sxocTi (yHKIiI, sfKa 103BOJISE OTPUMATH 3HAYCHHS BUMAIKOBOI
BEJIMYMHU X 3 po3nonuioM /xoHcona (1) i3 ciM’i S, 3a 3HaYEHHSAM BHIAJKOBOI BEJIMYMHU

U 3 piBHOMIpHUM pO3MOJIIOM, IPOTIOHYETHCSI BUKOPUCTATH (DYHKIIiO
x:tg(clU+c3U3), Ue[—l, 1]. (6)

TyT ¢, 1 ¢; — 1le IEBHI KOHCTAHTH, 3a JAOIOMOIOI0 SIKUX MOXHA PEryJIIOBaTH pO3MaxX 3HAYEHb
BEJIMYMHU X , @ Yepe3 Hel 1 BUMIAJKOBOI BETUINHU Z .

3nauenHss ['BB 3 MaremMarmuHuM O4YIKyBaHHSM HYJIb 1 JHUCIEPCIEI0 OIUHUILSA
BU3HA4YaeMO 3a nepeTBopeHHAM JIxoHcoHa (1) 13 ciM’T S, :

z =1 Arsh(x/4). (7)

3a (7) MOXHA BUKOHYBAaTH T'€HEPYBaHHs TayCiBCbKHX BUIAIKOBHUX YHCEN 3 BUOIPKOBUM
CepeNHIM HyJb 1 BUOIPKOBOIO JWMCIEPCIEI0 OAMHUILI 3a aJlTOPUTMOM HaBeAeHUM B [6]. Jlms
nepeBipku MOXJIMBOCTI MojemoBanHsa ['BB 3a meperBopenusmu (6) i (7) B Ounbliomy 3a
m_ 30, iHTepBaidi, Ak 1 B [6], Oyno BukoHaHo MoxentoBaHHs 2000 3HaYeHb BHUIIAAKOBOT

BEITMYMHU 3 po3noaiuioM [aycy. 3 METOr MOpIBHSHHS pe3yabTaTiB 3 [6] mis oOuuciaeHHS
3HaYyeHb BeMMYMHM U  BHUKOPHUCTOBYBABCS  BIIOMHMI  QJTOPUTMIYHHMK  TeHepaTop

U= (a)l. —32768)/32768 , 16 ®; — i-Teé 3HAYCHHs BUMAJKOBOI BEJIMYMHU 3 PIBHOMIPHUM
posmozinom, o € [0, 65536), o; =(25173w,_; +13849)mod 65536 . Tax sK i B [6], mouaTKoBe

3HaYeHHS (O MPU I'eHepyBaHHI BUNIAIKOBOI BETMUMHHU z fopiBHIOBai0 2009.
Pe3ynpTaT MOJentOBaHHS BHIIAJKOBOI BEJIMYMHU 3 po3nofuiom [aycy mpu pizHuX
3HAUYEHHSX ¢, 1 ¢, HaBeJeHl B Tabia.1. B Tabn.1 HaBeneHi Takoxk MmapaMeTpU HNEPETBOPEHHS

Jlxoncona (77 1 A), TpaHUWIll BHUMAJIKOBOI BEJIMYMHH z, BHOIPKOBOTO CEPEIHBOTO Z ,

BubipKoBOi jucrepcii S”, acumerpii 4., ekcuecy &., y°. IlapaMeTpu mHepeTBOpeHHS

z

JlxoHCcOHa ¥ 1 ¢ nopiBHIOBanM Hymo. OIiHIOBaHHS MapaMeTpiB mepeTBopeHHs J[KoHcoHa

3iHCHIOBAJIOCS 32 METOJOM MAaKCHMAbHOI TIpaBaonofioHocTi. Kputuune 3HadenHs y° s
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C.Bb. IIpuxoapko

piBHs 3HaunMocTi 0.05 Ta KiJIbKOCTI CTYNEHIB BUIBHOCTI § nopiBHIOE 15.5, 1m0 BKa3zye Ha Te,
10 TIMOTE3Y MPO HOPMAIBHICTH PO3MOLTY JUIsl BCIX 3MOJIEIHOBAHMX BHOIPOK 3HAYECHb z 3a

kputepiem [lipcona nmotTpibHo npuitHATH 3 10BipUOIO HMOBipHICTIO 0.95.

Tabauus 1.
PesynbraTi MoJentoBaHHs BUIAIKOBOI BEIMYMHYU Z 3 po3noAlIoM ['aycy npu pisHuX
3HAYEHHSX KOHCTaHT ¢, 1 ¢,

G ¢ d A [Z] z S: A, £. X
1.55 | 0 |0.59831 | 0.71388 | [-2.90,2.91] | -0.013 | 1.034 | 0.051 | 2.82 | 10.3
156 | 0 [0.56617 | 0.66695 | [-3.14,3.15] | -0.013 | 1.031 | 0.053 | 2.93 | 13.3
0.55 | 1 |0.52215| 0.24540 | [-3.07,3.08] | -0.013 | 1.032 | 0.051 | 2.78 | 10.2
0.56 | 1 |0.50913 | 0.23926 | [-3.29,3.31] | -0.013 | 1.030 | 0.053 | 2.86 | 10.8
0.57 | 1 |0.48779 | 0.22719 | [-3.90,4.00] | -0.013 | 1.021 | 0.053 | 3.05 | 13.0

neperBopeHHsMH (6) 1 (7) B Oumpmiomy 3a m, 30,

Pesynpratn B Tabmumi 1

CBITUaTh TPO MOXIHBICTH MojemtoBanas [BB
iHTepBaii. JIyis 3HauYeHb KOHCTAHT

3a

¢, =057 1 ¢;=1 uei iHTepBan ckiIanae [—3.90,4.00], a moOyJaoBaHa 3a pe3yibTaTaMu

MOJICITFOBAHHS TiCcTOrpama BEJIWYWHW z HaBeleHa Ha puc.2. Ha puc.2 myHKTHPOM TaKOX
nokazana OIIU po3noainy ['ayca f, .

Sz

04

03

Puc. 2. EMnipuyHuii Ta TEOPETUYHUNA PO3MOIUIN BUTIAIKOBOI BETMUMHH Z

IepeBipka rinoTe3u po HOPMANBLHICTH 3aKOHY PO3MOiLy 3a kputepiem ITipcona ( x°)

MoKasana, o 3 JoBip4yor HMoBipHicTIO (0,95 3MO/IeThOBaHI 3HAYEHHS BUITAIKOBOT BETUYUHU
Z 3 HYJIbOBUM MAT€MaTHYHE CIIOJIBAaHHA Ta OJWMHUYHOIO JUCIIEPCIEI0 Ha IHTEpBaJl
[— 3.90,4.00] BIJINMOB1/1at0Th 3aKoHY ["ayca.

Bucnosxu

OTpumaB moJanbUIMi PO3BUTOK MeTOJ MojenoBaHHg | BB Ha ocHOBI HOpMami3yrounx
NIEPETBOPEHb 3a PAaXyHOK 3aCTOCYBAaHHS NepeTBOpeHHs J[KoHcoHa 13 ciM’i S, skuil, Ha

BIIMIHY BiJ] 0aratbOx ICHYIOUHMX METOJIB, JUUIsi CTBOpPEHHsS ofHOTrO 3HaueHHs ['BB morpebye
TITBKA OJIHE 3HAUCHHS BUIAIKOBOI BEIWYMHH 3 PIBHOMIPHHM PO3IMOJALIOM Ta MOKPAIy€E
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pe3yabTaTH MOJEIIOBAHHS Ha FPAaHUILIX eMIipu4Horo posnoainy I'BB, mo moxemtoerscs, B
Mexax IHTepBainy m_t4o_.

B mopanpmioMy miaHyeThes Ul 30UTBIICHHST MEX 1HTepBany MojentoBanHs ['BB
3acTocyBaTH iHII (QYHKIIT pa3oM 3 nepeTBopeHHsM J[>KOHCOHA 13 ciM’T Sy.
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MOJIEJIMPOBAHUE 'AYCCOBCKHX CJIYYAWHBIX BEJIUYUH C MIPUMEHEHUEM
IPEOBPA3OBAHUSA JIIKOHCOHA U3 CEMEHMCTBA S,

C.b. Ilpuxoasko

HarmonaneHbIi YHUBEpCUTET KOpadIeCcTpOCHHS MMCHH aMupaia Makapoga,
mnpoci.I'epoes Cranunrpaza, 9, Hukonaes, 54025, Ykpauna;
e-mail: sergiy.prykhodko@nuos.edu.ua

Po6oTa TmOCBAImIEHAa YCOBEPIIEHCTBOBAHHIO METOJAa MOICIHPOBAHUSA TayCCOBCKUX
CIIyJaiHBIX BEJIMYMH HA OCHOBE HOPMAaJM3HPYIONIETo Ipeodpa3zoBaHus J[OHCOHA M3
cemeictBa S, KOTOPBIM, B OTIMYHE OT MHOIMX CYIIECTBYIOIUMX METOAOB, JUIS

TEeHEPHPOBAHUS OJHOTO 3HAYEHHS T'ayCCOBCKOHM CIy4alHOW BEIWYHHBI TPEOYeT TOJBKO
OTHO 3HAYCHHE CIIyYaHON BENWYMHBI C PAaBHOMEPHBIM pPACIpeNeieHHeM W YITydIlaeT
pe3yIbTaThl MOJEIHPOBAHUS Ha TPAHUIIAX IMIIUPHIECKOTO PACHPEICIICHHUS MOICIHPYEeMON
TayCCOBCKOM CIIy4YailHOW BEJIUYUHBI.

KiaroueBble cJI0Ba: MOJCNUpOBAHME, ClydyaiiHas BeJIMYWHA, pacmpesencHue [aycca,
npeoOpa3oBanue [[>KOHCOHA

SIMULATION OF GAUSSIAN RANDOM VARIABLES USING JOHNSON Sy TRANSFORM
S.B. Prykhodko

Adm. Makarov National Shipbuilding University,
9, Geroev Stalingrada Ave., Mykolaiv, 54025, Ukraine; e-mail: sergiy.prykhodko@nuos.edu.ua
The paper presents the modification of simulation for Gaussian random variables using a
normalizing Johnson S, transform. This approach, unlike many others, uses a single

random flat value to generate a value of a Gaussian random variable, and improves the
simulation results at the boundaries of empiric distribution of the Gaussian random variable
simulated.

Keywords: simulation, random value, Gaussian distribution, Johnson transform.
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