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YK 681.326:519.713

B XAXAHOB, BAGHDADI AMMAR AWNI ABBAS, C.B.YYMAYEHKO,
A.C. HIKHJIB

KBAHTOBBIE CTPYKTYPbI JJISI TECTUPOBAHUS IIU®POBBIX
YCTPOUMCTB

IIpetararorcs Teopust U IPUMEPBI peaau3alii KBAHTOBBIX MOJENEH, METO0B U aJITOPUT-
MOB JUISI TIOBBIILICHUSI OBICTPOACHCTBHS CYIIECTBYIOIINX IIPOrPAMMHBIX H allliapaTHBIX CPENICTB
aHaJM3a NU(QPOBIX BHIYMCIUTEIBHBIX YCTPOHCTB 3a CUET YBEIIMUYCHUS Pa3MEPHOCTH CTPYKTYD
JIAaHHBIX U TaMsTH. BBOISITCS NOHATHS, TEPMHUHBI U OTIPEACTICHNST, HEOOXOTUMBbIE JIs TOHMMaHHUS
TEOPUH U IPAKTUKH KBAHTOBBIX BEIUUCIEHUNA. ONUCHIBAOTCS PE3YIIbTAaThl HCCIIEJ0BAHNUI, Kacaro-
IMXCSl MOJIEIEH M METOJIOB KBAaHTOBOT'O JTMArHOCTHPOBAHUS IU(POBBIX CUCTEM, KYOUTHOTO
MOJICTIMPOBAHNUS MCIPABHOTO ITOBE/ICHHMS, BOCCTAHOBIICHUSI PaOOTOCIIOCOOHOCTH OTKAa3aBIINX
TIPUMHTHBOB.

1. BBengenue

OBomnonrs KUOEepNpOCTPaHCTBA IUIAHETHI YCIOBHO AEMUTCS Ha CIEAyIomue mepruoast: 1)
1980-e rogs! — popMHupOBaHHE Mapka MEePCOHANBHBIX KoMnboTepoB (Computation); 2) 1990-¢
rofpl — BHeApeHne VHTepHEeT-TeXHOIOrHi B MPOM3BOACTBEHHBIE MPOLECCH U OBIT YeJIOBeKa
(Internet); 3) 2000-e roapl — MOBBIIICHHE KAa4eCTBA JKM3HHU 3a CUYET BHEOPEHUS MOOMIIBHBIX
ycTpoiicTB u obnayHbIx ceprucoB (Mobility); 4) 2010-e roasl — co3ganue HuPppoBol UHpPa-
CTPYKTYpbl MOHHTOpPHUHTA, yIIpaBJICHUSA U B3auMoeicTBus Mexxay coboii (Internet of Things)
CTalMOHAPHBIX WU JIBUXKYIIMXCS OOBEKTOB (BO3AYIIHBIH, MOPCKOH, Ha3eMHBI TPaHCIOPT U
po06oThl); 5) 2015-¢ roapl — co3nanue riIodanbHON HHPPOBONH HHPPACTPYKTYpHl KHOEPIPOCT-
paHCTBa, TA€ BCE MPOLECCHI, SIBICHUS HACHTHQHUIHMPYIOTCS BO BPEMEHH M B TPEXMEPHOM
MPOCTPAHCTBE M CTAHOBSTCSA MHTEIUIEKTyalbHbIMU (yMHBIMH) Smart Everything. B cBs3u ¢
HEOOXOIMMOCTBIO Pa3BUTHS 3€JICHBIX TEXHOJIOTUH KBAHTOBBIC BHIUMCIEHUS B MOCIEIHUE TOIBI
CTaHOBATCS Bce OoJiee 3HAUYMMBIMU IJI aHajdW3a SBOJIOLHOHHUPYIOLIETO KHOSPHETHYECKOTro
MPOCTPAHCTBA, CO3AaHUA 00MauHbIX IHTEpHET cepBHCOB Oiarogaps MX MO3UTUBHON albTepHA-
TUBHOCTH CYIIECTBYIOIIMM 3aTPAaTHBIM IO MaTepuajaM, BPEMEHH M HYHEPrHuH KIaCCHYECKHM
MOJIENSIM BBIYMCIUTENBHBIX Ipo1eccoB [1].

PbiHOYHASI TPUBIIEKATENbHOCTh KBAHTOBBIX METONOB U KyOHMTHBIX MOJENIEH OCHOBBIBAETCS
Ha BBICOKOM MapauleIM3Me PELICHUs MPAaKTHYECKH BCEX 3aJad TUCKPETHOW ONTHMHU3ALNH,
(akTopu3ay, MUHIMU3auKuU OyiIeBbIX QyHKIHUH, 3P PEeKTUBHOTO CKATHSI, KOMIAKTHOTO IIPEa-
CTAaBJICHUS W TENENOPTAllMM AAHHBIX, OTKa30yCTOMYMBOIO NPOEKTUPOBAHMS 32 CUET CyIIe-
CTBEHHOTO ITOBBILICHUS annapaTHbIX 3aTpar. OZHAKO Takas IuiaTa B HACTOsAIIEE BPEMsI BIIOJIHE
JOMYCTUMa, MOCKOJBKY PBIHOK HaHO-3JIEKTPOHHBIX TEXHOJIOTUH MPEAOCTABIISIET pa3paboTdH-
KaM IU(POBBIX CUCTEM 10 | MUJUIMapAa BEHTHUJIEH Ha KPUCTAJe pa3MEpPHOCThIO 2X2 cM Npu
TOJIIIMHE MJIACTHHBI B 5 MUKPOH. [IpH 3TOM COBpeMEHHBIE TEXHOJIOIMH JOIMYCKAIOT CO3JaHHe
MaKeTa WM «COHABHYA», COAEPXKAILIETr0 0 7 KPHUCTAJUIOB, YTO COM3MEPHMO C 00BEMOM
HEHPOHOB TOJIOBHOI'O MoO3ra 4enoBeka. lIpakrudyeckn «OecripoBOAHOE» COCAMHEHUE TaKHX
IUTACTUH OCHOBBIBAETCSl Ha TEXHOJIOIMYECKOH BO3MOXKHOCTH CBepiieHHs mopsinka 10 Teicsd
CKBO3HBIX OTBepCTUH (vias) Ha | KBaJApaTHOM CaHTHMETpE.

Kpome Toro, mosBnermne tpexmepusix FinFETSs TpaH3ucTopoB u ocHOBaHHBIX Ha HUX 3D-
TEXHOJIOTHH peann3anuu 00beMHBIX HH(POBBIX CHCTEM IPEAOCTABIIACT NIPAKTHUECKH HEoTpa-
HUYCHHBIC annapaTHbIe BOSMOXKHOCTH JJISl HCCIIEOBaTENe B YacT CO3JaHUsI HOBBIX Mapaj-
JIENBHBIX BBIYMCIUTENBHBIX YCTPOHCTB [2-7]. [T03TOMYy MOXXHO M HY)KHO HCIIOJIB30BaTh OKaJ-
HBIE» K amlmaparype MOIEIH U METOIBI ISl CO3AaHMs OBICTPOACHCTBYIOIINX CPEACTB Mapaj-
JIENBHOTO PELIeHUs] NMPaKTHYeCKUX 3amad. Vmes B BUIy OUCKPETHOCTh WU MHOTO3HAYHOCTD
andaBUTOB onrcaHus HHPOPMALMOHHBIX ITPOLIECCOB, CBOMCTBO Mapajuienu3Ma (0OJHOBPEMEHHO-
CTH IIPOLIECCOB), 3aJI0KCHHOE B KBAHTOBBIX BBIYMCIICHMSX, SIBISIETCSI OCOOCHHO BOCTPeOOBaH-
HBIM IIpH co30aHNH 3()(PEKTUBHBIX U HHTEIUIEKTYAIbHBIX «IBHXKKOBY» AJIs1 KHOEPIPOCTPAaHCTBA,
00JIaYHBIX CTPYKTYp U cepBHCOB MIHTepHETa; CPeCTB CHHTE3a OTKA30yCTONUMBBIX LU(PPOBBIX
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YCTPOHCTB; TECTUPOBAHUS M MOJCTHPOBAHMS LUPPOBBIX CUCTEM Ha KpUCTAIIAX; TEXHOIOT M
3aIIUTHl HHPOPMAIIUN U KOMIBIOTEPHBIX M3/AENUN. 3/1eCh HE paccMaTpUBaIOTCS (U3HUECKHE
OCHOBBI KBAaHTOBOW MEXaHHMKH, KacaloUIrecss HeIeTEPMUHIPOBAHHOTO B3aUMOACHCTBUI aTOM-
HBIX YacTHIl [ 1], HO IpK ATOM HCTIONIB3YETCsI TOHITHE HHPOPMALIMOHHOTO KBaHTa KaK JBOMYHOTO
WIM MHOTO3HAYHOTO BEKTOpa I COBMECTHOTO 3ajaHusi OyjeaHa COCTOSHHUH IHCKPETHON
obyiacTé KHOEPIPOCTPaHCTBA, ONMPENENIIONIEr0 BRICOKHIM YPOBEHb Mapaiieu3Ma Ipeaiarae-
MBIX KBaHTOBBIX MOJENEl 1 METOJOB.

KBaHTOBBIE BEIYHUCINTENHN 1OCTATOYHO 3(h(PEKTUBHO MPUMEHSIOTCS TSl 0TKa30yCTOHYHBOTO
MPOSKTHUPOBAHUS M pEIICHHS ONTUMH3ALIUOHHBIX 3a/ad, CBA3aHHBIX C MOJHBIM IepedopoM
BapHaHTOB PEUICHWH Ha OCHOBE MCIIONB30BaHUS Teopur MHOXeCTB [8]. OcoOOEHHOCTD B TOM,
YTO MHOXKECTBO DJIEMEHTOB B KOMIIBIOTEPE BCETAa SIBISETCS YIOPSAOYCHHBIM, MOCKOJBKY
KaXKIbIi OUT, OaliT WM JAPYroi KOMIIOHEHT MMeEeT CBOHM ajapec. IloaTomMy Bce TEOpeTHKO-
MHOYKECTBEHHBIE OTICpallii, TAaK WIH UHAYe, CBOIATCS K MOJHOMY Nepebopy aipecoB MPUMH-
TUBHBIX 3JIEMEHTOB. AJIPECHBII MOPSIOK CTPYKTYP JaHHBIX XOPOII AJIs 3a/1a4, rae KOMIIOHEH-
THI MOJIENIell MOXKHO CTPOTO paH)XHPOBaTh, YTO JaeT BOSMOXKHOCTD BBINOJIHATH WX aHAHU3 3a
OIH MTPOXOJ HJIN OAHY UTepanuio. Tam, T1ie HeT MopsAAKa B CTPYKTYpe, HallpuMep, MHOKECTBO
BCEX MOAMHOMECTB, KJIACCHYECKasi MOJIENb MaMATH U BBIYHMCIMTEIBHBIX MPOLECCOB HAHOCHUT
Bpell BpEMEHHU aHaJlM3a acCOLUUAlMU PAaBHBIX IO PaHTy IPUMHTHBOB, WJIH, B JIy4lIeM cliydae,
00paboTKa accOUMAaTUBHBIX TPyNN sABJsieTcS HEIPHEKTUBHOW. UTO MOKHO MPENIOKHUTH IS
HEYNOPSI0UEHHBIX JaHHBIX BMecTO crpororo nopsaka? [Ipomeccop, rae aneMeHTapHOH sueii-
KOi CITy:XHMT 06pa3 MIH IA6IOH YHHBEPCYMa U3 N MPMMHTHBOB, KOTOPBIHA TeHepupyeT Q = 2"
BCEX BO3MOXKHBIX COCTOSSHMM Takod sYeWKH B BHJE OylieaHa MM MHOXKECTBA BCEX MOAMHO-
xecTB. [Ipsimoe pelieHne, OpueHTHPOBAaHHOE HAa CO3/JaHME TAKOW SYEHKH, HCIONb3YET YHUTAP-
HOE TIO3WLIMOHHOE KOAUPOBaHUE COCTOSHUN TPUMHUTHBOB, KOTOPOE C TIOMOIIBIO CYTIEePIO3ULIUN
nociaegHNX o0pa3yeT YHUBEpCYM IPUMHUTUBOB, GOpMHpYIOLIee B Ipeaene OyneaH UiIu MHOXKe-
CTBO BCeX MoaAMHOXecTB [8,9].

2. KBaHTOBOEe AUATHOCTHPOBAaHUE HU(POBBIX CHCTEM

[Ipeanaraercss MAaTpUYHBIN METO/I KBAHTOBOTO AMAaTHOCTUPOBAHUS (PYHKIMOHAIBHBIX Hapy-
LIEHUH U KOHCTaHTHBIX HEMCIPAaBHOCTEH B MPOrpaMMHBIX WIIH amlapaTHBIX OJI0KaX, KOTOpbIE
UCHOJb3YIOT KyOUTHBIE CTPYKTYPBI JaHHBIX, COCTaBIISIOIINX JUATHOCTUYIECKYI0 HH(OPMALIUIO.
OT0 Iaer BO3MOXXKHOCTH CYIIECTBEHHO YMEHBIIMTH BBIYHCIUTEIBHYIO CIIOKHOCTH IPOLIECCOB
MOJETUPOBAHUS U TUArHOCTUPOBAHUS 32 CUET BBEACHHU I TapaJUICIbHbIX JIOTHYECKUX ONepaluii
HaJ MaTpUYHBIMM AaHHBIMH. [IpencraBiieH KBaHTOBBII METOA MCIPABHOTO MOIACTUPOBAHUS
U (POBBIX YCTPOICTB C BOCCTAHOBJICHNUEM PabOTOCIIOCOOHOCTH KOMIIOHEHTOB IM(POBOH CHC-
TeMbl B pexume online, KOTOpBIH HMMeEET CYLIECTBEHHO 0Oojiee BBICOKOE OBICTpOAEHCTBHE
Onaromaps aIpecHOW peann3alny NpoLeaypsl 00padoTKH (GYyHKIHOHAIBHBIX IPUMHUTHBOB, 3a-
OaHHBIX Q-MOKPBITUAMHU.

Mogzens 00beKTa AUarHOCTUPOBAHUS NpeAcTaBiieHa B ¢opMme rpada mudpoBOl CHCTEMBL,
KOTOpass uMeeT (QYHKIMOHAJbHBIE 3JIEMEHTHI, COCOMHEHHBIC JIMHUAMU cCBs3ed. Cpeanm HHX
HUMEIOTCS aCCEPLIMOHHbBIE TOYKH Ha0II0IeHNs, HeOOXOANMBIE IS BepU (KA, TECTUPOBAHUS
W IUarHocTHpoBaHus HencnpaBHoctell [2]. Jnarnoctudeckas nHGopMalus IpeacTaBieHa KOM-
MTOHEHTAMH:

1) Tect mpoBepkH WIIM AWATHOCTUPOBAHUS HEHCIPABHOCTEH 3alaHHOrO Kjacca, B TaHHOM

cllyyae paccMaTpHUBAIOTCS ONMHOYHBIC KOHCTaHTHBIE AedekTsl {=0,=1} nuHuil cxemsl.

2) Tabnuma HewcmpaBHOCTEH [6], CTPOKM KOTOpPOHM 3a7aloT BEKTOPHI MPOBEPSIEMBIX Ha
Ka)KZIOM TECTOBOM Habope Ae(eKTOB, MPUBA3AHHBIX K JIMHUSM CXEMBI.

3) MaTpuua JOCTHXKUMOCTEH, KOTOpast OmpenenseT JOCTHKUMOCTh KaXI0M acCeplOHHON
TOYKHU CO CTOPOHBI MHOXKECTBA MPEIIIECTBYIOMIMNX JUHUH [8].

4) MaTpuua COCTOSIHHSI aCCEpLIMOHHOTO MEXaHHM3Ma WIM MaTpulla SKCIEPUMEHTAIbHON
MPOBEPKH, KOTOpask OMpEIesieT COCTOSHHME KaKAOW acceplM Ha TECTOBBIX Habopax IyTeM
CpaBHEHUS STAJIOHHOH peakiy B JAHHOH TOYKE C PeaJbHbIM CUTHAJIOM B IPOLIECCE BBIIIOTHE-
HHUS AMATHOCTHYECKOr0 SKCIIepUMEHTa [2,7].

bazoBas Mozens AnarHocTUPOBaHUS LU(POBOrO M3AENINS, AUCKPETHOTO MPOLIECCa UK SIBJIE-
HUS TIpeJCTaBIeHa KOMIOHEHTaMH, KOTOPBIE CO3AaI0T 4 N3MEpEHH B IPOCTPAHCTBE IPU3HAKOB:



Dy =<S,A,F, T >
D={<S,A><FT>};
Vi = (x| [T
V= (1S[<| A + (| [T]
Vp >>V;

S*=f(S,A,T);
A*=g(T,A);
F* = h(83 A, F’ T);

[Ipu »TOM B MOzaenu o0beM aUarHocTUyeckoil mHpopMmanuu V GopMupyeTcs JTeKapTOBBIM
MPOU3BEJICHUEM (MOITHOCTEH ) YEThIPEX KOMITOHEHTOB B TIOPSJIKE CJICIOBAHMSI, YKA3aHHOM BHIIIIE:
1) ctpykTypa 00BbeKTa; 2) MEXaHHU3M acCEePIIHii HITM MOHUTOPUHTA; 3) COBOKYITHOCTh HEUCIIPABHO-
CTEH WM MOJYJEH, TOJBEPKEHHBIX (PYHKIMOHAILHBIM HapYIICHUIM; 4) TECTOBBIC HAOOPHI MK
CErMEHTHI JUIsl JUarHOCTUPOBAHUS HEMCIIPABHOCTEN MJIM COBOKYITHOCTH YIIOMSIHYTBIX MOIYJIEH.
AKTyallbHO ¥ CYNIECTBEHHO YMEHBIIUTh 00bEM JUArHOCTHYCCKON WH(OPMAIUU MOXKHO ITyTEM
MTOHIKEHUS Pa3MEPHOCTH MPOCTPAHCTBA MPU3HAKOB 3a CUET pa3jieleHus 0a30BOi MOJICTH Ha J1Ba
HelepeceKalouxcs MoaMHOKecTBa < S, A >, < F, T >. B aToM cityyae orieHka o0beMa AUarHo-
CTHUYECKON MH(POPMAIIUU CTAHOBUTCS HE MYJIbTUILUIMKATUBHOM, a aJTATUBHON MO OTHOIICHUIO K
MOIITHOCTH MOJMYYCHHBIX B PE3YJIbTaTe Pa30UEHUs MOIMHOKECTB 0€3 KaKOro-1u00 YMEHBIICHUS
TIIyOWHBI TUATHOCTUPOBAHHUS. 3/1€Ch MEPBBIM KOMIIOHEHT MOJICIIH JTUArHOCTUPOBAHUS MTPEICTAB-
JIEH MaTpULEN IOCTUAKMUMOCTEN, KOTOpas MO3BOJIIET MUHUMHU3UPOBATh MACKy BO3MOXKHBIX Jie-
(heKTOB HA OCHOBE aHAIIN3a CTPYKTYPHI CXEMBI ITyTEM CPaBHEHUS UCTUHHBIX M PEabHBIX PE3yilb-
TaTOB MOJICIMPOBAHUS BBIXO/IHBIX CHTHAJIOB Ha KaXKJIOM TECTOBOM Habope uiu cermente. Yncio
CTPOK TaKOH MaTPUIlbl PABHO KOJIMYECTBY HAOIOJAEMbIX BBIXOJIOB HITU aCCEPIIHIA.

B npouecce BBINMOTHEHNA METOAA AMATHOCTUPOBAHUA CO3JAETCA ABOMYHAS MAaTpUIlA CTPYK-
TYPHOU aKTHBU3aLUKU HEMCIIPABHOCTEN, KOTOPasl CIIY>KUT MAacKOU JJis CyIIECTBEHHOIO YMEHbIIIE-
HUS MHOXKECTBA ITOI03pPEBAaEMbIX Je()EKTOB NMPU COBMECTHOM aHAIIN3€ TaOIUIBI HEUCIPaBHOC-

B

teid. [Tpu 3TOM CHMBOJIBI OAMHOYHBIX KOHCTAHTHBIX AedekToB {0, 1, X, &}, X ={0, 1} B suelikax
TaOJIUIBl HEHCIPaBHOCTEH [6] KOAMPYIOTCS COOTBETCTBYIOUNIMMH COCTOSHHSMH KyOuTa
(10,01,11,00) muorosnaunoro andasuta Kantopa A" ={0, 1, X, &}, 4To maer BO3MOXHOCTh
WCKITIIOYHUTH U3 BBIYMCIUTENBHBIX MPOIECCOB TEOPETUKO-MHOKECTBEHHBIE MPOLIEAYPhI, 3aMEHUB
WX Ha BEKTOPHBIE JIOTHYECKHUE OTEPaIlnU.

Jnis paccMOTpeHHs CYIIHOCTH TPEAIaraéMoro MeToJla MCHOoib3yeTcs GhparMeHT IugpoBon
CXEMBbI, MPEACTAaBIEHHON Ha puc. 1. 3aech UMeETCs TpU accepUuoHHbIX Touku A,B,C mns
HaOJIIO/ISHNS 32 COCTOSTHUEM BCEX JIMHUW CXEMBI B MPOIECcCe TECTHPOBAHMS (BBHITTOTHEHHS THAT-
HOCTHYECKOTO SKCIIEPUMEHTA) ITyTeM ITO/Iayl TSTH TECTOBBIX BO3JEWCTBUMN, 3a/JaHHBIX B TaOIH-
e HeucripaBHoctel F(T). KoopnuHaTh!l maHHON TaONHIBI 3aaI0T TPOBEPsEMbIE Ha TECT-BEKTO-
pax HeucnpaBHocTH 0 M 1, a Takke MMEIOTCS COCTOSHHS KoopauHat:d (.) — OTCYyTCTBHE
MpoBepAeMBIX NeeKTOB U x — MpoBepka Ha juHuH KoHCTaHTH 0 u 1 omHOBpemeHHO. [IpaBas
4acTh TaONUIBI €CTh MAaTPHIA COCTOSHUN acCepIMOHHOTO MEXaHH3Ma B BHUIE PE3yIbTaTOB
CpaBHEHUs 3TaJOHHOW M PeaNbHOH peaknuii U(GPOBOro YCTPOWCTBA HA TECTOBBIE HaOOpHI. 1
O3HauaeT HecpaBHeHHe, 0 — COBIaJIeHNE YIIOMSHYTHIX PEAKIIUU.

4
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) ” 111101]0000. 00000 1 1]1 0 0

= bz 010101|1 . 1 .1 .111100/0 1 1

4] "‘{ 9 101001]. 1. 11 .111100/0 0 0
1 &%ﬁ»‘. 000011|. . . . 001101 01/0 0 0

2 — 1111100 0 . 1 _000l1 1 1

Puc. 1. ®parmenT udpoBoii cXxeMBI 1 TAOTUIA HEUCITPABHOCTEH



B Tabnuue HencnpaBHOCTEH HE YUUTHIBACTCS CTPYKTYpa CXEMBI AJISl MOBBILIEHHS TITyOUHBI
JUArHOCTUPOBAHUS HA OCHOBE BBIUUCIIEHUS PEAJIbHON MAaTPULIbI COCTOSIHUM aCCEpPLIMOHHOIO MeXa-
HH3MAa, KOTOpasi COBMECTHO ¢ MaTpULEl AOCTHKUMOCTEN CO31aeT CTPYKTYPHYIO MACKY, MUHH-
MHU3UPYIOLIYI0O MHO)KECTBO TOA03PEBAEMBIX J1E(EKTOB.

Hns ¢pparmenTa UPPOBOI CXEMBI, IPEACTaBICHHOW Ha puC. |, MaTpuUa JOCTHKHUMOCTEH
HMEET CIICAYIOUN BUL;

S=ISjj|[123456789ABC

I |11
2 |11 . .o .
3 111.1 . .1

3neck BbIxoapl-accepunu A,B,C SBISIOTCI MOHUTOpPAMHU TEXHUYECKOTO COCTOSHHS 0OBEKTa
IarHocTupoBaHus. Kakaplil 13 HUX MOYKET UMETh 1B COCTOSHUS:

Ajj ={0,1},Ajj =T ® Uj, xoropsie HopMUPYIOT MACKy BO3MOKHBIX Je()EKTOB C MOMOLIBIO

crefyromero BelpaxeHust: S(T)=<=( v S j) A(C v S j)' Kaxnpiii TecT-BeKTOp (-CErMeHT)
Aj=l i=

AKTUBU3HUPYET COOCTBEHHYIO CTPYKTYPY, TIOITOMY Macka BO3MOXKHBIX JIeeKTOB (DYHKIIMOHATHHO

3aBUCHT OT CTPYKTYPBI, acCepIuii (COCTOsIHMS HAOIIOAaEMbIX BBIXOJIOB) U TECTOBBIX HaOOPOB:

S=1(S,A,T;) . Ecnu npeanonoxuTs, 4To B MaTpuLe S = ‘Sij‘ COCTOSIHMS BBIXOJIOB paBHbI (A,B,C)

= (011), roe 3HaueHue | maeHTH(UUUpPYeT mposiBicHUE NedeKTa B YCTPOWCTBE, TO Macka
BO3MOJKHBIX J€()EKTOB Oy/IeT MMETh CIENYIOIUHi BUIL:

S=(Sp vS3)A(S1)=(111101110010v 001111101001) A (110000000100) =

=(111111111011) A(001111111011)=(001111111011).

[TonyueHHass mMacka HaKJIaIbIBAeTCS HA MEPBYIO CTPOKY TaOJIHMIIBI HEHUCIPABHOCTEH, UYTO
OIpezenseT MHOKECTBO MOA03PEBaeMbIX Je(eKTOB, (HOPMHUPYIOIMINX aCCEPLUUOHHYIO BBIXOIHYIO
peakuuto (A,B,C) = (011) ycTpolicTBa Ha MepBbIid TECT-BEKTOP:

Test\Faults|1 23456789 ABC
T1 0000.00000T11
S1 001111111011
T1(SI) .00..000 11

B cootBeTcTBUU € IpeIOKEHHON NPOLEAYPOH OJIyYeHUsI MACKU OJHOIM CTPOKHU BBITIOTHSCT-
Cs1 IOCTPOEHKE MAaTPHLIbI CTPYKTYPHOU akTuBU3aLuuu HencnpaBHocTed S(T) Ha ocHOBE HCTIONB30-
BaHUs TaONUIBI SKCIIEPUMEHTAIbHON IPOBEPKH, 3aat0el COCTOSIHUS ACCEPLIMOHHOI0 MEXaHU3-
Ma B IIPOLIECCE BHIMOJIHEHNS TECTUPOBAHUSL:

TVA|A BC|A(T)| |S(T)[123456789ABC
S=S;j||123456789ABC|_[TI[100] 1 TI[1100000001 00
T 1. . . . 1 S T200 10 1 |Z2jT21001 111111011
2 111.111 1 T3 {0 0 0] O T3/0000000000O00O0
30 11111 .1 1 T4 10 0 0| O T41000000000000
T5 (1. 1 1] 1 T5]11 11111111711

st popMupoBaHus CTPYKTYP JaHHBIX, YAOOHBIX AJIsI KOMIIBIOTEPHOH 00pab0TKH, HE00X0IH-
MO IIEPEBECTU CHMBOJIbI TAOJIHMIIBI HEUCIPABHOCTEH B ABYXpa3psAHbIE KOl B COOTBETCTBHH C

npaBwiaMu > -kogupoBanus: >={0=10,1=01, X =11, J =00}, npuMeHeHHE KOTOPBIX K TaOJIH-
e HeucnpaBHocteil F(T) maer cnemyromuii pe3ynprar:

F(T)[123456789ABC FT)|1 2 3 4 5 6 7 8 9 ABZC
T1{0000.00000 11 T1 {10 10 10 10 00 10 10 10 10 10 01 01
T {1 .1.1.111100_*>,T2/|0100 0100 0100010101011010
T3 (.1.11.111100 T3 (00 01 00 01 01 00 01 01 O1 01 10 10
T4 (. ...00110101 T4 |00 00 00 00 10 10 01 01 10 01 10 01
T5 100 . . .1 000 T5 [10 10 00 00 00 01 00 00 00 10 10 10




[Tocne momyyeHus: CTpyKTYpHOH MaTpHIIb, MpeAHAa3HAYeHHOH MaCKHUPOBAaTh peabHbIe JedeK-
THI B Ta0JIMIIE HEUCTIPABHOCTEH U e KOAUPOBaHHOH (POPMBI, HEOOXOMMO BBITOJIHHUTE #-CyIepIIO-

sunmio aByx matpuil: F(T) =S(T)#F(T), koropast cBonuTcs K #-oliepalliy HaJl OJTHOMMEHHBIMU

xoopauHatamu Fj = F j < (Fj=00) v (§jj =0), uro o3nayaer MOAMPUKALMIO KOLOB KOOPAMHAT

tabmuubl F(T) mpu BeImONHEHWH 3aJaHHBIX yCIOBWH. MHade, maHHas omepanusi CBOIUTCA K
WHBEPCHH SYEEK MaTPHIIBI KOJOB HEMCIPABHOCTEN, MACKUPYEMBIX HYJIEBBIMU CUTHAJIAMH CTPYK-
TYPHOI MaTpUIbl aKTUBU3AIIMH, a TAKXKE BCEX HYJIEBBIX KOOB TaOMUIIbI HencnpaBHoctel. Tabmu-
11a HICTUHHOCTH JAHHOH #-0Mepaliii B CHMBOJILHOM M KOJJMPOBAaHHOM BH/IE IPEICTaBIEHA HUXKE:

#:Sij\Fij 10X #:Sij\Fij 00 0110 11
0 X01Q 0 11 10 01 00
1 X10X 1 11 0110 11

OHna ckoppeKTHpOBaHa OTHOCUTENBHO HHBepcuH cocTogHr 00 B 11 mpu eANHNYHOM 3HAaYEHU U
CHTHaJIa aKTUBU3ALMU HEHCIPAaBHOCTH, MOTOMY u4To Takod kox (00) o3HayaeT mpUCYTCTBUE B
CXeMe Ha JIMHUU ITyCTOr0 MHOYKECTBA MPOBEpsAeMBIX Jie(ekToB, uTo HeBo3MOkHO. Ho kox 00 eme
OJIOKMpPYET Bce BBIUMCICHUS KOHBIOHKIIMK 1O CTONOLY, mpeBpamas pesyastat B 00. MHBepcus
KO/ia 1aeT BO3MOKHOCTh HE MACKMPOBATh MPH JIOTHYECKOM YMHOKEHHUH I€HCTBUTENBHO IPUCYT-
CTBYIOIIMX Je(EKTOB, JIOObIX 3HaKoB. [Ipw 3TOM mpenmonaraercsi, YTO HEBO3MOXKHO TECT-
BEKTOPOM IPOBEPUTH Ha OJHOM JMHUU CXeMBbI Je()eKThl pa3HBIX 3HAKOB.

BrimonHeHnue nponenypsl Cynepro3uiuy CTPYKTYPHOH MaTpULBI C KOAMPOBAHHOM TaOnen
HEHCIPABHOCTEI B COOTBETCTBUU C #-ollepaliieil JaeT Cleayolui pe3yapTaT:

SM[123456789ABC FTD)[1 2 3 4 56 78 9ABC
TI(1100000001 00 TI [10 10 10 10 00 10 10 10 10 10 01 01
T2(001 11111101 1|_# .| T2[01000100010001l 0l 0l 0110 10|_
T3[0000000000 00 ”1 T3 {00 01 00 01 01 00 01 01 01 01 10 10
T4/0000000000 00 T4 {00 00 00 00 10 10 01 01 10 01 10 01
TS1111 11111111 T5 |10 10 00 00 00 01 00 00 00 10 10 10
FT)[1 2 3 4 56 7 8 9ABC

10 10 01 01 11 01 01 01 01 10 10 10

10 11 01 11 01 11 01 01 01 10 10 10
| A [1110111010 1110 10 10 10 01 01

1111 11 11 01 01 10 10 01 10 01 10

1010 11 11 11 01 11 11 11 10 10 10
F(C)=[10 10 01 00 00 01 00 00 00 10 00 00
F= [0 0 1 1. . .0

Ha 3akirounTenbHON CTaquy JUATHOCTUPOBAHUS BBIMONHACTCS CAMHCTBEHHAS M BEKTOPHAS
oreparysi JOruIeckoro YMHOMKEHHUSI BCEX CTPOK KOJUPOBAHHOW MOAMMDUIIMPOBAHHOW TaOTHIIBI
nctuaHocty F(T)

- R _ n
F(T)=( v Fj)/\( v FJ)Z( A Fj)/\( v FJ)Z( A Fj)/\( A Fj=(na FJ)
Aj= Aj=0 = Aj=0 7 A= =0 =l
3t0 Aa€T BO3MOKHOCTb TOYHO OHNPCACIUTHL BCC ,Z[e(l)eKTLI, MNPUCYTCTBYIOLINC B 00BeEKTE
AUarHOCTUPOBAHU, KOTOPLIC ITPEACTABJICHBI B ABYX HUKHUX CTPOKaAX HpHBeHeHHOﬁ BBIIIIC KOAU-

poBanHO# Tabnuis! HercripaBHocTel F(T): F = {10, 20, 31, 61’ AO}.

Teopernyeckoe TOKa3aTeILCTBO MATPUYHOIO JAWATHOCTHPOBAHUS OJMHOYHBIX W KPAaTHBIX
ne(eKTOB MPEACTAaBICHO HUKE B BUJE ABYX TEOPEM.

Teopema 1. Odurnounsie koHcmanmuvle Oeghekmvl YUPPoBoU cxemvl, 3a0aHHbIe KYOUMA-
MU (08YXpA3PAOHBIMU BEKMOPAMU) HA MECMOBbIX HAOOPAX MHO203HAUHOU MabIuybl Heuc-
npasHocmetl, ONPeOenaomcs ¢ NOMOWbIO 8eKMOPHOU and-onepayuu, MAcKupyemou no
cmpokam 8ekmopom sKkcnepumenmanvhou nposepku A(T) 6cex accepyuoHHvIX mouex:
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n
F(T))=( v FJ)/\( v FJ)Z( A FJ)/\( A Fp=(A F])
Aj= i= i= i=0 =

BLIpa)KeHI/Ie ABJIACTCA BCPHBIM, TOTOMY YTO!: 1) BTOpOI\/’I COMHOXHUTCIIb — YUCTaA MaTcCMa-
THKa — OTpULIaHUEC AU3BIOHKIUU CCTh KOHBIOHKIIUA OTpHHaHHﬁ, 4YTO O03HAYACT YMHOXKCHUEC
KOOOB Ta6ﬂI/I]_ILI C UX NMpeABAPUTCIbHBIM OTPULIAHUCM ; 2) HepBLII?'I COMHOXKHUTECIIb OPUCHTUPO-

BaH Ha IMOUCK HECTIPOTHUBOPCUHNBLIX Z[e(l)eKTOB, MO2TOMY OH 3aMCHACTCA HA A F_] . HeﬁCTBI/I-
j =

TCJIBbHO, Ha OHHOﬁ JJMHHUU HIIN HepCMeHHOfI HC MOT'YT MPUCYTCTBOBATH OAHOBPEMCHHO [IBC

MPOTHUBOIIOJJIOKHBIX IO 3HAKY MPOBCPACMBIX HCUCIIPABHOCTH. HOBTOMy B 0a30BOMH (bOpMy'HC

IU3BIOHKIUS TEPEKTOB v F; B Oonpleil CTEMeHH OPHUEHTHPOBAHA HA TMOMCK KPATHBIX
Aj=1

HEUCIIPABHOCTEH, HO HE CBA3AHHBIX ¢ OJHOW HHHEH. KpaTHOCTh MPOTHBOPEYMBHIX Ae()EKTOR

Ha OJHOM JTHHUH, PABHO KaK U MHBEPCHUS MYCTOr0 MHOKECTBA HEUCIIPABHOCTEH, TEOPETHYUCCKU

CO3/1aeT YCIOBUS OCCMPEMSITCTBEHHOTO0 YMHOKCHHUS APYTUX SUSEK CTOIOIA B HEIsIX HOpMHU-

pPOBaHUS HA KaXJO0W JIMHUU PE3ybTaTa B BUC AeeKTa OJHOr0 3HAKA HIIM MyCTOr0 MHOXKeE-

CTBa HEHCIPABHOCTEH.

Teopema 2. Kpamuvie xoncmanmuvie Oehexmuvl yuposoi cxemwvl, 3a0anHvle KyOu-
mamu Ha MecmosbiX HAbOOpPaAx MHO2O3HAYHOU MAabAUYbl HEUCNPABHOCMeEl, Onpeodeis-
IOMCsL ¢ NOMOWDBIO 8eKMOPHLIX OF- and- onepayuil, MAcKupyemvlx nO CMpPOKAM 6eKMO-
pom sxcnepumenmanviou nposepku A(T) ecex accepyuoHubix mouex:

F(T)=( v F)a( v F)=( v F)r( A Fj.
Aj=1 Aj:() Aj=1 j=0

Bripaxxenue sBisieTcs BEPHBIM, IIOTOMY YTO: 1) BTOPOH COMHOMHUTENb €CTh OTPULIAHHE
JOU3BIOHKIIUY WIN KOHBIOHKLHS OTPHIIAHUH, YTO 03HAYaeT YMHOKEHUE KOJOB TaOIUIBI C UX
NpenBapUTEIbHBIM OTPHIIAHKEM; 2) TIEPBBI COMHOXHUTENb OPUEHTUPOBAH Ha TOMCK KPATHBIX
ne(eKTOB B MPEANOI0KEHUH, YTO Ha OAHOM JIMHUH WX [IEPEMEHHOI MOT'YT IPUCYTCTBOBATh
OIIHOBPEMEHHO JABE MPOTHUBOIOJOXKHBIE MO 3HAKy MpoBepsieMble HeucnpaBHOCTH. JlaHHas
¢opmysa B OonbpLIel CTENEHHM OPHUEHTHPOBAaHA Ha IOUCK KPAaTHBIX IE(PEKTOB B OJIOKax
nuQpoBBIX CUCTEM, HE CBA3aHHBIX ¢ 0JHOH TuHued. KpatHocTh HemcnpaBHocTel B IupoBOit
CHCTEME TEOPETUYECKH CO3/aET YCIOBHS AJS JOTMYECKOTO CIOXKEHHS IPYTUX sYeeK CTOI0-
1a B Henix GOpMUPOBAHUS PE3yIbTaTa B BUIE€ MHOXECTBA 1e()eKTOB, GOPMUPYIOLINX 3a/laH-
HBIIl BEKTOpP SKCIEPUMEHTAIbHONW MPOBEPKH, U3 KOTOPHIX HEOOXOOUMO BBIYECTH IPOBEpsie-
MbI€ Ha TECTE HEMCIPAaBHOCTH, KOTOPBIE HE BIUAIOT HA (OPMUPOBAHNE HEKOPPEKTHBIX peak-
WU 110 BEIXOJAM.

WHuTepec mpencTaBiser MOUMCK KPaTHBIX 1e(eKTOB Ha OCHOBE MYJIbTHIIpOLeccopa Xacce
[4,5], KOTOpBEIH OpPHEHTHPOBAH Ha pelIeHWEe 3aJayd TMOKPHITUA MyTeM IOJIHOTO mepedbopa
cOOBITUH, 00ECIeUNBAIOIINX TOYHOE TOKPHITHE BEKTOPA SKCIIEPUMEHTAJIBHOM IPOBEPKU CTOJI-
O1amMu TabIUIIBI HEUCIIPABHOCTEH :

F(T,)=(vF) ® A =0.
J

3/1ech pelleHUuEeM SIBISETCA TAaKOe COYETAHHE CTOJONOB, YYAaCTBYIOIIUX B BEKTOPHOM
oTepaIiy JIOTHUECKOTO CIOXKEHHS, KOTOPOE B COBOKYITHOCTH JIA€T PE3yNbTAT, PABHBINH BEKTO-
Py DKCIIEpUMEHTANbHOMN mpoBepku. [TocKOIbKY omepanus BpemsizaTpaTHas, TO AJs Hee clie-
JyeT WCIONb30BATh MYJBTHIpOIECCOp Xacce, OPUCHTUPOBAHHBIM Ha B3sATHE OysecaHa B
MOYTH MapaiebHOM PeKUME.

ITomBoAS UTOT, CIIEAYET OTMETHTH, YTO MOJIENb Mpollecca AMATHOCTUPOBAHUS NU(PPOBBIX
YCTPOMCTB COAEPKUT QYHKIMOHATbHBIC MPEOOPa30BaTENH, CBSI3aHHbBIC C BBITIOJTHEHHEM Clie-
IYIOIIHUX TIaroB (puc. 2):
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Puc. 2. HI/IKJ'I JAUArHOCTUPOBAHUS U PEMOHTA JIOTHICCKUX 0JIOKOB

1. IlpenponeccupoBanue. I eHepupoBaHre HCXOJHON IMArHOCTHUECKOH HH(POPMALIUH B BUE
TecTa JUAarHOCTUPOBAHMS, TaOJIMIbl HEUCIIPABHOCTEH W MaTPUIBl JOCTHKHUMOCTEH IHU(pOBOH
CHUCTEMBI.

2. TectupoBaHME pealbHOTO YCTPOICTBA HA OCHOBE HCIOIb30BaHMS MMPOMBIIIIIEHHOTO CUMY-
JSITOpa B LENSAX CpaBHEHUS (DaKTUUECKHX peaKkLUi yCTPOHCTBA C STAJIOHHBIMU 3HAYEHHUSMH I10
HAOJI0IaeMbIM JIMHUSAM-aCCEPUUAM, YTO JaeT BO3MOXHOCTH C(hOPMHPOBATH MATPHILYy BBIXOA-
HBIX PEAKIMH UK BEKTOP SKCIIEPUMEHTaIbHON IPOBEPKH B ABOMYHOM andaBure.

3. BpbluncieHre MaTpHUIbl aKTHBHOCTH rpad)oBOil CTPYKTYpHI Ha KaKJOM BXOAHOM TECTOBOM
Habope, paBHOH 10 pa3MEPHOCTH TabJIHIIe HEUCIIPABHOCTEH, C TOMOIIBIO MaTPHIIBI SKCIIEPUMEH-
TaJbHON MPOBEPKH M MATPUIBI JOCTHKUMOCTEH, YTO AAe€T BO3MOKHOCTH CYILIECTBEHHO COKpa-
TUTH 00NAcCTh MOJ03PEBAEMBIX 1E(EKTOB.

4. Moaudukanus coaep>KUMOro TabiInbl HEUCIPAaBHOCTEN ITyTeM ee MaCKUPOBaHHS MaTpH-
Leil akKTUBHOCTH TpadoBOM CTPYKTYpBI, B LENSAX ONpENENCHUs TONBKO T€X HEMCIPAaBHOCTEM,
KOTOpBIE IeHCTBUTENBHO (POPMUPYIOT MATPUILY SKCIIEPUMEHTATILHON IPOBEPKH B IIPOLIECCE AUAT-
HOCTHPOBAHHSL.

5. BbInoiHEHHE TPOLEAYPHI JOTHYECKOr0 YMHOKEHHUS HaJl CTPOKaMH TaOIHLIbI HEUCTIPABHOC-
T IS TIOJyYeHHUsl BEKTOpa MOJ03PEBAaEMbIX Ae(EKTOB.

6. BoccraHoBieHue paboTOCIIOCOOHOCTH HH(POBOrO YCTPOICTBA MyTEM Iepeagpecaluy He-
HCIPABHBIX JIOTHYECKUX KOMIIOHEHTOB Ha MX aHAJOTM M3 PEMOHTHOTO 3araca M MOBTOPEHUE
[poliecca TECTOBOIO ANArHOCTUPOBAHMS.

3. KBaHTOBOEe MoOJequpoBaHHe HU(PPOBBHIX CUCTEM

PaccmaTtpuBaroTcst CTpYKTYphl HaHHBIX, 3QQEKTHBHBIE C TOUYKU 3PEHUS MPOTPaMMHON WK
anmapaTHON peaTn3alui UCIIPABHOTO MOJISTUPOBAHUS JUCKPETHBIX CHCTEM, OITUCAHHBIX B (hopMe
KyOUTHBIX BeKTOpOB. [l onmcanus nudpoBoit cXeMbl, TPeACTaBICHHON Ha pHC. 3, HEOOX0IUMO
MMETh CTPYKTYPY B3aHMOCBSI3aHHBIX DJIIEMEHTOB M KyOHUYECKOE IMOKPHITHE JIOTHYECKOTO JIeMEH-
Ta U-HE.

O»—A»—A»—A»—<

Puc. 3. ®parment unpoBoii CXeMBbI

JlaHHOE MTOKPBITHE MOXKHO TPaHC(HOPMUPOBATH C YIETOM YHHUTAPHOTO KOAMPOBAHUS BXOIHBIX
BeKkTOpoB. [l 3TOro HEoOXOIMMO UCIONB30BATh NBYXTAKTHBIN andasut [4,5,6,7] onmmcanus
aBTOMATHBIX I1€PEMEHHBIX, PEACTABIISIONINI co00H OylieaH Ha YHUBEPCYME U3 YEThIPEX MPUMHU-
THBOB:

B*(Y)={Q=(1000), E=(0100), H=(0010), J=(0001), O={Q,H}=(1010), I={E,J}=(0101),
A={Q,E}=(1100), B={H,J}=(0011), S={Q,J}=(1001, P={E,H}=(0110), C={E,H,J}=(1110),
F={Q,H,J}=(1011), L={Q,E,J}=(1101), V={Q,E,H}=(1110), Y={Q,E,H,J} =(1111), U=(0000)}.

JIro6oe nokpeITHE (PYHKLINOHATIBHOTO OJHOBBIXOZOBOIO MPUMHUTHBA BCErJa MMEET JIMILIb ABa
KyOa. OHM TOKa3bIBalOT HE TOJNBKO BCE PELICHUS, HO U WHBEPCHIO CUTHAJIOB Ha BBIXOAE, YTO
WHTEPECHO C O3UIIUHN aKTUBHU3ALMH BCEX JIOTMUECKUX IyTel B cCXeMHOH cTpykType. Hanpumep, B
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CIlelyIoIeM KyOUTHOM TOKPBITHM BEHTWISI Ui W3MEHEHHs COCTOSHHS BBIXOIA HEOOXOIMMO
co3JaTh Ha BXOJax Iapy CIeIyIOLMX IpYyT 3a IpyroM YCIOBHUH, IJi€ B IIEPBOM TaKTE JOJKHBI
OBITH TIEpBBIC TPU BEKTOpa (angpeca), a BO BTOPOM — YETBEPTHIH BEKTOpP, (OPMHUPYEMBI JBYMS
BXOJHBIMH NIEPEMEHHBIMU:

1
011
1k

—

V(1] [1110(1
J10] " 10001]0]" 1110

micisye)

1110 0

JIist MOIETMPOBAHMSI HCITPABHOTO MOBEACHHS JTOCTATOYHO UMETh TOJIBKO OIUH KyO (HYJIeBOM
WM €AMHUYHBIN), TTOCKOIBKY BTOPOM BCET/Ia SBISETCS JOMOTHEHHEM K mepBoMy. CrieoBaTeb-
HO, OPUEHTHUPYSCh, HATTPUMED, HA ANHUYHBINA KyO, (OpMUPYIOIIKI HA BhIXO/E 1, MOKHO yOpaTh
OUT COCTOSIHUS BBIXO/Ia IPUMHUTHBA, YTO YMEHBIITHT Pa3MEPHOCThL Ky0a MITH MOJIEITH MPUMUTHBA
JI0 KOJMYECTBa aJPEcOB dJEMEHTA, e OUT ¢ aApeCHBIM HOMEPOM i UACHTU(DHUIIUPYET CIOCO0-
HOCTh ajjpeca, COCTABICHHOTO M3 3HAYEHUI BXOJHBIX MMEPEMEHHBIX, CHOPMHUPOBATH CIMHUIHOE
COCTOSIHUE BBIX0/Ia TPUMHUTHBA.

KyOuTHOEe MM KBaHTOBOE MOKPBITHE OMHOBBIXOJOBOIO MPUMHTHBA BCErIa MPEACTABICHO
JBYMS KyOaMu, pa3MepHOCTh KOTOPBIX paBHA CTEMEHH JBOWKH OT YUCIA BXOMHBIX MEPEMEHHBIX,
rJie eTMHIYHOE 3HAYCHUE KOOPANHATHI OMPENessieT yUacTHe aapeca pacCMaTpUBaeMoro Oura B
¢dopmupoBanuu coorsercTByromiero (0,1) cocTosiHus BbIXoga MPUMHUTHBA. KBaHTOBBIE MOJCITH
MPUMHUTHBOB TPEOYIOT CO3IaHKSI HOBOU TEOPHH MOJICTTUPOBAHUS, MPSIMOU M 00pATHON MMITITHKA-
I[MU, CHHTE3a TECTOB, MOJCITHUPOBAHUS HEUCIPABHOCTEH, MOMCKa Ae(eKTOB. 37eCh OCHOBHBIC
MPOIIEAYPHI CBA3aHbI ¢ MAHUITYIMPOBAHHEM aJpecamMu, HESIBHO TPEICTABICHHBIMU B KOODIHHA-
Tax JBYyX KyOOB KBaHTOBOTO (KyOWTHOTO) MOKPBITHSA, Aajee MMeHyemMoro Q-mokpeitneM (Q-
coverage):

00[o] [QJo
o1|o|_|E|o|_[F[o] _[1101]0
10(1| 7= |1| " [H|1| " [0010]1
1100 |10

Mogpens a1 aHalM3a L[H(l)pOBOIZ CUCTEMBI Ha OCHOBEC HMCIIOJIB30BaHHA Ky6I/ITHLIX CTPYKTYpD
JaHHBIX U I/IH(I)OpMaI_II/IOHHLIX KBAaHTOB MOKET OBITh OIKCaHa YCTBIPbMA KOMIIOHCHTAMU

FOOL,M,X,Q0,
LO (Ll, L2, ""Lj’ ...,Ln);
MO (M B Mz,..., M_]’ ...,Mn ),
X0 (Xp 01 X 027Xy 035+ X3
Q0 (Qn 01 Qn 02+ Qn 0is - Qn)-
3,[[er MMpeACTaBJICHBL: BEKTOP HHCHTHq)HKaTOpOB OKBHUITOTCHIIMAJIbHBIX JIMHUHA CXEMBI ]_II/I(l)pO-

BOM CUCTEMEI, KOTOpLIfI BBUAY CBOEH TPUBHUAJIBHOCTHU MOKECT OBITh MCKJIIOUEH U3 MOZECIIHU, HO ITpU
OTOM HeO6XO,Z[I/IMO HUMCETh Y CJIO BXOAHBIX IMEPEMECHHBIX YCTpOﬁCTBa nu 06]1[66 KOJIMYECTBO JIMHUM:

ny,n ; BEKTOp MOACIUPOBAHUS COCTOSIHHM BCEX JIMHHI CXEMbI, YHOPAAOUYCHHASA COBOKYITHOCTH

BCKTOPOB BXOAHBIX MMEPEMCEHHLIX KAXJI0I'0 IPUMUTHUBA CXEMbI, IIPUBA3AHHBIX K HOMCpPAaM BbIXO-
OB, COBOKYINHOCTb BCKTOPOB — KBAHTOBBLIX HOKpLITHfI INIPpUMHUTHUBOB, CTPOIr'O MPUBA3AHHBIX K

HOMEpaM BBIXOJIOB M BXOJHBIM IEPEMEHHBIM NMPUMHUTUBOB; N — YUCIO JIMHUU B CXeMe, Ny —
KOJIMYECTBO BXOJHBIX [1EPEMEHHBIX.
B xauecTBe mpumepa KyOMTHOTO 3a1aHus Mozenn udpoBoro yerpoiicta F=< L, M, X,Q >,

MPEACTABICHHOr0 Ha pHC. 6, HIDKE MPUBEACHBI JIBA BapuaHTa TAOMIl OMHUCAHMS CXEMbI IS
aHanu3a uctpaBHoro nosexeHus (fault free similation):

L{123456 7 8 9 A BI[L[123456 7 8 9 A B
Q. . ... 11 1 1 1|[M111110 01 1 1 0

1 1 1 1 1 11X 13 34 27 75 68 89

1 11 1 1 1/[]Q]. 111111
) 00 0000 111111
X 13 34 27 75 68 89 111111
M[I11110 0 I 1 1 0 00 00 00
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Meto KBAaHTOBOTO MOJICTMPOBAHUS UCIPABHOTO MOBEACHUS CBOAUTCA K ONPEACICHUIO 3HA-
YEeHUS BBIXO/A JIEMEHTA 110 aJpecy, OPMHUPYEMOMY IBOMUHBIMHA COCTOSIHHSIMH BXOJIHBIX TEpe-
MEHHBIX KaX10T0 MpuMUTHBA I poBoii cucteMbl M(Y;)0 Q;[M(Xj *Xjy... * X *Xik;)]. 3necn k;
— YUCJIO BXOJIHBIX JIMHUH B KBAHTOBOM IMPUMUTHBE ¢ HOMepoM 1. [TockobKy HOMEpa HEBXOTHBIX
JuHUM BekTopa L 0THO3HAYHO HISHTH(UIIMPYIOT 110 BBEIX0/IaM 00pabaThiBaeMbIe IPUMHUTHUBEI, TO

(bopMyna MOJCIIUPOBAHUA MOXKCT OBITH IMPpUBCACHA K LUKILY OIPECACICHUA COCTOSHHI BCEX
HEBXOAHBLIX IICPEMCHHBIX !

Mi . Qi[M(Xil *XiZ"' *le *Xiki )] Qi[M(Ai)], i. Ny . Ln.

3n1eck mpolecc MOIETMPOBAHUSI CBS3aH C KOHKATEHHMPOBAHHBIM (POPMHUpPOBAHHEM ajpeca
Outa B KBaHTE (YHKUMOHAIBHOCTH IJISi BBIYMCIICHHUS MO HEMY COCTOSHHS HEBXOJHOH JHMHUU
nudpoBoit CTPYKTYpbl, HaunHas ¢ Homepa i0n, 01. Eciu nepemMeHHbIe CO3a0T HE TBOMYHBIN
azipec, TO B IAaHHOM CJIy4ae CyLIeCTBYET BO3MOKHOCTh ()OPMUPOBAHHSI HE JBOMYHOTO COCTOSHUS
BBIXOJa NPUMHTHBA, KOTOPOE ONpEAENeHO B TpPOW4YHOM alipaBuTe cuMBOIOM X. CocTOsSHUSA
BBIXOJIOB (DOPMHPYIOTCS MOCIIEIOBATENBFHON MPOLIELYypPOil MOAETUPOBAHHUA Ha OCHOBE MPOCTHIX
utepaunii uiam urepauuii 3eiimens [6,8]. Bo BTopoMm ciydyae HeoOXomuma MpenporeccopHas
MpOLEeAypa pPaHKUPOBAHUSA JIMHUIN U IPUMHTHBOB CXEMBI, KOTOpas O3BOJSET CYIIECTBEHHO YMEHb-
LIUTh KOJUYECTBO IIPOXOAOB IO NPUMHUTHBAM CXEMbl ISl JOCTHXKEHUS CXOJUMOCTH, KOrJa
(uKcupyercss paBeHCTBO COCTOSHUHM BCEX JIMHUH CXeMbl B ABYX COCeNHMX uTepauusx. Kpome
TOr0, PAH)KUPOBaHHWE NMPUMHUTUBOB MO YPOBHSIM (OPMUPOBAHHS BBIXOJOB JAa€T BO3MOXKHOCTD
CYILECTBEHHO MOBBICUTH OBICTPOAEHCTBHE MOJEIMPOBAHUS 3a CUET MapajulenbHOW 00paboTKh
(YHKIMOHATTBHBIX 2JIEMEHTOB OHOTO YpOBHs1. Hampumep, a1 cxeMbl, IpeacTaBIeHHON Ha puc. O,
OZTHOBPEMEHHO MOJKHO 00pabaThIBaTh SIEMEHTHI ¢ HoMepaMmu 6,7, 3ateMm — 8,9 u nanee — A,B. B
MEepBOM Cllydae, KOrla MCHOJb3YIOTCA MPOCThIE MTEpAlliH, PaHKUPOBaHHs HE TpeOyeTrcs, HO
IUTaTON 32 POCTOTY alITOPUTMa MOAENHPOBAHUS SBIISIETCS CYIIECTBEHHO OOJIbILIEe YUCIIO UTEpa-
TUBHBIX [TPOXOJ0B 110 IPUMHUTUBAM CXEMBI JUISl JOCTHKEHUS YIIOMSHYTOIO KPUTEPHSI CXOIAUMOC-
TH. BeruucnurenbHas CI0XKHOCTb MPEAIOKEHHOIO METOAa MOJAEIMPOBAHUS HA OCHOBE KBAaHTO-
BbIX ()YHKIMOHAIBHOCTEN OIpeAeIsiercs npoueaypamMu GopMUpPOBaHUs ajpeca — BXOJAHOTO BEK-

TOpa, coziepKallerok; nepeMeHHbIX, I KaxJI0ro i-ro npuMuTHBa [(r+ w)xk;], canTeiBaHrEM

OuTa U3 KBAHT-BEKTOpA 110 KOHKATEHHMPOBAHHOMY aJpecy U 3alUChIO (r( w) JaHHOro OUTa B
BEKTOP MOJEITMPOBAHUS:

n n n
n= 2Z{[t+w)xkj]+(+w)}= X[(r+w)x(kj+D]=(r+w)x >(kj+D.
i=ny +1 i=ny+1 i=ny +1
Bpems MonenupoBaHusl OAHOTO TECT-BEKTOpa KBAHTOBBIM METOJIOM MPH YCIIOBHH, YTO IH(]-
poBas cxeMa, coctaBiieHHas U3 900 4yeTbIpeXBXOIOBBIX TPUMUTHUBOB, UMEET MapaMETPhL: I = W =

Sns, k;=4, n,=100, n=1000, paBHO 45 MUKPOCEKYHI;

n
n=+w)x X(k;j+1)=(5+5)x900x(4+1)=10x900x5=45000ns =45us.
i=ny +1

310 03HayaeT, 4To OBICTPOACHCTBHE METOa MOACIUPOBAHMS JAeT BO3MOXKHOCTH IUISl JaH-
HOW cxeMmbl 00paboraTh 3a OmHY ceKyHay 22 222 BxomHbix Habopos. [Ipum sToM nmdposoe
YCTPOMCTBO MMEET CYLIECTBEHHOE MPEUMYILECTBO — CEPBUCHYIO (QyHKIMIO online BoccTaHOBIIE-
HUSl paboTOCOCOOHOCTH B Clydae OTKa3a MPUMUTHBA IYTEM €ro Iepeajpecaly Ha 3amacHon
3JIEMEHT.

[l cuHTe3a KBa3sHONTHMAIBHBIX CTPYKTYP AaHHBIX KOMOMHAIIMOHHOTO YCTPOHCTBA HE0OXO-
JMMO UCIIONIb30BaTh CIEAYIOIINE TPaBUIa;

1) PamxupoBaHHas cxemMa HH(POBOrO YCTPOMCTBA 110 CTPYKTYPHOU IIyOMHE 3JeMeHTa IS
MOJICTTUPOBAHUS 1O cIIoco0y 3eiaens H0KHA UMETh 110 BO3SMOXKHOCTH OJJHOTHUITHBIC TPUMUTHBBI
B KaXKIOM YpoBHe (cIioe) cpabaThIBaHHUSL.

2) B kaxzmoM ypoBHE JKelaTelnbHO HMETh OANHAKOBOE YHCIIO NPUMHUTHBOB. [loaToMy cuHTE3
nU(POBOro YCTpPOICTBa CleAyeT OPUEHTHPOBaTh Ha CO3JAaHUE MPSIMOYTOJIbHOH (MaTPUUHOI)
CTPYKTYPBHI OHOTHUITHBIX JIOTHYECKHUX 3JIEMEHTOB.

12



3) Peanm3auns KOMOMHAIMOHHBIX IPUMHUTHBOB MIPEATNOJaraeT IpuMeHEHHEe aApEeCyEMBbIX diie-
MEHTOB NaMATH, MUMEIOLUIMX MECTO B IMpOrpaMMHUpYyeMbIX Joruueckux ycrpoiictBax (FPGA,
CPLD), mupoKo NCHONb3yEeMBIX AJIS1 CO3IaHMsI TPOTOTUIIOB.

4) dopmupoBaHUe JIs KaXKA0TO YPOBHSA KOMOMHAIIMOHHOTO YCTPOMCTBA PEMOHTHBIX IPUMHU-
THUBOB JJIs1 BOCCTAHOBJICHUS pabOTOCIIOCOOHOCTH B peXKMe online U3 pacuera — OJMH 3alacHON
3JIEMEHT Ha KaXbIi TUIT KOMIIOHEHTA, UCIIOJIb3YEMbIH B YPOBHE.

5) CrouMocTh anmapaTypHBIX 3aTpat ISl peajn3alii KOMOMHAIIMOHHOTO YCTPOMCTBA, OpH-
SHTUPOBAHHOTO HAa BBICOKOE OBICTPONEHCTBHUE, AOMKHA ONMPENEISITHCS CYMMOM BCEX MPUMHUTH-
BOB, IPHUBSA3aHHBIX K YPOBHSIM KOMOMHALIMOHHOTO YCTPOHCTBA, IOMOTHEHHON JTMHEHKOH 3a1acHbIX
3JIEMEHTOB IO OJHOMY JUISl Ka)KJIOro ciosl (IIpH YCIOBUM CYIIECTBOBAHMSI B KaXKIOM CJIO€
OIMHAKOBBIX IPUMHTHBOB):

j=lm
Q= > Pij +n.
i=L,n
6) Peanmzaiys koMOMHAIIMOHHOTO YCTPOWCTBA, OPUSHTHPOBAHHOTO HA MUHIMHU3AITUIO aIlIa-
paTHBIX 3aTpaT, ONMPEAETAETCA CYMMOW BCEX THIIOB NPUMUTHBOB, HHBAPUAHTHBIX K YPOBHSIM
KOMOWHAIIMOHHOTO YCTPOMCTBA, HOMOIHEHHOW JIMHEHKOW 3alacHbBIX AJIEMEHTOB O OAHOMY JUIS
KaXXJ[0r0 TUIIA:

m
Q=2P+m
i=l1

7) OOpaboTka MaTpULbl KOMOMHALIMOHHBIX 3JIEMEHTOB C TIOMOILBIO IPOLIECCOPHOMN JTMHEHKN
IIPUMUTUBOB, YUCJIO KOTOPBIX PABHO MOIIIHOCTH MaKCUMAJIBHOT'O YPOBHSI UM CJIOSL B IIPSIMOYTOJIb-
HOU CTPYKType, YTO 0OecreurnBaeT yCIOBUs ISl MapajuieibHOlH 00pa0doTKH BCeX MPUMHUTHUBOB B
Ka)XIOM YPOBHE 3JIEMEHTOB B LIENSX MOBBIIICHHUS OBICTPOACHCTBUS KOMOMHATMOHHOTO IPOTOTH-
na, peanuszyemoro B PLD.

4. BoccraHoBjeHHe PadoTOCIOCOOHOCTH KOMOMHALIMOHHBIX YCTPOMCTB

HemHorouncnenHnsle paboThl, MOCBSIIIEHHBIE BOCCTAHOBICHHIO pab0TOCIOCOOHOCTH JOTHYec-
Kux cxeM [9-11], onuceiBator aBe uzaen. [lepBas 3axirouaercss B peKOHPUTYpaluK CTPYKTYPHI
JIOTMYECKUX 3JIeMEeHTOB B pexume offline, koropas obecrieunBaeT BO3MOXHOCTh 3aMEHBI KaXKI0-
IO U3 HEUCIPaBHBIX IPUMHUTUBOB. BTopas co3maer ycinoBus Ui 3aMEHbI HEUCIIPABHBIX 3JIEMEH-
TOB ITyT€M HCIOJIb30BaHMS 3aI1aCHBIX JIOTHYECKUX KOMIIOHEHTOB M PaCIIMPEHHS MYJIbTUILIEKCO-
POB [UIA Tepeaipecallii OTKa3aBIIMX IPUMHUTHBOB.

CTpyKTypBl KyOUTHBIX NaHHBIX MOIUGHUIMPYIOTCS B CTOPOHY NONONHEHHS CTPOKOH THIIOB
npuMuTuBOB F=<L,M,X,P,Q >,P =(P[,P>,....P;,...,P;,) , 3a€licTBOBaHHBIX NIpH CUHTE3E LUP-
POBOH CHUCTEMBI, €ClTM HEOOXOIUMO B mpolecce (HyHKIMOHUPOBAHUS BBIIOIHATH PEMOHT WM
BOCCTaHOBJICHHE Pa0OTOCIIOCOOHOCTH ITyTEM BBEACHUS 3alIaCHBIX IPUMHUTHBOB, KOTOPBIE, TAKXKE
KaK M OCHOBHBIE, PEAIN3yIOTCS Ha OCHOBE »yieMeHTOB namstu. Ha puc. 4 mokaszan mpumep
CXEMHOW CTPYKTYpbI U3 aAPECYEeMbIX M TPEX 3alacHbIX 3J1eMeHTOB. CTPYKTYpbl JaHHBIX, COOT-
BETCTBYIOLINE 3TOH CXEME C TpeMs JOMOJIHUTEIbHBIMH 3JIEMEHTAMH, HPEICTAaBICHbI 3/1eCh KeE.

Addrassed
L[123456 7 8 9 AB
M1 1111001 1 10
X 13 34 27 75 68 89
P[.. ... 12134356
Qlirtr1111 11
111111111
Spares 1111111 11
0000000 0 0

Puc. 4. [Tpumep cXeMHOU CTPYKTYpPHI U3 APECYEMBIX U 3aMIaCHBIX HJIEMEHTOB
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Tabnuia onepupyer HOMEpaMu CTPYKTYPHBIX IPUMHUTHBOB, YTO TACT BO3MOKHOCTh 3aMCHHUTH
J000M OTKa3aBIIMI AIEMEHT UCIPAaBHBIM U3 PEMOHTHOTO 3araca ImyTeM H3MEHEHHS aJjpeCHOro
HOMEpa B CTPOKE MPUMUTHBOB P. PeMOHTHBIE 3JIEMEHTHI B JAaHHOW TaOIHIIC HAYMHAIOTCS C
HOoMepa 7.

B cnenyromieli Tabnmuiie mpencTaBICHBI CTPOKA THIIOB JIOTUYECKHX JJIEMEHTOB, a TaKXKe
azpeca TUIOB STUX IPUMHUTUBOB, OTMEUEHHBIC HOMEPAMH:

L{123456 7 8 9 A B
M{11111001 1 120
X 13 34 27 75 68 89
P 1 1 1 1 11
Q

1
1
1

[EEF—
—_ i |
—_ |

0000 .

OTa CTpyKTypa JaHHBIX OPHEHTHPOBaHA HA MPOrPaMMHYIO pealn3aluio MOJACTHPOBAHUS, a
PEMOHTHBIE TPUMHUTHUBBI HaUMHAIOTCS ¢ HOMepa 2. Ecnu cymiecTByer BO3MOXKHOCTB MEpernpor-
paMMHPOBAHUS JOTUKH B AJIEMEHTE MaMATH C OAWHAKOBBIM YHCJIOM BXOIHBIX MEPEMEHHBIX, TO
JaHHYIO IPOLEAYPY CIEAyeT BBITOIHATE OCE PUKCAIUU HEUCIPABHOTO 3JIEMEHTA, KOT/1a CTAHO-
BUTCSI M3BECTHO — KakKOW DJJEMEHT B CTPYKTYpe M KaKoi TWUI NPUMHTHBA OTKazal. Takas
MpoLeaypa BOCCTAHOBIIEHHUS pab0TOCIIOCOOHOCTH opreHTHpoBaHa Ha PLD-peann3anunto nudpo-
BbIX cucteM. Ecnu KyOUTHBIE MOJENH CXeM He UMEIOT 3allacHbIX IPUMHUTHBOB, TO COOTBETCTBY-
IOIKE UM TaOIUIBl OyIyT UMETh CIEeAYIOINH BUA:

L]123456 7 8 0 A Bl|[L[123456 7 8 0 A B
MI111100 1 1 1 ol MOI1111001 110
X 13 34 27 75 68 89| [X 13 34 27 75 68 89
Pl . 1 1 1 1 1 1P "1 23456
Qlr. Qr11111
1. 111111
1. 111111
0. 000000

TakuM 0O6pa3oM, KBAHTOBBIE CTPYKTYPBI TAHHBIX OPHEHTHPOBAHBI HA KOMITAKTHOCTD OIMCAHUS
(yHKIIMOHAIOB U (PPOBOTo U3IENUs KyOUTHBIMHA BEKTOPAMH, TIOBBIIIEHHE OBICTPOACHCTBHS TIPO-
LeAyp MOICITHPOBAHHUS 32 CUET aJpecallil COCTOSIHHM BBIXOJOB NPUMHUTHBOB, a TaKXKe Ha
BOCCTaHOBJIEHHE Pab0OTOCIIOCOOHOCTH OTIETbHBIX JIOTHYECKUX DJIEMEHTOB, OJaroiaps ux peaju-
3alMH B diieMeHTax mamsiatu PLD.

OO0paboTka cxeMmbl (processing) CXeMbl B KpPHCTajUle CBOJHUTCS K OIpPEIENeHHIO ajapeca,
COCTABJICHHOTO JBOWYHBIMU OMTaMH BEKTOpA MOICITHPOBAHUS, IO KOTOPOMY HAXOTUTCS JIOTH-
yeckas GyHKus. Kaxaprii IpUMUTHB HMEET UK 00pa00TKH, CONepKAIMUN TPH MIPOIEITYPHI:

1) AnpecHoe CUMTHIBAHHME HOMEPOB BXOJHBIX IEPEMEHHBIX M3 COOTBETCTBYIOUIETO CTONOIA
MaTpuibl X it GOpMUPOBAHUS aipeca COCTOSHUS BXOIHOM ITePEMEHHOI BEKTOpa MOEIHPOBa-
Hus: A2 X, i20n; j21s,21,

2) ®opmupoBaHue anpeca (IBOMYHOTO KOJa) JUTsl BEIYUCICHUS JIOTHYECKOW (PYHKIIHH TyTeM
KOHKATeHAIIMH COOTBETCTBYIOIIMX COCTOSHUI BXOIHBIX IEPEMEHHBIX B BEKTOPE MOJICIIMPOBAHUS

A4 MX;)*M(Xp).

3) 3anuch pe3yabTaTa BHIIOIHEHHS JIOTHYECKON (PYHKIIMHM KaK COCTOSHHSI BBIXOJA B COOTBET-
CTBYIOIIMM pa3psi BEKTOpa MOJEIUPOBAHUSA M(XiSp )4 PIM(X ) * M(Xj)]-

IIpouecc 06paboTKK BCeX NPUMHUTHBOB CXEMBI B JAHHOM CIIydae sIBJISIETCS] CTPOTrO MOCIeo-
BaTENIbHBIM, YTO NPEICTaBIsIeT COOOH CyLIECTBEHHOE 3aMelJIeHHe Ipoueaypsl (popmMupoBaHus
COCTOSIHUH BBIXOAHBIX IepeMeHHBIX. OIHAKO yMEHbIIEHHE OBICTPONECHCTBHUS MOXKHO CUHTATh
IUTaTOM 3a CEPBUC BCTPOCHHOI'O M aBTOHOMHOI'O BOCCTAHOBJICHHSI pa00TOCIIOCOOHOCTH LIU(POBOI

CTPYKTYPBI, KOTOPBIH SBJSIETCSI ONHUM U3 TAaroB (GYHKIHOHUPOBAHUS HHPPACTPYKTYPHI 00CITy-
»*kuBaHus SoC, NpeACcTaBIeHHOMN Ha puc. 5.
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Puc. 5. OnepanmonHas CTpyKTypa KOMOHHAIIMOHHON CXEMBI
KomOuHannonHas cxema CTaHOBHUTCS OIEPAllMOHHBIM YCTPOWCTBOM, TJIe PUCYTCTBYIOT OIle-
PALMOHHBIN U YIPaBISIOUUN aBTOMAThI. 3aMEHIEMBIMU KOMIIOHEHTaMH B OIEPAITMOHHOM aBTO-
MaTe SIBJITFOTCS THUITBI IPUMUTHBOB — ()YHKIIHOHAJILHBIC SJIEMEHTHI WIH CTPYKTYPHBIE PUMUTH-
BBI.
OnepanuoHHOE YCTPOMCTBO peau3alii SJIEMEHTHO-aIPeCyeMbIX KOMOWHAIIMOHHBIX CXEM

COJIEPKUT: CYETYUK 00pabOTKM TeKylero npuMutiBa Cj ; maMATh 11 XpaHEHHs TUIIOB IIPUMH-
THBOB, COOTBETCTBYIOIIUX CTPYKTYPHBIM 3JIEMEHTaM P; CUeTUYMK CUMTBHIBAHHS HOMEPOB BXOI-
HBIX U BLIXO/IHOM NEpeMEHHBIX TeKyIlero npumutiBa C, ; aemudparop Tvnos npuMutusoB DC;

NaMsTh AJIs1 XpaHEHHUs BEKTOpa MOJIESITUPOBAaHUS M; MATPUUHYIO aMSTh AJIsl XpaHEeHHS HOMEPOB
BXOJIOB-BBIXO/IOB CTPYKTYPHBIX IPUMHTUBOB X; THHEHKY aMATel, pean3ylomuX yHKIHOHATb-
Hble mpuMuTHBH P(Q); peructp ¢popMupoBaHUs BXOTHOTO aiPeCcHOro cioBa i oopabaThIBac-
Moro mpumutuBa RG; nmormueckmii snemMeHT Or IUis KOMMYTalMH Pe3yJIbTaToB oOpaboTKh
(YHKUMOHAIBHBIX IPUMHUTHBOB.

I'pad-cxema anropuT™a yrpasieHHs IPOLIECCOM MOACIUPOBAHMS CTPYKTYPh KOMOWHAIMOH-
HOW CXeMBbI IpEeACTaBIeHa Ha pHUC. 6 U COAEPKUT CIEAYIOIINE IIark:

1. Uanunanuzauus (popmupoBanne) Bcex KOMIIOHEHTOB (HOMepa U TUIIBI 3JIEMEHTOB, TMHUN
CBsI3eH [UIS BXOAOB M BBIXO/IOB JIOTHUECKHUX 3JIEMEHTOB) CXEMHOH CTPYKTYPHI:

P = (P17P27"',Pi9"‘7Pn); Q = (Q17Q27""Qj7"',Qm);
X= [qu];p =Ln;q= 1,sp.
2. Maunmanusanus mapamerpa oOpadaThiBaeMOro MPUMHUTHBA M HOMEpa BXOMHOrO HA0o-
pai=0, t=0 nus ero moaenupoBaHus B 1BOMYHOM andasure M, = {0,1}.
3. VHKpeMeHTHpOBaHHE MHJICKCA MPUMHUTHBA, HOMEPA TECTa M WHUIMAIU3AIUS BXOIHOTO

TecToBOro (pabdodero) Habopa: i=i+1, t=t+1, M(X)=T;(X), |T; (X)| =1.

k
4. Konkatenanus (#) pa3psznoB cioBa i OpMHUPOBaHUS BXOJHOTO BO3ACHCTBUS iglM(Xij)
J

JJOI'HYCCKOI'O 3JICMCHTA Pl (TI/IHa Ql) H BBIIIOJIHCHUC HpOHeI[prI OHpeI[eHeHI/IH COCTOSAHHSA €ro
BbIXOJ4a C HOCHGI[yIOHIeﬁ 3aIIMCBIO B COOTBCTCTByIOHIyIO KOOpI[I/IHaTy BeKTOpa MOI[GHI/IpOBaHI/IH:
M(Xyg1):

k
M(Xg41) = {PiaQi}[.#lM(Xij )]
J:

5. IloBTOpeHue MyHKTOB 3 U 4 B LEISAX MOMYyYEHUS COCTOSSHUM BBIXOJOB BCEX JIOTMYECKHUX
3JIEMEHTOB JI0 BHITIOHEHUS YCIOBHSL: 1= N.
6. IloBTOpEeHne MyHKTOB 2—4 B HESIX MOJETUPOBAHUS BCEX BXOTHBIX TECTOBBIX (paboumx)

Ha0OpOB 10 BBHIMIOJIHEHHS paBEHCTBA: t =T, rae M — [UIMHA TecTa.
7. OkoHUYaHHE MpoLecca MOACTIUPOBAHUS LU(PPOBOr0 yCTPONUCTBA.
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Craaing somponanis
PP P B P & G 5 (G o S g

K= E‘a,% E;g Jﬁ g vi—nsg\

2 e

iratialization of parameters
i=0,1=0

e —

Incrementing the index
Pz i = el MON = 0K, I X0

4 I
Simulating the primitive

i
MEX;,,q) @{?AsQé}iéi MK

Yes

7
[ End of sirmulation

Puc. 6. I'pach-cxema anropuT™a yrpasJieHHs! IPOLIECCOM MOJIETUPOBAHMS

3aech MpeAcTaBieHbl OMEPAllMOHHBIN U YIPaBIAIONINI aBTOMAaThl, OPUEHTUPOBAHHBIE HA
MOCIIEIOBATEIBHYI0 00pa0OTKy KOMOWHAIIMOHHBIX MPUMUTHUBOB, YTO U TO3BOJSET OCYIIECTB-
JIATh NPOLENypy Nepeaapecauud NPUMUTHBOB B Cllydae OTKa3a OIHOro u3 Hux. HerpymHo
CO3/1aTh aHAJOTHYHBIC ABTOMATHI JUIsI TapauieIbHON 00pabOTKH CIIOEB M3 MPUMHUTHUBOB PaHKH-
POBaHHOM CXEMBI, YTO MAaKCUMAaJIbHO MPUOIU3UT OBICTPOICHCTBHE YCTPOMCTBA K €r0 pealin3a-
uuu B Kpucrtaimnax PLD.

5. 3akaw4denune

1. IlpennoxxeHa Teopus M peanu3alisl KBAaHTOBBIX MOJENEH, METOIOB M aJlfOPUTMOB IS
MOBBILIEHHUS OBICTPOAEHCTBHS CYLIECTBYIOIIUX IPOTPAMMHBIX U allapaTHBIX CPEACTB aHAIM3a
U CHHTE32 IU(PPOBBIX BEIYMCIUTEIbHBIX YCTPOICTB MyTEM yBETUUEHHUS PA3MEPHOCTH CTPYKTYP
JaHHBIX ¥ HaMSTH.

2. OnucaH MaTpUYHBIA METOA KBAHTOBOTO JHATHOCTUPOBAaHUA (DYHKIIMOHAIBHBIX HapyIle-
HUH ¥ KOHCTAHTHBIX HEHCIPABHOCTEH B MPOIPAaMMHBIX MM alllapaTHBIX ONOKaxX, KOTOpbIE
UCHOJb3YIOT KyOUTHBIE CTPYKTYPhl ANAarHOCTHYECKON HMH(OpManuu, YTO JaeT BO3MOXKHOCTh
CYIIECTBEHHO YMEHBUINTD BBIYHCIUTEIBHYIO CIOKHOCTh MPOLIECCOB MOACTUPOBAHMS M JUAar-
HOCTHUPOBAHUS 3a CYET BBEACHUS MapajieNbHBIX JOTMYECKHX ONepauuid Hal MaTpUIHBIMU
JAHHBIMU.

3. IlpencTraBneH KBaHTOBBIM METOJ MCIPAaBHOTO MOJAEIUPOBAHMSA LHU(POBBIX YCTPOWUCTB ¢
BOCCTAHOBJIEHUEM PabOTOCIOCOOHOCTH KOMIIOHEHTOB LH(POBOH CUCTEMBI B pexxume online,
KOTOPBIIl MMeeT CyLIecTBEHHO 0Oojiee BBICOKOE OBICTpoAelcTBHE Oiaromapsi aApecHO peanu-
3allUU MPoLeRyphl 00padOTKH (PYHKIMOHAIBHBIX IPUMHUTUBOB, 3a1aHHBIX KyOUTHBIMHU IOKPBITH-
SIMH.

4. IlokazaHbl IPUMEPHI HCIIONBb30BAaHUS KYOUTHBIX CTPYKTYpP JaHHBIX M KBAHTOBBIX Mpeodpa-
30BaHUH U1 MOJEIHUPOBAHUSA IU(PPOBBIX CXEM M PELICHHS 3a/la4 AUATHOCTUPOBAHMS C TIOMO-
LIbI0 BEKTOPHBIX MapajljIebHBIX JOTMUECKUX ONepalyili 1 peMOHTa HEHCIIPABHBIX MOIyJIeH Ha
OCHOBE aJ[PeCyeMbIX JIOTHYECKUX IPUMUTHBOB.

5. OcHOBHas MHHOBAaLIMOHHAs MEsl KBAHTOBBIX BBIUMCICHUHN 3aKIIOYAETCS B IEPEXOAe OT
BBIYMCIIUTENBHBIX MPOLEAYP Hal OalT-ONepaHIoM, ONPEeaeNsIOIINM B AUCKPETHOM NPOCTPaH-
CTBE OZIHO pelIeHue (TOUKY), K KBAaHTOBBIM MapaljieNIbHBIM IIpoLeccaM HajJ KyOUT-OlepaH oM,
OIHOBpPEMEHHO (GopMupyroumM OyieaH pemenuii. B atom Tesnuce chopmynupoBano Oynymiee
BCEX BBICOKOIPOM3BOAUTENBHBIX KOMIIBIOTEPOB I MapajuIeIbHOr0 HEM(PPOBOrO aHaIN3a U
CHHTE3a CTPYKTYP U CEPBHCOB OUCKPETHOIO IO CBOEH CYTH KHOEpIpOCTpaHCTBA.
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Ilepcnexmuguvl ucciedo8anus:

1. Mcnionb30BaHue Or-onepamyy WK JJIs aHalTu3a TaOJUIbl HeUCITPABHOCTEW B IIEIISAX TIOMCKA
KpaTHBIX Je()eKTOB.

2. UccnenoBanue u mpuMeHeHre Xacce-mporeccopa Jyis OUCKa OJUHOYHBIX H/VIIA KPaTHBIX
nedekToB mo TabauIe HEMCIIPABHOCTEH, ITyTeM MPUBEACHUS TIPOIISIYPHI K 3a/1a4e MOUCKA ONTH-
MaJbHOI'O ITOKPBITHS.

3. MonenupoBaHUe UCTPABHOTO TIOBEACHUS MOCIECIOBATEILHOCTHBIX CXEM Ha OCHOBE KYOHT-
HBIX CTPYKTYP JaHHBIX IIU(PPOBBIX YCTPOHUCTB.

4. CuHTe3 KyOUTHBIX MOJIeNiel (PyHKIIMOHATBHBIX MPUMHUTHBOB U IU(PPOBBIX CUCTEM HA OCHOBE
WCIIOJb30BaHM KBAHTOBBIX IIPUMUTHBOB, a TAKXKE pa3okKeHUE (aHAIN3) KBAaHTOB (DYHKITHOHAb-
HOCTEH Ha KyOHUTHBIE MOJICTTH PUMUTHBOB.

5. MoaenupoBaHie HEUCITPABHOCTEW MIEPEXOI0B ABTOMATHBIX TEPEMEHHBIX ITyTeM MOAU(DHU-
Kallu¥ JeTyKTUBHOTO AT OpUTMA.

6. dopMupoBaHHE KOACPOB M JAEKOIEpoB s DSP-mporeccopoB ¢ mOMOIIBE KyOUTHBIX
CTPYKTYP JaHHBIX, MO3BOJSIONIMX TOBBICUTH OBICTPOJICHCTBHE CPEICTB KOAUPOBAHUS U KOMITAK-
THOCTB IPEACTABIICHUS JAHHBIX.
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YK 621.391
B.B. BAPAHHHUK, B.H. KPUBOHOC, A.5. MOCKBHH, 3.A. IIVIELIIKO

METO]I BOCCTAHOBJIEHUSI KOMIIOHEHT TPAHC®OPMAHT
B MHO®OPMALIMOHHOI TEXHOJIOTMH PEKOHCTPYKIMH
BUJIEOJAHHBIX

OnuckiBaeTCS METOJ] BOCCTAHOBIICHHUSI KOMIIOHEHT TPaHC()OPMAHT B TEXHOJIIOTUH ICKOMII-
peccun IUPPOBBIX H300paXKeHHUI, KOTOPBII OCHOBBIBAETCSI HA PEKOHCTPYKIIMHM BEKTOpa 3HAYH-
MBIX KOMIIOHEHT U BEKTOpa MacIITAOMPYIOIINX KOMIIOHEHT. OTAEIBHO NpeiaracTcss peKOHCT-
PYKLHS HU3KOYaCTOTHOW KOMIIOHEHTBI C HCIIOJIb30BAHUEM CTATUCTHYECKOrO Koia. B cratke
W3JIaraercs Mocie0BaTebHOCTh M OCHOBHBIC ATAITbl BOCCTAHOBJICHHMS KaXKJOr0 BEKTOpa COCTaB-
JstroIeit TpancopManTbl. OOOCHOBBIBACTCS OMHO3HAYHOCTD JICKOTUPOBAHUS KOMIIOHECHT TPaHC-
¢dbopmanT.

1. BBeaenue

B nocnennee necstunerue Habmogaercst OypHOe pa3BUTHE TEOPUM M MPAKTUUYECKHX OCHOB
MOCTPOEHHS METOJIOB CKAaTHsl BUEOaHHBIX. [loBbIIIeHNE 3P PEKTUBHOCTH CYILIECTBYIOMINX CHC-
TeM Iepeadd U XpaHeHUs BUICOJAAHHBIX C OTHOCUTEIBHO OrPaHNYCHHBIMH 3aTpaTaMu TOCTHTa-
€TCsl yTeM HCIOIb30BaHMsI HOBBIX METOJOB C)KaTUsl BUACOJaHHbIX. OIHAKO AJsl HHTErPHUPOBa-
HUS TIPOLIECCOB CXKATUsl BUACOAAHHBIX TpeOyercs 00ecredynTh CBOEBPEMEHHOE M OCTOBEPHOE
MoJy4eHrne BUACONH(OpMay Ha MPHEMHOM cTopoHe [1-3]. DTo AMKTyeT HeOOXOAUMOCTH pellle-
HUS HAYYHO-NPUKIAOHOU 3a0auu, 3aKIIoYalonieiicsa B o0ecreyeHnH 3a1aHHON JOCTOBEPHOCTH U
BpeMeHH 00paboTKU B MpoILecce PEKOHCTPYKIIUH CKATBIX H300paskeHHUH.

Meron c)xaTusi KOMIIOHEHT TPaHC(OPMAHT B TEXHOJIOTHH 00pab0TKU BUACOAAHHBIX OIUCAH B
pabore [4]. OcobeHHOCTH IMpollecca CKaTHUS 3aKJIIYaeTcs B TOM, YTO BEKTOpP Y, 3HAUMMBIX
KOMITIOHEHT COCTOMT M3 TPEX COCTaBIIAIONIMX, & MMEHHO: HM3KOYACTOTHOM KOMIIOHEHTHI Y, ;
BEKTOpa 3HaYMMbIX KOMIIOHEHT Y, ,; BEKTOpa MacIITaOMPYyIOIUX KOMIIOHEHT G, . Ero kom-
MOHEHTHI ONPEIENSI0T KOIMWYECTBO MOBTOPOB 3HAYMMBIX KOMIOHEHT. I]ens MccnenoBaHus co-
CTOHUT B pa3paboTKe MeToAa BOCCTAHOBJIEHHS TPAaHC(POPMHUPOBAHHBIX M300paKEHUH, KOTOPBII
OCHOBBIBAETCA HAa PEKOHCTPYKLUUH HU3KOYACTOTHOM COCTABIISIOIICH, M BEKTOPOB 3HAYMMBIX U

MaCIIITa6I/Ipy}0H_II/IX KOMITOHEHT. BoccTanoBiieHne Ka)K,Z[OfI COCTaBHHIOHIGﬁ BCKTOpa Ym npeaiia-
racrcsda NpoBOAUTH OTACIIBHO C UCTIOJIB30BAHUEM PA3HBIX TEXHOJIOTHI PECKOHCTPYKIIUHU.

2. BoccraHoB/ieHMe HHU3KOYACTOTHOH KOMIIOHEHTbl B TPaHC(OPMHPOBAHHBIX

U300pazkeHusAX

HwuskodacToTHast KOMITOHEHTA MPEACTABISETCS B BHJIE Pa3HOCTH 3HAYECHHH TEKyIIeH KOMIIO-
HeHTel DC(t) m xommonenTsl DC(t-1) mpempiaymielt cocenneld TpaHc(OpMaHTBI, a UMEHHO:

ADC(t)=DC(t)-DC(t-1), rne ADC(t) — 3HaueHue pasHuisl komrnoneHT DC(t) u DC(t—-1) ;
DC(t) — 3HaueHre HU3KOYACTOTHOW KOMITOHEHTHI [T TeKyIel t-ii Tpancdopmanter; DC(t—1)
— 3Ha4YeHHE KOMITIOHEHTHI JUIs npeasiaymeit (t—1)-i TpaHchopMaHTHI.

ITpomuecc BocCTaHOBIIEHH HU3KOYACTOTHOM KOMIIOHEHTBI Y, HAYMHAETCs C A PpUpOBaHUs
CTaTUCTUYECKOrO KOJa, KOTOPBIH COCTOMT M3 ABYX yacTedl. OCHOBHOW — 3TO CTaTUCTHYECKUH
KOJI IJIMHOM, paBHOM 1, OuT, 0Onazaromuii cBoicTBoM npedGUKCHOCTH, 3aMCaHHBIN B IBOMYHOM
Buzie [1;], . HonomaurensHeii kox [d;], — 3T0 Konu4ecTBO d; JOMOIHUTENBHBIX OUT, KOTOPBIE
(dbopMUPYIOTCS U3 MIIAAIIMX pa3psnoB 3HadeHUs pazHoctu ADC(t), 3amucaHHble B ABOMYHOM
BHIIEC.

Jlexonep mepex BOCCTAHOBJICHHMEM HHU3KOYACTOTHBIX KOMIIOHEHT TPaHC(OPMAHT MHOIydyaer
TaOJIHIIBI, U B IEPBYIO OUepeb JOJKEH U3 HEMPEPHIBHOTO MOTOKAa OUTOB BOCCO3/1aTh HOPMAJIH3H-
POBaHHBIE KOMIIOHEHTHI IpeoOpa3oBanus. 1locKonbKy mocnenoBaTeIbHOCTH ABOMYHBIX OCHOB-
HBIX KOJOB SIBJISIFOTCS MCHOBEHHOW M OIHO3HAYHO ACKOAMPYEMOM, 3TOT IIar JIETKO pealnu3yercs
MIPH MTOMOIIK TAOIUYHOTO Mpeodpa3oBanwms (Tadm. 1 u 2).
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A . 5
B 1a6:1.2 npuBATH creayiomnme obosHadenns: —2' +1,...,—2"" — orpumnaTensHblii guanazon

VR i-1 i o
3HA4YCHHUA KOMIIOHCHT DC, COOTBCTCTBYIOLIWUU 1-U KATCTOPUH; 2 7"'92 -1 - IIOJIOXKHUTCIbHBIN
JUaria3oH 3HAYCHHUA KOMIIOHCHT DC, COOTBeTCTBy}OH_[I/Iﬁ 1-i KaTCropumu, i— HOMCP KaT€ropuu,

1=0,16 — 3nauenue xareropuu or 0 10 16 6ur [3].

Tabmuma 1
CraHgapTHBIE KOJBI AJ11 HHI3KOYACTOTHBIX KOMIIOHEHT
Kg;;;gzzﬁfm Jpowunsiii kox | dmuna d, | Jmmnaa ADC(t)
i (11, d, 1(ADC(t))
0 010 0 3
1 011 1 4
2 100 2 5
3 00 3 5
4 101 4 7
5 110 5 8
6 1110 6 10
7 11110 7 12
8 111110 8 14
9 1111110 9 16
A 11111110 10 18
B 111111110 11 20
Tabmuma 2
Kateropun kogupoBaHusi HUI3KOYACTOTHBIX KOMIIOHEHT
Jnanazon 3HaueHnid kommoHeHT DC Konps! paspsimaocty 11t kommnonent DC
OTpunaTenbHbIH TTomoxxuTeapHbIN . T
JIMana3oH JIUana3oH 1=0,16
-2 +1,...,-2"" 2.2 -1 i

3. PexkoHCTPpyKUMS 3HAYMMBIX KOMIIOHEHT TPaHC(OpPMAHT

BoccraHoBneHre 3HaYMMBIX KOMIIOHEHT B BCKTOpPC Ym—l OCYHICCTBJIACTCA B JIBa DTalla.
HepBLIfI oTall. MGTO,Z[ BOCCTAHOBJICHU I KOMIIOHCHT 3aKJI0YacTCd B ACKOAUPOBAHUHN KOJOBOI'O
3HA4YCHUA E(y)u MMO3UIIMOHHOI'0 Y1CJia C HEPABHBIMU COCECIHUMHU 3JICMCHTAMU. OcCHOBBIBasICh Ha

MMEIOIIENCs MH(OPMAINK, BOCCTAHOBJIEHHE 3JIEMEHTOB TIOCTPOYHO-MACIITAOUPYIONIEH COCTAB-
JAKOIER OPraHu3yeTcs CIEAYIOIMMH JAeiCTBUSAMH. [IPOBOANTCSA BOCCTAHOBIIEHUE DIEMEHTOB
W, ;. Io onpenenennio Ha sneMeHTHI W, ; HAKIAABIBAETCS TOIBKO OJHO OTPAHMYCHHE, & HMEHHO
M, ;< W(Y), ecmu u=1, j=1; 1, ;< (W(y)—1), ecnu u=1,a j=2,m. OTcrOaa NOCIEIOBATENb-
HOCTH, COCTABJICHHBIE 13 SJIEMEHTOB L, ;, SBIAIOTCS O3ULMOHHBIMA YncaaMu. X BoccTaHOBIIe-
HHE OCYIIECTBISIETCS 10 pOopMysiaMm

Mo =[E®),/ (wy)-D™ "], (1)
My =[E®),/ (w(y) =D T = [E(y),/ (W(x) =D Y(w(y)-1)., @)
riue (W(y) —1)(m‘j) — TUHAMWYECKUH aUara3oH dJIeMEHTa Myj.

BTOpOfI stan. CBs3aH C BOCCTAHOBIICHHEM JJICMEHTOB yu,j Ha OCHOBC IIOJYYCHHBIX Ha
NpeaAbLAYIIEM 3TAall€ BEJIMIUNH Mu,j . <I>0pMyna JUISA OIIPEACIICHU A BETNYNH yu,j Ha OCHOBC U3BECT-

HBIX 3HAYEHUH W, ¥ ¥, j; TPUMET BU]
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v Moo = My < Yujs
u,.: 3
j Mu,j+1’ = WUy > Yujot - 3)

O6bequnauB BoipaxeHnus (1) — (3), modyduMm cHCTEMy aHAJUTUYECKUX COOTHOIICHWH IS
BOCCTAHOBJICHHS DJIEMEHTOB 3HAYNMBIX KOMIIOHEHT:

[E(),/ W) -D" V1= [E@y),/ (w(y)-D™ P (w(y)-D),

|7 M < Yujas
[E(Y),/ (W) -D™ T = [E(y),/ (W) =D P (w(y)-1)+1, 4)
= Myj 2 Yy

CootHortienue (4) odecreunBaeT BOCCTAHOBIICHHE BEKTOPA 3HAUUMBIX KOMITOHEHT 0e3 BHece-
HUS OLLINOOK.

u,j

4. PekOHCTPYKIHS MACIITAOMPYIOIIMX KOMIOHEHT TpaHCGOPMAHT

BekTop MacmTabupyonumx KOMIOHEHT G,,_; COCTOHMT U3 TPEX CTPYKTYPHBIX COCTABIIAIOIINX
(pHCYHOK).

G
0 0 0 0 0 0 gé;to g | e
Y a Y
lg Ng

CrpykTypa BeKTOpa MacIuTabupyronumx kommonenT G

O6o3nauum B BekTope G, KaXJIyl COCTAaBIAIONIYIO CIEIyIOMHUM 00pa3oMm:
(g, . (Ig)

G, :(1{)Gl *:G,;g, > TAC G,* — KOIHYECTBO MEPBBIX HYJICBBIX 3JICMEHTOB B BekTope G,
T.e. G * ={g1,--.,g1g} . 3necp g: =0, §=1,1g; G, — onementsl Bektopa G, 32 MCKIIOYEHH-
eM TIepBOI U TocNenHel cepuu Hynei, T.e. G, = {glg sees€mot §» TAE @, — MOCIIEIHAS KOMIIOHEH-
Ta Bekropa G, [5].

PexoHCTpyKIIMIO BEKTOpa MacIITAOMPYIONINX KOMIIOHEHT Mpeaiaraercs cpopMupoBaTh W3
Tpéx sTamoB. PaccMoTpuM mepBBIi 3Tall: AEKOJUPOBaHUE KOIAa HAYalbHOW CepHH HyIeH B

BEKTOpE MacIITabUpyroIux koMrnoneHT. Kon aiuabl cepun | o TIPEICTaBIIsIeTCs KOIOBOW KOHCT-
pyKumei [1g]2. JlanHas xKonoBasi KOHCTPYKIHS cOlep UT uHPopManuio o e€ aanHe. CooTBeT-
CTBEHHO NO3MLMOHNPOBAHKE KOJOBOIO CJI0Ba onpezensercs Ha ocHose BenuuuHbl 1(E,) . Torna,

3Hast UMHY I(E,) KOZOBOrO ClI0BA, BOBMOXKHO OE30MIMO0YHO MOMYYNTh 3HAYCHUE [UINHBI CEPUH

I(E, )1 :
l,. Dro nocruraercs B pesynabTaTe Takux mnpeobpaszopammii: l,= X 0p-2°;
=1
[l ={0 ., Oy Oy )}, THE OLz — IBOMHUHBIIA B7eMeHT mocrenoBaTensHocTd [l,],; €— nn-
JeKe BOMYHOro smementa B [ly],. DTo mosBomser momyunts mepByro cocraBisomyo E,
BEKTOpa MacmTabupyromux kommoHeHT G, ,, a wumenno: g;=0, j=L1,;
El = {gla“'agjﬂ""glg } .

Ha BTOpOM 3Tare npolecca BOCCTAHOBJIEHHUS OCYIECTBISAETCS PEKOHCTPYKIHS BTOPOM CTPYK-
TYPHOIi cocTaBisitolel E, BeKTopa MacmTabupyOmuX KOMIOHEHT TpaHCHOPMAHTSL. JUist 9T0ro
HeobXxomuMa CiayxkebHas MHPOpPMALUsS O MAKCUMAIBLHOM 3HAYEHUH JIMHAMHYECKOTO JAUANa3oHa
TOCTIENIOBATENEHOCTH &1, >+ &m-1 . ONpe/ieNieHne MO3UIME KOMIIOHEHT BTOPOil COCTABIIAIOMIEH

OCYILIECTBIISIETCS [0 CIEAYIOLIEMY HPaBUILY:
P/(E)) =1(E))+1; Py(E)) =1(E))+1+d;; Pe(Ey) =P (Ey)+dy,

20



rae Pp,P,,P: — nosuims xoMmoHeHTBI BTOpO# CTPYKTypHOH cocTaBmstiomeil Bekropa G, _;;
I(E,) — nnuna neppoii yactu kozna Bekropa G, _,; d; — LeN0e KOIMYECTBO OMT, HEOOXOAUMBIX
Ha TPE/ICTABJIECHUE KOMIIOHEHTHl BTOPOH CTPYKTypHOH cocTaBistomed Bekropa G, _; KOIOM
bono.

ITocne onpenenenys MO3UIMYI NEPBOrO U KOHEYHOro OMTa BOCCTAHABIMBAETCS COOTBETCTBY-

dl —_—
ollee 3HaYeHHe: 8¢ = gl% 28 , &= l,+1,m—-1.

Tperuii stan. CTpyKTypHBIH mapamerp g, BEKTOpa MacIITaOMpPYIOIIUX KOMIOHEHT G, _,
MPEACTaBIISET CO00H JTMHY MOCIEAHEH Cepruu 3JIEMEHTOB, HMEIOINX HYJIEBbIe 3HAUECHHS.
[Tapamerp g BEKTOpa MaCIITAOUPYIOIIMX KOMIOHEHT G, _, Ha NPUEMHON CTOPOHE Onpee-

JIACTCA Ha OCHOBE IICPBBIX ABYX CTPYKTYPHBIX COCTAaBJIAIOIINX BEKTOpa Gm—l' HHH 9TOT'O
m-1
HCIIOJIB3YCTCA YCJIIOBUC!: gﬁg& = lg +Ng , C Y4CTOM 4Cro BCIMYMHA g =~ BBIYMCIIACTCA 110 CICHY-

roteit hopmyie: =n’-1,—-N IJie N — JIMHEHHBIH pa3Mep TpaHC(HOPMaHTHI
pmyie: g, g gs p p Tp p .

BriBoabI

Paspa60TaH METOJ BOCCTAHOBJICHUSA KOMIIOHCHT TpaHC(l)OpMaHT B BUJCOOAHHBIX, KOTOpLIﬁ
OCHOBBIBACTCA Ha pPCKOHCTPYKII MU

1) HH3KOYACTOTHBIX KOMIIOHCHT Y. BoccraHoBieHHe KOMIOHEHT Ha HpHéMHOfI CTOpPOHC

MIPOUCXOUT IO CIEeNUAaIbHBIM Ta0JIHIIaM, B KOTOPBIX XPAHITCS CO3JaHHbBIE KOJIEPOM CTaTHUCTH-
YecKue KOIbI;

2) BEKTOpa 3HaYMMBIX KOMIIOHEHT Y, ,. BoccraHoBeHME 3HAUMMBIX KOMIOHEHT 3aKJIH0ya-
ercs B JCKOAUPOBAHUU KOJOBOI'O 3HAYEHUS ITO3ULIMOHHOIO YKCIa C HEPAaBHBIMU COCEOHUMU
3JIEMEHTAMU U JUHAMHUYECKOI'O JUaAla30Ha MAaCCUBOB;

3) BekTOpa MacmITabMPyIOIKUX KOMIIOHEHT G . BoccTaHoBIeHNnE MacIITaOUPYIONIHUX KOM-
IIOHEHT OCHOBBIBAETCSA HA JEKOAMPOBAHUU ABYX OCHOBHBIX CTPYKTYPHBIX IApaMETPOB BEKTOPA
G,,_|> @ MIMEHHO: BOCCTAHOBJICHME HAYaJLHON HYJIEBOH CEpUU 1g , Bektopa G, _, Ha OCHOBE
JEKOIMPOBAHUS KOAA IJIMHBI CEPUH; BOCCTAHOBJICHUE IMOCIIEIOBATEIBHOCTH, PACIIOI0XKEHHOU
MEK/Iy Ha4aIbHON cepuei Hyieit |, i mocnenneii komnonenToit g Bekropa G, , . [IpoBoxuTcs
B pe3ylibTaTe NeKOAMPOBaHMs Koma bomo ¢ mcmomb3oBaHMEM WH(GOPMAIMH O MAaKCHMAalbHOM
JAHAMUYECKOM HAaIa30oHe.

Cnucoxk aurepatypsi: 1. Caromon /. Cxxatre qaHHBIX, H300paxeHui u 3Byka. M.: Texaocdepa, 2004. 368c.
ISBN 5-94836-027-X. 2. Gonzales R.C. Digital image processing/ R.C. Gonzales, R.E. Woods. Prentice Inc.
Upper Saddle River, New Jersey 2002. 779p. 3. bapannux B.B. Merton cxxaTusi H300paKeHH Ha OCHOBE
HEpaBHOBECHOTO MO3UIIHOHHOTO KOMMUPOBaHUs OUTOBEIX Tutockoctelt / B.B. bapannank, H.K. I'ymak, H.A.Ko-
ponesa //PamioenextporHi i komm foTepHi cuctemu. X.: XHAY “XAI”,2009. Bum. 1. C. 55— 61. 4. Kpusoroc
B.H. MeTton KOMITAaKTHOTO TIPEICTABIICHHUS BEKTOpa MACIITAOUPYIONINX KOMIIOHEHT TpaHchopmant / B.H.
Kpusonoc, I'.H. I'yimak // CygacHa cniertianbpaa TexHika. 2012. Ne3. C. 22 —30.
Hocmynuna 6 peokonnecuro 11.02.2013
Bapannuk Biragumup BuxkropoBuy, 1-p TeXH. HayK, pod., HaYaIbHUK Kadeapsl XapbKOBCKOTO
yauBepcutera Boznymasrx Cur mm. ViBana Koxkery6a. Hay4Hbie HHTEpECh: TEXHOIOTHH KO-

poBaHus U obecnieueHus 6ezomacHocTH nHpopManuu. Anpec: Ykpanna, 61000, XapbKoB, yiI.
Cymckas, 77/79. E-mail: Barannik V_V(@mail.ru.

Kpusonoc Biaagumup HukonaeBuy, mmkerep XapsKoBCKOro yHuBepcutera Bozaynmapx Cit mMeHn
WBana Koxemyba. Hayarsie MHTEpeCH: KOOMPOBaHWE W 3aldTa WH(OpPMAIWHU I Mepenavd B
TEITEKOMMYHHUKAIMOHHEIX cricTeMax.Anpec: Yipaunra, 61100, Xapekos, iep. baBapckwii, 9, kB.50.

MockBuH AHapeii IxyapaoBuy, Maructp HarmonaasHOro TexHImYeckoro yauBepentera « XITH»
Hayunble mHTEpECH: KOAMPOBAHUE M 3aIIMTAa HHPOPMAIMH IS TIepeIady B TEIEKOMMYHHUKAIII-
OHHBIX cucTeMax. Anpec: Ykpauna, 61100, Xaprskos, yi. Cymckas, 77/79.

Inemxo dnyapa AHaATOIbeBHY, CTAPIINI HaydHBIN coTpynHuk Yikp HUU MenTpanc MO3
VYkpannsl. Hayanbie naTepecsr: HH(GOpMAIOHHBIEC TEXHOIOTHH B MEIUIMHE. Aipec: YKpauHa,
61000, XappkoB, yi1. Cymckast, 77/79. E-mail: Barannik V_V@mail.ru.
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YK 621.391
B XAXAHOB, C.B. YYMAYEHKO, E.H. JIMTBIHHOBA

COCTOSIHUE IT-PBIHKA YKPAUHBI (AHAJIUTUYECKHIA OB30P)

[pemnaraercs anaTHYECKHid 0030p HA OCHOBAHMH MaTepHaJIOB IIPaBUTEILCTBEHHOM pec-
CBI, 00CY)KIEHHS 3aKOHOITPOEKTOB, NaHHBIX I T-acconmanuu Y kpannsl. IIpuBeneHnsie Mmarepua-
7Bl OBUIM TIPEACTABIICHBI 110 3aKa3zy OprKoMuTeTa Ha roomneitHol 50-i BeicTaBke Desing
Automation Conference B Ocrune (mrat Texac) 6-8 urons 2013.

1. CratucTH4YecKkHe CBeIdeHHSA

Hacenenne Ykpaunsl, mo utoram nepernucu 2001 roga, cocraBisiio Ooonee 48,4 MUILTHOHA
YEeJI0BEK, 110 JaHHBIM T'OCYIapCTBEHHOMN CITy>KObI CTaTUCTUKY YKpanHbl Ha 1 ssHBaps 2013 roga —
45 547 800 uenosek, no ouenke 2013 roga — 45 553 000 uenosek [1]. Tepputopus — 603 549 km?,
0 IUIOLIaAX sBJIsAeTCs KpymnHeleil ctpanoi EBponel nmocne Poccun. 3annmaer 30-e mecTo B
MHpE 10 YUCIIEHHOCTH HaceneHus U 44-e — no repputopun. Ilogpasnenserca Ha 27 aqMUHHUCTpa-
TUBHO-TEPPUTOPHAIBHBIX SIUHMIL, 24 U3 KOTOPBIX SBISIOTCA 00nacTsimMu, 1 — aBTOHOMHOM pec-
nyOnuKol W 2 mpencTaBisiioT co0oil ropoaa rocynapcrBeHHoro nogunHeHus (Kues, Ceacrto-
noib). Cromuua — Kues. Kpynneiimme ropoga — Kues, XapokoB, Onecca, JJHenponeTpoBck,
Hounenk, 3anopoxne, JIbBoB, Kpusoii Por. YHuTapHoe rocyaapctso, popma mpaBiieHUs — IPE3H-
JeHTCKO-TIapJaMeHTcKas pecryonuka. B mapre 2010 roma moct mpesupeHTa 3aHsu1 Buxrop
SnykoBuy, npembep-MuHuCcTpa — Hukomnait Azapo. He3aBucuMoCTh CTpaHbl IpoBo3rialieHa 24
asrycta 1991 roga. IlpenmectBoBaBmue aToMy 69 ner Ykpanna Haxoaunack B coctaBe CCCP.
WnpycrpuanbHo-arpapHasi CTpaHa ¢ AMHAMUYHO pa3BUBatolieiica skonomukoid. Oo6wem BBIT 3a
2012 rox coctaBun 344,7 munnuapaa gomnapos CLUA (okono 7600 momnapos CIIA Ha mymry
HacesneHus). [lenexxHas equHULIa — TpuBHA (ycpeaHEHHBIN Kype 3a 2012 ron — 8 rpuBeH 3a 1
noiap CILIA).

2. BuU3HeCc-KOMIIAHMH N0 3JIEKTPOHHOMY mnpoekTHpoBaHHI0 (Business/Electronic
Design Companies presence in the country)

CTaTHCTHKA: KOJIMYECTBO KoMHaHHH cocTtaBisier Oonee 2 000, BajoBOM m0X04 KOMIIAHHMM
uHAycTpuu — 6omnee 16 mupa rpH/ron, cpenuuit npupoct goxoaos = 30-40% / rox, 3KCHOPT yciIyr
~10 mapa rpu. KonuuecTBo mepcoHana, 3aHsaToro B komnaHusx uaayctpuu = 180 000 wer.
Cpennsis 3aprutata = 13 000 rpH/Mec., 1o 3aTpaT Ha OIUIATy TPYAa B U3JEpPKKaX KOMIIAaHUH =
>70%. KonruecTBo npouIIbHBIX BEITYCKHUKOB By30B ~ 20 000 / roa, n3 HUX 00J1a1al0T HaBbIKA-
MU a7 pabotel B unaycrpuu ~25%. Ctpykrypa ungycrpun: 70% — ayrcopcunr (paspaborka
nporpaMMHoOro obecrieueHust nox 3akas) u npenocrasnenue UT-cepsucos; 10% — paspaborka
COOCTBEHHBIX MPOrPaMMHBIX MPOLYKTOB; 20% — cUCTEMHAs HHTErpaLusl.

WNHutepHer-npemioxkeHue no YKpamHe BKIIOUAET YCAYTH OT 53 KOMIIAaHUHM U MPEANpUsATUN 110
MPOCKTUPOBAHUIO AIEKTPOHHBIX KOMIOHEHTOB U cucTeM [2]. Cpean HUX: IPOSKTUPOBAHUE DIIEKT-
POHHOr0 00pyOBaHUS — 52, MPOEKTUPOBAHUE TEXHOIOTHUECKOH OCHACTKH — 18, MpoeKTUpOBaHHe
JJIEKTPOHHBIX CHCTEM — 9, MPOCKTUPOBAHNE MHTETPAIBHBIX MHUKPOCXEM — 0, MPOEKTHPOBAHHE
ANEKTPOHHBIX KoMIOHeHTOB — 1. [To ropomam: Kues — 22, XapbkoBckast obnacts — 7, J{Hemnporer-
poBckas obmacts — 5, JloHerkas obnacts — 4, Bunnuiikast oonacts — 4, Kueckas obmacts — 2,
Uepnurosckas obnacte — 2, [lonraBckast obmacts — 2, JKXutomupckas oomacts — 2, XMENbHUII-
Kast obmacte — 1, UepHoBuikas obmacte — 1, 3amopoxckas obmacte — 1, AP Kpemm — 1,
Opnecckas obmacts — 1, PoBenckas obiacts — 1, JIbBoBckas obnacth — 1.

Karanor pa3paGoTKH 3J1eKTPOHHBIX KOMIIOHEHTOB M CUCTEM COAepkHUT 81 npemnoxenue ot 39
KOMITaHWH U nipeanpuatuii [3]: pa3paboTka SJIeKTPOHHBIX YCTPOUCTB — 54 MpeioKeH s, pa3pa-
00TKa 3JIEKTPOHHBIX CUCTEM — 14 mpeioxkeHnH, pa3padoTKa IEKTPOHHBIX KOMIIOHEHTOB — 13
MPEUIOKEHU .

Cpenu 3HaYMMBIX NPEANPUSATHH B 00JIACTH 3JICKTPOHUKH MOXHO BBIACIUTD CIACIYIOILHE.

2.1. 000 “HUU xomnbloTepHbIx TexHodoruii” (Uepnuros, Kues, Burauna) mpenoc-
taBisier yeuyru [http://ictech.com.ua/]: H3roTOBIEHNE IEUATHBIX TIIAT, TIPOEKTUPOBAHUE TTeJaT-
HBIX IUIAT, pelu3aiiH MeYaTHBIX IUIAaT, M3TOTOBJICHHE TpadapeToB AJIsl HAHECEHUs NasuIbHON
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MACThI, KOHTPAKTHOE IPONU3BOJICTBO MIEKTPOHUKH, KOHTPAKTHAs pa3padoTKa 3JIEKTPOHUKH, U3T0-
toBnenne CBY ¢unbTpos.

2.2. Kb «Kapar» (XapbskoB) [4] npemnaraer yciayru mo NpoeKTHPOBAHUIO M MPOU3BOACTBY
HECTaHapPTHOM AJIEKTPOHUKH TIOJT 3aKa3.

2.3. CeBepogonenxoe HIIO «MUmmnyabe» [5]. OcHOBHBIE HAmpaBiICHUS NEATEILHOCTU —
pa3paboTKa, U3rOTOBJICHUE M BHEAPEHHE cucTeM KOHTpois u ynpasieHus (CKVY) mis o0bekToB
ATOMHOM U TEIJIOBOM HEPT€THKH, HEPTEra30BOro KOMIUIEKCA, JKEJIe3HOIOPOKHOTO TPAHCIIOPTa U
Ipyrux orpacieid npomeinuieHHocTH. _Ha 6asze paspadorok HIIO «Mmmynbcy» BeimyiieHo Oolnee
20 ThIC. CUCTEM KOHTpOJIS U ynpaBieHus. OHU BHEIpeHBI BO Beex pecnyomnmkax Obisiero CCCP,
Bbonrapun, Beurpun, Beername, Unauu, Kutae, CnoBakuu, Yexun, @unnauauu, Anonuu. B HITO
«Mmmynbcy peann3oBaH NONHBINA UK co3ganus CKY: pazpaboTka TEXHMYECKUX M MPOrpaMM-
HBIX CPEICTB, M3TOTOBJICHUE, Bepu(UKALUS, BAINAALNS, KOMIJIEKC UCTIBITAHUNA U BHEIPEHUE.
ObecrieueHO COMPOBOXKACHHUE IKCITyaTallud Ha MPOTSHKEHUHM BCero >ku3HeHHoro unukia CKVY.
CKY pazpaboransl Ha earHON maTgopme HoBoro nokonenus — MCKY 3M.

Cuctema ympaBiieHHsS KauecTBOM CEpTU(HUIMPOBaHA Ha COOTBETCTBUE TPEOOBAaHUSM CTaH-
napta Ykpaunsl JICTY ISO 9001:2009 u mexaynapoanoro cragaapra ISO 9001:2008.

B nacrosiiee Bpems ocHoBHo npoaykuueit HITO «mmynbe» sSBASFOTCA CUCTEMBI KOHTPOJIS
n ynpasiaenus s ADC. O6opynoBanue, nocrasisiemoe Ha ADC, uMeeT cepTUPHUKAThl COOTBET-
CTBHA TPeOOBaHUIM, MPEABIBISEMbIM K Ipoaykuuu aas ADC B cTpaHe 3aKa3uuKa.

Ocnoenas npooykyus. 1) OcHOBHas MpoAyKius aiisi 3Heprodi1okoB ADC ¢ SHEpreTUYecKu-
MU peakropamu BBOP-1000 1 BBOP-440: nHpopMamoHHO-BBIYACINUTENBHASI CHCTEMa BEPXHE-
ro 6mounoro ypoBHa (MBC); cucremsl BHyTpupeaktopHoro koHTpons (CBPK); ammapatypa
KOHTPOJISL HEUTPOHHOTO NoToKa peaktopoB (AKHII); cuctembl rpynnoBoro 1 MHAMBHYaTbHOTO
ymnpasieans (CI'Y); uudpossie ynpasnsiomue cuctembl 6ezonacaoctd (YCB); mudpossie
YIIPaBJISIONIKE CHCTEMbI HOpManbHOU 3kciutyatauui (CHD); HU3KOBOJIBTHBIE KOMIUIEKTHBIE YCT-
poiictBa PT30; cuctembl peructpaiy BaKHBIX mapameTpoB 3kciutyarauuu (CPBII);  meHT-
PBI TEXHUUECKOM TTOAJEPKKHU onepaTopoB B aBapuitHbix cutyanusx (LITII); cucrembr anarnoctu-
poBaHUs 000pYIOBaHUS YHEPrOOJIOKOB; HEUTPOHHBIE aHAIN3AaTOPBI Oopa (6OpoMepBI); CHCTEMBI
ynpaBieHHs aBapueil «Tedb TEmIoOHOCHTENS W3 MEPBOro KOHTYpa BO BTOpOI»; YyCTpoicTBa
TUTABHOTO ITyCKa 3JIEKTPOABUTaTeNel; TpeoOpa3oBaTe CUTHAIOB; IIKA(bI 3JIEKTPOIUTAHUS TEX-
Hu4Yeckux KomruiekcoB CY3; muieidpl SHEProBhIAEICHNS U TEPMOKOHTPOIIS. 2) OCHOBHAS TIPO-
IyKOUs Uit 006eKTOB TerioBoid dHepreTukn — ACY TII sHeproOI0KOB TEIITIOBBIX YIEKTPOCTaH-
nuii. 3) OcHOBHAsI NPOIYKLUS IJ1s1 He(pTera3oBoro KOMIUIEKCa: CUCTEMBbI YIIPaBICHHs KOMIIPEC-
COPHBIMHU CTaHLUSIMH; CUCTEMBbl aBTOMATHYECKOT0 YIIPaBJICHH ra30lepeKauynBalOIMMH arpera-
tamu [http://ru.wikipedia.org/wiki/Ykpauna]; ACY TII marpeBatenbHbIX Tedeil HedTemeperoH-
HBIX YCTaHOBOK. 4) OCHOBHAs NPOLYKIHS IS >KEJIE3HONOPO’KHOTO TPAHCIIOPTa — IIKa()bl BBOAHO-
pacnpenenutenbHO-TIpeodpasoBarenpablie [IIBPIT-OUT u IIBPII-DLII.

Ocnosnvie 06vekmbl 6HeOpeHus: aTOMHAs SHepreTuka (3amopoxckas, XMenbHuukas, Po-
BeHcKas, HOxxHo-YkpauHckas, ApMmsaHckas, banakoBckasi, Pocrosckas, Ko3znonyii, Konbckas,
Kypckas ADC; denepansHoe rocynapctBenHoe npenrnpusatre [10 “Mask”); TernoBas 3Hepre-
tuka (3amopoxckas, Kupumckas, Kypaxosckas, Yrmeropckas, 3mueBckas, bepesosckas, Jla-
neixuHCKass TOC; Cesepomonerikas TOLl); medrerasossiii xomruieke (3AO “YkpratHadTa”,
Kpemenuyr; AO “Y daoprcunres”, Tumodeerckas KC kommannu “Yxpraznooerya”, Kaganosc-
kuii ['TI3 “YxkpHadTa”, AracracseBckas ['JIKC, IKC “Conoxa” xomnaHuu “Ykprazmo0brda”,
KC “JlockyroBka” YMI “JlonbaccTpaHcras” kene3HoMopoXKHBINA TpaHcropT (JloHerkas xemnes-
Has JIopora).

2.4. Ilyoauynoe axkumoHepoHoe oOmecTBo «XAPTPOH» (XappkoB) [6]. B obmactu
Hay4YHBIX U KOHCTPYKTOpckux padot [TAO «XAPTPOH» 3anHTEpecoBaHO B IPOBEAEHUU COBME-
CTHBIX HAay4YHBIX U KOHCTPYKTOPCKHUX Pa3pabOTOK 10 CO3AaHUI0: IPOrPaMMHOI0 U TEXHUYIECKOTO
obecriedeHusl CUCTEM YIPaBJICHHUS B 00JaCTH aBHALMU M KOCMOCA; IPOrPaMMHOI0 M TEXHHUUYECKO-
ro obecriedeHns CUCTEM yIpaBJICHUs B 00JIACTH aTOMHOM U TEIJIOBOW YHEPreTUKU; MPOTrPaMM-
HOI'O U TEXHHYECKOro olecreueHus: B 001acTH WH(POPMALMOHHBIX TEXHOJOTUH, B TOM YHCIE
MPOU3BOACTBEHHBIX U YIIPABIIAIOMINX HHPOPMALIMOHHBIX CUCTEM Pa3IMYHOI0 Ha3HAuYeHU (PHEP-
reTHKa, TPaHCIIOPT, SKOHOMHKA, MEIULIHA, 00pa3oBaHue, OM3HEC); N3MEPUTEIBHON annapaTypsl
W anmnapaTypsl KOHTPOJIS VIS ra30- U HeTENpOBOIOB; KOHTPOIbHO-U3MEPUTEIBHON annapaTypsl
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1is HeprenepepadaThiBaroield 1 HeTEXUMHUYECKOH MPOMBILUIEHHOCTH, BKJIIOUYas epepadoTKy
cbIpoii He)TH B OeH3MH (Ta30JIMH), yIOOPEHUS, 8 TAKKE B XUMUYECKUE MPOIYKTHI M TJIACTMACCHI;
000pyIOBaHMs U CIEHHMAIbHOTO MOKPBITUS aBTOMOOMIIBHBIX OCBETHUTEIBHBIX MPHOOPOB 1O
HMOHHO-TIJIA3MEHHOW TEXHOJIOTHH; ONTO3JIEKTPOHHBIX AaTunkoB ACY TII (razoanaiau3aTopos,
aHaJIM3aTOPOB BEILECTB).

Kocmoc, asuayus, eoopysicenue: cucTeMbl yNpaBlIeHUS MEKKOHTUHEHTAIBHBIX OalTUCTHU-
YEeCKUX PaKeT U pakeT-HOCHUTeNel (KOMIUIEKCHl aBTOHOMHOTO YIPAaBJICHUS! paKeTaMU-HOCUTENSI-
mu KAYPH “OHEPI'MA”; cucremsl ymnpaBiieHHs pakeroi-HocuteneMm “‘/Inenp”, “Crpena”,
“Poxot”, “Llnkion-4"); cucremMsl ynpaBieHHs KOCMHUYECKHX Kopaliell (cHcTeMbl ynmpaBlieHUs
TpaHCHOPTHHIX KopaOneil monynpHbix — CY TKM; cucrema ympasiieHHS (DYHKIMOHaJILHOTO
rpy3oBoro 61oka — ®I'b — MexayHapoaHoit kocmuueckoit craHnn MKC “Anbda’; cucrema
yIIpaBJICeHUS aBTOMAaTHYECKOH yrnpaBisieMol opoutansHoi cranuuein — AYOC; cuctema ynpas-
JIEHHsI KocMudeckoro amnmnapara 71X6; cuctema ynpaBieHHs KocMudeckoro anmnapara “Kymnon”;
CUCTEMa YIpaBJIEHUS KOCMHYECKOTo ammapaTta “ApKoH”; CHUCTEMa YIpaBJICHHUS CIyTHHKA
“Egyptsat-1"; cucrema ynpasienus cnytHuka MC-2-8; cucrema ynpasieHus cnyrHuka MC-2-
EM).

Cucmemul ynpaenenus 8oopyicerHuem: OATMCTUUECKUN BBIYUCIUATENb CHCTEMBI YIpaBJe-
Hus orHeM TaHka T-80 V]| mpeaHasHadeH 1ist o0ecriedeH sl MOBBILIEHHOW TOUHOCTH CTPENBObI 1
pacimpenus GYHKIMOHAIBHBIX BO3MOKHOCTEH OPY>KHSI, HCIIOIB3YETCSl B CHCTEME YIPaBIICHHS
orHeM TaHka (CYO) npu cTpenbde ¢ MecTa U ¢ XOIy.

Onepeemuxa: cuctemsl ACY TII ADC u TOC (uH(OpManMOHHO-BBIYUCIUTENBHBIE CUCTE-
MBI, CHCTEMBI aBTOMAaTUYECKOT0 PEryJIupOBaHUs, CUCTEMBI paJUallMOHHOTO KOHTPOJIS, CUCTEMBI
ACY TII TOC, cucreMbl KOHTPOJISI TypOOreHepaTopOB, CUCTEMbI aBTOMAaTU3UPOBAHHOTO XUMHU-
yeckoro kKoHTpoisi — AXK BXP, cucreMbl cHHXpOHU3aUKN BpeMeHH); obopynosanue s TOLL,
TOC (undpooit mpubop nuauKanuu U ynpasieaus LIITU-YM-4-1; uHaAuKaTOpB CBETOIUOIHbIC
OP24, OP60; 6noku n mkadsr YKT3-Y; 6ok kommyratopa BK; perucrpatop TokoBoro curaa-
na PTC-020-50; perucrpaTop 3J€KTPOHHBIM MHOrokaHaibHBIHK POM-06/12; Tabno cBeTroBbIe
TCB-IIPT, TCB-IICT; curnanu3zatop Bpamenus Baina PBII; Tabno ceeroBoe curnansHoe TCC-
99); cuctema AMCTAHLMOHHOT'O KOHTPOJISl TEMITEpaTyphbl BEHTHIIILIMOHHBIX KaHAJIOB KOHTEHHEPOB
cyxoro xpanunuia orpadorasuero siuepHoro tomuea «CAKT BKK CXOST» npennazHaueHa
IU1S1 AMCTAHLIMOHHOTO U3MEPEHHSI TEMIIEPATyphl B BEHTHIISILIMOHHBIX KaHAIaX KOHTEHHEPOB, yCTa-
HOBJICHHBIX HA IUIOMIAJKE CYXOro XpaHWJIMIIA OTpaOOTaBILEro SIIEPHOrO TOIIMBA; BCE COCTAB-
Hele yactu CIKT BeimyckatoTcsi B UCIIOTHEHUH U1l aTOMHBIX CTAHIIMH CO IITaMIIOM B JOKYMEH-
tamuu «J{msa ADCy»; komrutekcHas cuctema quaraoctuku (KCJI) oCHOBHOrO TEXHOJIOTHYECKOTO
000pynOBaHMs aTOMHBIX 3ekTpocTaHuni (ADC) npenHasHaueHa 11 aBTOMAaTHUECKOH THarHo-
CTHKHM OCHOBHOT'O TEXHOJIOTMYECKOTr0 00OPYIOBaHUS U PESKUMOB 3KcIutyatauuun ADC B memsax
MOBBIIICHUS 0€30M1aCHOCTH, HAJEKHOCTU U 00eCIeYeHUs TapaHTHPOBAHHOM BEIPAOOTKHU 3JIEKTPO-
SHEPTHH; MPOrpaMMHO-TexHn4Yeckuil komruiekc APM POM CHUA3 (aBTroMaTH4ecKuil peryisTop
MOIIIHOCTH, CHCTEMa Pa3rpy3Ku OrpaHUYEeHHs] MOIHOCTH, CUCTEMa MHIyCTPHAJILHON aHTHCeliC-
MHYECKOH 3aIUMTHl) MpeJHa3HaueH Ul 3aMEHbl anmnapaTypbl, BeIpaOOTaBIIeld CBOW pecypc Ha
9HEPro0JIOKax aTOMHBIX JIEKTPOCTAHLIUH.

Ilpomueoasapuiinas asmomamuxa: aBTOMAaTHKa JUKBUAALMHM ACHHXPOHHOIO peXHuMa
(ALARO3); aBromaTuka ot noBbimeHus HanpsikeHus (APNO1); aBromaTuka pukcanum OTKITFO-
yeHnus (Bxmrouenns) muaun (FOLO1); aBromatuka nosupoBku Bo3aeiicteuii (ADVO1); aBToma-
TrKa pa3rpy3ku craniuu (ARSO01); dukcanus aktuBHON MomtHOCTH (FAMO1, FAMO2).

Peneiinasn 3auyuma u asmomamuxa: xiacc HanpspkeHus: 6-35kB (nmuddepenunanpHas 3amu-
ta mmH 35 kB SHO2; 3amura m3MmepurensHoro tpanchopmartopa 10 kB TNO2; 3amuTer u
apromatuka BJI 35 kB L050; 3amuThl 1 aBTOMaTuka acuHXpoHHBIX D] P > 2500 kBt M021;
3alUTHl U aBTOMAaTHKa Au3enb-reneparopa DGO1; pesepBHBIE 3a1UTH 1 aBTOMAaTHKa I'€HEPATO-
poB G020); kmacc HanpspkeHus 110-220xB (pesepBHbie 3ammThl 1 apToMaTrka BJI 110-220 kB
L010; pe3epBHas 3amuta u apTomatuka AT ctopona HH LO11; 3amura u aBromatuka OB 110-
330 kB LO13; pe3eppuble 3ammthel u apToMaTtrka BJI 110-220 kB (6a3oBbrit komriekt) LO14;
3alIUTHl U aBTOMaTuKa TpaHcopmaTopoB Omoka T020; pesepBHble 3amuUThl TpaHcopmaTopa
T030; muddepennmanpras 3amuTa aBoitHO# crctemsl mmH 110-330 kB ¢ 06xoxnoit SHO1); kmace
HarnpspkeHust 330kB (pesepBHas 3ammrta u aBromatuka AT cropona BH LO12; pesepBrbIe
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3amuThl U aproMaTrka BJI 330 kB L020; ocHoBHas 3amuta BJI 330 kB (¢ ¢pyHkuumeit ganpHero
pesepupoBanusi) L040; ocHoBHas 3ammTa BJI 330 kB L041; 3amuTa ommuosku 330 kB SHO3).

Keneznodopoochuil mparncnopm. Aemomamusuposaunvie cucmemvt BUSUH®DO mnpen-
Ha3HAYEHB! Ul OOCITYKMBaHHs MACCAKHPOB BOK3aJIOB KEJE3HBIX JOPOT MyTeM OOECIICUeHHS:
nH(popMaLreil 0 Toe31ax, HaxoAAmuXcs Ha maTdopmax; nHGopManueil 0 HanpaBIeHUH ABHKE-
HUS TOE3[0B; O BPEMEHU MPHUOBITHS M OTIPABJIEHUS MOE3/I0B [0 PACIUCaHHIO; O BPEMEHH, Ha
KOTOpOE OMAa3bIBAIOT C IPUOBITHEM 10€3/1a; O HATMYMU OMJIETOB Ha 10€3/1a; O TEKYILEM TOYHOM
BpeMeHH; 00 aTMoc(epHOM [aBJICHUH, TEMIIEpaType M BIAKHOCTH BO3[yXa; PEKIAMHOU WU
pa3BieKaTeNbHON BUCO-ayANO U TETICBU3NOHHON HH(POPMAIHEH.

Asmomamusuposantvie cucmemsvr CKJ]. Uenvio cozmanus CKJ[ siBhsieTcsi: MOBBIIMICHUE
KyJBTYpPHl OOCITY>KMBaHUSI NACCaXHUPOB; HEAOMYILCHNE Ha MOCAIKy B IM0€3/1a MaccakupoB 0e3
MPOE3IHBIX JTOKYMEHTOB; HENOMYIIEHHE BBIXOAa C IUIaTGOPMBI Macca)kupoB 0Oe3 MpPOE3aHBIX
JOKYMEHTOB; HEIOMYILEHHE ITOCTOPOHHUX JIUI] Ha IIIAaTPOPMY; KOHTPOJIb TaCCaKUPOIIOTOKA; yUeT
MACCAKUPOINOTOKA; ONTUMHU3ALIUS PACICAHUS ABUKEHUS TI0E3/I0B TPUTOPOTHOTO COOOILIEHUSI.

Keneznooopooicnas agmomamuxa. PeneliHo-npolieccopHas LEHTpaau3alus — obecrieueHue
0€e3011aCHOr0 yIpaBJICHUS U KOHTPOJIS IBUKEHUS JKeJIe3HONOposkHOTrO Tpancnopra. llkadsr pac-
MpEACINTENbHbIE — CUCTEMbl aBTOMATH3UPOBAHHOIO YIPABJICHHUSA, KOHTPOIS M AUATHOCTUKU
ANIEKTPOOOOPYIOBAHUS MACCAKUPCKUX BarOHOB, BBHITOIHSIONINE ONTUMHU3ALUIO U AUATHOCTUKY
paboThl cucTeM KM3HEOOeCIIeueH sl BaroHa ¢ BblJaueil pesynpTara Ha dkpaH auciuies. [lonsa-
TOHHBIE SIIUKH — CHCTEMBI 3JIEKTPOCHA0KEHHSI TACCAKUPCKUX BarOHOB C TEHEPATOPOM MEpEMEH-
Horo Toka. APM HauanbpHUKa 1Moe3a — KOMIUIEKT 000pyIOBaHUS MOE3IHONH aBTOMaTH3UPOBAH-
HOU MH(OPMALIMOHHO-AMAarHOCTUYECKON CUCTEMBI, 00eCTIeYHBAIOLIHIA COOp, XpaHeHHe U 0ToOpa-
KEHUE Ha IKpaHe MOHMTOpa aBTOMAaTH3MPOBAHHOTO Pabovero MecTa HayaJbHUKA 10e3/a Auar-
HOCTHYECKOW MH(POPMAIIUH U TaHHBIX 00 aBAPUHHBIX CUTYalUsIX B CHCTEMaX, 00eCIICUMBAIOLIIX
0e30MacHOCTh Ka)JI0r0 BaroHa, pOpMUpOBaHKME M XpaHEHHWE MAaCcCHBa BarOHHOHM M MOE3AHON 0a3
naHHbIX. Tabao nHGOpMaMOHHbBIE — CBETOIUOAHOE WM OJIMHKEpHOE Tabio, obecreuuBalolee
BH3yaJlbHOE OTOOpa)keHHe MH(OPMAaLK B CTATHYECKOM U JAWHamMuuyeckoM (“‘Oerymas cTpoka’)
pexumax. [loxxkapHo-oxpaHHas CUTHAJIU3ALMS — ONIpeeeHUEe MECTa BOSHUKHOBEHHSI TPEBOXKHOM
CHUTYalluu C BbIayell CBETOBOM M 3BYKOBOWM CUTHAJIM3ALMH I10 aJpecy cpaboTaBIIero n3Berare-
ns1. [lynbpThl maccakupa — yCTaHABIMBAIOTCS B KyIl€ MACCaKUPCKUX MOE3I0B AaJIbHETO CIea0Ba-
HUS B 00€CIeUunBaIOT MaCCaKUPY BO3ZMOXKHOCTh YIIPABISATH OCBEIIEHUEM B KyII€ BaroHa, BHI30B
MIPOBOJIHUKA, BKIIFOUATh/BBIKIIIOUATh OXPAaHHYIO CUTHAIIM3AIIHIO, TIOAKIII0YATh dIIEKTPOIPUOOPHI,
pEryIupoBaTh TPOMKOCTh BaroHHOH paauoceTH. [leperoBopHsble ycTpoHCTBa — CUCTEMa BHYT-
peHHEH cBsi3u “Bu3ut”, obecmeunBaromias pedeBylO CBs3b NMPOBOJHMKA C aOOHEHTaMH Iacca-
XKUpcKoro Barona. [IpeoOpazoBaTeny HANPSHKEHHS — MUTAHUE PA3TUYHOTO YIEKTPOOOOPYIOBAHUS
B CHCTEMAaX AJIEKTPOOOOPYAOBAHUS TACCAKUPCKIX BarOHOB. DIEKTPOOOOPYI0BAHUE — KOMITJIEKT
AEKTPOOOOPYAOBAHUS T MOJEPHU3AIUN CUCTEMBI DIIEKTPOCHAOKEHUSI BaroHa. DJIEKTpUIec-
KH€ HarpeBaTelly — JIIs TIOJI0rpeBa MOBEPXHOCTEH, TpyO, 00beMOB BO3/yXa, JeTalleil U oMellle-
HUHW CPECTB JKEIE3HOJOPOKHOT0 TPAHCTIOPTa B XONOHOE BpeMs roga. CHCTEeMBbl YIIpaBIeHHUS U
JMaTHOCTUKHA — aBTOMaTHYECKas CUCTEMa YIIPABIICHHS M IUATHOCTHUKH TTPOMBIIIICHHBIX KOHIH-
IIMOHEPOB. Y HUBEPCAIBHBIE MYJIBTHI IUCTAHITMOHHOTO IIEHTPAIM30BAHHOTO YITPABIICHH, BBOJIA U
oToOpakeHus] WH(OPMAIIMH ITYTEBOr0 XO3SHCTBA KEJIEe3HBIX JIOPOT: 3aMeHa (PU3NYECKA U MO-
palbHO yCTapeBIIero 00OpyIOBaHMS, TPOCTOTA OOCITYXUBaHUSA, YAOOCTBO B YIpaBIICHHUH, Ha-
TIITHOCTH TPENICTABICHUS HH(POPMAIINH; BHICOKASI HAJIGKHOCTh M COBPEMEHHBIN JM3aiH; MIHH-
MaJbHOE SHEPToNoTpeOIeHNe; THOKOCTh M MPOCTOTa MOAU(PUKAIINHN, YIUTHIBAIOIIIE 0COOSHHOC-
TH Pa3INYHBIX KENE3HOJOPOKHBIX CTAHIIUHN 1 MEPCIIEKTHBBI KX Pa3BUTHSL.

MoHTax)H0-COOPOYHOE MPOU3BOJCTBO BHITIONHSET pabOTHI 110 COOpKE U MOHTaXy IUIaT, OJIo-
KOB, NMPUOOPOB, CTOEK, OCYIIECTBISET PErylMpOBKY (PYHKIIMOHAIBHBIX Y3JIOB, OOeCTiedrBaeT
MPOBEICHUE KIIMMATUYECKUX U MEXaHHYECKIX HCIIBITAHHM.

Komnanuu [TAO «XAPTPOH» paboTaroT Ha BCeMHpPHO H3BECTHBIE Kopriopannuu: Microsoft,
Google, IBM, Dell, Mercedes, Siemens, Bosch, Sky, Kodak, Deutsche Bank, Commerzbank,
Barclays, T-Mobile, Telcordia, Boeing, Lufthansa, Disney.

2.5. IIyoiuyHoe akuuoHepHoe 00wmecTBO0 «HayyHO-IpPOM3BOACTBEHHOE NpeANPUs-
THe «Pammii» [7] sBnsercs pa3paOOTINKOM, TIPOU3BOIUTENEM M TOCTABIIMKOM BBICOKOTEXHO-
JIOTUYECKON MPOyKIIMH B 00JIACTH aBTOMAaTU3HPOBAHHBIX CHCTEM YIIPABICHUS U 3aIIUTHI 00bEK-
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TOB aTOMHOM 3HepreTukd. OcHoBaHo B 1954 r. 3a rogsr padotsl [TAO «HIIII «Panuii» 3aHsu10
nuaupyroume nosunun cpeau npoussoguteneid ACY TII u 3aBoeBajio yBakeHUE U JIOBEpUE
norpeduteneid. Hayuno-rexundeckuii moreniman — 1300 cnenuanuctos, u3 HUX 300 BEICOKOKBa-
TUQPUIUPOBAHHBIX Pa3padOTUYMKOB — MO3BOJISIET MPEANPHUATHIO CO31aBaTh KOMIUIEKCHI, COYETal0-
e B ce0e BHICOKHME TEXHUYECKHE XapaKTEPUCTUKU ¢ MAKCUMAaJIbHBIM yI0OCTBOM U MPOCTOTON
WCTIONB30BaHUS, OONBIIMMH (PYHKIMOHATIBHBIMUA BO3MOKHOCTSIMU U COBPEMEHHBIM AU3aHOM.

Inarpopma PAJIVII cocTOMT M3: MOZIy/Is yIpABICHHS, KOTOPBIl MOXeT ObITh pa3paboraH
TakuM 00pa3oM, 4YTOOBI BBIMONHATH HEOOXOAMMBIE 3aKa3uuKy (YHKLIHMH; MOAYJEH BBOIA H
BBIBOZA; MHTEpdelica TEXHUYECKOro 00CTY)KMBaHUs U pabounx nHTepQeicoB; nHTepdeiica auar-
HOCTHYECKOTO IUCILIES; AOMOIHUTENbHBIX KOMIIOHEHTOB, HAlPUMeEpP, CEKLUI U1 MOALyJeH, 0110-
KOB IMUTaHUS, KA OB. .

Texnonoeuss IIVIUC. Tlnatpopma PAJIMN ocHoBana Ha TexHomoruu [Iporpammupyemoit
norundeckor uHTerpasibHoi cxembl (IIJIMC). Texnonorus [IJIMC umMeer psii NpeUMyIECTB 110
(YHKIHMSAM yIpaBJICHHs U 3aLIUTHI B CPABHEHHUH C IPOTPaMMHUPYEMbIMHU JIOTHYECKHUMH KOHTPOJLIE-
pamu (ITJIK) 1 yHHBepcanbHBIMU KOMIIBIOTEPAMU: IPOrPAMMHBII KOJI AJIsl pa3paOO0TKH U SKCILTY-
atauuu cucteM Ha ocHoe [IJIMC (HDL) He TpeOyer 3ammycka onepanroHHON CUCTEMBI KOMITbIO-
Tepa; Ha JJAaHHBIII MOMEHT HET U3BeCTHBIX BUpYycoB mwiu ommbok HDL koxa; HDL kox pazmernen
BO (uien-naMaty 0e3 HeoOXOAMMOCTH JIOCTYNa K BHELIHUM MCTOYHHMKAM 4yepe3 KaHallbl HHTep-
¢eiica — mpegoTBpallcHIEe HEABTOPU3UPOBAHHOTO AOCTYIIA; CHELUANbHbIE OJIOKUPATOPBI HHTEP-
¢eiica Tpedyrorcs mist nepenporpammuposanus [TJIMC B geificTBUM — Ha KO JIOTHKH YIPaBICHUS
HeIb35 MOBJIHATH C MOMOLIbIO OOBIYHOr0 KOMMYHHKAIIHOHHOTO MOPTa; CIeNUalbHbIA OJHOHAI-
paBiIeHHBII MHPOPMALMOHHBIN MPOTOKOJ MCIIONIB3YeTCsl Al COSAMHEHMSI JIOTUKU YIPaBICHUS
crcTeM 0e30MacHOCTU ¢ HEOE30MACHBIM T0JIb30BATEIBCKUM HHTEp(ErcoM.

Cucmemvt [1AO «HIIII «Paouiiy. TIAO «HIIII «Panuii» npumensier 3Ty miaatdopmy mnpu
MOCTPOSHUH 00palaTHIBAIOIINX 3JIEMEHTOB ISl H3MepHUTeNbHO-ynpasisiiomux cucrem (UYC) B
COOTBETCTBUM C 3afjaHueM 3akazuuka 111 ADC M HcclaenoBaTenbcKoro peakropa. B cocras
CHCTEMBI BXOJIAT: NMPOrPaMMHO-TEXHUYECKUN KOMIUIEKC CHCTEMBbl aBApUHHOW U Mpexynpenu-
tenpHOM 3amuThl (IITK A3-I13); nporpaMMHO-TeXHUUECKUI KOMILJIEKC YIIPABIISIONIEH CHCTEMBI
6esonacuoctu (IITK YCB); nporpaMMHO-TEXHUYECKUH KOMILJIEKC aBTOMAaTHUYECKOTO PEryIupo-
BaHUS, pa3rpy3KH U OrPaHUYEHUS MOLTHOCTH PEAKTOPa U YCKOPEHHOM MPeAyNpeInTENbHOMN 3a1lH-
161 (IITK APM-POM-VII3); cucremMpl HHAUBUIYAIBHOTO U TPYIIIIOBOTO YIIPABICHUS PEAKTOPOM
(CI'Y); cucrema Mo)kapHOM CUTHAIM3ALMU; 3JICKTPOPACIPENeITUTENbHOE 000pyIOBaHHUE.

Kauecmeo u nadescnocms. Pa3paborka, NpOU3BOACTBO M TapaHTUS KauecTBA MPOLYKLUH
I[TAO «HIII «Paauii» COOTBETCTBYET CTaHAAPTAM M PYKOBOACTBaM MeXAyHApOJHOU 3JEKTPO-
texHr4yeckoi komuccnn (MOK) n MexayHapomgHOro areHTcTBa 1mo aroMHon sHeprun (MAILA-
TD), KacaromuXcs CHUCTEM SJIepHON OE30ITacHOCTH.

Tecmuposanue. ITIAO «HIIII «Panuit» TIATENbHO TECTUPYET MOAYJH, MAHEIU U CHUCTEMBbI
Iepes; OTNPaBKOH. OTH TECTHl BKIIOYAIOT: PEHTTEHOJIOTMYECKOE HCCIIEAOBAHUE MOHTA)KHBIX
wiat; 200-yacoBble UCTIBITAHNA HAa NPUHYIUTENBHBIA OTKa3 3JIEKTPOHHBIX MOIyIeH; QyHKuHO-
HaJbHYIO IPOBEPKY MY 3aJaHHBIX BHEIIHUX YCIOBHAX JKCIUIyaTalluH; CECMHUYECKYIO aTTeCcTa-
LUI0; COMPOTUBIICHNE MIEKTPOMarHUTHOMY BO3JEHCTBHIO; TPHUEMO-CAATOYHBIE UCTIBITAHUS MOTI-
HOCTBIO NHTETPUPOBAHHBIX CHCTEM.

Ilposepxu mpemvumu auyamu. Ilporpamma rapantum kauectBa [TAO «HIII «Panumit»
BKJIIOYAET B ce0sl MEepHOINYECKUE MPOBEPKM HEIITaTHBIMU OpraHu3auusMu. Pesynpratamu Ta-
KHX [IPOBEPOK CTAJIM: JIMLIEH3Hs Ha pa3padoTKy, IPOU3BOJICTBO, IOCTABKY M TEXHHUUECKOE 00CIIy-
XKHUBaHHE OOOpPYINOBaHHS M CHCTEM MAJS SICPHBIX PEAKTOPOB, BblAAHHAs | ocynapcTBEHHBIM
KOMHUTETOM SIIEPHOTO PEryJIMPOBaHUs YKpauHbl, cepTU(UKaLNs, MOATBEP)KIAIOMIasi COOTBET-
cTBHe porpammsl rapantun kadectsa [IAO HIIIT «Panuit» TpeboBaHMAIM aKIIMOHEPHOTO 00IIIe-
CTBa 10 aToMHOH 3Hepruu Kananer; ceprudukanyns, noaTBepKAaonas COOTBETCTBUE IPOTrpam-
™Mbl TapanTuu kauecTBa [TAO «HIIIT «Pamuit» Tpedoanusam cranaapra DIN EN ISO 9001:2000,
BeitanHast THO® Peitanang, Inter Cert, Bproccens; ceprudukamnus, moarsepxkaaromas, uro [ITK
YCb TTAO «HIIII «Pamuit» coorBercTByer EBporieiickuM mpaBuiiaM TeXHUKH 0E30IIaCHOCTH
EN61010 u EN55022, Beinannas THO® Peiinnang, Inter Cert, Bproccens.

Oxonoeuueckasn xyromypa. 1TAO «HIIII «Pamuit» ctpemutcs cOeperatb pecypchl W 3amlu-
IaTh OKPY’KAIOLIYIO Cpely Ha KakJIOM YpOBHE opranusannu. Hekoropele MHUIIMATUBEI BKIIIOYaA-
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10T B ce0s1: 3PeKTUBHOE UCTIONB30BaHNE 000PYIOBaHUS; TPAKTHKY 3 (HEKTUBHOrO MOTPEOICHUS
AIIEKTPOIHEPTUH; PHIBTPOBAHNE CTOYHBIX BOJ M MOBTOPHOE NPUMEHEHHE MX B IPOU3BOJICTBE;
CKUTaHME OCTATKa ICPEBSIHHON MacChl B KOTJIAX B LENSAX BHIPAOOTKH TEIJIOBOM YHEPTHH, HCIIOb-
3yeMOil B IPOM3BOJICTBE.

Ocnosnas npooykyus. 1) UY nnardopmel u cucremsl Ha 0aze [IJIMC mna ADC u TOLIL.
Panuii ucnonszyer [IJIMC (mporpaMMupyembie JJOTHUECKHE HHTETPaIbHBIE CXEMbI) KaK OCHOB-
HOH NpOrpaMMHUPYEMBIii KOMIIOHEHT B COCTAaBE CBOMX MH()OPMAIIMOHHO-YIPABIISIFOLINX IIaT(hopM,
Ha OCHOBE KOTOPBIX PEATM3YIOTCS KOHKPETHBIE MPUIIOKEHUS — CHCTEMBI KOHTPOJIS M YIIPaBICHUS
(CKY) mm undopmanmnonno-ymnpasisitomue cucremsl (MY C), npumensiembie Ha ADC u TOC.
[IJINC saBnsiercst anbTepHATUBOW 11 MUKPOIIPOLIECCOPHBIX HU(PPOBBIX CUCTEM, TAKUX KaK MpPO-
rpammupyemble Joruueckue kontpouiepsl (IIJIK); unterpansnas mukpocxema ITJIMC, mocne
ee MPOrpaMMHUPOBAHUsI SIBIAETCS TEXHUYECKUM CpPEICTBOM, HE TOABEPKEHHBIM COOSM U HE
HUMEIOLIMM CUCTEMBI KOMaH] pepbiBaHuil (kak y Mukponpoueccopon); IINIMC moxer peanunzo-
BBIBAaTh PA3INYHYIO MATEMaTHYECKYIO JOTUKY 00pabOTKH, HEOOXOIUMBIE JJ1sl BBITOTHEHUS! (PyH-
Kuuit 6esonacHocTy 1 ynpasneHust Ha ADC; QyHKIHMY JaHHBIX TEXHUUECKHUX CPEACTB KOHPUTYPH-
PYIOTCS C UCIOJIb30BaHMEM si3bIka onucaHus annapatypsl (HDL wim Verilog); koHpurypauun
noruku [TJIMC moryr oOHOBIATHCS MOCIE UX TIIATEIbHOM Bepr(HKauuu U KOHTPOIS ( B TOM
YHCIIe MOCTie YCTaHOBKH 000pYIOBaHUSI Ha O0OBEKTE); eCi HEOOXOIMMO, TO MUKPOIIPOLIECCOPHI
MOryT ObITh peann3oBaHbl Ha ocHoe I1JIMC.

[IpeumymecrBa npumMenenusd [IJIMC: TexHonorus, npoBepeHHas B ucnonb3oBanuu Ha ADC u
JPYTUX IPENIpUATHIX C 0COOBIMU TPEOOBAaHUSAMH K 0€30IMacHOCTH; peanu3anus GpyHKuuid 6e30-
MAcCHOCTH 0e3 MPUMEHEHHUsI KaKOro-TM00 MPHUKIAAHOTO IPOrpaMMHOro 00eciedeH s U orepa-
LMOHHOM CUCTEMBI; TapajIelIbHOE BBIIONMHEHUE aJITOPUTMOB YIPaBJIeHUs U GYHKIMHA KOMMYHHKA-
UM, YTO oOecreurnBaeT OBICTPYIO PEaKUHUIO C 3aJaHHBIMH ((PUKCHPOBAHHBIMH) BEIUYMHAMHU
BPEMEHU; MOHATHOE U MPOCTOE MPEAOCTABIEHHE IEKTPOHHOIO JU3aiHa, YTO MO3BOMISIET YMEHb-
LIMTh 3aTPaThl, HEOOXOAMMBIEC ISl Pa3paOOTKH, KOHTPOIS M BepUPHUKALMH;, COBMECTHMOCTH
HDL xona ¢ paznuuneiMu Tunamu [IJIMC, n3roroBieHHBIMU pa3HbIMU IPOU3BOAUTENSAMU; TO-
XOAUT JJIsl peBepC-MHKUHUPUHTA YCTapeBIIUX LEHTPAIBHBIX MPOLEccOpoB 0e3 Moaudukanuit
CYILECTBYIOUIMX KOAOB MPOIPAaMMHOr0 0OecredeHus; crienn(uyeckue cBOWCTBa OTHOCUTEIBHO
nH(pOpPMaLMOHHON Oe30macHOCTH Onarogaps OTIIMYHIO OT JPYTHX TEXHOIOTHI Ha OCHOBE MUKPO-
niporeccopoB 1 MukpokoHTposuiepoB (st IIMC wer Bupyco). Takum o6pazom, IUIMC npeno-
CTaBJISIIOT BBITOJHYIO U IIPOBEPEHHYIO BpeMeHeM TexHojoruto st peanuszauuu CKY (nadopma-
LMOHHO-YIPABJISIIOLINX CHCTEM) AJIS SIICPHBIX YCTAHOBOK; HAOMIOAAETCs POCT KOJMYECTBA JIM-
nensupoBanHbix CKY (MUYC) Ha ocnose IIJIMC mus smepHbIX ycTaHOBOK. Pamuii sBisercs
nocraBukoM matdopm st UYC 6e3onacHocty Ha ocHoBe [IJIMC, MOMHOCTBIO TOTOBBIX K
9KCIUTyaTalluy IPUIIOKEHUI (CUCTEM 10 KITIOU»).

1) 4V naamepopma RadlCS™ na 6aze IIJIHC. XapaKTepUCTUKH CHCTEMBI Ha OCHOBE
[UIMC: cootrBerctByeT TpeboBaHusM cranmapra MOK 61508:2010 o yposaio SIL 3 ceptudu-
Kauuu (TIpH MOCTPOCHUM B OJHOKAHAJIBHOM BapHaHTe); CleMalbHO paspaborana mia UYC
0€3011aCHOCTH, CBSA3aHHBIX € 0E30MMaCHOCTHIO M HOPMAJIBHOM SKCIUTyaTalluK; 00ECIICYNBAET BbI-
COKYIO HaJI&XHOCTh, (DYHKIMOHAJIBbHYIO U HH(OPMALMOHHYIO 0€301aCHOCTh; UMEET IOITHOCThIO
MPOBEPEHHBIN W HCIBITAHHBIN AMANa30H BXOJHBIX M BBIXOIHBIX CUTHAJIOB; THOKOE yIpaBieHHE
N30BITOYHOCTBIO/PE3EPBUPOBAHIEM; BCCOOBEMIIIONIAS «OHJIAMH» IHUArHOCTHKA; Majoe BpeMs
peakuuu (MeHee 5 MC); BO3MOXKHOCTb ropsyell 3aMeHbl MOAYJIEH; BBICOKAsh yCTOHYMBOCTH K
BHEIIHMM BO3JIEHCTBUSIM (B TOM YHCIIE K CEHCMHUYECKUM).

Texauueckue ycnoBus: nudpoBas nHGpopMamoHHO-yIpasisomas mwiarhopma RadlCS™ sto
MPOAYKT HOBOTO TOKOJeHus, pa3zpaboranubiii B 2010-2011 rogax Ha ocHoBe Ooiee uem 10-
JIETHETO OmbITa pa3pabOTKH, MPOU3BOIACTBA, SKCIUTyaTalMu M 0OCIyxuBaHusd Ludposoit Y
miatgopmel Radiy. Ilmatdopma RadICS™ mpencraBnser coboil COBOKYITHOCTh Pa3TUYHBIX
TUIIOB MOAYJIEH, OCHOBAaHHBIX Ha MCIOJIb30BaHUHM 4uIoB FPGA B xauecTBe BBIYMCIHUTENBHBIX,
00pabaTriBaoIIMX HHGOPMALIMIO U YIIPABIISIOIINX CUCTEMHBIX YCTPONCTB ISl KAXKJOT0 U3 MOALY-
JIed, a TaKKe MPOrpaMMHBIX CPEACTB ISl KX IPOrPaMMUPOBAHMSL.

MuHuManbpHas KaHalIbHask KOHGUTYpaLus HH(OPMAIMOHHO-YIIPABIISIOLIMX CUCTEM Oe301acHO-
ctH, ocHoBaHHas Ha matdopme RadlICS™, coctouTt 3 1 moruveckoro kanaina, KOTOPBIHA cofep-
KUT 2 pe3epBUPOBAHHBIX JIOTMUECKUX MOYIIS (BBITOIHSIOMMX (YHKIIUH JIOTHUECKOH 00paboTKH,
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YIIPaBJICHUA U JUAarHOCTUKH), YTO yIydIaeT 0e30MacHOCTb U HaJAGKHOCTh miuatgopmel, 1 g0 14
JOpYruX MOAYyJeH (BXOJHBIX/BBIXOJHBIX M ONTHUECKUX CBsI3€i) B J11000# nx komOuHanuu. OcHOB-
HOW KOMIUIEKT THUIIOB BXOJIHBIX/BBIXOAHBIX MOJIYJIEH COIEPKUT MOIYJIb aHAJIOTOBBIX BXOJIOB,
MOJyJIb JUCKPETHBIX BXOAOB, MOJYJb AUCKPETHBIX BBIXOJOB M MOAYJb aHAJIOTOBBIX BBIXOJOB
(Momynp ynpaBieHHSl CHIIOBBIMHM NpuBoIamu). Tarxke ecTh BXOOHOH MOAYJIb BXOAa/BBIXOIA
CHELMAIbHOr0 HAa3HAUEHMs AJs IPHEMa CUTHAJIOB C YJIBTPAHU3KUM YPOBHEM TOKOB — MOAYJIb
W3MEpEeHUsT HEUTPOHHOTO MOTOKA. MOJyJib ONTUYECKON CBSA3M MOXKET OBITh MCIOJNB30BAH IS
paclIMpeHus: CUCTEM 10 KOH(PUTypalnH, BKIIOYaoel B cebs MHOXKECTBO Iaccu. Kpome Toro,
BO3MOYKHO 00ECIIEUCHUE MEXKaHAIBHBIX CBsi3el Mexay 2, 3 win 4 kananamu MUY C ¢ nmomoribro
OINTOBOJIOKOHHBIX CBSI3EH HANPSAMYIO MEKIY MX JOTMYECKUMH MOAYJSIMH WM 0Opa3oBaHHBIX C
MTOMOILBIO MOZTYJIEH ONTHYECKON CBA3H.

Jlornyeckue Mogynu coOMparOT BXOAHBIC AaHHBIE OT MOIYJEH BXOIOB B COOTBETCTBUH C
CKOH(HUTYpHPOBAHHOH MOJIb30BATENIEM JIOTUKOM, OOHOBIIAIOT BETUYMHBI YIIPABJISIOMINX CUTHAJIOB
IUIsl MOZLyJIel BBIXOZOB, COOMPAIOT TMarHOCTMYECKUE NaHHbIE W JAaHHbIE 00 OOILEM COCTOSHUU
paboToCOCOOHOCTH CHUCTEMBI OT BCEX MOAYJEH BXOIOB/BBIXOJOB M OT BTOPOTO JIOTHYECKOTO
MOJIyJIsl, YCTAHOBJICHHBIX B TOM K€ Iacch. MoJyJin BXOJIOB/BBIXOJJOB 00€CIIEUNBAIOT HHTEP(eii-
CBI C IPYTUMH YCTPOHCTBaMHU (HalpuMep, JETeKTOPaMH1, CEHCOpaMHt, IPUBOJIaMH, YCTPOICTBaMHU
curHayim3anuy). OyHKIMOHAIBHOCTD KaX/10T0 MOAYJIS ONpeaessieTcs JIOTHKOH, 3aIporpaMMHUpO-
BaHHOM B cooTBercTBytoueit TIJINC.

KBamudumpoBaHHbIA 110 pe3yabTaTaM UCTIBITAHMA WH(OPMALMOHHO-YIIPABIIIOIINI KaHaT Ha
ocHoBe maTgopmbel RadICS™ obecnieunBaeT 3alIMIICHHBIC BHELIHUE HHTEPENCH i pabOoThI
BXO/IOB/BBIXO/IOB, 2 HE3aBHCHUMBIX OJIOKA SJIEKTPONHUTAHMS, JIMHUU CBS3H, JIOKAJIbHBIC BXOIbI/
BBIXOJbI (OT BCTPOCHHBIX B IACCH/MIKA]BI AETEKTOPOB/CEHCOPOB/KIIIOYEH MM K HHIUKATOPaM).
BuyTpennue unTepdeiicsl maccu 00ecleuuBaloT CBA3M Pa3HBIX MOJYJICH, KOTOPBIE YCTaHOBIIE-
HBI B I1aCCH, TIOCPEICTBOM BBIJEIEHHBIX, U30JIMPOBAHHBIX, BBICOKOCKOPOCTHBIX KOMMYHHKAIIMOH-
HbIX UMM csizu (LVDS).

2) UY cucmemur b6ezonacnocmu Ha 6ase IIJIUC ons ADC.

ITK YCB. IlporpaMMHO-TEXHUYECKHI KOMIUIEKC YIPAaBISIOIIMX CHCTEM O€30MacHOCTH
(IITK YCB) npumeHsiercsi B KauecTBE TEXHUYECKON 0a3bl PU CO3JaHUM HOBBIX U PEKOHCTPYK-
WU JCHCTBYIOUIMX cHcTeM Oe3zomacHOCTH Ha 3Heprodmokax ADC c¢ peakropamu BBOP. Kon-
uenuus, ucronb3yemas npu npoekrupoBanuu [ITK YCB, no3Bosnser co3naBath CUCTEMBI yIIpaB-
JICHUS TEXHOJIOTMYECKUMH MPOLECCaMH VIS JIFOObIX 00BEKTOB C MOBBILIEHHBIMH TPEOOBAHUSAMHU K
HaA&KHOCTH, OBICTPOICHCTBUIO U KaYECTBY BBIIOJIHEHHS yHpaBistiommx GpyHkuuid (Hedreraso-
BBII KOMILIEKC, METAILTYprusi, Xxumudeckas npombiiuieHHOCTh). [ITK YCb BeimonaseT ciemyro-
L€ OCHOBHBIEC (PYHKIMH: TEXHOJIOTMUECKHE 3aLUThl U OJOKUPOBKH HCIOTHUTEIBHBIX MEXaHU3-
MOB 00BEKTa aBTOMATH3ALMH; aBTOMAaTHYECKOE PEryIMpPOBAHUE TEXHOJIOIMYECKUX IPOLIECCOB;
py4YHOE NHCTAaHIIMOHHOE YIPAaBIEHHE WCIOIHHUTENbHBIMU MexaHu3Mamu obObekTa. IITK YCB
o0ecrieunBaeT BHIMONHEHNE (DyHKIMH, BaxHBIX s OesonacHocTr ADC: cOop mHpOpManuu U
JAaHHBIX; IpeoOpa3oBaHME CUTHAIOB U YIIPaBJIEHHE CUTHalaMH O€30IacHOCTH, JETEKTOPaMU U
CEHCOPaMHU; MOJHAS TUarHOCTHKA CHCTEMBI.

B IITK YCb 3anoxeHsl CleAylOIUe NPUHLUIBL TOCTPOCHUS: YHUBEPCAIBHOCTh BXOAHBIX
nener (TOK, HApsDKEHHUE, COMPOTHBIIEHHUE, “‘CYyXOi KOHTAKT’); MacIITaOMPyeMOCTh (HapaminBa-
HUE KOJMYECTBA) BXOIOB M BBIXOJOB; IPOCTOTA U3MEHEHUS aJlrOPUTMOB 3aLIUT, OJIOKUPOBOK U
PErynrupoBaHysl; YHUBEPCAILHOCTD COMPSKEHUS C APYTMMU CUCTEMaMU KOHTPOJIS, YIIPAaBJICHUS U
PEryJIMpOBaHUSL.

I[ITK VCBb, B 3aBUCHMOCTH OT Kilacca OE30IMaCHOCTH TEXHOJIOTMYECKOTO O0BEKTa, MOTYT
OBITh ITOCTABIICHBI B OJJHO-, IBYX-, TPEX- M YeThipexkaHaabHoM ucronmaeHuu. [ITK YCB u ero
KOMITOHEHTHI SIBJIIIOTCS JIEMEHTAMHU YIPABJISIOMIMX CHUCTEM OE30MacCHOCTH M COOTBETCTBYIOT
KJaccy 0e30macHOCTH 2 U MMEIOT Kilaccu(ruKannoHHoe o0o3HadeHue 2Y.

CucTembl CIPOEKTHPOBAHBI U TOCTPOEHBI B COOTBETCTBUU C ACHCTBYIOIIMMHU HALTMOHAIEHBIMU
crangapramu B EC u CLIA.

ITK APM-POM-YII3. [ITK APM-POM-VII3, ¢ ucnons3zoBanueM rmiathopmbl Paamii,
IpeAHa3HavyeH AJs IPUMEHEHUS B KaUeCTBE TEXHUUYECKON 0a3bl IPU PEKOHCTPYKLUUHU ACHCTBYIO-
LIMX U CO3JJAHUU HOBBIX CHCTEM YIpaBiIeHHs 1 3aluT ¢ peakropoM BBOP. [Tnatdopma anmapat-
Horo obecnieuenns cuctemsl u [ITK APM-POM-VII3 pa3zpaboraHa B COOTBETCTBUU C JIEHCTBY-

28



IOLIMMH [IPAaBHJIAMH U PEKOMEHAAMSIMI MeXayHapOAHOH 3JIeKTpoTexXHIYecKoii komuccnu (MIK),
MexayHapoaHoro areHTcTBa mo aroMHod sHepruu (MAI'ATO) m HanumonanesHOro Hay4HO-
uccnenoBatensckoro copera CIIIA. HempepriBHas [UarHoCTUKa CHUCTEMBI obOecrednBaercs
WHTEIPUPOBAHHBIMU JUaTHOCTUYECKUMH YCTPOMCTBAMH, KOTOPBIE OOCITYKHBAIOTCSI HE3aBHCUMO
OT paboueil cxeMbl 0€30MacCHOCTH U 00BEAMHEHHOTO KOIUPOBAHHUS.

[ITK BbINONHSET CcIeAyIOIUe OCHOBHBIE (DYHKLNU: aBTOMaTHYECKOIO PEryINPOBaHMs HEHT-
POHHOI MOIITHOCTH pPeakTopa /WK AaBlieHus B TiaaBHOM napoBoM kojutekTope (I'TIK) TypOuns
sHeprodsioka ADC; pa3rpy3Ku U OTpaHMYECHUS] MOITHOCTH PEaKTopa Ha YPOBHSX, COOTBETCTBYIO-
KX 00beMY BKIIOYEHHOTO B Pa0OTY OCHOBHOT'O TEXHOJIOTMYECKOT0 000PYAOBaHUS YHEProOI0Ka
ADC; ycKOpeHHOW mpenynpeanTedbHOM 3amuThl (ObICTpOl pasrpy3ku peaktopa Ha 40-50%
MOIIHOCTH 32 3-4 ¢) IpH HECAaHKIMOHUPOBAHHBIX OTKIIIOYEHHSIX 000pyIOBaHHSL.

Jnis noBwIeHUs Halie)KHOCTH cpabaThiBanus 3amuT B [ITK APM-POM- VII3 peanuzoBano
TpH YpOBHSI (POPMHUPOBAHHUSI BBIXOJHBIX CHUTHAJIOB Ha OCHOBE MayKOPUTAPHOW JIOTMKH «/IBa U3
Tpex».

[Ipu npoextupoBanuu [ITK APM-POM- VII3 nzHauanbHo 3a10)KEHbI IPUHIUIIBI pa3eIeHUS
(GYHKIMI KOMITJIeKca Ha yIPaBIISIOLIHE U 3alUTHBIC. PasniuHble rpyniibl yHKIHMNA peann30BaHbl
B OTAENBHBIX, TATbBAHUYECKH Pa3JeleHHBIX MEKAY co00i, cy00I0Kax, 4TO MOBBILIAET SKCILTya-
TAIMOHHYIO HaJISKHOCTh KOMILIeKca B 1esioM. Ecnu Toro tpebyeT npouenypa JUIeH3UPOBaHUS,
cucTeMa MOXKeT ObITh pa3paboTaHa B KOH(QUTypanuu 2-u3-4 B COOTBETCTBHM C IapaMeTpaMu
KauecTBa U HaJEKHOCTH.

ITK CI'Y Ha ocHOBe HU(POBOH HH(POpMAaLMOHHO-YIpaBistomen miatdpopmsl Radl[CS™.
Xapaxrepuctuku cucteMbl Ha ocHoBe [IJIMC: coorBercTByeT TpeboBanusaMm 61513 MOK mns
CHCTEM IEpBOro Kjacca; AOKa3aHbl B UCIOJIB30BAHUU OE30MacHOCTh, HANEKHOCTh U YAOOCTBO
00CTy>)KMBaHUS; TOTHOCTHIO IPOBEPEHHBIN U HCIIBITAHHBII ANANa30H BXOAHBIX U BHIXOJHBIX CUT-
HaJoB; rMOKOe yIpaBlieHHE W30BITOYHOCTHIO/PE3CPBUPOBAHNEM U HAIMYHE COOTBETCTBYIOLICH
JIOTHKH; BCEOOBEMITIONIAs «OHJIAH» ITUarHOCTHKA; Manoe BpeMs peakuuu (mMenee 10 Mc); BO3-
MOXHOCTbh «Tropsiueii» 3aMeHbl MOAyJiel; HaJn4he aBTOHOMHOTO PE3epPBHOTO OJI0OKa MUTAHUS;
JUIeH3noHHas noaaep:kka ADC ¢ yd4eToM NPUMEHSEMbIX MECTHBIX HOpM; (u3nYecKoe u QyHK-
LMOHAJILHOE pa3JiefieHHe noacucTeM nHANKauu nonoxxkenuss OP CY3 u noacucrem ynpaBieHHS
nonoxennem OP CVY3; unTtepdeiic «denoBek-ManHay MOXET ObITh MOIU(HUIIMPOBAH B COOT-
BETCTBUH C TPeOOBAaHUSAMH KOHEUHOI'O MOJIb30BATEI.

0630p cucremsr: [ITK CI'Y pa3paboran Ha ocHOBeE P POBOK HHPOPMAITHOHHO-YIIPABIISIO-
et iatdopmer RadlCS™ na 6aze [IJIMC, BeimonHsier GpyHKIIMK B MTOTHOM 00BheMe BO BCeX
pabounx pexnMax, a TaKkkKe B peKuMe nMpoekTHoi aBapuitHoi cutyaruu. [ITK CI'Y pa3pa6o-
TaH, U3TOTOBJICH M MOCTaBiIsIeTcs B (POPME BHICOKOMHTEIPUPOBAHHON YHU(DULIIMPOBAHHOM cUCTe-
MBI, KoTopas BeIoNHsET Bce Tpedyemble pyHkuuu. [ITK CI'MY B menom cocTOMT U3 ToJCHCTe-
MBbl MHIMKAIMK TIOJIOKEHUS CTEP>KHEH M MOoACUCTeMBbl yrpasieHus npuBogamu OP (crepikHeit)
cucreMsl ynpasienus u 3amwuTsl (CY3) saepHoro peakropa. Iloacucrema MHIMKALMK TOIOXKeE-
HUS CTepXKHEN orpenenser Bce paboune napamerpsl nonoxenuit OP (crepxkneit) CY3 peakTopa
U AeHCTBUTEIbHBIE OJIOKEHHSI CTEP’KHEN B Cllydae aBapUHHOIO OTKIIIOYEHHs (aBapUHHON ocTa-
HOBKM) peakTopa. Ilogcucrema ynpasienus npuBomamu crepxkHeidl CY3 spepHOro peaxropa
BBINOJIHSET Bce (QYHKLUMU YIPaBIEHHUs IPUBOIAMU PETyIUPYIOLINX CTEPKHENH U COIEPIKUT KOMII-
JIEKT pa3MblKaTeNie anekTponuTaHus npuBooB peryiaupyrommux crepxHed. [IITK CITTHY moxer
UMeTh 2 UM 3 pe3epBHBIX KaHaja B 3aBUCUMOCTH OT 0a30BOT0/OCHOBHOrO An3aliHa aTOMHOTO
peakTopa U MOXKET MPUMEHATh MAXKOPUTAPHYIO JIOrUKY 1002 win 2003.

Kongurypamus [ITK CTUY conmepxuT mkadbl MHINKAIUN TTOJIOXKEHUS CTEPIKHEH, MKa(BI
(hopmupoBaHUs cUTHAJIOB yripasieHus npueonamu OP CY 3, mkads mutanus npusonos OP CY3,
MaHeIH KOHTAKTOPOB OTKJIIOUEHMS MUTAHHUA NMPHUBOAOB NpH A3 M mKapbl KOMIBIOTEPHBIE C
MPOrPaMMHBIM 00€CIICUEHUEM ISl BBIMOIHEHUS (PYHKIMI KOHTPOJIS M ApXUBUPOBAHUS TaHHBIX, &
TaKKe HHAUKaluoHHble naHenu nonoxenus OP CY3 u APM onepatopos. IITK CI'IY npenoc-
TaBJISIET BO3MOXKHOCTh MAacCIITaOMpPOBaHMs M PACIIUPEHMsI CUCTEMBI, Ipu HeoOxoaumocTH. OH
COZIEPXKUT BCE HEOOXOAMMBIE MOIYNH, IPOrpaMMHOE O0ECHEeYeHUE U TEXHOJIOIHUYECKHUE CPEa-
CTBa JJISl peasin3aliyl THOKOW afanTaiuu CUCTeMBbI, a Takxke 10 50% muzosirounoctu B [LJIMC
IU1s1 BCEH CUCTEMBI U OTHENbHBIX (PYHKLNOHATIBHBIX MOAYJICH.
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Kaxnoe maccu mkada conep>kKUT OAWH WM JIBa JIOTHYECKUX MOAYJSL MU MOXKET UMeTh 110 14
MOJIyJICi BXOJOB/BBIXOJIOB PA3IUYHBIX THIIOB — MOIYJIb HHAMKALUN MOJIOKEHHSI CTEPXKHEH, MO-
Ny7b YIPaBJIEHUS IPUBOJAMU CTEPKHEHM, MOAYJIb 3JIEKTPONIUTAHUS IPUBOJIOB CTpeXHEH. Jloru-
YEeCKH MOIyJIb COOMpAET JaHHBIE OT MOAYJIeH BX0/1a, BHIMOJIHSIET CKOH(PUTYPUPOBAaHHYIO TOJIB30-
BaTeyieM YMPaBISIOLYIO JIOTHKY, YIIPABIISET COCTOSHHEM MOIYJIeH BBIXOAA, a TaKkKe coOMpaer
JIMarHOCTUYECKUE JaHHBbIE U JaHHbIE O pabOTe OT BCEX MOAYJEH BXOIOB/BBIXOJOB M BTOPOTO
JIOTMYECKOT0 MOAYJIS (IIPU €ro Haliuuuu ). Moaynnu BX0JOB/BBIXOJ0B 00ECIICUMBAIOT HHTEP(EHCHI
C IPYTUMH yCTpOUCTBaMH (K IPUMEpPY, JaTYMKaMH, IPUBOIAMH CTEPIKHEH).

I[ITK CI'Y umMeeT BO3MOKHOCTH «OHJIAWH» KOHTPOJIS M o0cmyxuBaHus. OH MOXET aJlanTH-
pPOBaTh CBOIO JIOTHKY «TOJOCOBaHHsI» B cilydae OOHAapyXeHHUsl OMIMOOK TakK, YTO TOTOBHOCTb
cucteMbl He Bimser Ha Oe3zomacHocTh. [ITK CI'MY umeer moacucreMy caMOAMArHOCTHKH,
KOTOpasi COIep >KUT (PYHKLIUHU TIOMOIIM B YCTPAaHEHUHU OTKa3a MyTEeM €ro Jiokaiu3auuu. B ciyyae
orkaza [ITK CI'MY nepexomut B Ge30macHOE COCTOSIHUE, OMOBEIIas 0 HEOOXOIUMOCTH cpada-
THIBaHUA aBapuitHO# 3amuThl. [lognepxuBaer pydHyro AeaKTHBALMIO IPUBOJOB CTEPKHEN (pe-
UM OTKJIIOUEHMS MUTaHUs) Ul OCTAHOBKH PEaKkTopa ¢ OJ0YHOr0 MIIM Pe3epBHOrO LIUTA (IyHK-
Ta) YNpaBJICHHUs C HUCIONb30BAaHHMEM HE3aBUCHUMBIX aBAPUUHBIX IMpepbIBaTenell (KOHTAaKTOPOB)
anektporutanug OP CVY3. IITK CI'MY coxepxuT Bce HEOOXOOMMBIEC MaHENH YIPaBJICHHS,
JMCIUIEN BU3YyalIM3alldd MOJIOKEHHS CTep>KHEeW Ui OJI0YHOro MIIM Pe3epBHOrO IUTa (IIyHKTA)
YNpaBIEHUS C MOAAYEH AIEKTPONUTAHMS JUIA BCEX 3THX KOMIIOHEHTOB YEJIOBEKO-MAIIMHHOIO
uHTepdeiica npsmo ot mwkados, Bxoasmmx B cocras [ITK CITUY.

I TK A3-I13 Ha ocHOoBe M (PPOBOH HHPOPMALIMOHHO-YIpaBistomel miatdpopmsl Radl[CS™.
Xapaxrepuctuku cucteMbl Ha ocHoBe [IJIMC: coorBercTByeT TpeboBanusaMm 61513 MOK mns
CHCTEM IEpBOro Kjacca; AOKa3aHbl B UCIOJIB30BAHUU OE30MacHOCTh, HANEKHOCTh U YAOOCTBO
00CTy>)KMBaHUS; TOTHOCTHIO IPOBEPEHHBIN U HCIIBITAHHBII ANANa30H BXOAHBIX U BHIXOJHBIX CUT-
HaJOB; r’HOKOE yIIpaBJieHHne N30BITOUHOCTBIO/pe3epBrpoBaHreM (2003, 2004 1 COOTBETCTBYIOIIAS
JIOTHKA Ma>KOPUTALMH ); BCEOOBEMITIOIIAS OHJIATH» AUAarHOCTUKA; MaJloe BpeMsl peakuuu (MeHee
10 McC); BO3MOKHOCTb «TOpsiY€ii» 3aMeHbl MOIYJEH; aBTOHOMHBIA PE3ePBHBIA OJIOK MHUTAHUS;
nuieH3noHHas noguepxika ADC ¢ ydeToM NPUMEHSIEMbIX MECTHBIX HOPM; IETEPMUHUPOBAHHBIN
pexuM paboThl, puznyeckoe 1 QPyHKIMOHATBHOE pa3aeineHue; nHTepdeiic «uenoBek-MauHa
MOXeET ObITh MOAU(HUIMPOBAH B COOTBETCTBUH C TPEOOBAHUSIMH KOHEYHOTO MOJIB30BATES.

0630p cucremsr: [ITK A3-113 pa3zpaboran Ha ocHOBE TP POBOK HHPOPMAITHOHHO-YIIPABIISIO-
meit matdopmbel RadICS™ na 6aze [IJIMC. IITK cucremsr A3-I13 xoHTponHpyeT OCHOBHBIE
paboure napaMerpsl peakTopa U B cliydae HeoOXOIMMOCTH aBTOMaTHUYECKH OCTAHABIUBAET €ro,
(dhopmupys KoMaHZIB! aBapuitHON wiu npenynpenutensHor 3amuTel. [ITK A3-113 moctosHHO
KOHTPOJUPYET (PaKTUIECKHE BEIMIMHBI HEUTPOHHOI'O IIOTOKA U IPYrHe BENUYUHBI TEXHOIOTHUeC-
KOT0 TIpoLiecca, 1 3TO olpeaenser GopMUPOBAaHUE CUTHAIOB 3aLUThI, B CIIyYae €ClId 3TH Iepe-
MEHHBIE JTOCTHUTIN CBOMX MpeneibHbIX 3anannbix 3HaueHnid. [ITK A3-I13 mepemaer Bcro pabo-
qy10 HHPOPMALIIO, HEOOXOAUMYIO Ui MOHUTOpUHIa U KoHTpoud, B BIIY u apyrum cucremam
0€3011aCHOCTH ¥ HOPMAaJIbHOM SKCIUTyaTalluy (HallpuMep, COCTOSHUE MHULMALINH, 3aBOACKUE U
muarHoctudyeckue nanubie). [ITK A3-I13 moxker umers 3 wnu 4 pe3epBUPOBAHHBIX KaHaja B
3aBUCHMOCTH OT NPOEKTa SAEPHOM YCTAaHOBKH, U MOXET NMPUMEHSTH JOTHKY Ma)KOPUTapHOIO
ronocoBauus 2003 uiu 3004. Konguryparus [ITK A3-I13 conepxut 3 nim 4 mixada hopmupoa-
HUS CUTHAJIOB 3aIUT, | mKad JOrMKH MaKOPUTAPHOT0 ronocoBanus U | unn 2 mkada KoMIbo-
TEpHBIX C MPOTPaMMHBIM obOecrieueHHeM (QYHKIHMH MOHHUTOPUHIA M apXUBUPOBAHMS JAHHBIX.
Kaxnoe u3 maccu mkada ¢popMupoBaHUs CUTHAIOB 3aLUTHl COACPKHUT OAWH JIOTHYECKUH MO-
IyJIb U OJJMH MOZYJIb JUAarHOCTHKH, a TaKke 10 14 Momysiell BXOZOB/BBIXOA0B Pa3InYHbIX TUIIOB.
Jlornyeckuii Momynb coOMpaeT JaHHbIE OT MOAYJEeH BXOZAOB, BBIIONHSAET 00pabOTKy CHI'HAJIOB
COTJIACHO JIOTHKE, CKOH(GUIYpUPOBAaHHOM NpH pa3paboTke, U OOHOBIAET COCTOSHUSI CUTHAJIOB
MOJyJIe BbIXO0B. MOAylb AMAarHOCTUKU COOMpPAeT IUarHOCTHYECKYI0 MH(OpMAIMIO OT BCex
MOJyJIeil BXOZOB/BBIXOAOB M JIOTMYECKOro Moxmyis. Momynu BXOIOB/BBIXOJOB OOECIIEUHBAIOT
CBsI3b IO MHTEp(ericaM ¢ IPyTUMH YCTPOHCTBaMHU (HarpuMep, CEHCOpaMu, TPUBOAaMH ). OyHKIIH-
OHAJIbHOCTb MOXYJIEH ONpenensaercs JOTHYeCKUMHU alrOPUTMaMH, 3alIpOrpaMMHUpPOBAaHHBIMH B
[UIMC. llaccu B mkadax I1TK A3-I13 npexycmaTrpuBatoT BHEITHUE WHTEP(EHCH IS BBOJOB
3IIEKTPOIIUTAHUS, CATHAJIOB BHELIIHUX BXOJOB/BBIXOJOB, INHUH CBSA3H, JIOKAIBHBIX BXOIHBIX CUTHA-
noB u uHIUKaTopoB. [ITK A3-113 ob6mamaer BO3MOXKHOCTBIO «OHJIAMHY KOHTPOJIS M O0CTYKHBa-
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HUS C yYETOM JIOTMKH Ma)KOPUTapHOro ronocoBaHus. [IpM BOZHHKHOBEHMM OTKAa30B B KaHajax
pabotocniocoonocth [ITK ontumusupyercs 6e3 BiusHus Ha Oe3onacHocTh. [ITK cucremsr A3-
13 nmeeT BCTPOCHHYIO TTOACUCTEMY CAMOAMArHOCTUKU, KOTOPasi COACPKHUT (PYHKLIUU TOMOLIHN B
YCTpaHEHHWHU OTKa3a MyTeM OOJIerdeHus JOKalM3alluu MecTa oTkazoB. B cimywae orkasza [ITK
A3-113 nepexonuT B Oe30MacHOE COCTOSIHUE, OMOBEIIas O CpadaTbIBAHUM aBAPUIHOM 3aIlUTHI.
IITK A3-II3 Taxke MO3BOJSET OCYILIECTBUTh PYUHYIO ACAKTHBALMIO MPUBOAOB CTEpXkKHEH (pe-
UM OTKJIIOUEHMS MUTaHUs) Ul OCTAHOBKH PeakTopa ¢ OJ0YHOr0 MIIM Pe3epBHOrO UIUTA (IIyHK-
Ta) yIpaBJIeHUsI.

Uccnedosanusn u paspabomxu. Otnen uccnenoanuii u paspaborok [MTAO «HIIIT «Pamwmii»
MpegHa3Ha4YeH Ul IOMCKA HOBBIX MHHOBALIMOHHBIX PELIEHUH B IENSAX MOAJIEpHKAHUS BEAYILETO
nosioxkeHnst KoMrnanuu Ha pbIHKE SAEPHON MHAYCTPUH, a TAKXKE PEIICHHS HAyYHBIX U TpaKTHYeC-
KHX 3aJ1a4, BO3HUKAIOIIUX B [TpoIiecce pa3pabOTKH, U3rOTOBJICHHUS M TOCTaBOK HH()OPMALIMOHHO-
ynpasistitorux cucteM (MY C) na FPGA. Tlonck HeoOxoauMoro 6aiaHca MEeXly HHHOBALUSAMH U
y’Ke CYLIECTBYIOIIUMH PEIICHUSMH, TOKa3aBIIUMH CBOIO 3Q(QEKTUBHOCTh M OM3HEC-IICHHOCTD,
SBIISIETCSl OJHUM M3 KIIIOYEBBIX 3JIEMEHTOB crparernn Kommanuu B o0OnacTH MCCIeAOBaHUN H
pazpaboToK.

IMTAO «HIIIT «Panuit» saBnsieTcss OJHUM M3 NMEPEIOBBIX MPEANPHUATUN B MUpE 1O pa3padoTKe
NYC na ocnoBe FPGA nnst ADC. Komnanus mocTosHHO CTPEMUTCS K MIOMCKY HOBBIX CIIOCOOOB
MIPUMEHEHHS] TEXHOJIOTHH, B MOJHOM Mepe peau3ylolux ee mpeumyniecTBa. KoHCTpyKTOpEI
ITAO «HIIIT «Paguii» pazpaboTany HOBbI HHHOBALMOHHBIN MMPOAYKT - YCOBEPILEHCTBOBAHHYIO
wiatgpopmy RadICS na ocnoBe FPGA ans npumenenus 8 UYC ADC. B Hactosiiee Bpemsi oHa
HAXOIUTCS B IMpoLecce CepTU(UKALUU Ha YPOBEHb MOJIHOTHI 0€30MaCHOCTH B COOTBETCTBHH C
tpeboBanusimu IEC 61508.

[TocTosiHHBIE WHBECTULIMHM B HMCCIEAOBaHHUA U Pa3pabOTKy, 3(P(eKTUBHBIA MEHEKMEHT U
KOHTaKT pa3paboTUMKOB M KOHCTPYKTOpOB Komnanuu ¢ 3aka3duKoM SIBISIOTCS 3aJI0TOM ycIiexa
B pa3paboTKe MHHOBAIIMOHHBIX PEIICHUH, COOTBETCTBYIOIIMX CAMBIM BBICOKHMM TPEOOBaHMAM
0€3011aCHOCTH U ONTHUMANBHBIX MO KPUTEPHUIO 3((HEKTHBHOCTH-CTOMMOCTb-YIOBIECTBOPEHHOCTh
3aKa3uuKa.

[TAO «HIIII «Panmmit», Tak Xe, Kak WU APYrue NPEANPHUSATHs, HA YHEPTETHUYECKOM pBIHKE
YCUIIMBAET CBOIO KOHKYPEHTOCIIOCOOHOCTh, AKTUBHO Pa3BHBasi KOHTAKTHI C UCCIENOBATEIbCKH-
mu opranuzauusamu. Koncrpykropsl ITAO «HIII «Paguit» tecHo corpynHuyaror ¢ HaydHo-
TEXHUYECKUM LIEHTPOM HCCIICIOBAaHNH U aHaJIN3a 0€301aCHOCTH HH(PPACTPYKTYP.

Haxopnsice B XapbKoBe, LIEHTP SBIAETCS HE3aBUCUMBIM MOJPA3JIEICHIEM B OPraHU3al[MIOHHON
ctpykrype ITAO «HIIIT «Paguit», KOTOpoe NMPEeaoCTaBIsIeT KOHCAITUHIOBBIE YCIYTH B CIEAYIO-
HIMX 00JIACTSX: aHAJIM3 PUCKOB HAYYHBIX M TEXHUYECKHX TPOCKTOB; MOACPKKA JIULIEH3UPOBAHUS
U cepTU(UKALUN TPOrPAMMHBIX CUCTEM U IPOrPaMMHO-TEXHUYECKIX KOMIUIEKCOB; HE3aBUCHMAs
BepUHKALKS U ayAUT IPOLIECCOB )KU3HEHHOT0 LIMKJIa IIPOrPaMMHOI0 00eciedeHH sI, TPOrPaMMHO-
TEXHUYECKUX KOMIUIEKCOB U IpoekToB Ha 0ase FPGA; onenka Oe3onacHocTH MHPOPMALOHHO-
YIOPaBIAIOLIMX CHCTEM M MX KOMIIOHEHT; pa3pabdoTKa HOPMATUBHBIX JOKYMEHTOB B 00JIACTH
pa3pabOTKH U SKCIUTyaTallui WH(POPMALMOHHO-YIPABIISIOIINX CUCTEM U1l KPUTHUECKUX MIPUIIO-
KEHUI; TPEHUHTH IIePCOHANa, 3aHUMAIOIIErocs: pa3paboTKoO, aHaIM30M U BepuHUKaLeH Ipo-
IPaMMHBIX IPOEKTOB, IPoeKTOB Ha 0aze FPGA u cl1oxHBIX MPOrpaMMHO-TEXHUYECKHX KOMILJICK-
coB. Llentpom pykoBoaut B.C. XapueHko, HOKTOp TEXHMUYECKUX HayK, mpodeccop, akageMHK
AxazemMny HayK NPUKIaTHON paauodnekTpoHukd. [lon ero pykoBoicTBoM paboraer BOCEeMb
BBICOKOKBAIM(PULINPOBAHHBIX COTPYIHUKOB (MCCIIEIOBATENN U HHKCHEPHI-KOHCTPYKTOPBI), CIie-
LHUAIM3HPYIOIIMXCS HA KauecTBE M 0€30MaCHOCTH CHCTEM U IMPOrpaMMHOI0O 0OecrieueHus .

3. IIpaButenncTBeHHble Nporpammsel (Government involvement programs)

HenapramenT nH(opManuu ¥ KOMMYHHKAui ¢ obmiectBeHHOCThIO Cekperapmata KMY
coobumi [8], 4TO NpaBUTEILCTBO YTBEPAMIIO IJIaH MEPOIIPUATHI 110 CONCHCTBUIO NEATEIbHOCTH
WHOCTpaHHBIX HHBecTOpOoB. CooTBeTCTBYIOILIEE pacnopskeHne Kabunera MuHHCTPOB Y KpauHbl
Ne 1074 mpunsito 19 nexadps 2012 roga. OCHOBHOI 1eNbI0 JOKYMEHTA SBISIETCS OIpereeHre
KOHKPETHBIX MEpPOIPUATHI, peann3anns KOTOpbIX OyJaeT criocoOCTBOBATH PELICHUIO U MPEAYII-
PEXACHUIO BOSHUKHOBEHMSI CJIOKHOCTEH BeieHUsI OM3Heca, NeATeIbHOCTH EBPOIEHCKUX MHBEC-
TOPOB, a TAKKE JAOTOIHUTEIBHOMY NTPHUBJICICHUIO MHBECTULIMI U OAICPKKE Pa3BUTUS SKOHOMHUKH
YKpauHsl.
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3.1. Uneecmuyuonnasn pegpopma 6 Yxpaune [9]. 6 anpenst 2011 npu yuactuu Ilpesunenrta
VYxpaunsl Bukropa SIlHykoBrua Oblta paccMoTpeHa 1 IpuHsTa HBecTuIMOHHAs pedopma YKpa-
uHbl. OOmIell U OCHOBHOW LENBIO0 3TOH peOopMbI SBIJISETCS aKTHBHOE MPUBJIEYCHUE IMPSIMBIX
WHOCTPaHHBIX HHBECTHLINHI B 3KOHOMUKY Y KpauHbl, (POPMHUPOBAHHE TTOJIOKHUTETHHOTO HHBECTULIH-
OHHOI'O UMH/Ka YKpauHbl B MHpE, a TakKe MMO3ULHOHUPOBaHHE YKpauHbl Kak (PUHAHCOBOTO,
MOJIUTUYECKOro 1 OusHec-1ieHTpa B Bocrounoit EBpone. OcHoBHas pynkuus peanusaunn MHBec-
TULUOHHON pedopMbl ObUTa BO3JOXKEHA Ha ['ocynapcTBeHHOE areHTCTBO MO0 WHBECTULHAM H
YIIPaBJICHHUIO HALIMOHAJILHBIMH IIPOEKTaMU Y KpauHsblI (1anee - JlepKHHBECTIPOEKT), KOTOPOE yxKe
aKTUBHO BEJET MOATOTOBKY K YCIIEIIHOMY CTapTy M MpOBeAEHUIO KaMmnaHuu. HecMotps Ha To,
4TO J0JI1 YKpPauHbl B TII00aJbHBIX WHBECTUIIMOHHBIX MOTOKaxX He mpesbimaeT 0,5 mpoueHTa u
KOHKYPEHLIMS 32 HHBECTOpa YCHIIMBACTCS C KXKIBIM TOI0M, YKparnHa 00JiafiaeT OYeBUAHBIMU U
OeCcCIOPHBIME YKOHOMHUYECKHMHU MPEUMYIIECTBAMU, CPeIr KOTOPBIX: caMasi Beicokasi B EBpore
3a HocjieqHHe MNATh JeT auHaMuka pocta BBII; Hanuume onHOro u3 KpynmHEHIIMX PHIHKOB
Bocrounoii EBporsl (46 MiH notpeduteneil); 5-¢ MECTO B MHpPE IO KOJIMYECTBY CepTURUIIUPO-
BaHHBIX [T-crienuanicToB; CTpaTerMuecku BHITOJHOE Teorpa)uuecKoe MOJIOKEHHUE; AOCTYI K
YETBIPEM U3 JIECATH EBPOIEHCKUX TPAHCIOPTHBIX KOPHIOPOB; 1/3 MHUPOBBIX YEPHO3EMOB.

[TpuBeneHHbIe QAaKTHl TOAKPEIIISIOTCS ONTUMHCTHYHBIMUA SKOHOMUYECKUMH TOKa3aTeIsIMU
(na momeHT npuHsaTHS pedopmbl B 2011 rogy — 3a 2010 rox), a umenHo: poct BBII Ha 4,2
npoueHTa 1o cpaBHeHuro ¢ 2009 rogom (mazenue B 2009 rogy cocraBuiio 14,8 npoleHTa); Ho4TH
6 mapa pomnapoB CLIA mpsimbix mHOcTpaHHBIX MHBecTHHMU (106,0 mpomeHToB 0T o0bema
noctyriennit 3a 2009 rox); BEICOKHE TEMIIB pocTa 00beMOB MPou3BoCTBa - 11,0 mpoteHToB (B
2009 romy Habmoganocs nageHue Ha 21,9 mpoueHTa), pocT MPOM3BOACTBA B MAIIMHOCTPOCHUHU
(na 27,8 mpouenTa). Hama crpana, obnanas 3HaYMTETbHBIM BHYTPEHHUM PBHIHKOM, Pa3BETBIICH-
HBIM [TPOMBIIUIEHHBIM M CEIbCKOXO035CTBEHHBIM MOTEHIHAIOM, OOTaTBIMH U Pa3HOO00pa3HBIMU
MPUPOIHBIMU PECYPCAMH, & TAKXKE BBITOJIHBIM EOMOIUTUYECKUM PACTIONIOKEHHEM, MOXKET CTaTh
OJIHUM W3 BEAYLIMX PELHUIHUEHTOB MHBECTHLIHUN. DTOT MOTEHIMAI IIPOCTO HEOOXOAMMO pean3o-
BaTh! C 3TOMH 1eIbI0 HYKHO OCYILIECTBIISATh PELIMTENbHBIE CUCTEMHBIE PePOPMBI, KOTOPBIE yXKe
MIPOBOJATCS. B HAILIEM T'OCYJapCTBE.

CymiecTByeT psJ HHCTUTYLIHOHAIBHBIX POOJIEM, KOTOpPBIC MPENATCTBOBAIIN Pealln3allui HH-
BecTpe(h)OPMBI MPEIBIAYLINM MPE3UICHTAM U MPaBUTENbCTBAM: OIOPOKPATUS M KOPPYILHS, BbI-
3bIBAIOILUE KECTKYIO 3aPEryIMPOBAHHOCTH SKOHOMHUKH U H30JIALUIO OT MEXIyHAPOAHBIX IIPaBUIL,
CTaHIAPTOB U KallWTaJla; FOCYIapCTBEHHbIC AKTUBBI JISKAT MEPTBBIM I'PY30M U He paboTaioT Ha
pa3BUTHE SKOHOMHKH; OIO/KETHBIE CPEACTBA Pa3BUTHsI HE pabOTalOT KaK “MarHuT’ IJIs IPUBIIC-
YEeHUSI THBECTULIMI U HCIONb3YIOTCA KpaiiHe Hea(h(heKTUBHO; TOCyJapCTBEHHbIE TAPAHTUH CTAHO-
BATCS CKPBITBIM IeUIUTOM OIO[DKETa, a HE CPEACTBOM MPHUBIICUCHUSI MHBECTULIMI; OTCYTCTBHE
WHBECTULMOHHBIX MPEJIOKEHNH, COOTBETCTBYIOIINX MEKIYHAPOJHBIM CTaHJapTaM; KpUTHYEC-
KM HU3Kasi OCBEAOMJICHHOCTb B MUpe 00 YKparHe U ee SKOHOMUYECKOM IOTEHIIHNAJIE; OTCYTCTBHE
MEXaHU3MOB IIEPCOHAIBHOTO CONPOBOXACHHUS CTPATErMYECKUX HHBECTOPOB; 10 CUX MOp HA
MPAaKTUKE HE OCYLIECTBISIOTCS MPOEKThl FOCYAAPCTBEHHO-YaCTHOIO MMAPTHEPCTBA, HE PEasIn3y-
ercs “3akoH YKpauHbl O KOHLECCUSIX .

B nensx npeononenus s3tux npobiiem IIpesnneHTom YKpanHbl co3laHa SKCIIEPUMEHTaNbHAS
IUTOIIA/IKA Ul MPAKTUYECKOM aJanTallMd HOBBIX SKOHOMHMYECKUX ITOIXOIOB, IIie KIIOYEBBIMU
NPUHLUIAMH SIBJISIIOTCS. IPOEKTHOE YIPaBJICHUE, NEPCOHATIbHASI OTBETCTBEHHOCTD, IPUOPUTET
WHBECTULMOHHBIX CPEICTB HaJ OI0PKETHBIMU, TAPTHEPCTBO C JIYYIIMMH MUPOBBIMU KOMIIaHMSI-
MH, KOTOPOE OCYILUECTBJIICT HOBas KOMaHJAa, HE OOpeMEHEHHas CTapbIM OIOPOKPaTHUYECKUM
onbITOM. JTa miomazaka — ['ocyrapcTBeHHOE areHTCTBO [0 MHBECTHLIMSAM M YIPABJICHUIO HALIMO-
HAJbHBIMU [TPOEKTaMH Y KpanHbl. ATEHTCTBO SBJISIETCSI OCHOBHBIM OTBETCTBEHHBIM 32 MHBECTH-
LUOHHYIO pedopMy, KOTOpasi IPU3BaHa: PaAUKaIbHO U3MEHUTH POLEAYPhl 8 IMUHACTPUPOBAHUS
rOCYZIapCTBEHHBIX PACXO/I0B Pa3BUTHUS; UCIIOJIB30BATh OTPAaHUYECHHBIN PECYpC rocyiapcTBa, Kak
CPEICTBO Ul MAapTHEPCTBA C YACTHBIM KallUTAJIOM; CO3AaTh HEOOXOAMMYIO MHQPACTPYKTYPY
IU1s IPUBJICUCHNSI MHBECTULIMI; CO3aTh YCIIOBUS ISl PalMKAIbHOTO YBEJIMUCHHUS IPUTOKA HHBE-
cruuuii.llpennonaraercs, 4To ee pe3yabTaToOM CTaHET PaJUKalbHOE YIy4IIeHHEe HHBECTHIIMOH-
HOro KJIMMaTa U (OPMHPOBAHUE CHCTEMbl KaUeCTBEHHBIX MHBECTHLIMOHHBIX NPEUIOKCHUN —
IIPOEKTOB, MOATOTOBJICHHBIX 0 MEXIYHAPOIHBIM CTaHIApTaM.
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JlpyruM Ba)XHBIM HampaBiieHHEM paOoThl 10 OCYILECTBICHUIO pedopM SBISETCS peann3anus
HanuonansHBIX IPOEKTOB — CBOEOOPA3HBIX «TOUEK POCTa» SKOHOMUKU Y KpauHbI, IICHTPOB MIPH-
BJICYCHUSI MHBECTHUIIMOHHBIX pecypcoB. « HalnoHanbpHbIe TPOEKTHD» — 3TO MacIUITa0OHbIE IKOHOMH-
YECKHE MPOEKTHI, KOTOPBIE UMEIOT CTPATETMYECKOE 3HAUEHUE AJIA LIENbIX OTpacied YKpauHCKOH
SKOHOMHMKH, HaIlPaBJICHbI HA PEIICHNE OTAENBHBIX COUMATBHBIX TPOOJIEM WK PaUKaIbHOE YKOHO-
MHYECKOe OOHOBJIEHHE LIENBIX PETHOHOB. «HalnoHalIpHbIe IPOSKTHD HAapaBJIeHbl Ha yIydlIeHHEe
KayecTBa KU3HH, YHEProoOeciedeH s U SHEprocOepeKeH s, MOBHIILICHUE YPOBHS YeJIOBEUECKOTO
MOTEHIIM A, KapAUHAIBHOE YBETNYEHUE IPUTOKA NMPSIMBIX MHBECTULINH. Kax bl 13 3THX Mpoek-
TOB (paKTHUYECKH O3HAYaeT CO3JaHHMe HOBOW MHAyCTpuM YKpauHbl. 910 1 LNG-ungycrpus, u
MycopornepepadaTbiBaromas oTpacib U OTpacib BO300HOBIsIeMO SHepreruku u np. [ocymap-
CTBO B3sJI0 Ha ce0si (QyHKUMIO TOATOTOBKM CTapTamoB MPOeKToB ((prHaHCHMpOBaHWE TEXHUKO-
HSKOHOMHUYECKOr0 OOOCHOBAHHMS, BBIACICHHE 3EMENbHBIX YYaCTKOB, YCTPaHEHHE PEryJIsTOPHBIX
MPENSTCTBUH, a B OTAENBHBIX CIYYasx - MPEIOCTaBISIOTCS TOCylapCTBEHHbIE TapanTuH). Hamm-
OHAJbHBIE TIPOEKTHI - MEPCIEKTUBHBIE, BHITOIHBIC I Ou3Heca. WX peanuzanus mpeamnonaraer
CHCTEMHBIC H3MEHEHUS B YCIOBHIX IOCTYIa HA PBIHOK, BeleH!s1 OM3Heca, YIPOLIEHHs! TPOLIEAYP
MOJTyYEHHU pa3pellleHU 1 UX MUHUMH3ALUIO, IPO3payHOe 3aKoHoAaTenbHoe nojie. bonee 80%
cpenctB i «HalmoHanmpHBIX MPOEKTOB», Aa)K€ YUUTHIBAs MX COLUANBHYIO COCTABIIAIOLIYIO,
OyIyT IpUBJICYEHBI C PHIHKA.

Crpykrypa MHBecTHLIMOHHON pedOpMbI IPeayCMaTPUBAET 5 KITIOYEBBIX OJIOKOB:

1. MHBecTpeyioxeHus, KOTOphIe MPeayCMaTpUBaoT (OPMHUPOBAHIE MEXaHU3MOB y4acTUs
YKPaWHCKHX MHBECTHIIMOHHBIX ITPOEKTOB B MEXKIYHAPOJHOM MHBECTUIIMOHHOM phIHKe. Hanmo-
HaJbHBIE MPOEKTHl — Ba)KHEHINAsg COCTABIAIONIAsl 3TOr0 KOMIIOHEHTAa. Ba)XKHBIM MeXaHHU3MOM
siByIAeTCs ““buprka HHBECTIPOEKTOB” — MOATOTOBKA M MPOABMKEHNE MHBECTULIMOHHBIX MPEJIoKe-
HUH pa3TuuHBIX PopM COOCTBEHHOCTH HA HHBECTHIIMOHHOM phIHKE. OCHOBHAS Hies 3aKIII0YaeTCs
B TOM, YTOOBI HAa OCHOBE MCIOIb30BaHMsI HHCTpYMeHTa bupxu YKpanHbl OCYIIECTBIISTH POABH-
YKEHHE IIPOEKTOB HA MEKIYHAPOAHOM pPbIHKE.

2. NuBectuH(]pacTykpypa, B paMKax KOTOpPOH OyIeT co3naHa cucTeMa WHCTUTYTOB M Mexa-
HU3MOB, 00JIEryarommx AesTeIbHOCTh HHBECTOPOB B YKpauHe. BHenpeHne MexaHM3MOB peajn-
3allMM MHBECTULMOHHBIX MPOEKTOB M0 MPUHIMITY «EAUHOTO OKHA», YTO MO3BOJIHUT CYILECTBEHHO
COKPaTUTh Ul MHBECTOPOB «BpPEMs J0 PBHIHKA», OOECIICUUT COMPOBOXKACHUE HHBECTHLIMOHHBIX
MIPOEKTOB U WX TIOCIIEMHBECTUIIMOHHYIO TIOAIEPKKY. YKpanHckuii bank Passutus (Y BP) npussan
crath 3¢ (PEeKTUBHBIM MEXaHU3MOM aIMUHHUCTPUPOBAHMS OI0/PKETHBIX PACXOL0B PAa3BUTHUS, KOTO-
PBII MOXKET U3MEHUTD NIPOLIEAYPY UCIONb30BaHUS MHOI'MX I'OCYIapCTBEHHBIX LIEJIEBBIX IIPOIPaMM
(JLIIT). ®oup pernonansHoro pazputus (OPP) momken obecriednTs OCYIIECTBICHHE KOMILIEKC-
HBIX TJIAHOB Pa3BUTHS PETMOHOB U aJMHUHUCTPUPOBATH PACXOABI Ha MX PEAM3aLHUI0 B YaCTH
rocynapctBeHHoro Oromkera. OcHOBHOHM ¢yHkumed aestensHocTH DPP cramer mopmepikka
CO37aHUsl KOMIUJIEKCHBIX OM3HECIJIAHOB Pa3BUTHS — “WHBECTULMOHHON MoAenn” KaxKAOro OT-
JENBbHOTO peruoHa YKpauHbl Ha OCHOBE aHAJIM3a SYKOHOMHYECKOTro MOTEHLMANa, IPUPOIHBIX U
TPYZHOBBIX PeCypcoB, reorpaduyeckoro nonoxenus. Pona GUHAHCUPOBAHUS NIPOEKTHON AOKY-
MEHTALMH IPU3BaH PELINTh CUCTEMHYIO IPOOJIEMY OTCYTCTBUS KAUeCTBEHHBIX MHBECTHIIMOHHBIX
MIPOCKTOB Ha PBIHKE (IIOATOTOBJICHHBIX MO MEKAYHAPOAHBIM CTaHAApTaM). JTO YHHKaJIbHBINA
HWHCTPYMEHT, [TOCKOJIbKY OH ITOMOYKET PELIUTh CBEPXCIIOKHYIO TpodaeMy GHUHAHCUPOBAHUS IIPO-
eKTHOW OKYMEHTALUHU U1 TOCYJapCTBEHHBIX, KOMMYHAIbHBIX M YaCTHBIX MHBECTHLIMOHHBIX
MPOEKTOB, HO HAa BO3BPaTHOI ocHOBe. Oco00e BHUMAaHKE YIENSETCsl TOCYAapCTBEHHBIM rapaHTH-
SIM, KOTOPBIE JIOJKHBI MCIONb30BaThCS TOJIBKO JUI 0OECIIeUeHUsT CTPATErHYeCKuX HalpaBJIeHUH
Pa3BUTHS SKOHOMUKH U peanu3anui «HaunonaabHbIX TPoekToB». OHU HE NOIKHBI OBITH CKPbI-
THIM Je(hUIIUTOM OOKETa, OITOMY JOJKHBI ObITh HAIIPABIICHBI TOJIKO HA MPOEKTHI, KOTOPbIE
peanu3yloTcs Ha BO3BPAaTHOM OCHOBE.

3. MHBecTnapTHEPCTBO — HOBBIC MEXaHU3MBl COTPYIHHYECTBA TOCYJapCTBa M YacTHBIX
MapTHEPOB U1 MOOMIN3ALMH TOCYJAPCTBEHHBIX aKTHBOB U MYJIbTUIUIMKALUN [OCYAAPCTBEHHBIX
cpencts pa3Butus. Co3gaHue NPaKTHUECKOr0 MeXaHH3Ma IrOCYAapCTBEHHO-YACTHOTO MapTHEp-
cra (['UIl). 'YIl — BO3MOXXHO €AMHCTBEHHBIH CIOCOO OXXKHMBHTH CTpaTErnyeckue Tocynap-
CTBEHHBIE aKTUBBI M HA4aTh UX MOJAEpHMU3aLUHNI0. Taxxke 3To cpeacTBo 3 (HEeKTUBHOTO UCIIONB30-
BaHUS TOCYapCTBEHHOI'O UMYILECTBA 0e3 yTpaThl mpaBa coOCTBeHHOCTH. OCHOBHAsI JIOTHKA —
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peanuzanus ['UI1 npeanonaraer hpopmMupoBanue npodeccuoHanbsHO MOArOTOBICHHOTO MPEAJIOKe-
HUS CO CTOPOHBI FOCYIapCTBA.

4. lHBeCTMapKETHHT — OCYLIECTBIICHUE CKOOPAMHUPOBaHHON MH(pOpMaLlMOHHO-MapKeTHHTO-
BOH KaMIIaHUU, YTO CYLIECTBEHHO YIYYIIUT HHBECTULIMOHHYIO NPUBJIEKATENBHOCT Y KPauHbI B
Mmupe. Pasnen MHBecTMapKkeTHHIra mpeaycMaTpUBAET €XETOJHOE MpoBeneHre MexyHapOoaHo-
TO WHBECTULHMOHHOTO (opymMa BBICOKOTO ypoBHA. Ero TemaTuka AoibkHA OBITH OrpaHHYeHa
KPYrOM KOHKPETHBIX 3KOHOMHYECKHUX TEM, KOTOpBIE MPEICTABISIIOT MHTEPEC HE TOJIBKO IS
YKpauHBbl, HO U IS TOCYIapCTB €BPOIICHCKOro pernoHa U MUpPa, HO B cpepax, rae YKpanHa uMeeT
3HAYUTENIbHbIE KOHKYPEHTHBIE NMPEHMYLIECTBA WM BJIMSET Ha TIJ100aibHbIC (PErHOHAIBHBIC)
npoueccel. @opyM MPOBOAUTCS MPU YYACTHH JIMJEPOB TOCYIApCTB, UIEHOB NPAaBUTEIBCTB U
napjJaMeHTOB PyKOBOAMTENECH BEAYIINX KOMIAHUH M MHBECTUIIMOHHBIX (hoHa0B. [Ipenycmarpu-
BaeTcsl TAaKXKe MPOBEACHHUE POYA-IIOY B MUPOBBIX (PHAHCOBBIX HeHTpax. o cux mop YkpanHa
AKTHBHO HE HCII0JIb30BaNIa 3TOT O4eHb 3P PEKTUBHBIN MEXaHU3M NMPUBIICUCHUS HHBECTULIUH U3-3a
OTCYTCTBHUSI KadyeCTBEHHOTro mpemioxeHud. [IpoBeaeHne poyn-ioy IOHKHO OCYLIECTBISATCA
nocTosiHHO, HaunHasg ¢ oceHH 2011 roma. Ilpesentanus OyneT MpoUCXOOUTH B 25 MHPOBBIX
¢uHaHCOBBIX LeHTpax (Hanpumep, Cunranyp, Tokuo, Ceyn, Jlongon, [lyban) nepen BexymuMu
MPEACTaBUTENSIMA MHBECTULIIOHHOM CPEbl U KOMITaHUH, CyBEpEHHBIX HHBECTHIIMOHHBIX (POHIOB,
YMHOBHHUKOB. Tarke Oyzner mpoBoauThbess MennakoMIaHus uepes collepiKaTeNbHOE MO3UIIMOHH-
pOBaHME B BEAYIIMX MUPOBBIX ACIOBBIX U3JAHUAX U UMHIKEBasi peKilaMa B BEAYIINX JIEKTPOH-
Heix CMU. MHBeCcTMapKETHHT NPeLyCMaTPUBAET 3allycK €AMHOI0 HHPOPMALMOHHOTO 5-53BIKO-
BOTr0 BeO-TIOpTaa, coJepsKaliero oOHoBIsieMyIo HHpopMaLuio o0 YKpanHe, ee HHBECTHLIHOHHOM
MOTEHIaJIe U BO3MOYKHOCTH JUIsl OCYILECTBIICHMsI MHBECTHpoBaHMs. VHTerpajbHOM YacTbio
nopraja OyneT 3JeKTpOHHasi MHTEpakTHUBHAas Bepcus “BuUpiku MHBECTUIIMOHHBIX MPOEKTOB”, O
KOTOPOii yIIOMUHAJIOCh panee. [y peanzanyuy CUcTeMbl HH(OPMaLMOHHO-MapKEPUHT OBOTO 00ec-
MeUCHUs] MHBECTULIMOHHOM NIEATeNIbHOCTH B CHCTeMe Y KpHaMHBecTa OyIeT CO3AaHo, 0 aHAJIOo-
ruu ¢ OOJBIIMHCTBOM YCIEIIHBIX CTpaH, oTxenbHoe moxpasnenenue — IPA «InvestUkraine»
(Investment Promotion Agency - ATeHTCTBO 110 IPUBJICUCHUIO HHBECTULIHIA).

5. MlHBecTkIUMaT — pOPMUPOBAHHE COOTBETCTBYIOLICH 3aKOHOAATENBHON 0a3bl, YTO yXKe BO
MHOTHX Cllydasix HHUIMHpoBaHHas [Ipe3uneHToM Y KpauHbl MM HAXOJUTCA Ha CTalUN pAcCMOT-
penust B napnamente (B 2011 roay): 3akon Ykpaunsl “O06 Unaycrpuanshbix Ilapkax”, 3akon
Ykpaunst “O Hanmonanpabix [IpoekTax”, 3akon Y kpaursl “O0 WHBECTUIIMOHHON JIEATETLHOCTH
(u3meHeHus), 3akoH YKpawHbl “O0 aIMUHUCTPUPOBAHUU TocrapaHTuii”, 3akoH YkpauHsl “O
[IprmeneHnn OyXranTepcKO OTYETHOCTH 110 MEXAYHApPOAHBIM CTaHAApTaM’.

Pesynomamur. C nomompo MHBeCTUIMOHHON pedopMbl B TedeHHe 3-X MOCIEAYIOIUX JIET
JOJDKHO OBITH 00€CIIeYeHO yBelmueHne oobeMa nHBeCcTUIi 10 $ 80 Mips, yimydmieHo cyBepeH-
Hble peiituary YKpanssl (Doing business Becemuproro 6anka mo 100 ¢ 145 mecra cefiuac; Global
Competitiveness Report Beemuproro Jxonomudeckoro ®opyma B 50 u3 82 mecra ceitvac) u
yMmenbileH exerofnbiit ortok IIMU ¢ 15% no 10%. Bce xommnonentst “UHBECTpedopmbr”
0a3upyIOTCA Ha MEXAYHAPOAHON MPAKTUKE, HO aJalTHPOBaHbl K yKPAaMHCKUM ycioBusiM. bornee
toro, cpok passepTeiBaHusa “UHBECTpedopMbr” HeOONMbIOiH 1 MOXKET OBITH pealii30BaH A0
KOHLIa rofa. BHenpeHne HOBBIX MOAXOAOB B PaMKax MHBECTHLMOHHOW pedOpMBbI JOMAeT yxe
JECSITUIIETUSIMUA CIIOXKUBLIYIOCS CUCTEMY KOPPYIILMH, B3STOUHMYECTBA W Napa3sUTUPOBAHUA HA
rocyzapcTBeHHOM Oropkere. [losToMy mepen Hamu CTOMT yeTKas 3ajada — IOJIOMaTh Xpeder
9TOI CHUCTEME, U HE TOJNBKO C IOMOILUBIO XECTKHX KapaTelbHBIX Mep, a IJaBHOE — IMyTeM
CHCTEMHBIX PELICHUH, KOTOpbIe YHUUTOXAIOT CAMHU YCJIOBUS VIl KOPPYIILIUH.

3.2. Axmyanvuvie 60npoCHl paA3GUMUSL UHOYCMPUU UHPOPMAYUOHHO-KOMMYHUKAYUOH-
HBIX MeXHOI02Ul.

Hedbunut kBanupUUIUPOBAHHBIX KaapoB. [Ipobaemamuxa. CylmecTByloIas cucTeMa IMOAro-
ToBKM Kanpos ais unayctpuu MKT He obecrieunBaer Ha BbIxone TpeOOBaHMs pbIHKa Tpynxa. B
CpelHeM 3a ToJ By3bl YKparHBI BEIITYCKatOT Hopsaka 20 THICSY CIIEUATUCTOB 110 HAPABICHUIO
WH(OPMALIMOHHBIX TEXHOIOTUH, U3 KOTOPBIX TOJIBKO TPETh 00JIaAal0T 3HAHUSAMHU M HAaBBIKAMH,
HEOOXOIUMBIMH JUI PabOTHl B KOMIAHMUAX MHIAYCTPHM. YKE celdac Ha pbIHKE TPyHa IPHUCYT-
CTBYET 3HAUNTEIbHBIN AePUUNT KBATU(PHULUPOBAHHBIX KaJPOB, KOTOPBINA MO SKCIEPTHHIM OLICH-
kaMm pocturaer 30 ThICSAY 4YeloBEK. B ycnoBusAX cCOXpaHEHUS MOIOKUTEIbHOW AN YKpauHbI
KOHBIOHKTYPbI MUPOBOT'0 M Pa3BUTHUSI BHYTPEHHETO PHIHKOB CIIOKUBILASCS CUTYaLUs C CUCTEMON
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MOJATrOTOBKH KaJpoB CYHIECTBEHHO YIpoXaeT KOHKypeHTocrnocoOHocTH oreuecTBeHHOW MKT-
WUHYCTpUH.

Pewenue: 1. HeoOxomumo pa3paboTaTth OTCYTCTBYIOLIME HA JaHHBIH MOMEHT mpogeccho-
HaJIbHBIC CTAHAAPTHI B 00J1aCTH HHPOPMATMOHHBIX TEXHOJIOTHH. 2. Mlcronb3ysl Jiydiie mpakTHKA
Pa3BUTHIX CTpaH, CPOPMUPOBATH CUCTEMY HE3aBHCHMOW OLIEHKM KauyecTBa 00pa30BaHHUs, KOTO-
past Oyzer mpu3HaBaTHCS PHIHKOM.

OxoHomuueckre yciaoBusi padotsl UT-ungycrpun. Ilpobremamuxa. Uunyctpus nngpopma-
LIMOHHBIX TEXHOIOTHH OTHOCUTCS] K HOBOMY 3KOHOMUYECKOMY YKJIaJly, B OCHOBE KOTOPOT'O JIEKHUT
MHTEIVIEKTYyaJIbHBIA TPy YETI0BEKa, a 3TO B CBOIO OUEpelb 3HAYUTENBHO BIHUAET Ha SKOHOMHUYEC-
KYIO MOJZIeNTb Pa0OTHI KOMITAHHUH 10 OTHOLIECHHIO K TPaIUIIMOHHOH. Ha MupoBoM pbiHke nH(popMa-
LIMOHHBIX TEXHOJIOTUH BENETCS KECTKas KOHKypeHIHs. OIHUM U3 pelarolMX KOHKYPEHTHBIX
MPEUMYILECTB, KOTOPOE BIMSET HA BBHIOOP CTpaHbl AJIS pPa3MEIICHHS 3aKa3a, BBICTYHAeT LEHA.
[Ipu aTom Takue cTpanbl kak Maaus u benopyccust, KOTOpble HENOCPEACTBEHHO KOHKYPUPYIOT C
VYkpauHOW B LENSAX CO3AaHUS OIaronpusATHBIX SKOHOMUYECKHX YCIOBUH Ui pa3BUTHs AaHHON
cepbl IeATeIbHOCTH BBEIH OecTipelieIeHTHBIE YCIOBHUS HaIOorooonoxeHus. CloXUBILASCS CH-
Tyalusi 3aCTaBIsICT OTEUECTBECHHbIE KOMIAHMH UCKATh MYTH ONTUMH3ALMH HAJOr000I0KEHHS,
YTO CO3/1aeT PUCKU BeACHHS OM3HEca M JaibHEHILEero pa3BUTHS HHAYCTPUU B LIETIOM.

Pewenue: CHmkenne QuckanbHON Harpy3ku Ha ¢poHn omiatel Tpyna UT-komnanuii, a ”MEHHO
npuHsaTHe 3akoHonpoekTa Ne2063 ot 21.01.2013r. «IIpo BHeceHHs 3MiH A0 po3aury XX “Ile-
pexinHi nonoxeHHs” [ToqaTkoBoro kofekcy Y KpaiHu MIoa0 0coONMMBOCTEH ONOAATKYBaHHS Cy0’ €KTIB
1HAYCTPIi MporpaMHoi MPOAYKLii». Y peryinpoBaHie NPaBOOTHOLICHUH B YKPAUHCKOM CETMEHTE
cetu MIHTepHET, CBS3aHHBIX C 3aIIMTON MHTEIUIEKTYalbHOW COOCTBEHHOCTH

Ilpobrnemamuxa. Pazsutne MIHTEpHET-TEXHOJIOTUH MMeEET peliaroliee 3HadYeHUe ISl 3BOJIIO-
MU 5KOHOMHYECKUX W COLMAJbHBIX OTHOIICHHH B OOILECTBE, COBEPIICHCTBOBAHUE CHUCTEMBI
o0pa3oBaHus, PyHKIHOHUPOBaHUE AIEKTPOHHBIX CMU 1 351eKTpOHHON KOMMEpLUHU B Y KpauHe.
Hecmotps Ha 9T0, Ha CErOMHAMIHUN JEHb HET YETKUX U MPO3PAYHBIX [TPaBUJ pa3BUTUS YKPAUHC-
KOro cekropa cetu MHTepHET. DTO KacaeTcs BOIPOCOB aJIMHUHUCTPUPOBAHUSA aAPECHOrO IMpo-
CTpaHCTBA YKPaMHCKOTO cerMeHTa VHTepHeT, B3aUMOAEHCTBUS ceTed, AocTyna aOOHEHTOB K
CETSIM OIepaToOpoB, ceTeBOro HeWrpanurera. HemoctaTtok 3¢ QexkTHBHOrO 3aKOHOAATENBCTBA B
JaHHOU cdepe co3aal MPEATNOCHIIKH VI (POPMUPOBAHUS CTarHALIMOHHBIX TPOLIECCOB M BO3HUKHO-
BEHHsI YCTOWYMBOH TEHAECHIIMHM TEXHOJIOTMYECKOr0 M KaJpOBOIO OTCTABAaHUS B HAIIMOHAIBHOM
cerMeHTe MHTepHeT 3a mociegHHE MATh JIeT. DTO BBIPAXKAeTCsl B OTTOKE IIOJb30BaTeNeld B
Jpyrue JOMEHHBIE 30HbI, KOHQIMKTaX HHTEPECOB BCEX YYaCTHUKOB B CUCTEME PACIPOCTPAaHEHUS
O0BEKTOB HHTEUIEKTYaJIbHOH COOCTBEHHOCTH B ceTH MHTepHer, mopoXaaer MCKYyCCTBEHHBIE
Oapbepnl pa3BuTus UHTepHEeT-O0M3Heca. OTCYTCTBUE MPOrPECCHBHOTO 3aKOHOAATENLCTBA CO3/a-
€T YCIIOBHUS JUIS 3710YHOTPeONIeHHs] CBOUMH MTOJHOMOUYHMSAMH IIPABOOXPAHUTEILHBIMU OpraHaMHU.
Hepenxu cinyuan OnokupoBanus nesrensHoctd MT-koMmaHuil co cTOpOHBI IpaBOOXpaHUTENICH
0e3 mocTaTouHBIX Ha TO ocHoBaHWH. IIpu 3TOM neHb ocraHoBku paboTsl mnst UT-kommanum
MOXET CTOUTH AECSITKU M COTHH THICAY JOJUIAPOB.

Pewenue: 1. Pazpaborka 1 NpuHATHE 3aKOHOIPOEKTA 10 YPETryJIUPOBAHUIO IPABOOTHOLICHHH
IpH aAMUHUCTPUPOBAHUM AZPECHOTrO mpocTpaHcTBa. 2. IlpoBeneHune aHanmusza peryyisiTOpPHOTO
BIIMSIHMSA HA PBIHOK HOPM JEHCTBYIOILErO 3aKOHOIATENbCTBA B YAaCTH (POPMHUPOBAHUS YCIOBUI
IUIsl peasi3alui IPaBOBOrO MEXaHU3Ma J0CYIeOHOr0 yperyJaupoBaHusl CIIOPOB M IPOBENCHUS
9KCIEPTHU3, CBSI3aHHBIX C HCIONb30BaHUEM JOMEHHBIX UMeH. 3. Pa3paOoTka v MpUHATHE 3aKOHO-
MIPOCKTOB, HANPaBJIECHHBIX Ha (hopMupoBaHuE OaaHCca PHIHOUYHBIX HHTEPECOB MEXy IIOCTABIIH-
KaMH, IOTPEOUTENIMH UHTEIJIEKTYalbHOH COOCTBEHHOCTH, IOCPEIHUKAMH, C IOMOIIBIO KOTO-
pBIX mepenaercss mHGopManus U rocynapctsoMm. 4. PazpaboTka MeTOHONIOTHMHM pearupoBaHUS
MPaBOOXPAHUTEIBHBIX OPIraHOB HA 3asBJICHUS BJIaIENbLEB HHTEIJICKTYaIbHbIX IPaB, KOTOPas Obl
BKJIIOYaja B ce0sl, B TOM YHCIIE, 3alIpeT Ha OJIOKMPOBAHME IEATEIbHOCTH KOMIAHUH 0e3 Hamuaus
CYILECTBEHHBIX MPUYUH U COOTBETCTBYIOILETO PELICHUS CyAa.

Bomnpochr passutust uappactpykrypsl UKT. lIpobremamuxa. PazButne mHGPACTPYKTYpHI
UKT sBnsiercst Kir0ueBOH 3afayeld pa3BUTHS UHAYCTPUH, IOCKOIBbKY CO34aET Cpeny BHEAPCHUS
B peajbHYI0 SKOHOMUKY BCEX MPAKTUYECKUX Pa3padOTOK phIHKA. Pa3BUTHIO MHBPACTPYKTYPHI
MEIIAIOT CYIIECTBYIOLINE NPOOIEMbl, KOTOPbIC HA MPOTSHKEHUHU IISATH MOCIEAHUX JIET OKa3bIBaIOT
0c000 HEraTMBHOE BO3/ACHCTBHE Ha PBIHOK, CBSI3aHBl C TAKUMH KPUTHYECKUMH 3JIEMEHTAMHU
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WHQPPACTPYKTYPHI KaK TOUKH 00MeHa Tpa(hUKOM, TONUTHKH KOHBEPTeHLIUH, TIOMTUTUKNA MapLIPyTH-
3alliU ¥ MPOMYCKa MYJbTUMEAUHHOIO Tpaduka, MOJTUTUKH TEXHOJIOTHYECKOH HEHTPaTbHOCTH.
[Iponomkaer cymecTBoBaTh LU(POBOE HEPABEHCTBO, OCOOCHHO XapaKTEpPHOE VIS CEIbCKOM,
TOPHOW MECTHOCTH M JIEIPECCHBHBIX PETHOHOB. [IpoOneMHBIM B MPAaKTUYECKOH peann3aluu
ocTaeTcs Iepexo] Ha OKa3aHUe OlepaTOpaMu EPCOHATM3UPOBAHHBIX YCIyr aboHeHTaM. OTCyT-
CTBHE COBPEMEHHOW 3aKOHOAATENILHON Cpelbl, NPUBOIAILEH K HOPMUPOBAHUIO HECHCTEMHBIX U
MOHOIOJBHBIX IO CBOEMY XapaKTepy PhIHOYHBIX OTHOIIEHUH, B KOHEYHOM CUETE CO3AacT Mpen-
MOCBUIKH AJIS1 BO3HUKHOBEHHUS YTPO3 HAIMOHAIBHONW MH(OPMAIIMOHHOW 0e30MacHOCTH. AHAU3
TaKUX CLICHapHEB MPEACTaBICH B ToKyMeHTax MCD, mpuHATHIX B X01e BcemupHoii KoH(epeHIMn
10 MEXAYHApOAHOU AnekTpocBssu (3-14 nexadpsa 2012 rona, [Jybaii, OAD).

Pewenue: 1. AHanu3 peryasTOpHOTO BIUSHUS Ha PbIHOK HOPM AEHCTBYIOILIETO 3aKOHOIATENb-
CTBa B 4acTH 3 (EKTUBHOCTH pean3aluy MOJUTUK KOHBEPTreH UM, MAPIIPYTU3ALIIH 1 IPOITYCKa
MYJIBTUMEUHHOTO TpaduKa, TEXHOIOTHIECKOH HEUTPaTbHOCTH, IPUHUMAaEMbIX Mep TI0 JINKBUA-
IuU. 2. AHaIU3 PErynsITOPHOrO BIUSHUS HAa PBIHOK HOPM JAEHCTBYIOLIETO 3aKOHOAATENbCTBA B
gacTH 3QPEKTUBHOCTH MPUHUMAEMbIX Mep IO JIMKBHAAIMK HU(POBOro HepaBeHCTBa. 3. Pazpa-
00TKa U PUHATHE 3aKOHOIIPOEKTOB, HAIIPABJICHHBIX Ha CO3JJaHNE SKOHOMHYECKUX YCIOBHI, 10-
3BOJISIIOIIMX CTUMYJIMPOBATh Pa3BUTHE MEXKCETEBOIO B3aMMOJEHCTBHS Y4aCTHHUKOB pBIHKA Ha
0a3e mpuHIMIIA ceTeBOro HeliTpanuTera. 4. Pa3paboTka M mpuUHSATHE 3aKOHOJATENbCTBA, HAIIPAB-
JIHHOTO Ha (POPMHUPOBAHUE CUCTEMbI HALlMOHAJILHON HH(POpMaIMOHHON 0€3011aCHOCTH B COOTBET-
CTBHH C COBPEMEHHBIMH BBI30BAMHU.

[IpaBuTenscTBO yTBEpAMIIO ['0OCYyAapCTBEHHYIO LIENIEBYIO MPOrpaMMy MOBBIILICHUs 6€301acHO-
ctu nopoxkHoro amwkenus [10] (mpecc-cnyx0a MunHucTepcTBa BHYTpeHHUX zen). OHa mpemyc-
MaTpHBaeT paj MeponpusTuil Ha mepuof 1o 2016 roga B pamkax BeinonHeHus [IporpaMmel
skoHOMHYecKuX pedopm Ha 2010-2014 romer «3aKUTOYHOE OOIIECTBO, KOHKYPEHTOCIIOCOOHAS
SKOHOMUKA, 3 dexTrBHOE rocynapcTBo». [Ipoekt nocranosnenus Kabunera MunuctpoB Ykpa-
WHBI OBIT paccMOTpeH Ha 3aceqaHuu [IpaBuTenbcTBa 25 MapTa i 00ecriedeH sl BBIMOTHEHUS
TpeOoBaHM pPAJa HOPMATUBHBIX aKTOB.

Cpenu HUX, B 4aCTHOCTH, HannonansHeI mian aeiicteuil Ha 2012 rox no BHeApeHuto IIpo-
rpaMMbl SKOHOMUYecKnX pedopM Ha 2010-2014 roxsr «3a:KUTOUHOE O0ILECTBO, KOHKYPEHTOCIIO-
coOHasi SKOHOMHKa, 3P PEeKTUBHOE TOCYIapCTBO», YTBEepKACHHBIH YkasoMm [Ipesumenta ot 12
mapta 2012 roma Ne 187/2012, [lnan meponpusatuii mo peanuzanuu CTpaTerddl MOBBIIICHUS
YPOBHS 0€30MaCHOCTH IOPOXKHOTO JBIKEHHS B YKpauHe Ha nepuon Ao 2015 roga, yrBepkaeH-
HBI pacriopsbkerneM Kabnnera MunuctpoB ot 21 mapta 2012 roga Ne 140-p, a Taxxke mocTa-
HoyieHne Kabunera MunnctpoB ot 8 aBrycra 2012 roga Ne 771 «O6 onobpennn Konnennuu
I'ocynapcTBeHHOM LieneBoil MporpaMMbl MOBBIILEHNS YPOBHS 0€3011aCHOCTH IOPOXKHOIO ABHIKE-
HUsA B YkpamHe Ha mepuon mo 2016 roma». Llempio mpuHATHS akTa sBiseTcs oOecriedeHue
BO3MOXXHOCTH pean3aluuu rocygapctsoM B TeueHue 2013-2016 rogos mupoKoro Kpyra Mepoii-
PUSTHIN, HANPaBJIEHHBIX Ha IPOTUBOACHCTBHE JOPOKHO-TPAHCIOPTHON aBAPUIHOCTH M YKpeILIe-
Hue 0a30BbIX IPUHIUIIOB CUCTEMbI 0€30IIaCHOCTH IOPOXKHOIO IBUXKEHUS B YKpanHe. Peannzanus
[IporpaMMBbl TO3BOJIUT HOBBICUTH YPOBEHb 0€30MIACHOCTU IOPOXKHOTO JIBMIKEHHSI, YMEHBLINTh
KOJIMYECTBO JOPOKHO-TPAHCIOPTHBIX HMPOUCIIECTBUN M CHU3UTH CTENEHb TSHKECTH HUX TOCIEH-
CTBHH, a TaK)Ke MUHMMU3HUPOBATh YEJIOBEUECKUE MOTEPH U (PMHAHCOBBIC YOBITKM B PE3ysibTaTe
ATII. Kpome Toro, npunstue [IporpaMmbl MO3BOIUT MOBBICUTH 3()(PEKTHBHOCTH rOCYAapPCTBEH-
HOU MOJUTHKH B chepe obecrieueHmst 0e30MaCHOCTH OPOKHOTO IBMXKEHHSL, YIIYyUILINTh COCTOSHIE
YIUYHO-AOPOKHOM CETH 0 mapamerpaM 0e30MacHOCTH, a TAKXKE MOBBICUTh YPOBEHb COOMIOzE-
Hus [IpaBui JOpOKHOTO ABUKEHUS €r0 Y4aCTHUKAMHU.

4. Axkanemuydeckue nporpammsbl (Academia programs)

W3 crateu Mmunnctpa Tabaunuka J[.B.: “Briciiee oOpa3zoBanne — cTpaTernueckoe HampaBiie-
HUE pa3BUTH CTPaHbl. 3a MOCIEIHNE ABA T0a B BBICIIEH MIKOJIE IPOU30ILUI0 HEMAJIO COOBITHIA:
¢dopmupoBanue HanponansHoOH paMKy KBamupUKaLMi, N3MEHEHHS B CTPYKTYpE Ioc3aKasa, opra-
HU3ausl 00y4eHHsI U CTRXKHPOBKU 3a pyOekKOM 3a TOCylapCTBEHHBIE CPENCTBA, MPOAOIKEHHE
ONTUMM3ALNHU CETH BY30B, COBEPIICHCTBOBAHUE [TPOBEACHNUS BCTYITUTENbHON KaMIaHuu. B Teue-
HUE TOCIEIHUX JABYX JIET BCTYIUTEIbHbIE KAMIIAHUM Y HAc MPOXOAAT HA BBICOKOM YPOBHE -
OpraHN30BaHHbIC, IPO3PAYHBIC U AEMOKPAaTHUECKHUE. Y UUTHIBAs pe3yinbTaThl nocTyrienus 2012
roja, MUHUCTEPCTBO MOATOTOBUJIO YCOBEPLICHCTBOBAHHYIO BEpCUIO Y cinoBui mpuema B 2013

36



rogy. B aTom rogy mo pemeHuio MpaBHTENBCTBA CYIIECTBEHHO YBEIWYEH O0bEM NpHeMa Mo
roCyJapCTBEHHOMY 3aka3y o cpaBHeHMIo ¢ 2011-M Ha Takue HampaBJ€HUS MOATOTOBKH, Kak
3JIEKTPOHUKA, SHEPTETHKA U SHEPTETUUECKOE MAITMHOCTPOEHUE, PaIUOTEXHUKA, PaIONIEKTPOH-
HBIC anmnaparbl, CBsA3b, METAIIYPrHsl 1 MaTepHaJiOBEleHNE, MAIIMHOCTPOCHHE U MeTallooOpa-
00TKa, XMMUYECKasi TEXHOJIOTUS U MH)KEHEPHsl, aBUAIIMOHHASA U PAKETHO-KOCMUYEcKasi TEXHHUKA,
TPaHCHOPT ¥ TPaHCIOpTHas HHpacTpyKTypa. XoTs i O0IbIIMHCTBA rpakaaH HannonanbHas
paMKa KBalu(pHUKalMid HU O YeM He TOBOPHT, JAJIsl BBICIIEr0 00pa30BaHUs — 3TO OYEHb Ba)KHBIN
JOKYMEHT. PaMka Taxoke Hy)KHa Uil BBEACHHSI €BPOINCHCKIX CTaHIAPTOB U MIPUHLIUIIOB o0ecIe-
4yeHus oOpazoBaHusl. Llenb ee BHeApeHUs — COASHCTBIE MEXKIyHAPOIHOMY IPU3HAHHIO MOTY4eH-
HBIX B YKpaunHe kBanupukanuid. Celiyac yueHsle pa3pad0Taiy MPOEKThl U OCYIICCTBIISIOT Me-
POIIPHUATHS IO SKCIIEPUMEHTATIBHOMY BHEPEHUIO HOBEHILINX CTAaHAAPTOB 110 HEKOTOPHIM HaIlpas-
nenusM. ONTUMH3aIKS BBICIINX Y4eOHBIX 3aBEICHHH - OHA M3 3ajad, KOTopas CTOUT Iepex
MUHHUCTEPCTBOM. M3BeCcTHO, UTO B YKpauHe nepeHachllieHue By3oB. [loaTtomy 1t mpuBeaeHUS
CETH BBICHINX YYEOHBIX 3aBEJCHUI K eBPONEHCKUM HOpMaM, YCTpaHEeHHsI TyOJIHUpOBaHuUs MOAr0-
TOBKHM CIELMATIMCTOB MO OTACIbHBIM HAIpPaBJICHUSAM M clieluanbHocTAM B TeueHue 2010-2012
roioB 00pa3oBaHO 9 pernoHaJbHBIX YHHBEPCHUTETCKHX LIEHTPOB Ha 0a3e 22 BBICIIMX y4EOHBIX
3aBefeHU. D) ()EKTUBHBIM MPOEKTOM CTallo co3aanue KpuBoposkcKoro rocyjapcTBEHHOTO YHH-
BEPCUTETA, B KOTOPBII BOILIM /1Ba yHUBepcHuTeTa, 18a HUU u aBa cTpykTypHBIX oApasaeneHus
Ipyrux By30B. OTIENBHO CIIEAYeT paccKa3aTh O BBEICHUU OOY4YEHHUS CTYICHTOB U acllUPaHTOB,
a TaKKe HayYHBIX U HAYYHO-TIEAarOrnYecKuX pabOTHUKOB B BEIyIIMX CTpaHaX. JTa MpaBUTENb-
CTBEHHas nporpamma peanusyercs ¢ 2011 roga no nannuaTtuse [Ipembep-munuctpa H.A3zapoga.
BriepBrie Ha Hee BrigeneHo Oonee 35 MiH rpH, a B 2012 rogy Ha 3T0 mpexycMoTpeno 40 mitH
rpH. Elle Hy)XKHO OCTaHOBHTHCS Ha OOY4YE€HMHM HHOCTPAHHBIX CTYIEHTOB B YKpauHe. Spkum
CBUJETENILCTBOM pPOCTa aBTOPUTETAa YKPAaMHCKUX BY30B €CTh YCTOHYMBAs TEHJCHLMS yBEIHYe-
HUSI KOHTUHT€HTa HHOCTPAHLIEB, KOTOPBIE ceiiyac MolyvaroT BhIcIee 00pa3oBaHue B YKpanHe U3
137 crpan. Ux xonuyecTBo Bo3pociio a0 56 Teicsu B 2012/2013 yyeOHOM romy. YKpanHa BXOAUT
B JIECATKY TOCYIapCTB — JIUJCPOB B 00JACTH MEKIyHapOJHOro oOpa3oBaHus. [IpaBUTENbCTBO
peanu3yer Mephl 10 COLUANbHON MOJJIEP)KKE YIaCTHUKOB Y4eOHOr0 mpoliecca B BHICIIEH HIKOJIE,
B YaCTHOCTH, OCYILECTBIIACT MO3TAMHBbIC IIATH O IOBBILICHUIO OIUIATHI TPyAa pabOTHUKOB.
CTyneHThl CTaJld MOJNy4YaTh aKaJeMHYECKUE CTHIEHAMM, YBEIHUYEHHBIE MO cpaBHeHHIO ¢ 2008
rogoM Ha 37,7%. Ctunenauu uisi OTIIMYHUKOB BBIpOCHW moutd Ha 34%, a couuanbHbIC - Ha
51,7%.”

Ocnosnvie nonoogicenus npoexma 3axona Yxpaunwvr «O evicuiem obOpazoganuuy. Ilpoext
3akoHa Ykpaunsl «O BeiciieM oOpa3oBanumy (HoBas pegakius, Ne 9655 or 28.12.2011) pazpabo-
TaH C Y4eTOM COBPEMEHHBIX TPEOOBaHWH KOHOMHKH Y KpauHbI, BXOXKICHUS HAllMOHAJILHOTO
BbICLIEro o0pa3oBaHus B EBporielickoe MpocTpaHCTBO BHICLIEro 00pa30BaHUs U I1EPexoia CHUCTe-
MBI BBICILIET0 00pa3oBaHMs K BHenpeHnto HaunonansHoi paMku kBanudukanuii. [Ipoext 3akona
npeaycMaTpuBaeT o0ecreyeHne KaYeCTBEHHOTO COCTOSIHUS IIPABOBOTO PEryJIMPOBAHUS OTHOLLIE-
HUIl B oOmactu Bbicuiero oOpasoBaHus. V3MeHEHHs] KOCHYJIMCh HPAaKTUYECKHM BCEX CTaTeH.
[IpunsTHE 3aKOHONpPOEKTa OyIeT CIocOOCTBOBATH peaM3alliy BIEPBbIC B YKpauHE CIMHOTO
00pa30BaTeNbHOr0 MPOCTPAHCTBA, 0€3 KOTOPOr0 HEBO3MOXKHO CTaBUTh BOIPOC O MPHU3HAHUU B
MHUPE YKPaUHCKHUX AMIIOMOB, IPOJIOKEHUN O0yUYEHUS CTYACHTOB, aCIHPAHTOB B 3apyOEKHBIX
yHHBepcuTeTax. B ocHOBe M3MEHEHHMH NperLyCMOTPEHbI CIEAYIOLIME ABa MOAXO0AA: NEePBBIA —
pedopMHpOBaHUSl CUCTEMBI BBICIIEr0 00pa30BaHUS B COOTBETCTBUHU C YCIOBHSMH COLIUAIBHO
OpPMEHTHPOBAHHON SKOHOMHUKH; BTOPOH - ajanTtanus K EBponeriickoMy HMpOCTPaHCTBY BBICLIEIO
o0pazoBaHUsI.

SA3pikoM 1udp: cerogns B YKpanHe QYHKIIMOHUPYIOT 823 BhICIINX y4eOHBIX 3aBeneHus [-1V
YpOBHEW aKKpeIWTaIlliu, B KOTOPBIX yduTcs Oornee 2,1 MIH CTyIOeHTOB. Y4eOHBIH Mporecc
obecrieunBarT 36,4 ThIC. memarornyeckux u 158,9 Thic. HAyYHO-TIENATOTHYECKUX PAOOTHHUKOB,
cpenu KoTopbix 69,3 ThIC. KaHAUAATOB HayK U 13,9 Thic. JOKTOpOB HayK [11].

busHec, KOTOpBIE XOUeT MpPEYCHeTh, NOKEH (GKEHUThCS» Ha oOpa3oBaHuu. U 3ta cembs
JOoJDKHA padoTaTh Ha MOJIB3Y rocyzapcrBa. Takoe MHeHHE BO BpeMsi KoH(epeHUuuu «Ponp n
MecTo OM3Heca B PasBUTHU MPOECCHOHATBLHO-TEXHUUYECKOT0 00pa3oBaHusl B Y KpaHE» BbICKA-
3a1 3aMmectuTennb MuHucTpa oopasoBanus u Hayku b. XKeOposckwuit [12].
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4.1. Ilapmnepcmeo 6y306 Ykpaumnwr ¢ esponeiickumu yHugepcumemamu. CylIeCTBYeT
MEMOpPaHIYM O COTPYIHHUYECTBE MEKIY EBpOmelcKUM KONJIETMyMOM IMOJBCKUX M YKPaMHCKUX
YHUBEPCHUTETOB, MOJNMCAHO COTJIAllleHHE O HAayYHOM M y4eOHOM cOTpyAaHHMYecTBe ¢ Bricuieit
LIKOJIOW aAMUHUCTpauuu U ynpasieHnus B [Tmempinuie (ITonpma). Jlanabie napTHepcKue coria-
HIeHusl ONIarOmpHUsATHO CKaXyTcd Ha pa3BUTHH CUCTEMBbI 0Opa3oBaHUsl B YKpaumHe M OyayT
CIOCOOCTBOBaTh MHTErpallid Y KpauHbl B OOILEIPHHSTYIO CHCTEMY €BPONEHCKUX CTaHIapTOB
obpasoBanus [13].

[TocTostHHO OCYyILIECTBIACTCS OMCK M MOHUTOPHHT MEXIyHapOAHBIX 00pa30BaTeIbHBIX MPO-
rpamM. O0bsBIIeH KoHKypc 1o nporpammam: JTAAJ] (Iepmanus), “IIporpamma oOmeHa Oymy-
IMMU JujepaMu’” AMEPUKaHCKOM acCOLMalii MEXIyHapoaHOro 00pa3oBaHus, 0Opa3oBaTeib-
Has nporpamMma @onna um. Oynbpaiita 115 BEITYCKHHKOB BBICIIMX y4eOHbIX 3aBeaeHui (CILIA),
Bpuranckas ctuneHust JUis OCIEAUIUIOMHOr0 00pazoBanus B BennkoOputanun, Marucrepckas
W KaHJOuIaTcKas mporpamMmbl uM. DaMyHaa Macku JlenaptameHTa MO BONPOCaM KyJNbTYpBl U
obpazoBanusi CIIA u CoBera HayuHbx ucciegoBanuii u oomenoB (CLLA), EBpasuiickas mpo-
rpamMma oOMeHa cTyieHTamu [lemaprameHTa MO BompocaMm KyinbTypbl U oOpaszoBanus CILIA u
CoBera HayuHBIX HccienoBanuii 1 oOMeHoB (CLLA).

Pacnopsxennem Kabunera MunuctpoB Ykpaunsl ot 27 asrycta 2010 r. N 1728 yTBepxkieH
[Inan MeponpusTHii O Pa3BUTHIO BhIcuIero obpasoBanus Ha nepuoxa Ao 2015 roxa, cormacHo
KoTopoMy MuHHCTEPCTBY 00pa30BaHMs U HAyKW, EHTPAJIbHBIM U MECTHBIM OpraHaM HCIIOJIHH-
TENBFHOH BIacTH OPYUEHO 00ecTIeunTh BhINoIHeHue [1nana MeponpusTiii, yTBEpKICHHOTO STHM
pacnopsbkeHreM, 1 nHpopMupoBaTh exeronHo Kabuner MUHUCTPOB Y KpauHbI O COCTOSHUH €r0
BBINIOTHEHNU [ 14].

Crenyer oTMeTuTh, uTo [1aH MeponpuATHil 10 Pa3BUTHIO BBICLIEro 0Opa3oBaHMs HA TIEPHOJ
7o 2015 roga comep UT CTpaTETMUECKUE M COMAEpKATENbHBIE IOJOXKEHUS, HaIllpaBJIECHHBIE, B
YaCTHOCTH, Ha ONTHMHU3ALUIO CETH TOCYJapCTBEHHBIX BBICIIMX yYEOHBIX 3aBEICHUH, paciupe-
HUE OPraHU3aOHHO-TIPABOBBIX OCHOB (DYHKLIMOHMUPOBAHUS OATOTOBUTEILHBIX OTJCIEHHH B CO-
CTaBe BBICIINX Y4eOHBIX 3aBECHUI C y4eTOM NOTPeOHOCTH B CO3JaHUM YCIOBHUH ISl TOATrOTOB-
KU MTOCTYNAIOIIUX B yKa3aHHBIE yUPEKICHH; 00ecriedeHue HHHOBALIMOHHOTO Pa3BUTHSI BBICILIETO
00pa3oBaHus ITyTeM BHEAPEHUS B yUEOHBIH MpoLecC HOBBIX HHPOPMALMOHHBIX, TEIEKOMMYHHKA-
LUOHHBIX TEXHOJIOTUH, NHTEPAKTUBHBIX ()OPM U METOAOB O0yUEHUsI, COBEPLICHCTBOBAaHHE MEXa-
HU3Ma JIMLEH3UPOBaHMs U aKKPEAUTALMH BBICIIMX Y4eOHBIX 3aBEICHUH C yIETOM 0COOCHHOCTEN
MOATrOTOBKH CHELUAINCTOB C BHICIIMM 00pa30BaHMEM, a TAKKE Ha MIPUHATHE Mep K popMHUpoBa-
HUIO HE3aBHUCHMBIX AKKPEOUTALMOHHBIX areéHTCTB W areHTCTB 110 HNPU3HAHUIO JOKYMEHTOB 00
obpazoBanuu. [Ipu 3TOM HEOOXO0AMMO IperycMaTPUBaTh UX (PUHAHCHUPOBAHUE HA XO3PacUeTHON
OCHOBE, o0ecreyeHue pa3BUTHs HCCIENOBATENbCKUX YHUBEPCUTETOB KaK BEOYIIMX LIEHTPOB
HAy4YHOW, UHHOBALMOHHOM e TeIbHOCTH U MOBBILICHUH PE3yJIbTaATUBHOCTH HAYYHBIX HCCIIEA0BA-
HUH B BBICIINX Y4E€OHBIX 3aBEICHUSX, Pa3BUTHH T'OCYJapCTBEHHOI'O W YaCTHOTO MAPTHEPCTBA B
cdepe oOpa3oBaHusl, HAPaBICHHBIX HA PACLIMPEHUE U COBEPLICHCTBOBaHHUE yueOHOM, 1adopa-
TOPHOM, MaTepraIbHOM 0a3bl BEAyIIMX YHUBEPCUTETOB.

Bceeykpaunnckas obiectBeHHas opranuzanus “CoBeT 10 KOHKYPEHTOCIIOCOOHOCTH HHAYCTPUH
MH()OPMAITMOHHO-KOMMYHUKAIIMOHHBIX TEXHOJIOTH YKpauHbI” CUMTAET CBOEH MHCccHel pa3pa-
00T1Ky U BbIONHeHHE [IporpaMMel pa3BUTHS HHOYCTPUH HHPOPMALIMOHHO-KOMMYHHKALMOHHBIX
TEXHOJIOTUH YKpauHbl, KOTOpas OyleT BKII0YaTh CACAYIOIINE HAIPABICHHUS U 3a1a4u:

1) Peanuszamusi cucrembl Mep MO CO3JAaHHIO U COBEPIICHCTBOBAHHMIO COOTBETCTBYIOILETO
HOPMAaTHUBHO-TIIPAaBOBOT0, HOPMAaTHBHO-TEXHUYECKOTO M HHCTUTYLIMOHAIBHOTO 0OECTICUeHHs pas3-
BUTHS HH(OPMALIMOHHOTO OOLIECTBA C YIETOM MHUPOBOI'O OIBITA.

2) Co3nanue B MHAYCTPUHU WH(OPMAITMOHHO-KOMMYHHUKAITMOHHBIX TexHonoruit (MK T) xoHky-
PEHTHOM Cpezibl C NPO3pavyHbIMU NIPABHIJIAMH UTPBI M TAPAHTUSMH 3aLUTHI IPAB HHBECTOPOB, UTO
HeoOX0MMO /711 IPUBJICUEHHS MHBECTULHHN (CO CTOPOHBI KAK MHOCTPAHHBIX, TaK M YKPAUHCKHX
WHBECTOPOB).

3) YckopeHHoe pa3BuTHE HH(POPMALMOHHO-KOMMYHHKALMOHHON HH(PACTPYKTYPBI CTPAHBI ITy-
TEM CO3/1aHUs HaJJIKAIIUX YCIOBUHN JUIs IPUBJICUCHHUS 3HAUUTENBHOT0 00beMa HHBECTULIMH KaK
co croponsl npeanpuatuii uaxyctpuu MKT, Tak u co cTopoHsl moTpeduTenelt NpoLyKLUnHU U YCIIyT
UKT - Hacenenus, NpeANpUATUN, YIPEKICHUM U OpraHU3aLU .
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4) Pacimpenue BO3MOXKHOCTEN JOCTYIIa rpa)iaH K UH()OPMAaLMOHHBIM TEXHONOTUsIM, HTep-
HeTy ¥ HH()OPMALIMOHHBIM pecypcaM B LeNsiX o0pa3oBaHusl, 00y4eHHs, OOIEH s C TOCYIapCTBEH-
HBIMH OpPraHaMH B paMKaX <«AJIEKTPOHHOIO NPaBUTEILCTBA», Pa3BUTUs He3aBHUCUMBIX CMMU,
CO3JJaHHA OCHOB TPaKIaHCKOTO 00IecTBa, Upokoro ucnonszoBanus cpeacts UKT. Co3nanue
W pa3BUTHE CETH MMyHKTOB KoyutekTuBHOro aocrymna (IIK/1) nacenenns k UKT nHa ocHOBe coTpya-
HUYECTBA MEXKIY TOCYAapCTBOM M MpEANPUHUMATEISAMH, B TOM YHCIE MajbiM Ou3HecoM (co-
3nanue yacTHbIX [IK/] B KOMIBIOTEpHBIX KiTyOax, MIKONAaX).

5) Co3nanue BeHUypHOH HHIYCTPHH M TEXHOJIOTMYECKUX KIaCTEPOB SKOHOMUKHU 3HAHUH (IKC-
MOPTHO-OPUEHTHPOBAHHAS MHLyCTPHS Pa3paOdOTKH MPOrpaMMHOT0 00ecrieyeH s ) B LENsX pean-
3alMM MHTEIUIEKTYaJIbHOTO M HAYYHO-TEXHUYECKOr0 MOTEHINaNIa Y KpauHbl U 3aHATHS €10 JOCTOM-
HOI'O MecTa B MEKIYHApOJHOM pasZeleHUH TpyAa, pa3BUTH 00pa3oBaHUs, MPEAOTBpAILCHUS
«yTEUKH MO3TOBY, YBEJIHMUCHHUS BAIIOTHBIX MOCTYIIIICHHUH.

6) CoBeplICHCTBOBAaHHE 3aIUTH HHTEIUIEKTYaIbHOW COOCTBEHHOCTH Ha MPOrpaMMHoOe obec-
neyeHrne W 0a3bl JAHHBIX A7 MOBBIMIEHUS MHBECTULMOHHOM NPHUBIICKATENBHOCTH WHAYCTPUU
UKT.

7) BHenpeHue KOHLENIMH «3JIEKTPOHHOTO MPABHUTENLCTBa» (MPEJOCTABICHUE MPaBUTEb-
CTBEHHBIX ycnyr ¢ ucnoib3zoBanueM MKT) B nensx nosbimenus 3 GekTHBHOCTH 00CTy>KUBAHUS
OpraHamu rocyJapCTBEHHON BIACTH M MECTHOTO CaMOYIpaBJIeHHs HaceneHus 1 Ou3Heca, yMEHb-
LIEHHS KOPPYNLUOHHOTO (PaKTopa, YCUIIEHHS CBA3U MEXKIy TOCYJapCTBOM U TPaKAaHAMH, YITyd-
LIEHUs UMUAKA TOCYAAPCTBEHHBIX OPraHOB CPEAM T'PaKIaH, CO3JAaHHUS OCHOB IPa)kJIaHCKOTO
ob1ecTBa.

8) Buenpenue nHopMaMOHHO-aHAIMTHYECKUX CUCTEM U 3JICKTPOHHOTO IOKYMEHTO000pOoTa
B cepe rocy1apCTBEHHOTO YIIPaBIICHUS A1l MOBBILEHUs 3P PEKTUBHOCTH YIIPaBICHH U CO3/a-
Hue 6a3bl 1S IPOBENICHUS aIMUHUCTPAaTUBHON pe)OpMbl; BHEAPEHUE CHCTEM YIIPABIICHUS MIPE-
MPUATUEM U JIEKTPOHHOT'0 JOKYMEHTO000pOTa Ha MPENNPUATHIX IS MOBBILICHUS 3P (PEKTUBHO-
CTH yNPaBJICHUA U TPOU3BOAUTENLHOCTH TPY1a, CHUKEHHUS Ce0ECTOMMOCTH MPOAYKIMH, TOBBIILIE-
HUSI KOHKYPEHTOCIIOCOOHOCTH, YBETHUCHHUS TOCTYIUICHUH B OI0JKET, CO3JaHMs HOBBIX paboumnx
MeECT.

9) Bueapenue cucteM 3IEKTPOHHOTO Ou3Heca (3JEKTPOHHOW TOProBIH) LI 3G (HEKTUBHOTO
yIOBJIETBOPEHHS OTpeOHOCTEN moTpeduTeneld, yMEeHbILCHUs 3aTpaT Ha TOPrOBbIC ONEpaLuy H,
KaK pe3ysbTaT, yBEINUEHHS NPUOBUIEHOCTH IPEANPUHUMATENbCTBA, YCKOPEHUsI 000pOTa ICHET B
0aHKOBCKOH cdepe, d3pPeKTHBHONH OOpPHOBI C POCTOM IICH, MOBBIMIEHHUS YPOBHS MPO3PAYHOCTH
SKOHOMHKH.

10) BHenpeHue TEXHOIOIHM «IMCTaHIMOHHOTO OOYUYCHUS», «TEJIEMEIULIMHBDY, «yAaJeHHON
paboThD» IS MOBBIIIEHHSI KaUuecTBa 00pa30BaHUs U 31PaBOOXPAHEHHS, CO3IaHHsI HOBBIX pabounx
MecT U 00pbOBI ¢ OETHOCTBIO, TPENOTBPALLEHHS OTTOKA BEICOKOKBAIN()UIIUPOBAHHBIX CIIECLAAIIH-
CTOB, TpoBeAeHUS 3 (HEeKTUBHON PErMOHAILHOM NOIUTHKY U BHIPAaBHUBAHUS YPOBHEN COLIMATIbHO-
HKOHOMHUYECKOT'O Pa3BUTHUS PETHOHOB.

11) Co3nanme MaccoBOil CUCTEMBI 00pa3oBaHus rpakaaH mo noip3oBannio KT u mponaran-
IIbl HAYYHO-TEXHUYECKUX 3HaHUU B 3TOH cpepe. PazButue “areKTpoHHOT0 NOBeprs’ HAaCeeHHs K
BosMoxkHOCTSIM UK T u co3nanue ycnoBuii 6e30macHoro nojab30BaHus HH)OPMAlMOHHBIMHU CETSI-
MH.

12) Peanu3zauus cucreMbl Mep, HalpaBJICHHBIX Ha (OPMUPOBAHHE MMHUIXKA YKpPauHbI Kak
CTpaHbl BBICOKHX TEXHOJIOTHH, B KOTOPOH F'APMOHUYHO COYETAIOTCS] AYXOBHBIE, HHTEIJICKTYallb-
HbIE 1 HAYYHO-TEXHUYECKUE HOCTIDKEHHS C IEMOKPATHUECKUMH IOCTHKEHUAMH (KaK AJISl [IPH-
BJICYCHUSI MHOCTPAHHBIX HHBECTOPOB, TaK U JUIs BEIBOAA Ha HOBBIH YPOBEHb KCIIOPTHO-OPHEHTH-
poBanHoM uHayctpun MKT, a Taxke s yBenuueHHs HOBEpUS K YKPAaMHCKUM (PMHAHCOBBIM
WHCTPYMEHTaM Ha MEXIyHapOIHBIX (PMHAHCOBBIX PBIHKAX, IPOTUBOACHCTBUS HEraTUBHOMY HH-
(hOopMaLlMOHHOMY BIUSTHUIO APYTHUX CTPaH, B IEPCIIEKTUBE - N3MEHEHHS POJIU Y KPauHBI B MEXKY-
HapOJHOM COOOIIECTBE).

OcHoBHbIe pazfensl U 3a1auu [Iporpammel pazsutus unaycrpuu UKT:

1) Cogepuiencmeosanue cucmemvl 20Cy0aPCMBEHHO20 PECYIUPOSAHUSL U UHCHUMYYUO-
HanvHas pepopma 6 chepe UKT. I'maBHBIM HEJOCTATKOM CYIIECTBYIOMIEH CHCTEMBI WHCTHUTY-
LMOHAJIBHOIO pacrpeeeHus TOJIHOMOYMH OTHOCUTENIFHO IOCYIapCTBEHHOIO YIIPABIICHHUS U pe-
rynupoBanus B oonactu MKT, Bitodast 3akoHopaTenbHOE o0ecrieyeHne pa3BuTHs HH(popmau-
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OHHOTO0 00IIeCTBa, ABIACTCS PakTHUYecKoe AyOInpoBaHue PyHKIMHA 1 TTOJTHOMOYHHA Pa3INuYHbIMU
uHcTHTyTaMu. CrcTeMa POpMUPOBAHUS U PeaTH3alliK rOCyJapCTBEHHOM nonmuTuku B chepe UKT
KpaitHne HeapexTHBHA. 3a1aun: OCYHIECTBUTh aHAIN3 CYLIECTBYIOIIEH CHCTEMBI FOCYIapPCTBEH-
HOTrO ympaslieHus W perynupoBaHus B obmactu MKT, Bkiowas cymiecTBYIOIIEE MOJIOXKEHHE
3aKOHOJATEIBHOr0 00ECTIeUeHHs Pa3BUTUs MH()OPMAILIMOHHOTO OOLIECTBAa, U Ha OCHOBE 3TOTO
aHallM3a MPOBECTH OOILECTBEHHYIO OHCKYCCHIO IO COBEPIUCHCTBOBAHUIO CHCTEMBI TOCyHAap-
cTBeHHOro peryiauposanusi B cepe MKT, BkiIrouas mpouecc 3aKOHOAATEIBHOIO 00ecCredeH s
pa3BuTHs MHPOPMAIMOHHOTO OOLIECTBa; pa3paboTaTh MPEATIOKEHHS MO COBEPIICHCTBOBAHUIO
CHCTEMbI TOCYJapCTBEHHOTO PEryJHUpOBaHUs M MHCTHTYyLHMOHANbHOU pedopmbl B chepe UKT,
BKJIIOYasi COBEPLICHCTBOBAHUE MpoOILecca 3aKOHOAATENIFHOr0 oOecreueHus pa3BUTH UH(popMa-
LMOHHOTO OOIIECTBA.

2) 3axonodamenvHoe (HopmamugHoe) obecneuenue pozsumusi undycmpuu MUKT. Ha
cerogusaimHaui MomeHT cepa UKT perynupyercss OCHOBHBIMU 3aKOHO/IATENIbHBIME (HOPMATHB-
HBIMH) aKTaMU, YKa3aMu U nopydenusimu [Ipe3unienTa Y kpauHsl.

3) Obpaszosanue 6 cgpepe UKT. JlericTByromas cucTeMa MmoAroTOBKH KaJpoB Il HHIYCTPUU
UKT He ynoBierBopsieT Ha BBIXOJE MOTPEOHOCTH pBIHKA Tpyda. B cpemHeMm 3a ron BobIcIIve
y4eOHbIe 3aBeIeHUsI Y KpauHbI BBITYCKAIOT OKOJIO 20 THICAY CIIELHMAIMCTOB TOJIBKO IS CEKTOpa
MporpaMMHON npoaykuuu. M3 HUX, 1Mo oleHKaM 3KcnepToB, juib 10-15% crocoOHBI HavaTh
paboraTh B KOMIAHMSIX HHIYCTPHH C OJHOBPEMEHHBIM MPOAOIKEHHEM oOyueHus. [Ipu sTom
CTOMMOCTb MOJTOTOBKH CIELMAIUCTOB M0 3TUM HAIPABJICHUSIM rOCYAAPCTBEHHBIMU BY3aMHU JIJIs
locOromxera koe-rae mocturaer 30 Teicsd TpH B ron. Curyauwus, cloKuBLIascs B cdepe
noAroroBku kKaapos aist unayctpun UKT, HemocpencTBEHHO BIUSET KaK Ha ce0ECTOMMOCTD, TaK
W Ha KayecTBO MPOAYKLHUH, a CIIENOBATENBHO, SIBISETCS YTPO30H Al KOHKYPEHTOCIIOCOOHOCTH
nnaycrpuu UKT.

3aaun: IpuBeNeHNE y4eOHBIX TUIAHOB, MPOrPaMM yUeOHBIX JUCITUIUINH U JJPYTUX JTIOKYMEHTOB
B COOTBETCTBHE C ONPEIeTICHHBIMU TOTPEOHOCTSAMH PhIHKA (Ha MOCTOSHHON OCHOBE); CTaHAapTH-
3anusi TPeOOBaHUHN K IIPENoJaBaTEIbCKOMY COCTaBY U (DOPMUPOBAHUE MEXaHHM3Ma IMOBBIIICHUS
KBaJIM(DUKAITMHY B COOTBETCTBUU C pa3pa0OTaHHBIMU CTaHAAPTAMU; CTAaHAAPTH3AIUS TPEOOBAHUN
K MaTepuaibHO-TEXHUUYECKOW 0a3e y4eOHBIX 3aBElCHUI; BHEOPEHHE CHUCTEMBbl HE3aBHCHUMOMN
OLICHKHU KauecTBa 00pa30BaHUs; Pa3BUTHE U MOAJICPIKKA OTUMITHAIHOTO JABMXKEHUS 110 MaTeMaTH-
ke, nH(popMaTHKe, GU3NKE U JPYTUX MPOPECCHOHATBHBIX MUCIUTUTHHAX ; MOJIEPHHU3AIIHS ITPOTPaMM
MOJITOTOBKH 110 Kypcy MH(OpMaTHKH B IKoax; nponaranaa MK T-o0pa3oBanusl.

4) Inoycmpus npoepammuol npooyKyuu BKIIOYAaeT B ceds CIEMyIoNe CeKTOPBI: ayTCcop-
cuHT (pa3paboTka MporpaMMHOrO obecriedeHus Ha 3aka3) u npenocraBienne UT-ycmyr; cuc-
TeMHasi WHTEerpaius, pa3paboTka COOCTBEHHBIX IMPOrPAMMHBIX NMPOAYKTOB. MHmycTpus mpo-
IrpaMMHOW TPOAYKIIUU OTHOCUTCSI K HOBOMY IKOHOMHYECKOMY YKJIaay, B OCHOBE KOTOPOTO —
WHTEIUIEKTYallbHBIA TPYJ] YelIOBEKa, YTO, B CBOIO OYepellb, CYIIECTBEHHO BJIHAET HA SKOHOMH-
YEeCKYI0 MOJIENIb PaOOTHI MO OTHOIICHUIO K TpaauIlMoHHOW. Ha MupoBOM phIHKE yCiIyT B cdepe
MH()OPMAIMOHHBIX TEXHOJOTHIA B HACTOSIIIEE BPEMSI CIIOKUITACH KECTKask KOHKypeHIus. Permaro-
MM KOHKYPEHTHBIM MPEUMYIIECTBOM, BIHSIONIMM Ha BHIOOP CTPaHBI IS pa3MeleHHs 3aKasa,
sIBIIAETCS 1eHa. [Ipu 3TOM CTpaHBbI, SBISIONIUECS HEOCPEICTBEHHBIMU KOHKYPEHTaMH Y KPanHbI
Ha mupoBoM pbiake KT, B mensax co3ganust 6a30BBIX yCIOBUN IS KOHKYPEHTOCIIOCOOHOCTH
oredecTBeHHBIX M T-koMImanmii 1 ux pabOTHUKOB CO3JaNH OecTIpeleIeHTHBIE YCIIOBHS HAJIOr000-
noxenus. Ha peIHKE TPYIOBBIX pecypcoB YKpawHBI HaOMIOHAETCS CYNIECTBEHHBIH NEPUIIUT
KB (pupoBaHHEIX KapoB. [locie oOyueHwnst B BEICITNX YI€OHBIX 3aBEICHHUSIX Y KparHbI JTUIIIb
10-15% cnocoOHBI HauaTh paboTaTh B KOMIAHUIX MHIYCTPUH. Takas CUTyalusl CyLIECTBEHHO
«pazKUTaeT» PhIHOK TPYAOBBIX PECYPCOB, BENET K YIOPOXKAHUIO CTOMMOCTH KOHEYHOW MPOIYK-
M ¥ HEBO3MOXKHOCTH YJIOBJIETBOPEHHSI MMEIOIIETOCs CIIpoca Ha MPOAYKIUIO U YCIYTH OTede-
CTBeHHBIX KoMIaHuil. Oxono 70% BanoBOro 10X0Aa MHAYCTPUH IPOrPaMMHOM MTPOAYKUHHU GOp-
MHUPYETCS 32 CUET CEKTOpa ayTCOPCHHTA, KOTOPBIN SBISETCS CTPATETMYECKH BaKHBIM C TOUKHU
3peHns POPMUPOBAHMUS TEXHOJIOTHUECKOM IKCIIEPTU3HI, HO 10 IOXOAHOCTH 3HAUYUTENHHO yCTYyMaeT
pa3paboTKe U Impojiaxke COOCTBEHHBIX 3aBEPIICHHBIX MPOIYKTOB.

3amaun: co3ganne 6a30BhIX SKOHOMUYECKUX YCIIOBHMA IS pa3BUTHS HHIyCTPUU MPOTPaMMHON
MPOAYKIINH, @ MMEHHO — CHIDKEHUE CTABKH HAJIOTa Ha J0XOMbl PU3NIECKUX JTUII, TOTyIeHHBIE B
BuJie 3aprutatel oT UT-xommanuid, 10 5% oOT 0a3bl HaYUCIIEHUS, Cy)KeHHe 0a3bl HAYHCIICHUS
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eIMHOT0 B3HOCA Ha 00IIe00sA3aTeIbHOE TOCYIapPCTBEHHOE COLMAIBHOE CTPaxOBaHHE OO0 JIBYX
MUHHMAaJIbHBIX 3apIliaT, OCBOOOXKIICHUE OT HAJIOTOOOJI0KEHUSI HAJIOTOM Ha JJOOABIEHHYIO CTO-
umocTb yciyr B cpepe UK T, nmporpaMMHBIX TPOIYKTOB M BCEX TAIOB €r0 CO3JaHUS U MOIEPK-
KH{; pa3paboTKa METOANKHU OLIEHKH BIUSHHS HAJIOTOB M IPYTUX 001Ie00s3aTEeNbHBIX IIaTeXKeH Ha
KOHKYPEHTOCIIOCOOHOCTh c(hep SKOHOMUYECKOH NIEATEIbHOCTH M Ha COOTBETCTBYIOIIUE MOCTYII-
JICHUS TAKHUX TUIATEKEeH OT CyOBEKTOB HAaJIOr000I0KEHHS; COBEPILIEHCTBOBAHNE CHCTEMBI TTIOATO-
TOBKH KaJIpOB JUIl HHAYCTPUHU MPOrPaMMHON MPOAYKIMH; GOPMUPOBAHHE OIarONpHUATHBIX yCII0-
BHI [T CO3/1aHMS] MTHHOBALMOHHBIX MTPOrPaMMHBIX TPOAYKTOB.

5) HngopmayuonHo-KOMMYHUKAYUOHHAS UHDPACMPYKMYPA COCTOUT U3 MH(POPMALUOH-
HBIX PECYpPCOB B HH(OPMALIMOHHOM IPOCTPAHCTBE M KAHAJIOB CBSA3H (TEIEKOMMYHHUKAIIHIA ), BKITIO-
yast ceTb MHTepHET Kak MHPOPMAIMOHHYIO cucTeMy obmiero poctyna. Kpome HemocpencTBeH-
HOro o0OecrieueHus: Pa3BUTHsI HHPOPMAIIIOHHOTO 00IIECTBa, pa3BUTHE HHPOPMALIHIOHHO-KOMMY-
HUKaIMOHHON HH(PACTPYKTYpHI BIHSIET Ha Pa3BUTHE YKOHOMHKH CTPaHBI B 11esIoM. Tak, o o0umm
ouenkaMm (13 poknaga OOH) Ha kaxnsie 10% pocta ypoBHS IPOHUKHOBEHUS CPEAN HACEICHHS U
Or3Heca IMPOKOIIOJIOCHO! CBSA3H B CTPaHE MOYKHO OKHJIATh YBETHUCHHUS HALIMOHAJILHOTO BaJIOBO-
ro BHyTpeHHero nponykra (BBII) B cpemnem Ha 1,3%. B Hacrosmiee BpeMsi OTe4eCTBEHHBIN
PBIHOK TEIEKOMMYHUKALMI B oka3atensix: 6omnee 4,6% BBII Ykpaunsl, 2675 cyObeKTOB X0351ii-
CTBOBaHMsI, OCYLIECTBISIIOIINX JEATEIbHOCTE B cepe TenekoMmyHukanuii. 3 nux 1738 onepa-
TOPOB UMEIOT JIMLIEH3UU HA COOTBETCTBYIOIINI BH]I ACSITEILHOCTH B chepe TeNeKOMMYHHUKALINNI;
19, 9 mnn none3oBatenet cetn MuaTepHeT min 51% xurteneit YKpauHbl, KOTOpbIE UMEIOT 1OCTYII
k cetn aTepHeT — 16% N0MOX034HCTB, UMEIOIIUX N POKOMOJIOCHBIN AocTym K cetu MHTepHeT
— 20% yKpamHCKHX TOMOXO3SHCTB UMEIOT AOCTYIl K ycayraM KaOelbHOro TeleBUACHHS; TOYTH
MOJHOE [TOKPBITUE TEPPUTOPHUHU CTPAHBI MOIBHUKHON (MOOUIIBHOI) CBS3BI0, YPOBEHD IPOHUKHOBE-
HUS KoTopoi coctaisieT 121,8% oT o01wel YicIeHHOCTH HacelneHust Y KpauHbI.

Cdepa nadopmaTuzanuu o opuIuaIbHBIM MOKA3aTeNIAM: 3a sHBaph — Mai 2012 roga o0beM
YCIIYT, peaIn30BaHHBIX TOTPEOUTENSIM IPENIPUATHIMHU B cepe nHPOPMAaTU3ALUH, COCTABUII 3,5
MJIpJ TPH, YTO B CONOCTABUMBIX IleHax Ha 23,8% BbIllIe YPOBHS COOTBETCTBYIOLIETO MEPHOAA
MPOLIIOTO roja: B CTPYKType 00beMa peann3oBaHHbIX yciyr 80% cocTaBisu yCIyTd 1O KOH-
CYJIFTUPOBAHUIO B Bonpocax uHpopmatuzanuu (23%), pazpaboTke IporpaMMHOro o0ecredeHust
B aTol cepe (40%), a TakKe eITeNBHOCTD, CB3aHHas ¢ 0a3amu jgaHHbIX (17%) — 3a 1 kBapTan
2012 roga MHBECTUIIMN B OCHOBHOI KamUTAalI OT AEATENbHOCTH B cdepe nHpopmatnzanuu 137,4
MJIH TpH, 4TO coctaBuger 135,1% k anamormunomy mnepuony 2011 roma u 0,3% ot obero
00beMa MHBECTHLIUH.

3amaun pa3BUTHS TEICKOMMYHUKALUK B YKpanHe, BKIo4as pa3sutue MHTepHeTa, onpeaerne-
Hbl CTpaTerueil pa3BUTHS TEIEKOMMYHUKAMU B YKpauHe, yTBEpKICHHOU pacnopsbkeHuem Ka-
ounera MunuctpoB Ykpaunsl B utone 2006 roma. OCTaroTcst aKTyaIbHBIMH BOIIPOCHI BBITIONTHE-
HUS 3TOW CTPATErUY B YaCTH BHEIPEHNS HOBEHILMX TEXHOJIIOMMH B TEIEKOMMYHHKALIUSX, BKIIIOYAs
BBEICHHE CETel CIIeAYIOIIEro MOKOJICHUS TMOABMXKHON (MOOMIIBHOM) CBSI3M, paclpoCTpaHEHHE
KOJIMYECTBA MOJIb30BaTEIEH NPOKOIOIOCHOTO A0CTyNa K ceTH MHTepHeT, pa3BUTHE U ONITUMH-
3aLlMI0 BCEX 3JIEMEHTOB TEJIEKOMMYHUKALIMOHHON MHPPACTPYKTYPbl YKPauHCKOro cermenrta Mu-
TepHeT (B TOM 4YMCIIE C CHUCTEMOH TpaH3uTa MHTepHer-Tpaduka) B LENAX CO3JaHHUS PaBHBIX
yCIOBU A7 AocTyna norpedureneii k IHTepHeT n o0ecrieueHus pasBUTHA B Y KpanHe HHpopma-
LMOHHOTO OOILIEeCTBa, HAJJIEXKAILIEro ypOBHS KadecTBa AOCTyna K cerd MHTepHer, pa3BUTHS
MYHKTOB KOJJIEKTUBHOI'O JIOCTYIA K CeTH VHTEPHET B HACENIEHHBIX ITyHKTAX, B KOTOPBIX OTCYT-
CTBYET BO3MOXXHOCTb PacpOCTPaHEHHUS! HHAUBUIYaTbHOTO IOAKIIOUEHHUS.

3amauun: OCyLIECTBUTH aHAJIM3 HOPMATUBHOIO IPUMEHEHUS B YaCTH BBIIOIHEHUS TpeOOBaHUM
Crpateruu pa3BUTHs TEJIEKOMMYHUKAILUI B Y KpanHe; pa3paboTaTh peKOMEHAALUH 110 BHECEHUIO
W3MEHEHHUH U JOTOHEHUH B YKa3aHHOM CTpaTernu u oopartuthes K HanuronansHON KoMuccuu,
OCYILIECTBIISIIOIIEH FOCYAapCTBEHHOE PEryJIMpOBaHKE B cdepe CBA3M U MHPOPMATU3ALUH, a TaK-
xe B Kabuner MUHHCTPOB C NpEAIOKEHHEM NOANEP)KATh TAKWE PEKOMEHAALMHU; YCKOpPEHHE
pa3pabOTKH U BHEIPEHHSI CUCTEMbI « DJIEKTPOHHOE IPABUTENLCTBO» U MIPEAOCTaBICHHE aAMUHU-
CTPATHUBHBIX YCIYT, KOTOpas JOJDKHA MPeSyCMaTpUBaTh B3aMMOJCHCTBHE PAa3JIMUHBIX OPraHOB
rOCYZIapCTBEHHOW BIIACTH, MUHHMCTEPCTB U BEIOMCTB — KaK COCTaBIISIOIIUE Pa3BUTHS CAMHOTO
WH(OPMALIMOHHOTO IPOCTPAHCTBA B TOCYAPCTBE; IPEAyCMaTPUBATh HEOOXOAUMOCTD Pa3padoT-
KU €AMHBIX CTAaHJIapPTOB UCIOIb30BaHUsI HH()OTEXHOIOTUH, CO3JaHNE EIUHBIX TPOTOKOJIOB U PEr-
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JIAMEHTOB, KOTOpBIE MTO3BOJIAT 00ECIIEUNTh B3aMMOJICHCTBIE PA3IMUHBIX IPOrPaMM U CHUCTEM B
eIMHOM UH(POPMAITHOHHOM IPOCTPAHCTBE; CO3IaHKIE YCIOBU AJISl BHEIPEHHS IUPOKOMOIOCHBIX
TUIIOB TOAKIIOUEHUH Tonb3oBatenell k cetu MHTepHET, HampuMep, MyTeEM OTHECEHUS YCIyT
Joctymna K cetd MHTepHeT B mepedeHb OOLIEAOCTYITHBIX TEIEKOMMYHHKAIIMOHHBIX YCIIYT; BHE-
npenne GoHa yHUBEpCaNIbHBIX YCIYT, CONEHCTBOBATh Pa3BUTHIO A0OCTyNa K ceTH VHTepHeT 1o
YPOBHEN pallOHHBIX LIEHTPOB, TOCENIKOB, YIAJIEHHON, TPYIHOJOCTYITHOW MECTHOCTH; COJIEHCTBO-
BaTh BHepeHuto coBpeMeHHBIX (3G (UMTS) u 4G (LTE) crannapToB nepeaayu JaHHBIX B CETIX
BCEX ONEpaTopoB, Ha ceromHs paboraioT B crangapre GSM, uro obecrneduT BO3MOKHOCTH
©KeyacHOro yIo0HOro JocTymna K cetd HTepHeT Ha OOJIBIIMHCTBE TEPPUTOPHH Y KDAUHBI.

6) Cosepuiencmeosanue npagoOmMHOUlEHU 6 YKPAUHCKOM cezvenme cemu Humepnem,
CBA3AHHBIX C 3aUWUMOU UHMELIeKmYalbHot cobcmeennocmu. OTcyTcTBUE 3D PEKTUBHON U
MPOTrPECCHBHON 3aKOHOAATEIBHOM 0a3bl B 3TOW 0OJIACTH MPUBOIUT K OTTOKY IMOJb30BaTENCH B
Ipyrue A0MEHBI 30HbI, KOH(QJIUKTY HHTEPECOB BCEX YUACTHUKOB CeTH B CHCTEME PacHpOCTpaHe-
HUSl 0O0OBEKTOB MHTEIJIEKTYaJbHOM COOCTBEHHOCTH, CO3AaeT MCKYCCTBEHHBIE Oaphephl ISl pas-
BuTHs MHTEpHET-OM3HECA.

7) Dopmuposanue unHogayuonHou xocucmemvl.DopMUpOBaHNE KOHKYPEHTOCIOCOOHOC-
TH YKOHOMHUKHU Y KpanHbI HAIIPSIMYIO CBS3aHO C CO3IJaHMEM 0TEUECTBEHHON HH(PPACTPYKTYPHI, UTO
CTUMYJHpYeT 00pa3oBaHHEe, CTAHOBICHUE M PACIIMPEHHOE BOCIIPOM3BOJCTBO MHHOBALIMOHHBIX
KoMmnaHui. Pemenue 1ol 3a1aun npeanonaraeT co3laHue B Y KpaiHe COBPEMEHHBIX HHHOBAIIH-
OHHBIX LICHTPOB U popMupoBanue 3PPEeKTUBHON HHHOBALMOHHON SYKOCUCTEMBI - CHMOH03 TEXHO-
JIOTUYECKUX CTapTaroB, CEPBUCHBIX MPEANPHUITUH, KPYITHOTO BBICOKOTEXHOJIIOTHYHOTO OM3Heca,
HCCIIeOBATENbCKUX LICHTPOB, YaCTHBIX HHBECTOPOB U FOCYAAPCTBEHHBIX HHCTUTYTOB (PMHAHCO-
BOH NPEANHBECTUIIMOHHOM OAJIEPAKKH TEXHOIOTMYECKOTO MPEANPUHUMATENLCTBA. O THOBPEMEH-
HO BBICOKOTEXHOJIOTMYHBIA OM3HEC K TOMY JK€ SIBJISIETCSl BRICOKOpUCKOBaHHBIM. Ho kpome 3¢-
(eKTHBHOW MHHOBAILIMOHHOW 9KOCHCTEMBI B Y KparnHe 0 CHX Mop He chOPMHUPOBAHO MPABUIIBHOE
OTHOIIEHHE OOIIECTBA K PUCKY M HEeyladaMm.

3amaun: co3gaHue COBPEMEHHBIX MHHOBALMOHHBIX HEHTPOB; (opMupoBaHue 3G (PEKTUBHON
WHHOBAITMOHHON 9KOCHCTEMBI (TEXHOIOTMUECKUE CTapTallbl, CEPBUCHBIC MPENNPUSATHS, HATUYHE
KPYITHOTO BBICOKOTEXHOJIOTMYHOT0 OM3HECa, HCCIe0BATENbCKUE LIEHTPBI, YACTHBIE HHBECTOPHI U
rOCyZIapCTBEHHBIE HHCTUTYTHI (PMHAHCOBOW MPEJMHBECTULIMOHHON MOJIEPKKH TEXHOIOTHUECKO-
ro IpeNIpUHIMATEIbCTBA); CO3IaHUE TPAHTOBOrO (DOHIA MOAIEPKKY MHHOBALIMOHHBIX TPOEKTOB.

8) Hayuonanvnoe naamedsicnoe npocmparcmeo. Ha OT€UeCTBEHHOM PBIHKE 3JIEKTPOHHBIX
IUTaTEKHBIX CUCTEM Halmogaercs poct ero MoHononuzauuu. Okono 90% kapT, HaxongIuxcs B
000poTe Ha TEPPUTOPUN YKPauHBI, SMUTUPOBAHBI IO OpeHIaMHU MEKIyHAPOIHBIX IIaTEKHBIX
cucTeM, B TO BpeMs Kak 99,7% Bcex onepanuii ¢ MIaTeKHBIMU KapTaMH SIBISIOTCSI BHYTPUIOCY-
napcrBeHHbIM. Cerogus B YKpauHe 1,2 MJIH aKTHBHBIX KapT, SMUTHPOBaHHBIX 1O OpeHIOM
HalMOHANBHOW maTexxHor cucteMbl HCMDOII, B To Bpems kak mon OpeHmamu Visa u Master
Card - 6omee 30 mmH kapT. Exxeromnas cymma koMmuccuil (ornepalliOHHBIE, JINIIEH3UOHHEIE,
cepTu(HUKALOHHbIE U JP.)., BEIIJIAYNBACMbIX YKPAMHCKUMH OaHKAMH MEX TyHapOJHbBIM IIATEX-
HbIM cuctemaMm VISA u Master Card, mpepsimmaer 50 MITH OJUTapoB, HAJIOTH C KOTOPHIX B
VYkpanHe 3TUMU CHUCTEMaMH He yriaunBaroTcs. CyLecTBYIOT Cephe3HbIE PUCKHU UIsS (PUHAHCO-
BOM CaMOCTOSITENIBHOCTH Y KpauHbI B chepe KapTOUHBIX IJIaTEKEH U3-3a OTCYTCTBUS HALlMOHAIb-
HOU UHPPACTPYKTYPHI V1S OCYIIECTBIEHHS IIOJTHOTO OIEPallMOHHO-PACYETHOTO LIUKIIA (BHYTPUTO-
CyZapcTBEHHas MapUIpyTH3alHsi, MHOTOCTOPOHHUN KIMPHHT, OKOHYATEIbHbIE MEXOAHKOBCKHE
pacuersl): OTCYTCTBYET HALIMOHAJIBHBIN TEXHOJIOTMYECKHH OrepaTop, KOTOPbIA Obl BBIIOJIHSII
BHYTPUTOCYAAPCTBEHHYIO MapLIPYTH3aLHIO ONEpaluil ¢ KapTaMH M OCYILECTBIISI pacyeT pe-
3yJBTaTOB MHOI'OCTOPOHHETO KIMPHHIA; CYLIECTBYET MOJHBII KOHTPOIb HaJ HAHMOHAJIBHBIM
TpaduKOM onepauuii ¢ KapTaMu 4epe3 TEXHOIOTHUECKHE EHTPhl MEXIyHAPOAHBIX IUIATEKHBIX
CHCTEM, KOTOpPbIE HAaXOIATCs 3a PyOSKOM, UTO HECET YIpo3bl MOJIHOrO MPEKPAIleHNs BHYTPUTO-
CYapCTBEHHBIX ONepaluii BCISACTBHE BHEIIHUX NPHYUH, HETOIKOHTPOJBHBIX C TEPPUTOPUHU
VYkpauHsl (IOJTUTHYECKUE, SKOHOMUYECKUE, TEXHOJIOTUYECKHE, Ype3BbIYaiiHbIe PUCKH U TaK Ja-
nee — B 2003 romy MexxayHapoaHble maTexxHbie cucteMbl VISA u Master Card yxe yrpoxkanu
MPEKPATUTh BHYTPUTOCYAAPCTBEHHBIE OIIEPALINH, €CIIN Y KpauHa He IIPUMET 3aKOHBI 110 TpeboBa-
Huto FATF); npomomkaercst yredyka KanmuTaia BCIIEACTBHE TIOCTOSHHO PacTyIIMX TpeOOBaHUU
MEXKyHAPOAHBIX TUTaTeXHBIX cucteM VISA m Master Card k ykpauHCKuM OaHKaM O pa3Meliie-
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HUU 332 pyOEKOM CTPaxOBBIX JICTIO3UTOB JUIsi 0OECIIEUEHUs BHYTPUTOCYAAPCTBEHHBIX PACYETOB
(okomo 200 MITH 10JTAPOB).

3agaun: co3maHue HallMOHAJILHOM IIJIaTeKHOM cucTteMbl 1 EnrHoro HanmonansHOro miaTex-
HOT'O IPOCTPAHCTBA.

9) Dnexmponnas kommepyus. B nocnennue rofpl B YKpanHe CTPEMUTENBLHO PACTET KOJH-
YECTBO CJIENIOK (KaK TPakIaHCKUX, TaK M XO3IHCTBEHHBIX ), 3aKITFOYEHHBIX C ITOMOIIIBIO JICKTPOH-
HBIX CPEICTB CBSI3U, WM JaXXE€ TaKUX, KOTOPBIC MOJTHOCTHIO OCYIIECTBISIIOTCS B AJICKTPOHHOU
cpene. Bmecte ¢ TeM, B AEHCTBYIOIIEM 3aKOHOAATEIBCTBE YKPAWHBI OCTAIOTCS HEYPEryIupo-
BaHHBIMU PsiJI MPOOJIIEMHBIX BOIPOCOB OCYIIECTBICHUS 3JICKTPOHHOW KOMMEPIIUH, B PE3YJIbTATE
Yero OHa MPEBPATUIIACH B OIMH U3 BeMyNX (YI0OHBIX) CIOCOOOB COBEPIICHUS TPABOHAPYIIICHHI:
VKJIOHEHUE OT YIUIaThl HAJIOTOB, pealn3alysi HEKaueCTBEHHOU MPOIYKIIUHU, HEBBITIOTHEHUE yCTa-
HOBJICHHOT'O 3aKa3a MOJIHOCTRIO HITH, TPOIaXKa 3ampelleHHON MPOAyKIuu (padoT U ycIyr), BBE/Ie-
HUE B 3a0Jy)KICHUE MMOKYIMAaTeNCii B YaCTH HECOOTBETCTBHS KAa4eCTBa, aCCOPTUMEHTA, BO3MOXK-
HOCTb OBICTPOI1 ITOCTABKKM TOBAPOB M YCIYT, U3MEHEHUE YCIOBHIA 0(hepThl TIOCIIE ee aKienTa u /
WM 3aKas3a, HapylICHWE MPaB WHTEIUICKTYaJIbHOW cOOCTBEHHOCTH. Bce 3T0 00ycioBiauBaer
HEOOXOMMOCTh COBEPILICHCTBOBAHUS CYIICCTBYIONMX B YKpanHE MEXaHU3MOB OCYIIECTBICHUS
BIEKTPOHHOW KOMMEPIIMH, MOATOTOBKH KOHKPETHBIX U3MEHEHUHN B 3aKOHOAATEIBCTBO Y KPauHbL,
KOTOPBIM PEryJIMPYETCS COOTBETCTBYIOIIUN KPYT MPABOOTHOIICHUH, BHEAPeHUs 3¢ (EKTUBHON
CHCTEMbI TapaHTHPOBAHMSI 3AIIUTHI MPAB U MHTEPECOB (PU3NIYCSCKUX U FOPUIMUCSCKUX JIHII, KOTOPhIC
3aKTI0YAIOT WM BBIMOJHSIOT COTJIAIIEHUS C MOMOIIbI0 MIHTEpHET TEXHONOruii, NCIOIb30BaHUS
MHUPOBOTO OIBITa Pa3BUTHS SJEKTPOHHOM KomMepiuu. Llenbio aTux aefcTBull sBisercs hopmu-
pOBaHKE OOIIUX MPUHIIMIIOB U OCHOBHBIX HAIIPABJICHUH COBEPIIICHCTBOBAHUS 3aKOHOATEIHCTBA
YKpauHbl, periiaMeHTUPYIOIIETO OPSIIO0K, (hOPMBI U YCIIOBHS OCYIIECTBIICHUS DJIEKTPOHHON KOM-
MepIuHU, pa3paboTKy JACHCTBEHHOrO MEXaHHM3Ma 3allHMThI MMPaB MOTPEOUTENEH M MPOTUBOJCH-
CTBUS IIPaBOHAPYIICHUSAM, COBEPILIAEMBIM C MOMOLIBIO WK uepe3 UHTepHeT.

10) Ilpeonosicenus no pazpabomke u peaiuzayuu HPUOPUMEMHO20 HAYUOHAIbHO20
npoexma «Cemb ucciredogamenvckux yHusepcumemogy. CeromHs UMEHHO HCCIEIOBATEIbC-
KHE YHUBEPCUTETHI SBIISIOTCS IEHTPAMU pa3pabOoTKH U KOMMEPUYECKOTO BHEAPCHNS HHHOBAIIH B
SKOHOMMKY Pa3BUTHIX CTPAH MUPA.

Cornacuo Kiaccupukanuu nHcTuTyTa KapHEru onbITHBIM €CTh YHUBEPCUTET, KOTOPBIH OTBE-
YaeT CIeMyIOIUM KPUTEpUsIM: TIpejiaraeT MOHbIA MepedeHb 0aKkalaBPCKUX MPOTrpaMM; MMeeT
BO3MOXKHOCTH TIpeJiaraTh O0Opa30BaHHE uepe3 MPOrpaMMbl JOKTOPAHTYPHI; MPENOCTaBISET
BBICOKAU TPUOPUTET HAYYHBIM HCCIEAOBAHUAM; Tpucyxkmaer 50 wmm Oonee MOKTOpCKHUX (B
YKPaWmHCKOH CHCTEME OIEHKH — KaHIUAATCKUX M JOKTOPCKUX) YYEHBIX 3BaHUH; MOIydaeT exe-
rogro 40 MITH JOIIIapoB UiTH O0Jiee ToCyTapCTBEHHBIX HCTOYHIKOB (PMHAHCHPOBAHUSI.

CoBpeMeHHBIE NCCIIEIOBATENLCKUE YHUBEPCUTETHI TIPOBOJIAT HCCIIEIOBAHUS B TAKUX MTPHOPH-
TETHBIX HAIIPABICHUSX: HAHOTEXHOJIOTHH, OMOTEXHOIOTHH, (hapMAaKOIOTHs, METUITUHA, SJHEPTETH-
Ka. DKOHOMUYECKUH d3PPEKT OT TakoW AEATENFHOCTH COCTABISAET JAECATKH MIJUIHAPIIOB J0JIa-
POB H COTHU BBICOKOA()(DEeKTUBHBIX PabOYNX MECT.

[IpuanMIIIaTEHASA cXeMa pa3pabOTKU W BHEAPEHHUS WHHOBAIIUN, HAIIpUMeEp, B Y HUBEPCHUTETE
Jlynnry (LLBemus) siBasercs: cnemyromeit: yantbiBaercs npumepro 100 uneit B rox; u3 Hux — 30
WJel MPUHUMAIOTCS K pa3paboTke; u3 HUX — 10 IpoeKToB MpUBOAAT K POPMHUPOBAHUIO TIPEATIPHSI-
THW WK K TIPOJIaXKe JINIIEH3NH; BHEIPEHUE PE3YIbTATOB HAYUYHBIX HCCIEOBAHUN OCYIIIECTBIISCT-
s Yepe3 CHCTEMY KJIaCTepoOB, T.€. aHAIIOTa HaYYHBIX MMapKOB, HO CO3/IaHHBIX B TOM YHCIIE U JJIs
TIOJTHATHS YPOBHS MPOMBIIIIIIEHHOTO M CETbCKOX03AHCTBEHHOTO MTPOM3BOJICTBA U CO3JIAHHS HOBBIX
pabodnx MecT B onpeneneHHoM pervone. [Ipu sToM mpennpusTusi, KOTOphIe BHEIPSIIOT Pe3yiib-
TaThl UCCIEOBAHNUS B YKOHOMHUKY, CO3/IAIOTCS TIPH YYaCTUH YHUBEPCUTETA, YUCHBIX U YACTHOTO
ousHeca. Ha ceronns B YkpanHe yCTOHYHMBOM CHCTEMBI NCCIIEIOBATENLCKUX YHHBEPCUTETOB HE
CyIIeCTBYeT. MOXKHO TOBOPHTH JIUIIb O HEKOTOPBIX YHUBEPCUTETAX, IMEIOIINX Pa3BHUTHIN Hayd-
HBI MOTEHIIHA, HO 10 CPAaBHEHHUIO C APYTUMH YKPaWHCKHUMH YHHBepcuTeTamMu. O cpaBHEHUU
YKPaMHCKHX YHHUBEPCUTETOB C JTYYIIUMH €BPOIEHCKUMH WM aMEPUKAHCKUMHU YHUBEPCHTETAMHU
MOKHO TOBOPHUTH JIMIIb B OTHENBbHBIX HAYYHBIX oTpaciisx. Hanpumep, yauBepcuter Mmnepuan
Komnemx (JIoHAOH), KOTOPBIN SBJSETCS IIECTHIM B MHPOBOM PEHTHHIE YHHUBEPCHTETOB I1O
knaccudukanuu QS, obmmii Otomker ero cocrasisier 1 mupa 200 mutH mommapoB. M3 HUX Ha
Hay4dHBIE WCCIEOBaHUA TpaTutTcsa 42 mpomenta, wiu 504 muH mommapoB. OOmmii Oromker
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Kuesckoro HanmoHnanbHOro yHuBepcurera uM. llleBueHKo, KOTOPBIA B 3TOM TOIy 3aHSUI MECTO B
9TOM 3Ke peiiTunre, cocrapiser okono 100 miH gomutapoB. M3 HUX JIHIIB HECKOJIBKO MPOLIEHTOB
pacxopayercst Ha HayuHble uccnenoBanus. [loxoxas kKapTHHa B ABYX APYIHX YKPAaUHCKUX YHUBEp-
CHUTETax, KOTOPBIE B 3TOM IOy nomnanu B pedTHHT QS: JloHenKuil HalMOHAILHBIA YHUBEPCUTET U
HanmonanbHbli TeXHUUECKUH yHUBEpcHTET Y KpanHbl « KMEBCKUI OINTEXHUYECKHI HHCTUTYTY.

OCHOBHBIMH TIPOOJIEMaMH YKPaWHCKHX HCCIIEIOBATEILCKUX YHHBEPCUTETOB SIBISIOTCA: OT-
CYTCTBHUE, KaK MPaBHJIO, COBPEMEHHOH HCCIeIOBAaTENbCKOM 0a3bl; HEIOCTaTOYHOCTh Tocynap-
CTBEHHOT'O M 4aCTHOTO (PMHAHCHUPOBAHMS HAYYHBIX Pa3pabOTOK; OTCYTCTBHE COBPEMEHHOIO Me-
HEeIDKMEHTa CO3JJaHMs U BHEOPEHHS WHHOBALMI B MPOU3BOJICTBO; OTCYTCTBHE IOPHIMYECKON U
HSKOHOMHUYECKOH CUCTEMBI MOOIIPEHHS CO3JaHNUs HAyUHBIX pa3paboToK, HEOOXOJUMBIX IKOHOMH-
Ke; OTCYTCTBUE HAIL[MOHAJIILHON CeTH ucclenoBatenbckux yHuepceuteroB (HM/Y), uto naBano
Obl BO3MOXKHOCTH (DMHAHCHPOBATh MEKAMCUUILIMHAPHBIE M MEXOTPACIIEBbIE MUCCICIOBAHHUS U
00MEHHMBATbCS HEOOXOAUMBIM OIBITOM.

3amaun: paccMOTPETh UAECIO ONpeeNieHNs] HAIMOHAIBHOIO TIEPEYHS HCCIIEA0BATEILCKUX YHU-
BepcuTeToB U co3fgarb HM/IY, 4Tro mo3BOIMT: af€KBaTHOE M B3BELIEHHOE I'OCYIapCTBEHHOE
¢uHaHCHpOBaHKE HanOoee EPCIEKTUBHBIX HAYUYHBIX Pa3pab0TOK B 00JaCTH €CTECTBEHHBIX U
WH)XEHEPHBIX HAYK; TocylapCcTBeHHOE (PMHAHCHPOBAHHE 3aKYIIOK JJaO0paTOpHOro U APYroro 00o-
pYZAOBaHHS, HEOOXOIMMOTO JJIsl COBPEMEHHBIX HaYUHBIX UCCIIEIOBAaHUH; pa3BUTHE HMHHOBAL[OH-
HOI'O MEHEKMEHTA; Pa3BUTHE HHBECTUIIMI B YHUBEPCUTETCKAE MHHOBALIMH; BHEAPEHUE PE3yJlb-
TATOB HAayYHBIX HCCIEAOBAHUN B IPOU3BOJICTBO; CO3JaHNE HAYYHO-ITPOM3BOJCTBEHHBIX KIlacTe-
POB Ha OCHOBE MCCJIEAOBATENbCKUX YHUBEPCUTETOB U MMPOU3BOACTBEHHBIX  HAYYHBIX MPEAIPHS-
THH.

11) Pazsumue adanmusHoi akmugHou 3uepeemuru Yxpaunvr (CMapT-3HEpreTHKa Y Kpau-
Hbl). Ha cerogusimamii neHs mpoOnemMa MOIEpHHU3alMH 3JIEKTPOCUCTEMBl B YKpauHe SIBISCTCS
UCKITIOYUTENILHO aKTyalIbHOM U KpaiiHe BayKHOM € TOYKH 3pEHUs 00eCTIEUeH sl €€ YHEPTreTUIeCKON
6e3onacHocTu. C OTHOM CTOPOHBI, CYIIECTBYET MHOKECTBO OOBEKTUBHBIX (PAKTOPOB, 8 UMEHHO:

— ©KErolHOe yXy/ALIEHHE COCTOSHUSI MarCTPaIbHBIX M PACIPEACTUTENbHBIX DIEKTPHUECKUX
ceTel, HaXOIIIMXCs B 9KcIuTyatauuu 6omee 40 er. 3HaYUTENEHO BO3POCIO KOJINYECTBO 0OBEK-
TOB, KOTOpBIE OTPa0OTaIN CBOM TEXHUYECKUH Pecypc;

— HexBaTKa (PMHAHCUPOBAHUSA AJISI MOAEPHU3ALUN U PEKOHCTPYKLUH JEHCTBYIOMINX DIIEKTPH-
YECKUX CETeH W AJIEKTPOINOACTAHIINM, YTO MPUBOAUT K CHHKEHUIO HAJISKHOCTH YHEPTreTUIECKON
cucreMbl. HexBaTka ()MHAHCOBBIX PECypCcOB JieflaeT HEBO3MOKHBIM BOCCTAHOBJICHHE, MOJCPHH-
3allMI0 U PEKOHCTPYKLHIO JCHCTBYIOLIMX AJIEKTPUUECKUX CETEH BCeX KIIAacCOB HANPSKEHUs, a
TaKXe CTPOUTEIBCTBO HOBBIX JINHUI 3JIEKTpOIepenadH;

— HEYIOBJICTBOPUTEIBHOE COCTOSHUE PACIPEACIUTENbHBIX IIEKTPOCETEH, YTO MPUBOIUT K
aBapUUHBIM CUTYaLMsIM B pErMOHAX CTpaHbl. Hey1oBIeTBOPUTEIEHOE COCTOSIHUE DIIEKTPHUECKUX
ceTeld, MX HECOOTBETCTBUE NCHCTBYIOIIMM HOPMaM M PEXHMMaM 3JICKTPONOTPEOJICHHS, a TaKKe
HU3KUAN ypOBEHb NPUOOPOB ydeTa NPUBOIUT K 3HAYUTEIBHOMY POCTY TEXHOJIOTHUECKHUX 3aTpaT
IIPU TPAHCIIOPTUPOBKE 31eKTposHepruu (21,1%);

— YXy[IILIEHUE COCTOSTHUSI 00BEKTOB AneKTporeHepanuu. [IpakTuuecku Bce OOBEKTHI SHEpre-
TUKU OBLIM TOCTPOEHBI Ooiiee 35 Jier Ha3all, HeNOCTaTOK (YMHAHCUPOBAHUS MPUBEN K UX CyIIe-
CTBEeHHOMY M3HOCY (okono 95% »sHeprobiokoB TOC orpaboranu CBOM pacueTrHbId pecypc.
Koaddunment uznoca momrHocterr (HADK) nocruraer 35%).

C apyroi CTOpOHBI, IPOUCXOANUT U3MEHEHHUE YCIOBUI (PYHKIIMOHUPOBAHUS PBIHKOB 3JIEKTPO-
SHEPTHUH, YTO IPUBOAUT K HEOOXOMMOCTH MOBBIILIEHHUS SHEPTETHUECKON U HKOIOTHUECKON (P pek-
TUBHOCTH BJIEKTpO’HEpreTuku. Pactyt TpeboBanus norpeOuTeneil K HaIEKHOCTH M KauyecTBY
3JIEKTPOCHA0KEHHU S, OSBIISIOTCS] HOBBIE MH()OPMALIMOHHBIE U TEIEKOMMYHHUKAIMOHHBIE TEXHOJIO-
'Y, TI03BOJISIOLIME MOBBIIATE 3()()EKTUBHOCTH MPOLIECCOB TPOM3BOJACTBA U yIIpaBlieHUA. TakuM
o0pa3oM, nepen YKpauHOH CTOMT IpoOiema ONpEeAeieHUs BO3MOXKHOTO CLCHApHs pPa3BUTHS
3JIEKTPOIHEPTeTUKU: MPOBEICHUE MOAECPHU3ALUHU OTACIBHBIX BHIOB 000pYIOBaHUs, pacnpere-
JICHHOE BHEAPCHUE TEXHOJIOIUH MM BHEAPEHUE HOBBIX MHHOBALMOHHBIX PELICHUH, paiuKaIbHbIE
W3MEHEHMsI, OPUEHTHPOBAaHHBIE HA OOIIECTBEHHOE pPa3BUTHE M O0ECHEYEHUE CYILECTBEHHOTO
MOBBIILICHHUS TOTPEOUTENBCKIX CBOUCTB U 3(h(pekTHBHOCTH HcnoIb30BaHus sHepruu. Ha ceroans
BCE BeIyllUe HHIYCTPUAJIbHBIC CTPAaHbl Pa3BUBAIOTCSI IMEHHO 10 BTOPOMY CLieHapHio. MIHHOBa-
LMOHHBIH CLIEHapHii TPUBEIN K MOSIBJIICHUIO CUCTEMHOHN HIC0JIOTMUYECKOMN TUIATPOPMBI (KOHLICTILIIH )
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npeoOpa3oBaHusl HJIEKTPOIHEPIETUKU B LIEJIOM, 3aTparvBaroliedl BCE €¢ OCHOBHBIE DJIEMEHTHI:
reHepaluio, fepenady u pacrnperneneHue (BKIoyas 1 KOMMYHaJIbHYIO cepy), CObIT U TuCTIeTde-
pH3aILuIo.

3amaun: MHULIKALMS IPOEKTa, B KOTOPOM pa3padoTaTh 3JIeMEHThI KOHLENLIUN TEXHOJIOrn4ec-
Koro 0asuca smart-grid, 4TO CHCTEMHO OTPa3HUT KIIOYEBBHIE aCMEKThI MEPCIIEKTUBHOIO PAa3BUTHUS
WHTEIICKTYaJIbHOM DJIEKTPOIHEPreTuky Y KpanHbl. KoHIenus 1omKHa BKIIOYaTh B ce0sl OCHOB-
HbIC HAIIPABJICHUA W NPUHIUIIBI, XapaKTEPUCTUKN U TMapaMeTphbl pa3BUTHS MHTEIUICKTYaIbHON
SHEPreTUKH, TIEPEUeHb OCHOBHBIX YCHIIUH B cO31aHUH 3P PEKTUBHON NHTEIUIEKTYaIbHOM 3JIEKTPO-
SHEPreTUKU, YTO OOECHEYUT MOBBILICHUE HAAEKHOCTH AJIEKTPOCHAOKEHHs, BHICOKHH YPOBEHB
3¢ (GEKTUBHOCTH U SHEPTreTHYeCKON 06e30MacHOCTH Y KpauHbl, a TAKKe COXpaHEHUE OKpYKatoLen
cpeasbl.

Coneprkanue npoekTa. B mpoekTe npennaraercst yCHIMsSIMHI BEAYLIMX OpraHnu3aluil B 00JacTu
SHEPreTUKU U NH(OPMALMOHHBIX TEXHOJIOTHH pa3paboTaTh CieayroLee:

— IPOBECTH aHAJIM3 TEXHOJOIMYECKONH KOMIIETEHIINU SJIEKTPOIHEPTETUKH Y KPauHbl, a TAKKe
Beelt nHppacTpykTypsl (UT - KoMnanuu, By3bl, Hay4HbIE HHCTUTYTHI), B pAMKaX KOTOPBIX JOJKHA
CO37aBaThCsl UHHOBALMOHHASI MHPPACTPYKTypa uig smart grid YkpauHsr;

— MPOCKT JOJKEH CTaTh KOMMYHHUKALIMOHHOM TIATGOPMOM IS IPUBJICUEHHS BCEX KIIOUEBBIX
CTEHKXOJIEPOB, 3aMHTEPECOBAHHBIX B CO3/JaHUU BBICOKOI((PEKTUBHON AIIEKTPOIHEPTETUKU Y K-
pauHBbI;

— MOCKOJBKY 76% OCHOBHOT'O 000pYI0BaHUS TPaHCHOPMATOPHBIX IEKTPOIIOACTAHIINH BbIpa-
00Tas0 CBOM pacueTHbI TEXHUYECKHH pecypc, HE0OXOIUMO B paMKax JaHHOW KOHLEMIUH cPop-
MYJIMPOBATh OCHOBHBIC HAIIPABIICHHUS CO3aHUs COBPEMEHHBIX U(PPOBIX OACTAHLIU, pa3paboT-
K{ IPUHIHIIOB M aHaJI13a KOMIIOHEHTHOH 0a3bl aBTOMaTU3MPOBAHHBIX CUCTEM YIIPaBIICHHS STUMHU
MOACTAHIUAMHU;

— KOHLIETIUS pa3BUTH U (DPOBBIX MOACTAHIUI C yUaCTHEM MEPEIOBBIX YKPAUHCKUX MTPOU3BO-
auTesnel nHPOPMaMOHHO-YIIPABIISAIOIIMX CUCTEM ITO3BOJIUT HHTETPUPOBATH OMBIT, HAKOTIJICHHBII
UMH TpU MPOBEACHWU MOACPHU3AUUN OOBEKTOB DHEPreTUKU, C BBICOKUMHU TPeOOBAaHUSAMHU K
HAJSKHOCTH U 0€3011aCHOCTH;

— MHTEIJIEKTyaJbHOE YIIPaBJICHHE aKTUBHO-aJJalITUBHONW CETHIO, y4acTHE «YMHBIX» DHEpPro-
norpeduTeneidl B yNpaBlIeHUH PESKHMaMH CETEBOIO DHEProcHaOKEeHHs! PE3KO IMOBBICUT 00BEM
B3aUMHOr0 OOMEHa JTaHHBIMU BCEX YYACTHUKOB, OOBEKTOB M Y3JIOB CETH B PEKHME PEabHOTO
BpeMeHH. Takoil HH(POPMAIIMOHHON 00MeH TpedyeT Kak COOTBETCTBYIOIIEH TeIeKOMMYHHUKAIIH-
OHHOM MH(PACTPYKTYpPHI, TAaK M TEXHOJIIOTHH €€ 3alUTHl Ha KaYeCTBEHHO HOBOM YpoBHE. B aToit
CBSI3H B IIPOEKTE JODKHBI OBITH pa3paboTaHbl METOABI OOecTiedeH sl HH(POPMAIIMOHHOM Oe3omac-
HOCTH 15 IU(POBBIX MMOJCTAHIUI C YIETOM PAa3IHYHBIX BAPHAHTOB Pear3alii KOMIOHEHTHON
6a3b1 (MukpokorTpoiuiepsl, [IJINC), npumeneHne MOOMIIBHBIX U O0JIAYHBIX TEXHOIOTHH.

OcHoOBHBIE pa0bOTHI, BBIOIHIEMBIEC B IPOCKTE:

— aHaJM3 KOHIENINH pa3BUTHs smart-grid Beaymx HHIYCTPUAIBHBIX CTpaH. AHAJIN3 OCHOB-
HBIX MOXOJIOB K 00ECIICYEHHIO KIIFOUEBBIX TPEOOBaHUIT (IIEHHOCTEH) K HOBOW DIICKTPOIHEPTEeTH-
Ke;

— aHANM3 CIeNM(HKN YCIOBHHI pean3aliy KoHIenuy smart-grid B Ykpause;

— OIpEeNICHUE CTPYKTYpPBl TEXHOJIOTHUYEeCKoro Oasmca KoHuenuuu smart-grid B Ykpause.
OrmpezenieHne OCHOBHBIX HH(OPMAIIMOHHBIX M TEIEKOMMYHUKAIIMOHHBIX TEXHOJIOTHH, KOTOPBIE
UMILJIEMEHTHPYIOTCSL B JIGKTPOIHEPTETUKE;

— pa3paboTKa KOHIENIMU CO31aHusI HH(OPMAIIOHHO-YIIPABIISIOIINX CUCTEM U POBBIX MO/-
CTAHIMH (MarucTpajJbHBIX H PACIPEICIUTENBHBIX YIEKTPOCETeH );

— pa3paboTKa MmoIXxo/I0B K odecneueHno nH(OpMaIMOHHOM Oe3omacHocTr smart-grid B Ykpa-
WHe JUTs I (HPOBBIX MOACTAHIINI;

— pa3paloTKa MPEMIOKEHUI M0 MHJIOTHBIM CyOIpOeKTaM Ul BHEIPEHHs pa3pabOTaHHOI
KOHIICIILIUH.

Hocmynuna 6 peokonnecuro 14.04.2013

Chnucoxk gurepatypsi: 1. http://ru.wikipedia.org/wiki/Yxpaunna. 2. http://www.ua.all.biz/proektirovanie-
elektronnyh-komponentov-i-sistem-bsc1903. 3. http://www.ua.all.biz/razrabotka-elektronnyh-komponentov-
i-sistem-bsc1902. 4. http://konstruktorskoe-byuro-karat.uaprom.net. 5. http://www.imp.lg.ua. 6. http://
hartron.com.ua. 7. http://www.radiy.com/eng. 8. http://www.kmu.gov.ua/control/ru/publish/
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article?art_1d=245936946&cat_id=244313416_ot 04.01.2013. 9. http://www.ukrproject.gov.ua/ru/page/
investitsiina-reforma-v-ukraini. 10. http://www.kmu.gov.ua/control/ru/publish/article?art id=246182804,
25.03.2013. 11. http://www.mon.gov.ua/ru/comments/5546-aleksey-dneprov-my-platim-ochen-vysokuyu-
tsenu,-otkladyvaya-prinyatie-zakonoproekta-o-vysshem-obrazovanii.-gazeta-obrazovanie-ukrainy—9-ot-4-
marta-2013, T'azera «O6pazoBanre Ykpauasn Ne 9 or 4 mapta 2013. 12. http://www.mon.gov.ua/ru/comments/
6344-biznes-dolgeen-geenitsya-na-obrazovanii—boris-geebrovskiy. 13. http://www.ukraineineurope.com/
partnerstvo.html. 14. http://law-clinic.net/legal/210/903/ CraTbst «KoHIEnTyaapHbIE OCHOBBI M HATIPABICHHS
Ppa3BUTHS BBICIIETO 00pa30BaHUs B YKpauHey.
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YK 629.391
B.B. FAPAHHUK, HA. XAPYEHKO, B.H. KPUBOHOC

METO]IT KOMIIPECCUM BUJEOMNOTOKA HA OCHOBE
MOJUAJINYECKOTO KOJIUPOBAHHUS MPEICKA3BIBAEMBIX
KAJIPOB

Pa3pa6aTI)IBa€TC$I MCETO NOJINAANICCKOI0 KOAUPOBAHUS MPEACKA3bIBAEMbBIX P-KaﬂpOB Ha
OCHOBC CCTrMCHTallM H306pa)K€HPII>i " aJIroputMm O6pa6OTKI/I CEIrMCHTAa Ha OCHOBEC BI)I60pa €ro
THIIA (I-, P-CGFMGHT), HOBBOJIHIOIIII/Iﬁ MOBBICUTH CTCHCHb CKATHA ITYTEM YMCHBIICHUSA JJIUHBI
KOAOBOI'O IMPEACTABJICHUS MPECACKA3aHHOI'O CCTMCHTA.

1.BBegenue

[ocnennue rogsl 03HAMEHOBAJIMCH MHTEHCUBHBIMH pa3pabOTKaMH CHCTEM TEJICBHJICHUS BbI-
cokoro paspemienuss HDTV u quHaMUYHBIM pa3BUTHEM MYJIbTHMENNA NpUIoKeHH B IHTepHeT-
uHopacTpykType [1], 4TO pe3xo yBETUYMIIO AOII0 BHICOTPa(HUKa B TEIEKOMMYHHKAIIMOHHBIX
cersix. Hapsimy ¢ 3TUM IOCTOSIHHO BO3pacTaloT M TPEOOBAaHUS K Ka4eCTBY BUIEO. DTO MPUBOAUT
K TOMY, YTO HM OJJHA CETh Iepeladd JaHHBIX HE CIIOCOOHa 00ecHeduTh TPeOyeMylo IUPUHY
KaHaJIOB M E€MKOCTb HOcUTelel Oe3 MOCTOSHHOTO COBEpIICHCTBOBAHHUS alTOPUTMOB CXKATHUS
BU/JIEO.

CH0XXHOCTH, CBSI3aHHBIE C Tiepejaueii BUJCOJaHHBIX B COOTBETCTBUHU C TPEOOBAHHUSIMHU CEPBH-
COB, ITPOSIBJISIIOTCSI HE TOJILKO B POCTE 00bEMOB HH(OpMAIIMH, HO U B BOSHUKHOBEHUH ITyJIbCALlUi
WHTCHCHUBHOCTH IOTOKOB JAHHBIX, MOCTYMAIOMIUX B TEIEKOMMYHUKAIIMOHHYIO CETb, KOTOpas
00ycIoBJIeHA: Pa3JInYHON pa3pellaloleil CriocoOHOCThIO BUACOTpaUKa; Pa3IuIHON CTEEHbIO
CIIOKHOCTH M300pa)KEHHI1; HaJTMYMEM IIOMEX U OOPBIBOB; KOJINYECTBOM A0OHEHTOB, MOIKIIIOUCH-
HBIX K €AMHOMY KaHAJIBHOMY Pecypcy.

Bugeonorok mist 00pab0OTKH HCIONB3YeT Kiaccu(puKauio kaapos mo tunam [2]: I — (ocHos-
Hol), P — (npenckazanusliit), B-kaap (nBynanpasnenHoe npeackazanue). Kaaper [ tuma cxuma-
I0TCSI C TIPUMEHEHHEM MH(OpMaINH, UMEIOIIEHCsS TOJIbKO B 3TUX KaIpax, U UCIONIb3YIOT IUIs
o0pabotku anroputmsl JPEG; P-kanpbl ¢hopMupyroTCs ¢ MOMOLIBIO KOAUPOBAHUS C MPEACKa3a-
HUEM Ha OcHOBe mpeapinymiero I- niau P-xkagpa, a B-kagper o0pabaTeiBaioTcsi ¢ MpUMEHEHUEM
JBYHAIPaBJICHHOI O IPelICKa3aHusl, T.€. C IPUBJICUCHUEM IPEIIIECTBYIOLINX U NOCIenyomuXx I- n
P-xaznpoB. I-kanpel MEIOT HauMBBICIIEE KAYECTBO, OJHAKO [0 CPABHEHUHM C IPYTUMH THUIIAMH MX
CTENEHb C)KAaTUsI HEJOCTaTOYHO BBICOKA, TAK KaK B HUX YCTPAHSETCS TOJIBKO MPOCTPAHCTBEHHAs
N30BITOYHOCT AaHHBIX. [loaTOMY (hopMHpOBaHME BHAEONOCIEIOBATEILHOCTH TOIABKO U3 I-Kaz-
poB Oyzmer HeuenecooOpa3Ho. s yBenMuYEHMsI CTENEHHM CXKaTusl BBOIAT Kaiapel P-tuma, B
KOTOPBIX YCTpaHSAETCs [1Ba BUAa U30BITOYHOCTH: IPOCTPAHCTBEHHAs (Majoe H3MEHEHHUE LIBETa B
COCEIHUX MHUKCEISIX) M BpeMeHHas (mopolue MeXIy COoCeqHMMHU Kaapamu). st cokpaieHus
MPOCTPAHCTBEHHON M30BITOYHOCTH MPUMEHSAETCS KOAUPOBAHME C IPeoOpa3oBaHueEM, a Uil Bpe-
MEHHOM - KOOUPOBaHUE C MpeACKa3aHUeM U OJ0KOBas KOMIIEHCAUUs OBMKEHHs. OTHOCUTEIBHO
ONOPHBIX P-Kanpel CXKMMAIOTCSI CUJIbHEE 3@ CUET MCHONb30BaHMs (akTa 0 MOJOOUH COCEOHMX
KaJpoB B BUAEONOCIe0BaTeIbHOCTH. DaKkTndeckn P-kagpel comepkaT H3MEHEHHS OTHOCUTENb-
HO npenpiayuero I- nnu P-kaapa.

Jns opraHu3alMd CBOEBPEMEHHON IOCTABKU MOTOKA BHICONAHHBIX LIMPOKO NMPHUMEHSIOTCS
METObI KOMIIPECCUH, 0a3upyroIuecs Ha TUCKPETHO-KOCHHYCHBIX ITPeo0pa30BaHUsIX U300paKe-
HUHI C MOCIEAYIOIIMM KOAWPOBAaHHEM KOMIIOHEHT TpaHC(OPMAHT CTATHCTHUYECKUMH KOJAMHU.
[Ipu peanmzanuu METOAOB CTATHCTHYECKOTO KOIUPOBAHUS HCIIONB3YIOTCS TaOMULBI CTAHAAPT-
HBIX CTaTHCTUYECKHX KOJOB C 3apaHee M3BECTHOH CTaTUCTUKOW. TabiHIbl CCHUIOK (MHAEKCOB
WM KaTEropuii) pacrojoKeHbl B MOPSAKE BO3PACTAHUSI YaCTOT BXOXKICHUHN, TAOIUIBI KOZOB VIS
k03(hpuLmeHToB TpaHCHOPMaHTHI IEPENaOTCsl BMECTE € 3aKOJUPOBaHHON BUAECOMHpOpPMaLIUEH,
MIO3TOMY M3BECTHBI Ha IPUEMHON U TEepeAatoLieii CTOpoHe.

Hcnone3yemoe B COBPEMEHHBIX alIrOPUTMaXx CKaTHA CTATHCTHYECKOE CXKAaTHE, OCHOBaHHOE
Ha KoaupoBaHuM XaddmaHa, UMeEET psAl CYLIECTBEHHBIX HEIOCTATKOB: BBICOKAS! YyBCTBUTEIb-
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HOCTh K OH.II/I6KaM, HCBO3MOKHOCTL OHNPCACINUTL CTCIICHb CKAaTUA U 6I/ITOBy}O CKOpPOCTb 10
HadalJla KOAUpPOBaHUA, OomblIne 3aJACPKKU IMPU MOCTPOCHUU ACPEBaA WA Ta6J'H/II_H>I KOOOB IJId
HHHHHOﬁ BUACOIIOCIICA0OBATCIBHOCTH.

Taxkum 06p2130M, MOXHO I'OBOpUTH O He[[OCTaTO‘lHOfI 3(1)(1)CKTI/IBHOCTI/I MMPUMCHACMBIX METOI0B
CXKaTuda Ipu 06pa6OTK€ CHUJIbHOHACBIIICHHBIX PCAJIMCTUYHBIX H306pa)KeHPIfI 1 BUACOIIOTOKOB
BBICOKOI'0 Ka4ieCTBa, KOTOPLIC HC YAOBJICTBOPAIOT Tpe60BaHI/I$lM, NpeaAbABIACMBIM K HHUM I10
BpEMCHHU 06pa6OTKI/I, OUTOBOM CKOPOCTHU U KAaUCCTBY BOCCTAHOBJICHUA BHUACOJAAHHBIX.

OTCIOI[a OCIb HCCHeﬂOBaHI/Iﬁ 3aK/II0O4acTCsAa B pa3pa60TKe AJIrOpUTMOB 06pa6OTKI/I npeacka-
3aHHBIX P-Ka,[[pOB Ha OCHOBC MCTO/Jila KOAWPOBAHU A, TTO3BOJIAIOLICTO NIPOU3BOAUTDL (bOpMI/IpOBaHI/IG
KOJa B COOTBCTCTBUU C 3aJIaHHBIMU KPUTCPUAMHU Ka4CCTBaA I/I306pa)KCHI/I$1.

2.0cHOBHOH MaTepHaJ

B ocHOBe BHICOJaHHBIX JIEXAT PACTPOBBIE N300payKEHUs, OCHOBHBIM HEIOCTATKOM KOTOPBIX
sBisiercst OonbIIol 00beM MX HU(POBOrO MPENCTaBICHUSA. JTO OOHA M3 OCHOBHBIX NPUYHMH
OoNBIIMX BPEMEHHBIX 33/IePKEK B Iporiecce 00pabOTKH U Nepefadd BUACOAaHHBIX (OU(ppOBaH-
HBIX N300pakKEeHHI1) B TENIEKOMMYHHUKAITHOHHBIX CETAX.

Hcxonnoe nzodpaxkeHne npeacTapisieT co00il MacCHB IMUKCENOB pasMepHOCTbI0 MXN, KOTO-
poe mepen cxKaTHeM pa30uBaercs Ha CerMEeHTHI Pa3MEpHOCThIO mxn (puc. 1).

y MM_\M
"-.\...
N < \\"'\--.... ny
%_J
mg
e J
Y
M

Puc. 1. Cermenranus uzobpaxenus: (L,y) ompenensroT KOOpAHHATE CETMEHTOB B [IPOCTPAHCTBE U300pa-
KeHus; My — pa3MepHOCTh CErMeHTa B CTONIOIIE; 1, — Pa3MEPHOCTh CErMEHTa B CTPOKE

Jns opraHM3anyy CKaTusl IOTOKA BUACOJAHHBIX B OCHOBHOM NPUMEHSIOTCS METObI, peal-
3oBaHHbIe B popmate JPEG, koTophie 6a3upyroTcs Ha TUCKPETHO-KOCHHYCHOM ITpeoOpa3oBaHuu
(AKII) 1 mo3BONSIOT peann30BaTh KOAWPOBAHHE C MOTEPSIMH, HO OOECIEUMBAIOT BBICOKYIO
CTENEHb CXKaTHs IPU 3aJaHHOM KadecTBe n3o0pakeHnsa. OgHaKo Aj1si HE0OXOIUMOro yBenuye-
HUS CTEIEHH CXKAaTusl M CKOPOCTH 00paboTku B P-kazpax MOXKHO MCIONB30BaTh HECKOIBKO HHbIE
Mmeronsl. Pazpaboraem Meron obpaborku P-kaapoB ¢ mprMEHEHHEM MOJIMaTMYecKOro KOIUPO-
BaHMS.

Ha srane npemnoOpaboTKH MPOM3BOOUTCSA MEPEBOJ HCXOAHOIO HM300pa’keHHS B I[BETOBOE
npoctpancTBO YUV. DT0 mO3BONSET 4aCTHYHO COKPATHUTH BBICOKOYACTOTHYIO LIBETOBYIO CO-
CTaBJISIIOILYI0 M, TEM CaMbIM, YMEHBIINTH KOJIMYECTBO YUYHUTHIBAEMBIX MHKCENIEH AJIs KaHAJOB
LBETHOCTH, YTO BEAET K MOBBILICHUIO CTEIICHU CXKaTHUl.

Janee mpou3BOANUTCS BBIYMCIICHUE PA3HOCTH 3HAYEHUI cerMeHTa Tekyuero P-kaapa ¢ coort-
BETCTBYIOLIMM CErMEHTOM B npenpiayieM I- wim P-kangpe (puc. 2), minm KogupoBaHUE C MPEa-
ckazaHreM. OHO OCHOBBIBAa€TCS Ha allIPOKCHMAMK ()OPMBI CUTHAJIA, T.€. KOAUPOBaHHE KPUBOH C
MOMOUIBIO €€ 3HAYEHUH B OTHENbHBIX HMO3UIHUSX M BOCCTAHOBJICHHE €€ (POpMBI Ha IMPUEMHOM
KOHIIE IO 3THM OTAENbHBIM OTcyeTaM. Takas ammpoKcHManusi OTOOpa)kaercst clemyromiel

(hopMmyoit:

X(t)i,jzg ax(t-t); ey
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rie X(t)i,j — (i,j) -1 KOMITOHEHTa CETMEHTa W300paKEHHS TEKYyIIero t-ro Kajapa; X(t-t')i,j —

KOMIIOHEHTA CerMeHTa u3o0paxenus (t-t") -ro kaapa; a, — ko3dduimeHT annpokcumanuu; P —
MOPAZ0K MOJIEINH.

[penmecrByromuii (t-1) kaap Texymmuii t kagp

v u
i N \ \\
NE . ) N y
M M
] ]
n X(t-1);; - npeauecTBytomee n B X(1); j - TeKyIee 3HAYCHHE
¥ y ,
3HaueHue ({,y)-ro cermeHTa (,y)-ro cermenTa
%—/ %\,—/
mC mg

Puc. 2. Pazmenienune 3J1eMEHTOB CErMEHTOB H300pakeHHH B Iporiecce 00padoTku

BaxHbli nprHLKI IpeAcKa3aHus - TO NPUHLIMI “COXpaHEHHs NPEAbLAYILEro 3HaueHNs, T.€.
Mpearonaraercs, 4To 3HaueHHne MPeablIyIIero oTcyeTa COXpaHUTCS U B MOCIEAYIONIMI MOMEHT
BpeMenu. @opmymna (1) Toraa MmoanpuupyeTcs B ClENYIOMNN BUA:

x(t);=ax(t-1);5; a,=1. (2)
Toraa s KOXMPOBAHHS TOAAETCA PA3HOCTHOE 3HAYEHUE MEXKTY TEKYILUM t ¥ IPEIbIIyIIHM
(t-1) xampamu:
e(0);;=x(t);;-x(t-1); . 3)
3nech BemmunHa X(t)i; — anmmpoOKCHMUPOBAaHHOE 3HA4YCHHE KOMIIOHCHTHI. BoccraHoBieHue
CUTHAIIA HAa TPHEME 3aKIIF0YAETCS B TOM, YTO K MPEABLIYLIEMY 3HAYE€HHIO KOMIIOHEHTHI TIPUOAB-
nsiercst pasHocTh: X(1); =x(t-1); ;+e(t);; .
MexkaapoBas pasHULA Pa3MEPOM MXN 3JIEMEHTOB, MPEICTABJIACTCS B BHIE IBYMEPHOTO
MacCHBa, 3JIEMEHTAMH KOTOPOTO SBJIAIOTCS TPEICKa3aHHbIE PA3HOCTHBIE 3HAYEHUS:
e e - (W,
(S e
E() ©V=le(t) ) . e(t)j - e(D)ip

ety - e(‘tjl'l,j e (Vg

, “4)

rae e(t);; — (i,]j) -1 pa3HOCTHasi KOMIIOHEHTa (Z, g)-TO CerMeHTa HM300paKeHHs TEKYILEero
Kajpa.

ITepen HavamoM KOTMPOBAHMS CETMEHTA OINpPEAEISAETCS ero THIl, T.e. KaKuM 00pa3oM OH
Oyner obpaboran. s »Toro 3amaercss pyHKIMOHAI f (E(t)(C’V)) , KOTOPBI YYUTHIBAET OOIIUI

00beM TaHHBIX, OUTOBYIO CKOPOCTh M OCOOEHHOCTH JaNbHEHIIel TEXHOIOIUN KOOUPOBAaHUS TIPU
obpabotke (z, g)-ro cerMenta. lIpouzBonuTcs cpaBHeHHE (YHKIHOHAIA MOIYYEHHOTO Pa3HO-
CTHOTO MaccuBa C 3aJaHHbIM npeneraoM AD . Ecniu oH He mpeBblaeT TpedyeMoe 3HaueHHE

F(E®)E)<AD, T0 anee cermMeHT Gyner o0pabaThiBaThCs C HCIONB30BAHHEM KOXMPOBAHHSL

C IpCaACKa3zaHuEM (P-TI/IH). Ecnu B cerMeHTe MOSBUIICS HOBBIM 00BEKT U 3HAUCHUE (I)YHKLII/IOHaJ'Ia
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NpeBbIIIaeT AD , TO IPOUCXOIUT MEPEXO K alTOPUTMAM, HCIOIB3YEMBIM U KOAUPOBaHUS I-
KaJpoB, T.e. OH KoxupyeTcsa HezaBucumo (I-tum) (puc. 3).

Cermenr I-tuna

Her JIKIT H KsanroBanue
K E(t)@“{) l
X(t)ij Ilepesoa B OIMPOBAHHUE C
——»{ NpPOCTPaHCTBO [ NaTITHBHEIM IMonuannyeckoe
YUV Tpe/ICKa3aHueM KOJIMPOBaHKE
(ANKM)

T

Ha

Cerment P-tuna

Puc. 3. O60011IeHHBIH aJITOPUTM KOAWPOBAHUSI CErMEHTa H300paskeHNS

B uTore nepea HayanoM NOIHAJMYECKOTO KOAUPOBAHUS CETMEHT MPOXOIUT MO0 dTam mpes-
CKa3aHMs MO MpeuecTByomMM 3HadeHusM (P-tum), nmubo, B ciaydae mepexoga K BapUaHTY
He3aBUCHMOW 00paboTku (I-THmm), TeKymmMil CETMEHT MPOXOAWT 3Tal TpaHCHOPMHUPOBAHUSA U
KBaHTOBaHUSI.

TpanchopmupoBanue ocymectBisiercss ¢ momomsio JKII, cyTs xoToporo 3akmiodaercs B
npeoOpa3oBaHNK MaTPHLIBI (Z, g)-TO CETMEHTa H300payKeHUS B MATPHUILY YACTOTHBIX KO3 PHUIIEH-
TOB COOTBETCTBYIOIIETO pa3Mepa.

JlucKpeTHOE KOCHHYCHOE MPeo0pa3oBaHue SIBIISETCS 00paTUMBIM U 110 HOBOM MaTPHIIE MOKET
OBITH MOJIHOCTBIO BOCCTaHOBIIEHA HcxoaHas. Ho monmydyeHHas HoBast popma 3anucu nHpOpMaLuu
00 n300pakeHnH MO3BOJISET B AajbHEHIIEM C TOMOIIbIO KBAHTOBAHHS CYILIECTBEHHO COKPATHTh
WUTOTOBBIH 00BEM AaHHBIX. DTO BEAET K NOTEPsIM WH(POPMALIUU M, COOTBETCTBEHHO, K CHHKEHUIO
KayecTBa BOCCTAHOBIIEHHOTO B JEKOJIepe BUACON300pakeHHsI, HO IPH PasyMHOM BBIOOpE BEJH-
YHHBI IOPOTa TO YXYALIEHHE MOXKET OBITh AOIYCTUMBIM.

[Ipouenypa KBaHTOBaHHsI 3aKJIIOYAETCA B COMTOCTABICHHH HOMEpa KBaHTa KaXIoMy Kodpu-
LUEHTY (Z, g)-# TpaHC(HOPMAHTHI:

+a/?
2(t); = Y0192

rae y(t)i; — (i;]j) -i yacToTHBIA KOIQdUIMEnT; q — wAr KBAHTOBAHMS; Ly(t)i,jJ — O3HaydaeT

OIepalfIo OKPYIJICHHS [0 ONMpKaifiiero nenoro, He npesbimatomero V().
B /)

B 3aBucumocTHu oT THIIA CerMeHTa, INpnu (bOpMPIpOBaHI/II/I IIOJINaANYCCKOro Koaa 6y/:[er BBIOH-
pPaThCA TAaKIKE KOJIUYCCTBO I/I36LITO‘IHOCTI/I, KOTOpas 6y/:[er COKpaliaTbCsa B PE3YJbTATC IMOJIH-
AINYCCKOro KOAUpPOBaHU.

HO,Z[ OAHOMCPHBIM IOJIHAAUYCCKUM KOAWPOBAHUEM IMOHHUMACTCA ITPOLECC (bOpMPIpOBaHI/IH

KoIa N(t)i(c’“/) Ui i-ro crombma (z, g)-To cerMeHTa E(t)i(C’Y) C YYETOM 33a/IaHHOH CHCTEMBI
OCHOBAHUIA A(t)(C’Y) , BBIOpaHHOI [u1s i-T0 cToj0na (z, g)-ro cerMeHTa [3], T.e.

NS = Fe() TT M), )

i=l n=i+l

n
31eck AX(t); — 3J€MEHT OJHOMEPHOIO MOJIHMAANYECKOrO YHCIIa; [T Mt)y, — Becosoii ko3hdu-
n=i+l
LMEHT dJIeMeHTa e(t); .

OMHOMEPHBIM MOTUATUYCCKIM YHCIIOM, B 33JIaHHOM CJIydae, Ha3bIBACTCS OJJHOMEPHAs MOC-
JIeI0BATEIbHOCTD (omHOMEpPHBIN BEKTOD) i-TO cronbia MaTpPHIIBI

E(t)i@”) ={e(t);, ... ,e(t);, ... ,&(t),, } » PTIEMEHTHI KOTOPOH YIOBJIETBOPSIOT CMEMIAHHON CHCTEME

OCHOBaHUI1 A(t)(C’Y) ={ M) e M) 5o, M), [1]. OnHOMEpHas cMellIaHHasi CUCTEMa OCHOBA-
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HMH A TIpefcTaBisAeT co0O0H OXHOMEPHBIH BEKTOP-CTONOEN, KOMIOHEHTaMH KOTOPOTOA; SBIIS-
I0TCSI IPOX3BOJIbHBIE LENTbIE YHCIIa KOHEYHOM Pa3MEepHOCTH; IPU UX BEIOOpPE HEOOXOANMO BBITION-
HEHHE HEpaBEHCTBA:

e(t); < A1) ~1, st i=T,m, (©)

TI€ m — KOJHMYCCTBO 3JIEMCHTOB IIOJIMAaAWMYCCKOI'O 4uciia, k(t)i — OCHOBAHME 1-I'0 DJIEMEHTA
OJHOMEPHOI'O MOJIUAANYCCKOI 0 Yucia.

O6o03HaunM uepe3 H(t)(g’Y) BEKTOP-CTOJNIOCI BECOBBIX KOA(PPHUIMEHTOB (Z, €)-TO CETMEHTAa,
H(t)(Cﬁ) ={h(t),...,h(t);,...,h(t), } » PIEMEHTAMHU KOTOPOTO SBIISIOTCS BECOBBIE KO YUIIHEHTBI

h(t)i(C’Y):

b0y = TT (0, @

n=i+l
[Ton BecoBbIM KOA((UIIMEHTOM 3IeMEHTa MOTUAJAUYECKOTO YUCIIA IOHUMAETCS MHOXKHUTEIb,
BEIMYMHA KOTOPOTO YKa3bIBaeT HA CTEIEHb 3HAUNMOCTH MO3UIINH, 3aHUMAaEeMOH TaHHBIM dJIeMEH-
TOM B KOJUPYEMOH MOCIENOBaTEIbHOCTH. BecoBoil koadduimeHT o0pasyercs B pe3yibTare
HaKOIUICHHOTO MPOU3BEICHHSI OCHOBAHHMI MJIQIIINX 3JIEMEHTOB OJJHOMEPHOTO TOIHAINYECKOTO
gucna. Jlyis i-ro 1eMeHTa OJIHOMEPHOTO TOJHAIUYeCKOro YKcia MIAIIIMMHA OYIyT 3JIEMECHTHI
e(t)y, MHIEKCHI KOTOPBIX PaBHBI M=i+1, n. CormacHo BbIpaxeHHIO (5), 4eM Gomblie HHIEKC

O3, TEM MEHBIIC 3HAYCHUEC BECOBOI'O KOB(i)(i)HLII/IeHTa.

Ecnu 3aman BekTop BECOBBIX KO3 PUIIMCHTOB H(t)(g’Y) , TO BeIpaxkenue (5) ans popmupoBa-
HUS KOJIa N(t)i(C’Y) OJTHOMEPHOMY YHUCITY E(t)i(C’Y) B MaTpU4yHOU (hopMe MPUMET BUJI;

N(t)i(c’Y) — H(t)(C7Y), E(t)i(C’Y) , 8)

rae H, - TpaHCHOHPIpOBaHHLIfI BEKTOP BECOBBIX KOB(i)(i)HLII/IeHTOB OJHOMEPHOI'O IMOJIUAANICCKOT0O
qucia:
n

H(t©? = ﬁzm)n,..., IT AOgsl} ©)
n=

n=i+l

Bepxwneii rpanuneii h 3HaYEHH KOJIa OTHOMEPHOTO IOJIaIMIeCKOTr0 YICIa I 33/ JaHHOM

max

CHUCTEMBI OCHOBaHUN A(t)(C’Y) SIBJIACTCS HAKOIIJICHHOC IMPOU3BCACHUC OCHOBAHUI1 BCEX DIIEMEH-
n
toB ] Mt)n :
n=1
(&%) &
N(t)méx < hmax = H }\'(t)n s (1())
n=1

30eCh N(t (S MaKCUMaJIbHO BO3MOKHOC 3HAYCHUEC KOJa UIA 3aJaHHOI'O BEKTOpa OCHOBaHUM
max

A(t)(m) , COCTOSIIIETO M3 N DJIEMEHTOB.

Kon monnaandeckoro yncia Ha3bIBAaeTCsl KOIOM B HEpaBHOMEPHOM Oa3uce 3HaUeHUH, KOMIIO-
HEHTbI KOTOPOI'O yIOBJIETBOPSIIOT CMEIIAHHON CHUCTEME OCHOBaHUM [4].
Cxema (opmupoBaHuUs Koza 3a1aercs AByMs dTanaMu. Ha mepBoM sTane KogupoBaHus Uist

3aJIAaHHOTO CErMEHTa JIaHHBIX OIPEeNsieTcs CHCTeMa OCHOBAaHUH A(t)(m) , YIOBIIETBOPSIOIINX

orpaniueHusM (6). ITO OCYIIECTBISETCS MyTeM BHIOOPa MaKCHMAJIbHOrO 1eMenTa maxe(t); j+1

s j-i CTpOKM (Z, g)-TO CerMeHTa M TMOCICAYIOIIUM YBEIMYEHHEM €ero Ha eOUHHILY. TakuM
00pa3oM, GOPMUPYIOTCS 3JIEMEHTHI BEKTOpa OCHOBAHMN IJIS1 K&XKJOM CTPOKH MAaTPHLIBI.

Ha BTOpoM 3Tame 3amaercst BEKTOP-CTONI0EL BECOBBIX KO3 (PHUIHNEHTOB H(t)(C,y) B COOTBET-
crBun ¢ Gopmynoit (7). [lonmaguueckoe unciio st cerMenTa (GOpMUPYETCsl U3 HJIEMEHTOB €ro
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CTOJIOIIOB B COOTBETCTBHM C BBIpakeHHEM (5). DJIEMEHTBI TAKOTO YKCIa B PE3yIbTaTe KOIUPO-
BaHUs TOCIEIOBATEIBHO COOUPAIOTCS B IEMOYKY, KOTOpas jJajiee MPeACTaBISIeTCS B ABOHYHON
WJIH JIECATUYIHOM (opme.

Takast cxema KOAUPOBAHUS MPUBOJNT K CHIYKEHHIO KOJHYECTBA PAa3PAI0B Ha KOJOBOE MPE-
CTaBJICHHE MACCHBOB BHUICOJaHHBIX.

BaxXHBIM CBOWCTBOM TONHAANYCCKUX UHCEN SIBJISETCA BO3MOXKHOCTH BBIUHCIICHUS KOJA TS
MacCHBa JaHHBIX Ha OCHOBE aHAIUTHYECKOTO BhIpaykeHust. [Ipu 3TOM HE0OXOIMMO 3HATH TOJIBKO
3HAYEHUS HJIEMEHTOB MAaCCHBA JAHHBIX U 3HAYCHHUS KOMITOHEHT BeKTOpa ocHOBaHuit. [ToaToMy He
TpebyeTcst OpraHn30BbIBATH (DOPMHUPOBAHKE TAOTHIIBI JOMYCTHMBIX YHCET M MPOBOANUTE MOKUCK B
TabJIUIle HEOOXOANMOTO MHJEKCA, COOTBETCTBYIONIETO 00pabaThiBAEMOMY YHCITY.

Hcnonp30Banue MOMHAANYSCKUX YHCET U MX KOJUPOBAHUE MO3BONSET YMEHBIIUTH KOIHYE-
CTBO BBIYHMCIIMTEIBHBIX OMEPANUil OTHOCHTEIBHO CYIIECTBYIOIIUX CTATUCTHUYECKUX KOMOB, YTO
JIa€T BO3MOXHOCTh OCYIIECTBIIATH 00pabOTKy BHICOMAHHBIX B PEATbHOM BPEMEHH.

3. BruiBoabl
1. Pa3paboTtan MeToa KOJMPOBaHMS, KOTOPhI OCHOBaH Ha KMCIIOJIb30BAHUU JIBYX THIIOB CEr-

MEHTOB, BHIOMpaeMBIX 110 3alaHHOMY Tipenieny AD , B mpeacKka3aHHbIX P-kagpax ¢ mpuMeHeHueM
MOJIMAMYECKOro KoaupoBaHus. [IpencraBieH 000OMICHHBIN alrOpUTM KOJUPOBAaHUS CETMEHTa
M300pakeHUs U BAPUAHTHI 00PaOOTKH B 3aBUCUMOCTH OT €r0 THIIA.

2. B pe3ynbraTe mommaanueckoro KOAUPOBaHUS U300paxeHus (POPMUPYETCS MOCIEI0BATEb-
HOCTbh KOJIOB-HOMEPOB, MPEICTABIISIFOINNX cO00H HOMepa 00pabaThiBaeMbIX CETMEHTOB M300pa-
JKEHHUI B MHOYKECTBE IONYCTUMBIX MOJNAIUUYECKUX YHUCEIL.

3. INonuamuveckuii KO SBJSIETCS KOJIMYECTBEHHON XapaKTEPUCTUKON HACBIICHHOCTH OJI0Ka
Pa3HBIMH BUJaMH CTPYKTYpPHBIX ocoOeHHOCTed. [l P-kagpoB ¢ GONBIIUM YHCIOM HU3MEHSIO-
LIMXCA JeTalel OTHOCUTENBHO MPEABIAYILIEro Kaapa MOIuaguIecKuid KO SBJISETCA XapaKTepuc-
TUKOH CTENeHH HACHIIIIEHHOCTH 001aCTH Pa3HOCTHBIMH 3JIEMEHTaMH. 3HaueHHE Koaa OyleT TeM
MEHbIIIE, YeM OOJIbIIe OTHOIICHHUE TUIOIIAIN, UMEIONIeH Majo WU3MEHSIONIYIOCS CTPYKTYpY, K
TJIOMIAI N300pakeHUs MepeaBaeMoro 00beKTa, 1 Ha00OPOT.

4. BaXXHbIM CBOMCTBOM IOJIMAIMYECKUX UYUCEN SBISIETCS BO3MOXXHOCTH BBIYHCIICHUS KOAA
JUIS MacCHBa JIaHHBIX Ha OCHOBE aHaJUTHYECKOTrO BhIpakeHUs. [1o3ToMy HE TpeOyercsi opraHu-
30BBIBaTh (POPMUPOBAHNE TAOIHIIBI TOMYCTUMBIX TOTHAANIECKAX YUCEI.

5. JIONOMHUTENBHOE MOBBIIIEHUE CTEMEHU CKATHUS MPOUCXOAUT 32 CUET YMEHBLICHUS JTMHBI
KOJIOBOTO TIPENICTABICHUS MPENCKA3aHHOTO CerMEHTa; BCIENCTBUE aallTHBHOTO BEIOOpa CHCTe-
MBI OCHOBAHUH MOJIMAINYECKOT0 YU CIIA.

Cnucok autepatypsl: 1. Omugep B.I" KomnptotepHsie ceti. [IpHHIITBL, TEXHOIOTHH, TIPOTOKOIEL: Y 9eOHHK
s By30B. / B.I'. Omuagep, H.A. Omcep. CII6.: [Turep, 2006. 958 c. 2. Gonzales R. C. Digital image processing
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VJIK 681.5+548.55
A.Il. OKCAHHUY, C.2. [TIPUTYHUH, M.I. KOIJJACh, B.A. TEPBAH

YCOBEPHIEHCTBOBAHUE METOJA U AIIITAPATYPBI
U3MEPEHMS IIJIOTHOCTH JUCJIOKAIIAN B MOIJIOKKAX
KPEMHUSA U APCEHUJA T'AJJIUA

PaccmatpuBaroTcst BOpockl yCOBEPILIEHCTBOBAHUSI METOA, METOAUKH U anmapaTypbl U3-
MEpEHUs INTOTHOCTU JUCIOKAIMI B OJUIOKKAX KPEMHUSI U apceHna rajwust. [lokaspiBaercs, 4to
CYLIECTBYIOIINE METObI U3MEPEHUS IUIOTHOCTH JUCIIOKALUH B YCIOBUSAX CEPUUHOTO MTPOU3BO-
CTBa TOJUIOKEK HE YIOBJIETBOPSIOT COBPEMEHHBIM TPEOOBAHMSAM KaK MO TOYHOCTH, TaK H IO
MIPOM3BOUTEINBHOCTH. PemeHreM 3a1a4un sBHIach pa3paboTka aBTOMATHIECKOTO KOMIDIEKCa
“3MepeHust IotHocTy aucnokauil « TB-/lucnok 1» Ha ocHOBe TeneBU3MOHHOTO Metoaa. Orpe-
JIENSIeTCsl OTHOCUTEIIbHAS MTOrPELTHOCTh KOMIUIEKCA, 3HAaU€HUE KOTopoi He npeBbiimaet + 10%.

1. BBeaenue

W3BecTHO, 4TO MPOU3BOAUTEIHHOCTD AIEKTPOHHBIX YCTPONCTB, MX Ka4eCTBO U TEXHUUYECKUE
rmapameTpbl 3aBUCAT OT Hanu4uus AePEKTOB M JUCIOKalui B moioxkkax [1]. B pabore [2]
MOoKa3aHa KOPPEISALUS CHUKEHUS KBAHTOBOH 3 (hEeKTHBHOCTH MOMIOKEK Si: GaAs Jist CBETOU3ITY-
YaIOlUX AUOAOB U MOKA3aHO, YTO JIMHUU AUCIOKAIMA MOTYT BBICTYNAaTh B Ka4eCTBE LIEHTPOB
0e3m3ITyyaTeNbHOW peKoMOMHAIMK. BiusHue auciokanuii u 1eeKToB yITaKoBKY Ha MPOU3BOIH-
tenbHOCTh GaAlAs/GaAs CBETOIMOIOB U ACrpaJallHio Ja3epoB Ha ocHOBE ZnSe onucaHo B [3,4].

B cBs31 ¢ 3TUM K COBEPIICHCTBY CTPYKTYPHI MOUIOKEK KPEMHUS M apCEHUIA TaJLTUs, KOTOpast
B OCHOBHOM ONPEACNISETCS IUIOTHOCTHIO JUCIOKAIUHA ¥ MUKPOJAC(HEKTOB, MPEIbIBISIFOTCS UC-
KITFOYUTEIBHO BBICOKHE TpeOoBaHus. J{J1s co3aHus 3JIEKTPOHHBIX MPUOOPOB U (HOTOIJIEMEHTOB
Ha OCHOBE apCeHHU/Ia rajuTus TpeOYIOTCS MOHOKPUCTAIUIBI C TUIOTHOCTBIO JMCIIOKAIINIA, HE TIPEBhI-
mwaromux 103-10* cM™? 171 BBIPAIEHHBIX 110 METOLY € KHAKOCTHOM repMmerusanueii. 13 Bbiiie-
CKa3aHHOTO MOXKHO CJIeNIaTh BHIBOJ O TOM, YTO KOHTPOJb JUCIIOKAINi U Ne(EeKTOB B apceHue
TaJTUs. ¥ KPEMHUU SIBIISIETCS aKTyallbHOW Hay9HO-TEXHUYECKO 3a1aueid. Ee pemienre mo3BoauT
MPUBECTH KA4eCTBO MOJUIOKEK K COBPEMEHHBIM TPeOOBAaHMIM, KOTOPHIE BEIJIBUTAIOT MHPOBBIE
MIPOM3BOANTEINN K 3TOMY HapaMeTpy, U OIepaTHBHO KOPPEKTHPOBATH TEXHOJIOTMIECKUE ITPOIIEC-
CBI TTPOM3BOJICTBA CIIUTKOB U TIOJJTOMKEK.

B nHacrosimee Bpems ornpernenenre TUCIOKaui U IeeKTOB MPOU3BOAST PA3TUIHBIMU METO-
JaMH, CpeIr KOTOPBIX METOJ] H30UpaTeTbHOTO TPaBJICHUS, METON AEKOPUPOBAHUS, METO TIPO-
CBEUMBAOIIEH SIIEKTPOHHON MUKPOCKOITUY M METO]T PEHTT€HOBCKOH TOTIOTrpaduu.

W3 Bcex 3THX METOJOB B MPOMBIIUICHHBIX YCIOBUSX CEPUHHOTO MPOM3BOJICTBA IIHPOKO
pachpocTpaHeH MeTOJ M30MpaTeNbHOTO TPaBIIEHHS C TOCIEAYIONIMM WU3MEpEHUEM IJIOTHOCTH
nucnokauuii B coorBerctBUM ¢ 'OCT 19658- 81 u ctangapramu ASTM F81- 77, mnan A, nnan B
n aH C.

DT CTaHJAPTHI OMPEACIAIOT KOIWYECTBO IOJIEH 3pEeHHs] MUKPOCKOTIA M UX PaCMOIOXKEeHHS Ha
MMOBEPXHOCTH TUTACTUHBI, CTPYKTYPBI HIIK Ha Topiie cauTKa. OOIMM HETOCTATKOM STUX METOINK
SIBJISIETCS HEBO3MOXKHOCTh MPUMEHUTH CIUIOHON 100%-i KOHTPOIb HA pa3IuYHBIX CTaAMIX
MIPOM3BOJICTBA, 3HAUNTENHHAS TPYIOEMKOCTh U OOJBIINE MTOTPEITHOCTH OIEHKH TUIOTHOCTH JTUC-
nmokanmii. Tak, Mo omeHkaMm [5] cUcTeMaTH4YecKash COCTABIISIFOINAS MOTPENIHOCTH MOMTOOHBIX
METOJUK ONpPEAENEeHUsI INIOTHOCTH JUCIOKalui Moxer npeBbimaTth 30%, a cimydaiiHast coCTaBIsI-
rol1as norpemnocty npubamkaercs k 100%.

Pemennem nanHOW TpoOIEMBI SIBIISIETCS MOAEPHHU3AIUS CYIIECTBYIOIINX M pa3paboTka HO-
BBIX METOJIOB, METOAMK M aIllapaTypbl KOHTPOIST MUKPOAE(HEKTOB W TUIOTHOCTH AMCIOKAINNA B
MOJUTOKKaX KPEMHUS M apCEHU1a TallIHsl.

L]envio nanHOI PabOTHI SBISAETCS YCOBEPIICHCTBOBAHWE METO/A M ammapaTypbl M3MepeHHs
MJIOTHOCTH AUCIOKAIMN B TIOJUTOKKAX KPEMHHMSI M1 apCEHH/1a TaJlIns.

Jts MOCTIKEHUS el He0OXOMMO PElINTh CISMYIONINe 3ada4H:
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— YCOBEPIIEHCTBOBATh METOJI ONPEACICHUS IIIOTHOCTH JUCIOKAIIUMN, TO3BOJISIONINIA aBTOMA-
THU3UPOBATH NIPOIIECC H3MEPCHHUS,

— pa3paboTaTh CTPYKTYPHYIO CXEMY M aJIFOPUTM PabOThl aBTOMAaTHYECKOrO KOMILICKCA,
M3MEPEHUs IJIOTHOCTH JUCIOKAIMA U MUKPOAC(HEKTOB B MOUIOKKAX KPEMHHMSI ¥ apCEHUA raj-
s,

— pa3paboTaTh METOUKY METPOJIOTMYECKOM aTTeCTallud aBTOMATH3UPOBAHHOTO KOMILIEKCA.

2. IlocTanoBKa 3agadm

[Tpu pa3paboTke HOBBIX METOJMK KOHTPOJIS INIOTHOCTH JUCIIOKAIIMH B TTOJUIOKKAX KPEMHUS U
apceHu1a raJTus HeOOXOAMMO CTPEMUTHCS K BBHITOJTHEHUIO TPEOOBAHUNA

1. Meronuka qomKHA 00eCIeYMBATh HEPa3pyIIAONIe U3MEPEHUS.

2. Pe3ynbTaThl U3MEpEHUS IOKHBI XOPOIIO KOPPEIUPOBATh C MPUMEHIEMBIMU B MPOMBIIII-
JIeHHOCTH MeTogaMHu, u3lioxkeHHbIMU B I’ OCT nunmu ASTM.

3. TlorpenrHocTh U3MEpPEHUS TOKHA OBITH HE XyXKE, YeM B CYIIECTBYIOIIMX METOJaX.

4. JlomxHa 00eCIeYrBaThCs BEICOKAs MPOU3BOAUTEIBHOCTD H3MEPEHHIA.

BrimonHenue 3Tux TpeO0BaHMIA BO3MOXKHO TOJIBKO ITPU UCTIOIh30BAHUY aBTOMATU3HPOBAHHBIX
KOMIIJIEKCOB, B OCHOBE KOTOPBIX JIKHUT TEIEBU3MOHHBIA METOJ PACIIO3HABAHUS U TOJCYETa
TJIOTHOCTH AUCIOKAIUH U MUKPOJICEKTOB.

PaccMoTpuM TeneBU3MOHHBIN METO/ paclio3HaBaHUs M300paxeHus. Ha npakTuke He Bceraa
yIaércs BBISBUTH HAa BHICOM300paKEHUU BCIO MOJIE3HYI0 MH(popMaiuio. YacTs e€ He perucTpu-
pyercs ammapatypod m3-3a cinaboro KOHTpacTa, (POHOBOM HEOJAHOPOTHOCTH W HE MOMAAETCS
aHaIu3y.

Jis ycTpaHeHUs STUX MPOoOJIeM HEOOXOAMMO PEIIUTh TAaKUE 3aa4H:

1. O6paboraTh n300pakeHue JJsi Oosee ACTATBHOTO BBIJACICHUS TUCIOKAIIUN Ha HEM.

2. OrdunbTpoBaTh IIyMbI, KOTOPHIC MOIYYAIOTCS MOCIE 00PA0OTKH M300paKECHUS.

3. Pa3paGoraTh aNropuT™m JUisi aBTOMATU3UPOBAHHOTO OMPEACICHUS ITIOTHOCTH AUCIOKAIIUH,

OnHOI 13 OCHOBHBIX 33/1a4 00pa0OTKU U aHaIKM3a U300paKEHUH ABJISIETCS CETMEHTAIU, T.C.
pasaencHue u300paXKeHusi Ha OOJIACTH, JJIi KOTOPBIX BBITIOIHSCTCS OMPEACICHHBIA KPUTCPHIA
OJTHOPOHOCTH, HAITPUMED, BBIJICTICHUE Ha N300paKeHUU 00J1acTel MPUOTU3UTENEHO OIMHAKOBOW
SIPKOCTH.

Jns BelAeneHus AWCIOKanWid Oblla MpHMEHeHa OWHapHu3alvs ¢ JABOHHBIM OTpaHUYCHHEM

(t<tp):
0,f(m,n) > t,
f'(m,n) ={1,t, <f(m,n)<t,
0,f(m,n) >t,

IMocne Ounapusanuu n3odpaxeHuit Ha pororpaduu OCTaTCS OUSHb MHOTO «IITyMay, KOTOPBIH
MeIlIaeT BhIACIUTh HEOOXOAUMbIC HaM 00acTH. J[s pemeHus Takoi 3a7a4i MOXKHO MPEITIONO0-
KHUTh, YTO HAa HM300paKCHUM HMeeTcs 00nacTh (YCIOBHO HasbiBacMas OOBEKTOM), CpPEIHSS
SIPKOCTh KOTOPOM BBIIIIE HITH HUXE, YEM CPEIHSISL IPKOCTh IPYroi odnacTy, Ha (hOHE KOTOpOoi OHA
HaOIromaercs.

Ecnu obnacti HaOMroAeHU XapakTepu3yloTess GyHKIMeH pacnpeneleHns OJJHOrO0 BHIA, TO
MOYKHO 3aIIACaTh:

(1

F,(x)=F(x-A). )

3nece F(x), F(x) — dynxuun pacnpenenenns obbekta u (poHa, COOTBETCTBEHHO. Takas
MOJIeNTb JIeKBAaTHO ONKCHIBACT M300pakeHMsl, OydaeMble, HallpUMep, B Pe3yJIbTaTe aJInTHB-

HOT'0 B3aMMOJICHCTBHS AByMEPHOr0 AByXypoBHeBoro stanona S,S,S = {M,M,} u 6emnoro uryma
f;ij . IIpu sTom
X = Sij +§ij ) (3)
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rae Xij — OTCUET I/1306pa)KGHI/I$l. YHOMHHYTLII\/'I BBIIIC AJITOPUTM KBAHTOBAHUSA MO JJIA 6I/IHapHO-
ro cirydasd mpeacTaBiII€TCA B BUAC

Ay, x; <C,
Yij = @)
AI,X~~ >C,
ij
371€Ch AO,I — MeTKa SPKOCTHOro kiacca orcuera; C — mopor cermentarnuu. Jns merona

KBaHTOBaHHUSI MOJl OH BBIOMpAETcs Mo MEKMOJOBOMY MHHHMYMY THUCTOrpaMMsl. llpencraBum
MPaBUIIO PAHTOBOM OMHApHOH cerMeHTauu B hopme, moo0Hoi (4):

Ag, Ry <Cy |

R.. =

rae R;—paur X; orcuera msoOpaxenus; Cr — IOpOr cerMeHTaluu. MOXHO I0Ka3aTh, 4TO

BbIOOp mopora Cr=l, rne | — konmuuecTBO 371eMeHTOB (hOHA M300paKeHHs, 00eCTIeunBaeT MIUHH-
MyM Oe3yciI0BHOM omuOKK Kinaccupukanuu Py orcyera n300pakeHus ¢ MOMOILBIO IIpaBuJa (5):
n-1 1

- +—-P, . 6
j n 0/1 n 1/0 ()

3Z[CCL PO/l ’PI/O — YCJIOBHBIC BECPOATHOCTHU OIINOKH KJ'IaCCI/I(l)I/IKa]_[I/II/I q)OHOBOI‘O OTCUYCTa, KaK

orcuera 00BEKTa W (POHA, COOTBETCTBEHHO; N — 00IIee KOJMYECTBO DJIEMEHTOB HM300paKCHUS.
[Tpu HenepeKkpHIBAIOIIMXCS PACIPEACICHUIX SPKOCTH 00beKTa U oHa mpaBuio [5] obecreunBa-
eT HYJICBYIO BEPOSATHOCTh OIMIMOKH Kiaccuukanuu. OUeBUIHO, YTO B OOJBIIMHCTBE PeallbHbIX
MPWIOKEHUH MHPOPMAIIMM O KOJIMYECTBE 3JIEMEHTOB (pOHA M300paKEHUs, KOTOPOE SBIIACTCS
rmapamMeTpoM ajropuTMa CEerMEeHTallMH, 3apaHee He cymectByer. [loatomy B (5) mpemnaraercs
WCIONb30BaTh OIICHKY KOJHMYECTBA SJIEMEHTOB ()OHA, MOCTPOCHHYIO IO MMEIOIIEHCS BBIOOPKE
HaOJIIOIEHHA.

[Ipennonoxxum, 4To Ha M300paKEHHWH, COCTOAIIEM M3 N TOUEK, MMEITCS obnactu (oHa,
comepxanrye 1 aneMenT. KonndyecTBo 31eMeHTOB 00bekTa B 3TOM ciydae — n-1. [Ipennonoxum

TaKKe, YTO KAkKIOMY OTCUETY X;; NOCTAaBIEH B COOTBETCTBHE ero panr R B BapmammonHOM
psily, COCTABIEHHOM M3 BCEX 3JIeMEHTOB n300paxkeHus. Chopmupyem pabouyio BBIOOPKY U3

paHroB m sjemenToB u3oOpaxenus {R ,R,,...,R 1}, Jokanusyromuxcs B KOMOakTHYO 00-

JmacTh Ha m300paxeHnn. Dopma yHMOMSHYTOW 007acTH, W3 KOTOPOH H3BIEKAIOTCS OTCUETHI
paboueii BBIOOpPKH, poiu He urpaer. Tak, pabodast BRIOOpKa MOXKET OBITH COPMHpPOBAHA H3
OTCYETOB, TIOMAJAIONINX B KBaJpaTHOEe “OKHO”. PaHry HaOmoneHnid, HE MOMaBIIUX B pabouyro
BBIOOPKY, COCTaBIISIOT OMOPHYIO BBIOOPKY. B 001iem cirydae, BCieAcTBHE MPOU3BOIBLHOTO CIIOCO-
0a hopMupoBaHus paboueil BRIOOPKH MTOCTETHSS SIBISETCS HEOMHOPOIHOM, T.€. CONIEPKHUT PaHTH
AJIEMEHTOB KaK 00beKkTa, Tak U (oHa. Pacmpenenenne paHTOB HEOAHOPOIHOW paboyeil BEIOOPKU
3aBUCHT OT KOJNUYecTBa ()OHOBBIX DIIEMEHTOB |, MMermuxcs Ha JaHHOM wu3o0paxenuu (I —
rmapamerp, KOTOpbIii HaM HEOOXOJMMO OIEHHTh), M OT KOJIIMYECTBA 3IIEMEHTOB (poHa, comepxka-
mmxcst B paboueii Beroopke k. [Ipu HemepekppIBatonInxcsl pacipee’eHnusx SpKOCTH 00beKTa U
(hoHa MOXKHO TIOKa3aTh [1], YTO AOCTATOYHOW CTATHUCTHUKON IJis mapamerpa | sBiseTcss BEKTOp

{R,,R, }. C yuerom 3T0ro MakCHMajbHO MPaBIONON00HAs OLEHKA | BBIUMCIISETCS Cleyro-
M 00pa3oM:

| =arg, maxP; (R, ,R,_, /Lk). (7)

[TosnoxxuM cHavana, YT0 KOMUIECTBO (POHOBBIX OTCUETOB N300PAKEHHUSI, MOMABIINX B pa00UYI0

BBIOOPKY, H3BECTHO U paBHO k. [lofcTaBmss BeIpakeHUs I COOTBETCTBYIOIINX pacipene’IeHni
B (6), moy4aeM CIeqyIONIil adrOpUTM BEIYHCIICHHS] MAKCHMAIBHO MPaBIOMO00HOM OeHKH :

R gRY)<gR™ ™),
R g(RM) > g(RE) - ®)
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3neck g(x)- QpyHKUMS, onpeneieHHas Ha MHOXKECTBE HATypallbHBIX YMCeN CIeAyIOIUM o0pa-
30M:

k m-k
g(X) = Cx ’ Cn—x : (9)
Ecmu k 3apaHeC HEU3BECTCH, TO MOXHO IPEAIOJIOXUTH, YTO A HEICPEKPBIBAIOIINXCA

pacnpeneneHinii MakCUMAalbHO MPaBAONOM00HAS OIEHKa MOXET OBITh HaiaeHa CIEAyIONHM
obOpa3oM:

k =arg, min(Cy, -C" %) (10)
C yuérom »TOrO

A

rae k — makcumansHO HpaBZ[OHOI[OGHa)I OI€HKa KOJIHN4YCCTBaA q)OHOBLIX 9JICMCHTOB pa6oqe171

BBIOOpKH, a 1(k) — ¢yskius (7). Heo0XomuMo OTMETHTh, YTO MaKCHUMAIIbHO MPaBA0NOoA00Has
olieHKa |, Berumcisiemast coriacHo (7), SBISETCS CMEISHHOM.

3. Pa3paGoTrka aBTOMATH4YECKOr0 KOMILJIEKCA HU3MepeHHsl IUIOTHOCTH JAHUCIOKALMIA
B MOMJIOKKAX KPeMHHMSI U apCeHHAA TaJulus.

CrpykTypHas cxema KOMIUIeKca IpecTaBieHa Ha puc. 1, rae 1 — MUKpPOCKOI, 2 — BUJIEOKa-
Mepa, 3 — uccienyemas riacTuHa, 4 — OJIOK yrpaBJicHHsl ABUTATENSIMU, 5 — ABUTATEIb IIepeMe-
menus o X, 6 - neurartens nepemenienus mo Y, 7 — IIK.

4
7 o —— 1
\

/A |

Puc. 1. CtpykTypHas cxemMa aBTOMaTHIECKOr0 KOMITIEKCa ONpe/IeNIeHHs INIOTHOCTH ANCIOKAIMI B IOUTOXK-
Kax apceHua rajus 1 kpeMuus « TB-Juciok 1»

N3obpakeHne MoaoKKH apceHHIa TaJlIis dyepe3 ONTHYECKYI0 cxeMy Mukpockorma MUUN-4
(1) moctynaer Ha TeleBU3MOHHYIO Kamepy (2), kotopas depe3 nmopt USB cBsizaHa ¢ KOMIIbIOTE-
pom (7). Anst ocyIiecTBICHUS! aBTOMAaTHYECKOTO PEKUMA MEPeMEeHUs OJI0KKH OTHOCUTENb-
HO OKYJISIpa MUKPOCKOIIA UCTIONIb3yeTcs OIOK ynpaBieHus (7) U JBa JBUTATeNsl epEeMEIIeHHs 10
ocsim X 1 Y (5,6).

Pexxum
HU3MepeHuit

ABTOMATHYECKHIT

Puc. 2. Anroput™ Havyana paboTel aBTOMATHYECKOI0 KOMIUIEKCA, OIPEIETICHHS INTOTHOCTH IUCITOKAIINH B
MOJUIOXKKAX apceHu1a rajus u kpemuust «TB-Zlucnok 1»
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Wznoxxennsle Bbile TpeOOBaHUS K METOANUKE IPUBOIAT K HEOOXOAMMOCTH TPOBEACHHS H3Me-
peHust Kak B pydyHoM pexkume, B coorBeTcTBuM ¢ ['OCT 19658- 81, Tak 1 B aBTOMAaTHYECKOM
pexume. CrnenoBaTeIbHO, MOXKHO CHHTE3UPOBATh aJIrOpUTM paboThl Komruiekca «TB-Jucmok
1», KOTOpBIH NpencTaBiIeH Ha puc. 2.

Ny

v

Ilepemerienne IacCTUHBI Ha
XMMuY MM

v

HOJ'Iy'{I/ITI) CHHMOK C KaM€phbI

\Z

IpousBectn OuHApH3ALUIO

2

OTduabTpoBaTh LIyMBI

Vv

Tloncunrats JUCJIOKalluu B
TOYKE U INIOTHOCTH III/ICIIOK&LH/Iﬁ

Her Ha

3aBepHInTh
padoty

Puc. 3. Pabora mporpaMmbl B aBBTOMaTHIECKOM PEKUME

IMocne 3amycka mporpamMMbl HEOOXOIUMO BBIOpAaTh pexuM usMepeHuit (puc. 3). B atom
pexuMe paboThl IPOrpaMMbl OTIEPATOP caM TMepeMelacT MIACTUHY B yKa3aHHbIC TOUKU. M300-
pakeHHe MOTyYaeTcs o HAXKATHIO Ha KHOMIKY «M3Mepenuey. bunapusanus u GuiabTpamus Takxe
MPOBOAATCS B PyYHOM PEKUME 0 HAKATUIO HA COOTBETCTBYIOLIME KHOIKH.

B aBTOMaTHYeCKOM pexuMe padoThl OMepaTop MOXKET YCTAHOBUTH €llle JBa crocoda Moj-
cdera nuciokanuit (puc. 4).

Meronuka ABTOMATHYECKUIT
oIpeieeH s

JTUCTIOKAIINH

Pyunoit

Puc. 4. Axroput™ BEIOOpa METOIa AaBTOMATHYECKOTO OIPEICICHUS TUCTOKAIINI

B «pyunom» pexume nporpamMma OyaeT MpoBOAUTE U3MEPEHHS Ha MJIACTUHE B JEBATH TOUKaX
B cootBeTcTBUU ¢ 'OCT, Kak 3TO moKa3aHo Ha puc. 5.

[Toncuer mnotHOCTH Auciokauui mpoBoautcs B coorBercTBun ¢ 'OCT 19658- 81.
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JlaHHast Monenb B OOJBLUIMHCTBE CIYYaeB YAOBIECTBOPSET TPEOOBAHHSIM CEPUUHOTO MPOM3-
BOJICTBA, B TO K€ BPEMsl JIIsl UCCIIENOBATENBCKIX 3aa4, BOSHUKAIOIIMX MPHU OTPabOTKE HOBBIX
TEXHOJIOTMYECKUX MPOIIECCOB WM MEPEX0/Ie HA BBIPALIMBAHKUE CITUTKOB OOJBIINX JHAMETPOB, 9Ta
METO/IMKa HE MO3BOJISET MONYYHUTh AOCTATOYHOE KOIMYECTBO MH(POPMAIMU O PACIPEICICHUN
JMCIIOKAIMI 110 TIONEPEYHOMY CEYCHHIO CITUTKA.

Hamu Taroke mpemioyeHa 1mojHas MOJCb U3MEPEHHs, KOTopasi MO3BOJISIET MPOBECTH UCCIIe-
JIOBaHUE IJIOTHOCTH TUCIOKALUH TUIACTHHBI 10 BCEH €€ MOBEPXHOCTH (puc. 6.)

JIi1st opraHu3anuy BHIYUCIICHUH 110 MPUBEICHHOMY BBIIE QJITOPUTMY U OpraHU3allUH [TOTb30Ba-
TEIbCKOro MHTepdelica pa3paboTaH BUPTYaJIbHBI MHCTPYMEHT C HMCIIOJIb30BAaHHMEM ITaKeTa
LabView u 6uonuoreku IMAQ Vision [6,7].

Hwxe npusenen nnrepdeiic nonn3oBatens (puc. 7).

A Y

rd

=

Puc. 5. Cxema BbI0OOpa IMoJICH 3peHUs Puc. 6. [lonHast Moaens U3MEpEHust
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Puc. 7. JIuneBas nanenb BUPTyaJbHOIO HHCTPYMEHTA

Paccmotpum paboty xomiuiekca. McxonHoe n3o0paxeHue 001acTH MOIIOKKH, HaXOsIee-
Csl B TI0JIE 3pEHUSI MUKPOCKOIA, OCTYIAET B IPOrpaMMy M IPOU3BOANTCS 3aXBaT H300PasKEHUS C
nmomotnkto dnemenTa IMAQ Grab Acquire, n3o0pakeHre BBIBOAMTCSA Ha dieMeHT Image Out.
[TpuMep TOTy4EHHOr0 N300pakeH s MOUIOKKN apceHua ramnus auamerpom 4/, mapku AIUX
opuentanuu (100) npuBeneH Ha puc. 8.

3atem m3oOpakeHue mepenaercs Ha dieMeHT Threshold, BemonHsMIOmUMN MpeoOpa3oBanHme
MyTEeM I1EPEBOAA BCEX MUKCENEH, SIPKOCTh KOTOPBIX JISKHT BBIIIE WIIM HUXKE YKa3aHHOTO I1opora, B
YEepHBIN LBET, @ MUKCENH, IPKOCTh KOTOPBIX MONajla B AMana3oH, Npeodpa3ytoTcs B OebIi 1BET.
PesynbraT npeoOpas3oBanus n300pa>keHNs] IPUBEAEH Ha pUC. 9, TIe MOXKHO BHIETh, YTO ONperie-
JUTH KaKue-TUOO0 OUCIOKAIMM Ha TAaKOM M300pa)KeHHUHM IOYTH HEBO3MOXKHO. IToaToMy K Hemy
MPUMEHSIOTCS. (PUIBTPBI, C TOMOLIBIO KOTOPBIX C M300pakeHus1 yOUParoTCsl BCe MEIKHE 00BeK-
THI, @ TAK)KE O0BEKTHI, UMEIOIINE TOHKNE KOHTYPhL. OTHMIBTPOBaHHOE H300paXKEHHE MTPEACTAB-
JeHo Ha puc. 10.
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Puc. 8. Buneonzobpakenue nomioxku Puc. 9. M3o06paxenue nocie Puc.10.®unsrpoBanHoe H300paxeHne
GaAs nnametpom 4/ mapku ATUX  1OporoBoro npeoOpa3oBaHus
opuenrarmu (100)

Jis mojcyeTa KOJIMYECTBa TUCIOKAIUi ucnonb3yercs anemeHT IMAQ Particle Analysis. Ha
BBIXOJIC JAHHOT'O DJIEMEHTa 00pa3yeTcs KiacTep, ColepKaliuid KOOPAUHATHI U pa3Mep JUCIIOKa-
LM, a TAKXKE LEIOYUCIIEHHOE 3HAUEHUE KOJINYECTBA AU CIOKAIUH.

PesynpraThl moacuera MIOTHOCTH OMCIOKAallMM B IUIACTMHAX apCeHUAA rajulus AHUaMeTpoM
101 MM u opuentanueii (100), a Taxke Ha IIIACTUHAX KPEMHUS JMAMETPOM 76 MM 1 OpHUEHTaIel
(111), BEITOTHEHHBIE IO TPEM METOIUKAM, IPUBECHBI B TaONHLIE.

I'OCT | Pyunoli | ABTOMaTH3UPOBAaHHBIN
Si [3.2x10°| 3x10° 3.3x10°
GaAs | 6,5x10° | 6,2x10° 6,4x10°

ABTOpaMu TPOBENICHA METPOJOrHYEcKas aTTeCTalus JaHHOTO KOMILIeKca. 3a o0pa3IioBbie
noka3anus Obu1 npuHAT Merox ['OCT, B KOTOpOM oIlepaTop caM MOJCYUTHIBAET TUIOTHOCTH
muciokanuii. OTHOCUTENbHAS TOTPEITHOCTh U3MEPEHHH TIOTHOCTH JUCIOKAIMA B MOIOKKAX
COCTaBWJIA B KPEMHUU JUIS PYYHOTO MeTona m3MmepeHus +7% u B apceHune ramms +5%, s
aBpromatudeckoro Meroga +£3% u £1,5% CcOOTBETCTBEHHO.

4. BeiBoabI

1. YcoBepIeHCTBOBaH METO M pa3paboTaHa METOIMKa H3MEPEHUS TUIOTHOCTH AUCIOKAIUN B
MOIUTOKKaX KPEMHHS W apceHuja Tauiws. MeToa MOo3BONHI aBTOMAaTH3UPOBATh W3MEpEHUE
IUIOTHOCTH AU CIIOKALUH.

2. PazpaboraHa cTpyKTypHas cxema, allTOPUTM pabOThI M MPOrpaMMHOE OOecIiedeHrne aBTo-
MaTHYEeCKOr0 KOMILIEKCA OIpeIelIeH s TUIOTHOCTH TUCIOKAIIUH B TOAJIOKKAX apCEHH/Ia TaJlns U
kpemHus «TB-Jlucnok 1». KoMmiekc mo3Bonser u3MepsTh IIIOTHOCTh AUCIOKAUNA KaK B pyd-
HOM, TaK U B aBTOMaTHYECKOM PEXHME IS TIOTHON TTOBEPXHOCTH TOMJIOKKH WITH IO TOUKAM.

3. IIpoBenena merporioruveckas aTrTecTamusi Komruiekca. OTHOCHTENbHAs MOTPENTHOCTh
M3MEpEeHUH TUIOTHOCTH AMCIOKAINNA B MOIUIOKKAX COCTABWIIA B KPEMHHH JUIS PYYHOTO METO/a
u3MepeHuss +7% u B apceHune ramwnusa £5%, o aBToMathuyeckoro meroga +3% u +1,5%
COOTBETCTBEHHO.

Cnucoxk aurepatypst: 1. Mahajan S. Growth- and processing-induced defects in semiconductors/ S. Mahajan
// Prog. Mater. Sci. 1989. V. 33. P. 1-76. 2. Roedel R. J. The Effect of Dislocations in Gaqp, Al x As?:7Si
Light?Emitting Diodes / R. J. Roedel, A. R. Von Neida, R. Caruso, L. R. Dawson // J. Electrochem. Soc. 1979.
V. 126(4). P. 627—-633. 3. Dutt B. V. Stacking Faults and Substructure in GaAs?/??(?Ga?,?Al?)?As Heteroepitaxial
Layers: I . Origin and Elimination / B. V. Dutt, S. Mahajan, R. J. Roedel, G. P. Schwartz, D. C. Miller, L. Derick
//J. Electrochem. Soc. 1981. V. 128(7) . P. 1573 — 1578. 4. Guha S. Role of stacking faults as misfit dislocation
sources and nonradiative recombination centers in II?VI heterostructures and devices / S. Guha, J. M.
DePuydt, J. Qiu, G. E. Hofler, M. A. Haase, B. J. Wu, H. Cheng// J. Appl. Phys. Lett. 1993. V.63. P. 3023 —-3026.
5. Emomun A.B., I'enkuna P.1., Xonoonwvui JLI1. O1ieHKa KagecTBa MaTEpHAIIOB C IOMOIIIBIO MOJICITH pacIpe-
JIeTICHNS] KOHTPOIUPYEMBIX TAPaMETPOB MOIYIIPOBOJHUKOBBIX MaTeprainoB // M.: L[BeTnbie MmeTamib. 1987.
Ne 11. C. 31-36. 6. Paiighenvo M.A. PanroBasi cerMmeHTaIwsI OWHAPHBIX W300paskeHuH. MeToabl 00paboTKH
curaanoB u moneit /CO. HaydH. Tp. YabpsHOBCK: YIsl ' TY, 1995. 7. D. Korytar, Point-like and extended defects
in Si and GaAs, Journal of Crystal Growth 126 (1993) 30 —40.
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VJIK 004.93
T.A. 34HUKO, A.0. OJIIHHUK, C.O. CYFFOTIH

IHAYKHIA YUCEJBHUX ACOIIATUBHUX ITPABUJ 3
BPAXYBAHHSM IHJUBIAYAJBHOI 3HAUYYIIIOCTI O3HAK

Posrnsimaerses 3anaua BuaoOyBaHHS YMCETbHIX aCOLIaTHBHUX NpaBwIL. [IporoHyeThCst Me-
TOZ IHTYKIiT aCOIIaTUBHUX IPABWJI 3 ypaxyBaHHAM 3HAUYIIOCTi O3HAK, SIKHH JI03BOJISIE CKOPOTUTH
TIPOCTIp IOLIYKY Ta Yac BUSBJICHHS MPAaBWIL, 30UIBIINTH PiBHI y3araibHEHHS Ta iIHTeprpeTadesb-
HOCTI CHHTE30BaHOI 0a3M acolliaTUBHUX IpaBwI. Kiuouo6i ciosa: acouiaTuBHE NpaBuiIo, 6asa
TIPaBWIL, IHAYKLIisI, 3HAUYILICTh O3HAKM, HEWiTKA JIOTiKa, TPaH3aKIis.

Beryn

IIpu po3B’s3aHHI 3a1a4 JiarHOCTYBaHHS, aBTOMAaTHYHOI Kiacu ikarii, mporHo3yBaHHS Ta Kepy-
BaHH$ YacTO BUHMKAE IOTpeda BUSBICHHS HOBUX 3HAHb ITPO AOCTIDKYBaHi 00’ eKTH ab0 mporecu
[1, 2]. Ans oOpoOkK BETMKWX MAacHBIB TaHWX Ta BHIOOYBAaHHA 3 HUX HOBHX 3HaHb IIHPOKOTO
3aCcTOCYBaHHs HaOy/IM METOIM TOIIYKY acOLiaTUBHUX MpaBui [3, 4], 110 103BOJIAIOTH BUSBIATH
HOB1 3aKOHOMIPHOCTI BUTIISIIY «SKIIIO YMOBA, TO JIish» Ta CHHTE3yBaTH Ha iX OCHOBi 0a3u mpaBui,
110 € 3pO3YMUIMMH AJIsl €KCIIEPTIB y MPUKIaTHUX 00nacTsax [5].

[Ipore Bimomi MeToAM iHAYKIii acOIliaTHBHUX MPAaBWJI y OUTBIIOCTI BUITAIKIB JO3BOJIAIOTH
BHUSBIIATH JHIIe OiHapHI mpaBmia [3, 6], SKi He BPaxOBYIOTh YMCENbHI 3HAYEHHS O3HAK, IO
XapaKkTepu3yloTh 00’ €KTH a00 mpolecH, Kl TiIAraloTh aHalizy. Meroau BUsSBICHHS YHCEIbHIX
acoliaTUBHUX mpaBui [7, 8] MOXYTh MpaLIOBAaTH 3 YHCENbHUMH BHOIpKaMu JaHMX, MPOTE 1X
poboTa oB’s13aHa 3 MpodiieMaMi BUOOPY iHTEPBAIIiB IUCKPETH3AIlil Aialla30HIB 3HAYeHb 3MIHHUX,
BH3HAYEHHS KUTBKOCTI TAKMX IHTEPBAJIiB /151 KOKHOI O3HAKH, 110 Y ACSIKUX BUMAKaX IPU3BOAUTH
JI0 CYTTEBOTO 30UIBIIEHHS MPOCTOPY MOIIYKY Ta BUMOT JIO OOYMCIIOBANIBHHUX pecypciB. Kpim
TOT0, TaKi METO/IX TependavyaroTh, 0 YCi 03HAKH, SKi OMHICYIOTh AOCIKYBaHI 00’ €KTH, MatOTh
OJTHAKOBY iH()OPMATHUBHICTb, 110, K MPABUIIO, HA MPAKTHUIII HE BilMoBimae miiicHocTi [2, 9, 10].
BkitoueHHs TakMX O3HAK A0 CHHTE30BaHOI Mozeli abo 06a3u mpaBuil MPU3BOAUTE 10 301IbIICHHS
gyacy noOyZoBH MOZENi Ta pecypciB, HEOOXITHUX AJSl BUKOHAHHS I[OTO MPOLECY, a TAKOX 10
3MEHILEHHS aIPOKCHMAL[IHHNX Ta y3arajJbHIOBAJIbHUX BIACTHBOCTEH MOOYI0BaHOT MOAEII.

ToMmy akTyaslbHOIO € MeTa poOOTH — CTBOPEHHS METOLY iHIYKLIi YHCETbHUX acOLiaTHBHUX
MpaBUJ 3 ypaxyBaHHSIM 1HIUBIyaJIbHOI 3HAUYLIOCTI O3HAK.

1. IlIocTtanoBa 3agaui
Hexaii 3amana 6a3a tpan3zakiiit D (1):

D:{TUTZ’---JTND}, (1)
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y sikiii koxumii enement T;, j=1,2,..., N, mictuts indopmartito mpo geski B3aeMo3aIexHi Moz,
ne N = |D| — KUTBKICTB elleMEeHTIB (TpaH3akiii) y Habopi nanux D.

Enementn T; moxyTs monaBatucs y BUrIszi:

T, = (tid;,item;), )

tyr tid; — inenrudixatop j-i tpamsaxuii Tj; item; = {t,,t,,,.. it €1 — crncok erne-
l[Cl"ﬂ

MEHTIB, IO BXOASTH y TPaH3aKIIitO Tj; tij — i-f eNEeMEHT CIIHCKY 1temj, 1=1,2,.. Nltem ;

Nitemj = ‘item j‘ — KinbKicTh enementis Muoxuun item;; I=1{1,,T,,..., Ty } — MHOXHHA MOX-

JIMBHX 3MiHHHUX (03HaK), AKi MOKYTh BXOJMTH B CIIUCOK €JleMeHTiB item ; KoxHoi Tpansakuii T;,
j=12,..,N,, Habopy nauux D; T, — a-it enement Muoxunu I, a=12,..,N; N, =|I| -
KIUTBKICTh €IEMEHTIB MHOKUHH 1.

VY Bumajxky, sKio 6a3a tpaH3akiiii D MicTUTh KpiM OiHApHUX IIIe i AiHCHI 3MiHHI, €IIEMEHTH tij
TpaH3aKIIii Tj MOJTAIOTHCST KOPTEIKEM:

t; = <*cij;v(‘cij )>, 3)
ge T, — O3HAaKa i3 MHOXHMHM /, IO Bi/noBizae enementy f;; V(T;) — 3HaueHHs o3Haku T, B
tpansaxuii T;, V(Tij)e Aij = [Tijmin, 1Jma,,(] Tyimin 1 Tjjmax — BUIIOBINHO, MiHIMAJIbHE TA MaKCI/I—

MaJlbHe 3HAYCHHS 3 Jiana3oHy MOX/IMBUX 3HadeHb A, o3Haku T, .
Toni Ha ocHOBI 3a7aHO1 TpaH3aKLUiifHOI 0a3u JaHUX [) HeoOXimHO moOynyBaTH Habip YKCENb-

HUX aCOLIaTUBHUX MPaBWJI y BUTIISI IMIUTIKaLif <X, V(X )> — <Y, v (Y)> , Y SIKHX Habopu X U Y

He nepeTuHaroThes [4, 9]:
(X VX)) = (Y v(Y):Xcl.Yc 1. XNY =@, )

e V(X) 71 V(Y) — MHOXKHHHM 3Ha4YeHb O3HAK, 1110 HAJIEXKaTh MHOKHHAM X 1 Y, BIAMOBIIHO.
TakuM yMHOM, Y pe3yJIbTaTi CHHTE3Y aCOIlIaTHBHUX MTPABUII HA OCHOBI HAIBHOT'O HA00OPY TaHUX

D BuKOHY€TBCS TIONTYK 3aKOHOMipHOCTe#H Mixk moxismu T, € [, a=1,2,...,N,.

2. MeToa CHHTe3y YMCeJIbHUX ACOUIATUBHMX INPaBHJI

Jns MOXIUBOCTI BUIOOYBaHHSI acOIliaTHBHUX TPaBHI 3 TpaH3aKIiiHUX 0a3 maHux D, ski
MICTSTh YHCEIbHI aTpuOyTH, Taki aTpuOyTH NEPETBOPIOIOTHCA 10 (hopMaTy, JOCTYITHOTO IS
3aCTOCYBaHHS BiJOMHUX METOJIB TOIIYKY acolliaTUBHUX npaBui [3, 4, 6]. [Ipu nupomy motpidHo
BUKOHYBAaTH PO3OUTTS YMCEINBFHIX O3HAK HA HEIePeCiuH1 IHTepPBAIH, KOXKHHH 3 SKUX PO3TIIAIA€Th-
s TOTIM SIK HOBHMH aTpuOyT. OJHAK Yy TaKWX BHIAJKAaX BUHUKAIOTH MPOOIEMH BHOOpY YMclia
iHTEpBaJiB i po30OUTTS Ha IHTEPBAIH, KPIM TOTO, CYTTEBO 3POCTAE PO3MIPHICTH PO3B’SI3yBaHOI
3a/1a4i i BUMOTHY 0 OOYUCITIOBAIIEHUX pecypciB EOM.

Tomy B po3po0iieHOMY METOAI CHHTE3Yy UYHMCEIBHHX ACOIL[IaTUBHHUX IPABHJ HPOINOHYETHCS
BHKOPHCTOBYBATH ITiXi/I HA OCHOB1 TeOpii HEWITKUX MHOXHH [ 1 1], 10 103BOJIsSIE€ pO30MBATH BUXIiIHI
O3HAKH Ha HEYiTKI IHTEepBaIIU Ta MPAIIOBATH 3 KOXKHOIO 03HAKOIO, a HE 3 OKPEMHIMH IHTepBaJIaMH ii
po3outts. Kpim Toro, y 3aMPOMOHOBAHOMY METO/Ii IIPH OIIYKY aCOIaTHBHUX MPaBHJI BHKOPHCTO-
BYIOTBCS p03an0BaH1 OLIIHKH 1HAMBITyaJIbHOT IH(OPMATHBHOCTI 03HAK, 110 JI03BOJISIE BPAXOBYBATH
TXHIO 3HAUYIIICTh Y BUXIHIN 0a3i TaHuX.

[TponoHOBaHMi MeTO MOXe OyTH MPEICTABICHUH TAKUMH eTallaMu:

— ¢azzudikamnis TpaH3aKmiiHOI 6a3u aHUX D;

— BU3HAYeHHS iHIWBiTyaTbHOI 3HAYYIIOCTI 03HAK;

— OOYMCIIEHHS TPAHUYHHUX 3HAYeHb M ATPUMKH;

— no0ymoBa 0a3M YHUCENTbHUX acOI[iaTHBHUX MPaBHUII.

Ha modatkoBOoMy erarti BUKOHYeTbCs azzudikaris 6a3u TpaH3akmid D, ToOOTO mpuBeneHHS

BCIX 1 4MCeNnbHUX 3HaueHb 10 HewiTkoro Buriany: D — FuzzyD . Take neperBopeHHs 103BO-

JIUTh BUAUTHTH HEUITKI TEPMH KOXKHOT O3HAKH JIJIsI MOXKITUBOCTI BUKOHAHHS TTOJANTBIIIOTO BHI00Y-
BaHHS acolliaTUBHUX npaBui. [ ¢az3udikaiii 6a3u TpaH3aKIliid 3 METOO HACTYITHOTO BUI00Y-
BaHHS YHCEITbHIX aCOLIaTUBHUX MPaBHII AOITEHO BUKOPHCTOBYBATH BiZloMi (DYHKIIii HATEXKHOCTI
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[11, 12], napameTpu SIKUX MPONIOHYETHCS BUOMPATH BUXOASYH 3 i11eT MIATPUMKHU HEYITKOCTi 3HAHb,
TOOTO TaKMM YHHOM, 11100 3a0e3medyBanocs epeTHHaHHs CyCiIHIX IHTepBaliB PO30OUTTS O3HAK.

Sk $pyHKIIT HaNEKHOCTI AOLIIBFHO BUKOPUCTOBYBATH TaKi, SIKi JO3BOJISIIOTH OOMEKYBATH iHTEp-
BaJl 3HaYEeHb O3HAK: Tpaneuienoniony, [1-monidny, TpukyTHYy QyHKUi0. Buxonauu 3 ocodbnuBocTeit
PO3B’s13yBaHOi 3a1a4i i JOCTIHKyBaHUX 00’ €KTiB a00 MPOLeciB, MO)KHA BUKOPUCTOBYBATH 1 1HIII
¢ynkuii HanexsocTi [ 11, 12]: comaite-dyHkio, S-nonidny i Z-monioHy KpuBi, CHTMOITHY (QYHKIIIO,
¢ynkuito ["aycca, konokonononiony ¢yHkuiro i iHmi. J{ias BU3HA4YeHHS 3HA4YEHb MapaMmeTpiB
(GYHKIIH MTPUHAIEKHOCTI CITil BAKOHYBATH PO30UTTS KO>KHOT YUCEIFHOI 03HAKH Ha JISSIKY KIIBKICTh
iHTEpBaNiB 3 HACTYTHMM BH3HAYEHHSIM T'PaHUIb OTPUMAHMX IHTEPBAIIB.

Sk npaBuII0, 03HAKH, IO OMKUCYIOTH AOCIIIKYBaHi 00’ €KTH ab0 MPoIecH, MarOTh Pi3HY iH(pOp-
MaTHBHICTH [13], ToMy 3 MeTOI0 BHIOOYBaHHS LIKaBHX acOLiaTUBHUX IMPaBHJ, IO aJeKBaTHO
OIUCYIOThH IOCTIKYBaHi 3aJI€KHOCTI, JOLUIBHO BPaXOBYBATH 1HAMBILyalbHY 3HAUYILICTh O3HAK.
OCKiNIbKY BUXIAHUHN MapaMeTp y TpaH3aKUiHHMX 0a3ax NaHHX, K MPaBUIIO, HE 3aJaHUH, TIPOTIO-
HYETbCS OLIHIOBATH 1HAMBIIyalbHY 3HAYYIIICTh O3HAK 3a JOMOMOIOI0 ITapaMeTpiB, LI0 XapaKTe-
PHU3YIOTH IpaHuUL 001acTell TpynyBaHH: eK3eMIULIPIB (TpaH3akii) y npocTtopi o3Hak. s obunc-
JIeHHS1 IHANBIAyabHOI iHPOpPMAaTHBHOCTI O3HAK MPOMOHYETHCS BUKOPHCTOBYBATH IMiAXI[, 1110 Bpa-
XOBYE TpaHUL IHTEpBaJiB po30UTTS O3HAK Y KlacTepax. Y JaHOMY METOJI MPOIOHYETHCS COPTY-
BAaTH MAaCHB 3HAYCHb KOXHOI O3Haku T, 3a 3poctanHsm. JliBa 1, it npasa r, rpanuni k-ro
inTepBanry A, a-i o3HaKM T, OOMpAIOTHCA TAKUM YMHOM, 00 €K3eMILLpH (TpaH3akuii) 3i
3HAYEHHSM O3HakH T, € A, = [lak 5 ) BiHOCHIHUCA 10 onHOro Kinactepy K, , a exsemmsapu i3
CycCiaHiX iHTepBaiiB — 10 iHmux knactepis K # K, .

Sk mipy iHopMaTUBHOCTI a-1 03HAKH B TpaH3aKUiiHiN 6a3i jaHuX D NOIIIBHO BUKOPHCTOBYBA-
TH KinbKicth iHTepBamiB N, , Ha sKki po3duBaeTbes aianasoH ii 3HaueHb A, = |T T
YMM MEHILA KUIbKICTh TAKUX iHTEpBaJiB, TUM OUIbIIA IHPOPMATHBHICTH O3HAKH.

Tomy 3HauymIicTh 03HaKkK T, OyJaeMO OOYMCIIOBATH 3a OJHIEIO 3 POPMYIL:

— BiHOLIEHHS MiHIMAJILHOI KUTHKOCTI IHTEPBAIIB CEPE YCIX O3HAK 10 BEMMYMHH N, a-i
O3HAKH:

amin® “amax J°

Azlrnzln I NiHHTA
Wa = N 5 (5)
IHHT@
— HOPMOBAHC 3HAYCHHS BEIIMUNHU Ninma .
Nil—n—na - A:rln,zl,n,‘l‘ NiHmA AE}’}EX,M NiHHTA - Nix—u—m
e =1 N in N, N in N, (6)
AlPZaXI iHHA A:Ilnzln I iHHTA Alpzaxl iHHA A:IIIIZIH I iHHTA

BaxxiauBuM erarnoM € BU3HAYCHHS TPAaHUYHHUX 3HAYEHb MIATPUMKH HAOOPIB €IEMEHTIB, SIKE B
3aIpOIIOHOBAHOMY METO/Ii BiIOyBa€ThCS 3 BUKOPUCTAHHSIM iH(OpMAIIii PO iHAWBITyalbHy 3Ha-
YyIIiCTh 03HAK, PO3PAaX0OBaHYy paHillle.

VY pospobiaeHomy MeTosi BHIOOYBaHHS YMCEIHHUX aCOI[iaTHBHUX MPaBWI MiATPUMKY TpaH-
saxuii T; Gynemo pospaxoByBaTH sk mepeTMHaHHS (YHKIiil HAJIEKHOCTI O3HAK, IO BXOMATH Y

TPaH3aKIIif0 Tj :

supp(T,) = [ 1. (T)), (7

T,€T;
a€ 1
ac Ma(Tj) — 3HAYCHHA (I)YHKl_Il'l' IIPUHAJIE)KHOCT1 a-1 O3HAaKH, obOumncieHe JJIS 11 3HAQUYEHHS B

TpaH3aKIil Tj.
Toni miaTprMka Habopy X BU3HAYAETHCH K CyMa IMATPUMOK YCiX TpaH3aKIil, SKi MICTATS IO
MHOKHHY:

supp(X) = > supp(T)) = Y- [, (T)). ®)

XcT; XcT; 1,€T;
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Kpim Toro, nepeabadaeTbest MOKIUBICTE BUAOOYBaHHA HAOOPIB, SIKi HE YaCTO 3yCTPIUalOThCA,
OJIHAK € L[IKaBUMH Ta JO3BOJISIOTH BUSBIIATH HOB1 3HaHHS PO NOCIIAKyBaHi 00’ €KTH abo mportie-
cu [14].

[Tpn moOyznoBi 6a3u acouiaTUBHMX MpPaBHI Yy Mpoleci iX BUAOOYBaHHS BUKOPHUCTOBYIOTHCS
3HAYeHHs IHAMBITyalbHOT iH)OPMAaTHBHOCTI 03HAK, PO3Pax0BaHi paHillle, 10 JO3BOJISIE BPaXOBYBa-
TH 3HAYYILICTh KOKHOTO aTpuOyTa mpu mowmyky npasuil. [Ipu renepanii HoBux HabOpiB-KaHIU-
JaTiB y MPOLECi CHHTE3Y acOLiaTUBHUX MPaBUI YPaXOBYETHCA BIACTHUBICTh aHTUMOHOTOHHOCTI
MiATPUMKH [4], 3acTOCYBaHHS SKOI JO3BOJISIE CYTTEBO CKOPOTUTH MPOCTIP MOLIYKY.

3anponoHoBaHU METO/] BUIOOYBaHHS YHCENbHUX acOLiaTUBHUX MpaBmiI nependadae a3zud-
iKaIlito 3a1aH01 0a3u TpaH3aKIlil i aBTOMaTUYHE pO3OUTTS Jialla30HIB 3HAYCHb O3HAK Ha IHTEpBa-
T, BPaxOBY€E iHANBITyaIbHY 3HAUYIIICTh O3HAK, BUKOPHCTOBYE KPUTEPii ATl OL[IHIOBAHHS HEempsi-
MUX acoIialiif, 10 3HUXKYE CTYIIHb y4acTi KOPUCTyBaya B MPOLIEC] TOLIYKY acOLiaTUBHUX MPaBUIL,
3MEHIIy€e KMOBIPHICTb BU0OYBaHHS IPABHUII, IKi HEKOPEKTHO OMUCYIOThH JOCIIDKYBaHi 00’ €KTH Ta
MPOLIECH.

3 MeToI0 aHaNi3y Ta AOCTIKEHHS e)eKTHBHOCTI 3alpONOHOBAHOIO METOY iHAYKLIi acolia-
TUBHUX MPaBUJI OLIHUMO HOro OOYHCIIOBAIBHY CKIAAHICTh O — KUIBKICTh €JIeMEHTapHUX OIle-
paiiii, HeoOXiqHUX AJISI pO3B’A3aHH KOHKPETHOI 3a1a4i.

[Tpu oniHIOBaHHI OOYMCIIOBAIBHOI CKIQAHOCTI PO3POOJIEHOT0 MeToAy OyAeMO BpaxoBYBaTH,
110 BiH CKJIaA€THCS 3 YOTUPHOX €TalliB, ONMCAHUX PaHille.

OO6unciroBalibHa CKIIAHICTD €TaIy, OB’ s13aH0ro 3 (az3udikalero TpaH3aKLUiHHOT 6a3u TaHNX

D, moxe OyTH OLliHeHa BUXOIA4H 3 TOTO, 1o st KoxkHoi o3Haku T, (T, € I, a=1,2,..,|I|)y
KOXKHIH TpaH3aKIil Tj Oyne Bu3HAvaTHCA il HeuiTke 3HaueHHs. OTxe, 00YHCITIOBaIbHA CKIAIHICTh
nepioro erany cknage: O, =0, q1| . |ND|).

BusHaueHHs iHAMBITyaJabHOI 3HaYylIOCTI W, O3Hak T, y 0a3i TpaHsakuiii D mos’sa3aHe 3
HEeOoOXiIHICTIO iX yrpynoByBaHHS B MHO)KMHU KOMIIAKTHO PO3TAIlIOBaHUX TpaH3akLii. Po3risHemo
MiAX11, 110 BpaxoBYe TpaHULi iHTEpBaIiB pO3OUTTS O3HAK Y KiIacTepax. Buile onrcaHo, 110 TaKui
HiJXiJ TOB’SI3aHUM 3 HEOOXITHICTIO COPTYBaHHSA KOKHOI o3Haku T,. Tomy oOuuciroBanbHa
CKJIAZIHICTh IAHOTO eTamy Oe3rmocepeHbo MOB’si3aHa 3 00UHCIIOBATIBHOIO CKIIaTHICTIO BUKOPHC-
TOBYBAHOTO METOMy COPTYBaHHS i Mo)ke OyTH BH3HAuYCHA SIK 02q1|-0mp1 . EdexTuBHUMU
METOJAMH COPTYBAHHS € METOJHM, III0 BUKOPUCTOBYIOTh JiepeBa (TYpHIpHE COPTYBAHHS, COPTY-
BaHHS 32 JIOMIOMOTOIO TIOIYKOBOT'O IePeBa), METOJ MipamiJalbHOrO COPTYBAHHS, METOJT IIBHIKO-
ro coptyBanHs K. Xoapa, oOuucioBaibHa CKIagHICTh SKHX CTAHOBUTH
Ocopr. = Ocopr. (ND logz(ND) [15]. Omxe, obuHCIOBaIbHA CKIAJHICTH €Tany BH3HAYEHHS
3HAYYIIOCTI O3HAK MOXKe OyTH omiHeHa B Takuii crocio: O, =0, (m N, log,(N, ))

ETan BU3HAuUeHHS TPaHUYHUX 3HAYEHb, SIK MPABHIIO, MPUITYCKAE y4acTh KOPUCTyBadya MpH
BHOOpi 3HAYEHb BIAMOBIAHUX MOPOTiB. Y BUIMAAKy OOYMCIIEHHS 3Ha4eHHA KoedimieHTa (), 110

BpPaxoOBY€ 3HAUYILNICTh HAHOBIIOI TpaH3aKIlii B 6a3i ganux D, Oy/e moTpiOHO BUKOHATH HE OUTBIII

|I| pa3 omepaunilo J0JaBaHHs BIANOBINHMX BENMMYMH W, (a:T, € Tj, T" = max|TJ| ). Tomy
. T,eD

00UKCITIOBAJIbHA CKIAHICTh 1bOTO eTany Bu3HavaeThes Tak: O; = O, ID

Besnocepenne BunoOyBaHHS acOLiaTHBHUX MHPaBWII MOB’A3aHE 3 MOOYIOBOI0 MHOXKMHHU Ha-
00piB, sIKi yacTo 3ycTpivatoThCst F7, 110 y CBOIO Yepry BUMarae BU3HAUECHHSI MIATPUMOK KO>KHOTO

. . . 2 .
3 KaHAWATIB, MaKCUMaJlbHa KUIBKICTH SKUX HC IMCEPCBUIIYE |I| . CKJ'Ia,[[HlCTL OboOro Impounecy

2 . . .
) omepariii. [Iponec BugoOyBaHHS acoLiaTUBHUX MPABUII i3 MHOXKUHHU F iputyc-

ckmazne Oy, (|I "
I| ) omepaniii. Tomy
2 2
1H=0,(1).
TakuMm YMHOM, 3aranbHa OOYHCITIOBAIbHA CKIIAHICTh 3aMIPOMOHOBAHOIO METOAY MOXKEe OyTH
BU3HAYEHA B TAKMH CIIOCIO:

0=0,(1]-[N,[)+0, (1] N, log, (N, ) +0, (1) + 0, (1) = O(f|- N, log, (N) +[1°)..
©)

Kae 00poOKy koxHOi minmMHOkMHM A € FI, Ha mo Oyzae norpi6no O, (|

. 2
004HCITIOBAIbHA CKJIAHICTh YeTBepToro eramy ckiage: O, = O, (|I| )+0,..,.(
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Ouinka 004K CITIOBaTIBHOT CKIIATHOCTI ITOKA3Ye, 10 KUTBKICTh eleMEHTapHUX Ollepaliif, HeoOxi-
JHUX T BUIOOYBaHHA acOLIaTHBHUX IPABHII 32 IOMTOMOT'OI0 3aIIPOIIOHOBAHOTO METOY, KBaIpa-

TUYHO 3QJICGKUTH BiJ KUIBKOCTI |I| o3Hak T, € | y Tpansakuiiiniii 6a3i maHux D, a Takox

nponopuifina Bemmuuni N log,(N), ne N — xinpkicts Tpansakuiii B D. Taka oninka
J03BOJISIE 3pOOMTH BHCHOBOK TIPO T€, IO 3allPONOHOBAHMI METOA € epEeKTUBHUM, OCKUTBKU
3aJIeXHICTh OT0 elleMEeHTapHUX OTlepaliil Bil po3Mipy BXiIHUX JaHHX € TOIiHOMIaJIbHOIO.

3. ExcriepiMeHTH Ta pe3yJIbTATH

3 METOI MPOBEICHHS EKCIEPUMEHTIB IO JOCTIKEHHIO BJIACTUBOCTEH 1 XapaKTEpUCTHK
3aIpOIOHOBAHOTO0 METOy BHI00YBaHHS YHCEIBHHUX ACOLIATUBHUX MPABHI BiH OYB MPOrpaMHO
pearizoBaHui MOBOIO TporpamyBanHs C#.

Jis qocmipKeHHsT BIIACTUBOCTEH 1 XapaKTEPUCTUK PO3POOICHOr0 METOy BHIOOYBaHHS YH-
CEITbHUX aCOIIaTUBHUX MPABHII BUKOPUCTOBYBAIMCS TECTOBI JJaHi, MPEICTABICH] Y BUTIISAI Oa3u

TpaH3aKuiil D, dncensHi XapakrepucTuky skoi Taki: N, =100000 — kinbkicts Tpansakuiii 7

(j=12,..,100000) y 6asi D; |I| =10000 - «xinbkicTh enemeHTiB (03HAK),
T, € LLa=12,..,10000, 3 sxux morau GpopMyBaTHCs TPAH3AKLII;
O3HaK y TpaH3akuisx 6azu D.

3aJIeKHICTh Yacy BUIOOYBaHHS aCOIIATUBHUX MPABUJI BiJI 3HAYCHHS MiHIMAIBHOI MiATPUMKH

Tj‘ =10 — cepenHs KiTbKICTH

wminsupport HaBezeHa Ha puc. 1 (Ip¥ LbOMY 3HAUCHHS IHIINX [TAPAMETPIB yCTAHOBITIOBAJINCS

takumu: wminconfidence = 75%, Bwsupp(xw) =5%, Bwsupp(Z) =75%, w_, =75%). 3an-
poOIOHOBaHUH MeToJ| mopiBHIOBaBcs 3 merogamu FARM i FWARM, onucanumu B [7] 1 [8],
BiATIOBiHO.

3 puc. 1 BuaHO, 1110 yac BUAOOYBAaHHS aCOLIaTUBHUX MPABUII CYTTEBO 3aJISKUTh Bill MiHIMAaJIb-
HOI MIATPUMKH, OCKIIBKY He3HAUH1 3HAaYEHHSI IIbOTO MTOPOT'Y MPU3BOIATH JI0 TeHEPYBAaHHS 3aHAATO
BEJIMKOI KUTBKOCTI HAaOOpiB, SIKI BBAXKAIOTHCS TAKUMH, 10 YaCTO 3YCTPIYAOTHCS, IO Y CBOIO
Yepry NpU3BOAUTH 1O HE0OXiTHOCTI 0OpOOKHM ICTOTHHX 00CATIB iH(pOpMAILii.

Kpim Toro, 3 puc. 1 BUAHO, 1110 3a1IPONOHOBAHM METO[ € OibLI epeKTUBHUM Y MOPIBHIHHI 3
icHyrounmH [7, 8], ockibku B HbOMY (popmyeThest MacuB F1 HaOOpiB, 110 YACTO 3yCTpivaroThe,
SIKMH 3aJIOKUTh HE TUTHKH BiH KiTBKOCTI MOSB KOHKPETHUX HaOopiB y 0asi manmx D, ame i Bif
OLIIHOK 3HAYYIIOCTI O3HAK, IO HE JO3BOJSE TEHEPYBATH MallO3HAUYI HAOOpH i, BiNMOBiIHO,
3MeHIIye po3mip F/, a 3HAUUTH 1 yac, 3aTpadyyBaHUN Ha Horo oOpoOKy.

45 7

—— 3aIpONOHOBaHUIl METO]
—e— FARM
—&—FWARM

40 -

354«
30 -

0,1 0,3 0,5 0,7 0,9

MiHMaTbHa DiITpHMKa, wminsupport, %

Puc. 1. I'pacdix 3anexxHOCTI Yacy BUI0OyBaHHS aCOLIaTHBHUX MPaBUII

BiZl 3HaYCHHs WMINSupport

BaxiuBo BiA3HAUMTH, IO PE3yNTATH EKCIIEPUMEHTIB IOKa3ald, IO 4ac pOOOTH METOMy
MPaKTHYHO HE 3aJISKUTH BiJl 3HAYEHHS MiHIMaIIBHOI BiporimHOcTi wminconfidence - Lle moB’s3a-
HE 3 TUM, II0 JAQHWW TapaMerp BHKOPHCTOBYEThCS Ha 3aBEpPIIATEHOMY €Talli METOdy HpHu
TIepeBipIli Ha BIpOTiTHICTH BUSBJICHUX MTPABUII 1 HE BIUTMBAE Ha KUTBKICTh 00p0oOIIOBaHNX HAOOpiB

JTAaHUX.
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Ha puc. 2 300paxeHo rpadik 3anexHocTi yacy GyHKUIOHYBaHHSI METOAY Bill KUTBKOCTI TpaH-
3akui N, y 6a3i D (mpu npoMy 3HadeHHs wminsupport crarosuio 0,5 %, inmi mapamerpu
Merony Ta 6a3u D He 3MIHIOBAIUCH).

Kpuga, 300paxkeHa Ha puc. 2 i moOyaoBaHa 3a pe3yabTaTaMH 3aCTOCYBaHHS 3aIIPOIIOHOBAHOTO
METO.Y, MiATBEPUKYE OLIHKY OOUMCIIIOBAIbHOI CKiIagHOCTI (), HaBElEHY BHILE, 3TTHO 3 SIKOIO
Yac BUI0OYBaHHS acOL[iaTHBHUX NPaBUJI 32 IOMIOMOTOI0 3alPOITIOHOBAHOTO METOLY € TIPOTIOPLIiii-

num Bennunni N log, (N ).
3aNeKHICTb KUTbKOCTI BATATHYTUX ACOLIATMBHUX IpaBuil N , | Bill KUTBKOCTI TpaH3akiid N, y

0a3i D HaBeneHo Ha puc. 3.

/
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KinbkicTh TpaH3axuiif, THC. IIT.
Puc. 2. I'pacdik 3anexxHOCTI Yacy BUA0OYBaHHS aCOL[iaTHBHUX IIPABUIT
BiJl KinbKoCTi Tpan3akuii N, 'y 6asi D
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KibKicTh TpaH3aKIiif, THC. LIT.

Puc. 3. T'padik 3a1exHOCTI KiIbKOCTI BUTATHYTHX acotiaTuBaux npasun N ,
BiJI KiTBKOCTI Tpan3akuii N )y 6a3i D

3 pe3yJIbTaTiB EKCIIEPUMEHTIB BHIHO, LIO KUTbKICTh 3reHEPOBAHMX aCOLIaTHBHUX paBuil N, |

npornopiiina KiibKkocTi 3anucis N y 6a3i D. 3anpornoHoBaHui METO/] BUTSTAB Y CEPENHBOMY Ha
16-23 % mpaBui MeHIIe B opiBHsAHHI 3 MeTogaMud FARM i FWARM [7, 8], 1m0 mosiCHIOEThCA
BUKOPUCTaHHAM anpiopHoi iHdopmanii mpo 3Hauymiicte W, osHak T, € 1. Ile no3Bonsno He
po3riIsAaTh AesiKi HaOOpH (3 HU3BKMMM OLIIHKAMH 1HAWBITya bHOI 3HAYYIIOCTI W, O3HAaK) fK Ti,
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110 YaCTO 3yCTPidalOThCsL, i, BIAMOBIIHO, HE TUIBKH CKOPOYYBAJIO Yac MOLIYKY, ajie i 3MEHIIyBaJlo
KITBKICTh BUTSITHYTHX MPABUIL
Ha puc. 4 BigoOpaskeHO pe3ynbTaTH eKCIEPHUMEHTIB O JOCTIHKEHHIO KUTBKOCTI BUTSTHYTHX

acouiaTUBHUX NpaBua N |, Bill 3HAYEHHS MiHIMaJIBHOI MATPUMKE WMINSupport .

2500

—&— 3anpornoHOBaHHH METO
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acoIaTUBHUX MPABHII
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MHiManbHa HiITPHMKa, Wminsupport, %

Puc. 4. T'pacdik 3a71eKHOCTI KUTBKOCTI BUTSATHYTHX aCOHlé‘lTI/IBHI/IX npaBun N Al
BiJl 3HAUEHHs MiHIMaJIBHOI MIATPUMKH WMINSupport

Sk BUAHO 3 puc. 4, po3pobieHU METO] TeHEPY€E MEHIIE aCOLIaTUBHUX MPaBUII (0COOIMBO MPH
3Ha4eHHsIX wminsupport 10 0,5 %), 1110 TakoXkK HOSCHIOETHCSI BAKOPUCTAHHSM Y IIPOLIECi BUIO-
OyBaHHs MPaBHJI OLIHOK 1H/IMBITyaIbHOI 3HAYYIIOCTI W, , 110 JIO3BOJIAE HE BUTATaTH NPaBUIIa, SKi
He TPEeICTaBIAIOTh IHTEepeC NP aHaji3l JOCTIHKYBaHUX 00’ €KTIiB 1 MPOLECiB.

TakuM 4MHOM, pe3ylbTaTH EKCHEPHUMEHTIB MOKa3aliH, L0 PO3pOOJIEHUI METOA A03BOIISIE
BUTSTaTy 3 0a3 TpaH3aKLii YKCEeIbHI aCOLIaTUBHI PaBHiIa, BAKOPHCTOBYIOUHN NIPH LIbOMY aNPIiOpHY
iH(opMaIlito PO 3HAYYIIICTH O3HAK, 110 CKOPOUYYE IMPOCTIP MOIIYKY Ta Yac BUJOOYBAHHS ITPaBUII,
3MEHIIIY€E KUTbKICTh BUTATHYTHUX MTPAaBUJI 1 BIMOBIAHO, MiIBUIIYE PiBHI y3aralbHEHHS U iHTepIIpeTa-
0eJIbHOCTI CHHTE30BaHOi 0a31 acoLiaTUBHUX HPaBHUIL

BucHoBKH

BupimeHo akTyanbHy 3a1a4y aBTOMaTH3aLil BUAOOYBaHHS YHCENbHUX aCOLIaTUBHUX MPaBUIL

Hayxosa Hosusna poOOTH TOJIATAa€ B TOMY, IO 3alIPOIIOHOBAHO METOA BUIOOYBaHHS YHCEIIb-
HUX aCOI[iaTUBHUX MPaBUJI, OCHOBHUMH €TaIrlaMy SKOro €: ¢a33udikailis TpaH3aKIiiHOT 0a3u JaHUX,
BHU3HAYEHHS 1HIUBIAYaJIbHOI 3HAUYLIOCTI 03HAK, OOYHMCICHHS TPAHUYHUX 3HAYEHb MIATPUMKHU i
nmoOyoBa 0a3u YHCENbHUX acOI[iaTHBHUX MIPABIII. 3aIIPOTIOHOBAHMA METO ITependaydae azzud-
iKaIito 3a1aHo1 0a3u TpaH3aKIil i aBTOMaTHYHE pO3OUTTS [iana30HiB 3HaYeHb O3HAK Ha iHTEpBa-
JIM, BPaXxOBYE 1HAMBiLyaIbHY 3HAUYIIICTh O3HAK, BUKOPUCTOBYE KPUTEPii ATl OL[IHIOBAHHS HENpsi-
MUX acomialliii, o 3HMKY€E CTYITiHb y4acTi KOPUCTyBada B IMPOIEC MOIIYKY aCOI[IaTUBHUX MPaBHII,
3MEHIIIye HMOBIPHICTh BUSBICHHS MPAaBHII, IKi HEKOPEKTHO OIMUCYIOTH JOCTIKYBaHi 00 €KTH U
MPOLIECH, & TAKOX I03BOJISIE BUTATATH HaOOPH, 110 HE TLNBKH YacTO 3yCTPIiYaroThCs, ajie i piaKo
BHHHKAIOYI I[iKaBi acoIliaTUBHI NpaBwiia. BukopucTtanss anpiopHoi iH(opMallii mpo 3HadyIicTh
O3HaK y pO3po0IEHOMY METOIi I03BOJISIE CKOPOTHTH NPOCTIP MOLIYKY Ta 4Yac BHUAOOYBaHHS
TIPaBHII, 3SMEHIIIUTH KUTbKICT BUTATHYTHX IPABHUII 1, BIATIOBIHO, MiBUIIUTH PiBHI y3araibHEHHS U
iHTepIpeTabebHOCTI CHHTE30BaHOI 0a3H acOIliaTHBHUX IPaBHUII.

Ilpaxmuyna yinnicms OTPUMaHUX PE3yJIbTATIB MOJIATAE B TOMY, 110 HA OCHOBI1 3aIIpOIIOHOBA-
HOI'O0 METOAY PO3po0JIeHO mporpaMHe 3a0e3NeyueHHs, AKe J03BOJsiE BUKOHYBAaTH BUIOOYBaHHS
YHCeIbHUX ACOLIaTHBHUX MPABHUIL.

Crucok jiteparypu: 1. Paccen C. VickyccTBeHHBIN HHTEIUTEKT: coBpeMeHHbIH omxoxn / C. Paccen, I1. Hopawr.
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YK 004.5; 004.8; 007.85
UB. I'VPHHA, A4 KY3EMUH

MHUHUMM3ALIUA PUCKOB JJI51 ABTOMATH3HPOBAHHOMN
CUCTEMBI PACHOPEJEJEHHOMW YHEPTETUYECKOM CETH
NMOTPEBUTEJIEN

AHaM3UPYIOTCS U ONUCHIBAIOTCS CPEACTBA aBTOMATHU3aLIH TECTUPOBAHUS CII0XKHBIX MHTEN-
JIeKTyaJbHBIX cucteM. [Ipetaraercst Merosvka orpeenenus Hanoosee 3 PpeKTHBHOro BapuaH-
Ta TECTUPOBAHMS aBTOMAaTH3UPOBAHHON CHUCTEMBI PACHPENEIEHHON YHEPreTHYECKON CEeTH 1O0-
TpeduTene ¥ MpOU3BOAUTENEH AIIEKTPOIHEPT NH, TIO3BOJISIONIAS B TAOOPATOPHBIX YCIOBHSIX AMY-
JIUPOBATH CI0XKHOE OKPYKEHUE PEAIbHOIO MUpa TEIEKOMMYHHKALIMOHHBIX,, KIIMEHT-CEPBEPHBIX
u Internet-B3aMMOoIEeNCTBUI U BBITOIHSTL BCECTOPOHHEE TECTUPOBAHUE PACIPEIEICHHON CUCTE-
Mel. [Ipemnaraercs MeTo HOKPHITHSI OIIHOOK CHCTEMBI C IOMOIIBIO MATEMAaTHYECKOTO MOJICITH-
pOBaHMs IpaHHMI] TpaH3aKIMi. KiroueBble coBa — yMHBIE CETH, IPHHATHE PELIeHNH, selenium,
chrome driver, Hafe)XHOCTh, aBTOMaTH3UPOBAHHOE TECTUPOBAHNE, AaBTOMATH3ALMUs 3aIIPOCOB
BBITIOJTHEHHS 337124, Jenkins, TpaH3aKuust.

1. BBengenue

Cdepa sHepreTukn obecrieyrBaeT KU3HEICITCIIBHOCT U 0€30IMACHOCTh KaK BCEro OOIIecTBa
B IEJIOM, TaK M KaXJOro TOCYIapcTBa B OTICIBHOCTH, MPH STOM TEXHOJIOTMYECKON OCHOBOM
KQXKJIOH DHEPrOCHCTEMBI SIBIISIOTCS 3JeKTpudeckue cerd. [IpeoOpa3oBaHHE 3IEKTPOIHEPTETH-
YECKOr0 KOMILIEKCA B WHTEIUICKTYallbHBIC CETH SIBIISETCS PE3yJbTATOM MHOTOJICTHEH Hay4YHO-
WCCIICIOBATEBCKON JICITEIIEHOCTH, HMEHHO UM CErOJIHS YACNACTCS 0c000e BHUMaHHUE dHEpre-
THKOB.

B nHacrosimnee Bpemsi MOSBIISIFOTCS HOBBIC TEXHOJIOTHH MPOU3BOJICTBA AJICKTPOIHEPTUU — pac-
TET JOJI percHepaTHUBHOU 3JICKTPOIHEPTHH, pa3padaThIBAIOTCS HOBBIC YCTPOWCTBA, TAKUE KaK
ANIEKTPOMOOMIIN, Pa3BUBAIOTCS MHTCIUICKTYAIBHBIE 3JICKTPOIHEPTETUYSCKUE CUCTEMBI C aKTHB-
HO-aJIANITUBHO# CEThIO, TOCTPOCHHOM Ha OCHOBE UCTIOIb30BAH S HOBBIX IPUHIIMITOB M TEXHOIOTUI
nepenavnd ¥ mpeodpa3oBaHUU dnekTpodHeprur. C MOSBICHUEM pereHepaTHBHBIX MCTOYHHKOB
SHEPTUH, TAaKUX KaK SHEPTHs BETPa U BOJBI, MPOU3BOJICTBO SJIEKTPOIHEPTUU CTAHOBUTCS BCE
Ooee CIIEHTPATN30BAHHBIM M 00JIee 3aBUCSINUM OT MOTOHBIX YCIOBHH.

B CBsI3M ¢ 3THM DIEKTPHUECKUE CETH CTAHOBATCSA Bce Oonee AMHAMHUYECKUMHU. BHempeHue
HOBBIX METOJIOB YIPABIICHUS PACIpeieieHHEeM SHEPTUU B CeTH TpeOyeT IIUPOKOro CIEKTpa
WCIOJIb30BAHMS COOTBETCTBYIOIIMX TeXHOJOruid. OHUM M3 METOJ0B TUHAMUYECKOTO yIpaBlie-
HUS TIOTpEOJICHHEM SHEPTHU SIBISICTCS YNPaBJICHHE CIPOCOM, 3aada KOTOPOro — aJamnTanus
MOTPEOICHUS] SHEPTHH MOJIb30BATEIAMH K e¢ (PaKTHUECKOMY MPOU3BOJICTBY.

B koHIIENIINY «yMHOW YHEPTETHKN» OCHOBOIONATAIONIMM €CTh COBMAJICHUE BO BPEMEHH MPO-
I[ECCOB MPOM3BOACTBA M MOTPEOJICHHUS SJICKTPOIHEPTHH U PABEHCTBO 00beMa BHIPAOOTAHHOW M
MOTPeOAEHHON SIEKTPOIHEPTHH B KaXKIbIH MOMEHT BpeMeHH. KpoMe BHEApPEHUs HOBBIX YCT-
POMCTB, OTHOM M3 OCHOBHBIX 33124 SIBJIAETCS Pa3pab0TKa HOBOW KOHIICTIIMY YIPABICHUS TAKHMH
“YMHBIMH™ SJCKTPUUECKUMHU ceTsMH. [103TOMYy akTyanbHBI pa3paboTKa W MOAJCPIKKA MPO-
IPaMMHOT0 00ecreueH sI, KOTOPOe TO3BOIISAET MPOCTOEe M THOKOE KOH(PUTYPUPOBAHUE, MOHHUTO-
PHHT U TECTHPOBAHHE KaueCcTBa paOOThl BCEX KOMIIOHEHTOB MHTEIJICKTYaIbHOW CPEbl B YMHBIX
cerax Smart Grid.

2. KomnslorepHas cerb cucrem Smart Grid

33,[[8.‘18. «Smart Grid» cocTOHUT B TOM, YTOOBI CAcIaThb «MHTCIUICKTYAaJIbHBIMUW)» I'CHCPALULO,
nepeaavy u pacrupeaciiCHueC 3JICKTPOIHEPruu, o0ecIeunTh QJICKTPHUICCKUC CCTH COBPECMCHHBIMHA
AUAarHOCTUYCCKUMU CPCACTBAMU, aJIrOPUTMaMH, SJICKTPOHHBIMHU CUCTCMAaMU YIIPABJICHUA, TCX-
HUYCCKUMU YCTpOﬁCTBaMH THIIA OFpaHI/I‘II/ITeHeﬁ TOKOB KOPOTKOI'0 3aMbIKaHHA CBCPXIIPOBOAA-
J11150.¢ JIMHUM ¥ MHOYKECTBOM Apyrum HHHOBaI.IPIfI, IMOABUBIINXCA HA CeFO,Z[HHHIHPIfI ACHb B HAYKC U
TCXHHUKE. AKTyaJ'ILHLIM SABIIACTCA 06’LCI[I/IHGHI/I6 BO3MOYKHOCTEH I/IH(l)OpMaI_II/IOHHLIX TeXHOJ’IOFHﬁ,
YK€ IPUBBIYHBIX JJI1 II0JIb30BaTEIICH HHTCpHeT, C CHJIOBOH BHGKTpOTeXHHKOﬁ, YTO 3HAYUTCIIBHO
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COKpaTUT MOTEpPH MpH Tepenade dJIEKTPUUYECKOH SHEPTUU OT TeHepaTopa K morpebutento [4].
MHOroKpaTHOe yBEIHYEHUE HAJIEKHOCTH HHEPrOCHAOXKEHHUS IaeT BO3MOXXHOCTH ONTHMAalIbHO
nepepacpenensTh YHEPTETHUECKUE PECYPChl M TEM CaMbIM YMEHbBIIATh MUKOBBIE HArpy3KHU (Bce
AIEKTPOTEXHHUUECKUE CHCTEMbI IPOSKTUPYIOTCSI MMEHHO B pacuere Ha MUKOBbIE HArPy3KH). JTO
MO3BOJISIET MOTPEOUTENIO ObITH aKTHBHBIM HTPOKOM Ha PBIHKE AJIEKTpodHepruu. Bemp ecnn
paHblle MOTpeOHuTeNb Opal 3JAEKTPUUYECKYIO0 SHEPTHIO OT OAHOIO MPOoJaBla, TO Telepb OH HaXo-
IUTCS B YCIIOBHSX PBIHKA: MOXKET BBIOMPATh CPEIr KOHKYPHPYIOIIUX MPOU3BOAUTENCH.

Pa3pabotka cpenctB 3¢pekTHBHOrO B3aMMOIEHCTBHSI YeNIOBEKA C KOMITBIOTEPOM CUHTAETCS
OZIHUM U3 IPUOPHUTETHBIX HAMTPABIICHUH pa3BUTHSI HCKyCCTBEHHOTO MHTEIJIEKTa M HH()OPMAaTHKH B
LEIIOM.

Pa3pabotka yenoBeko-MalIMHHBIX HHTEP(]ECOB 11t BeO-NPUIIOKEHNH U TMHAMUYECKOE B3a-
HMMOJICHCTBHE TOIb30BATENS C MHTEIIEKTYalbHOM CHCTEMOIl UMEET OrpOMHOE 3Ha4YE€HHUE B CHUC-
TeMax yIpaBJIeHHs], TAK KaK OHHU JIOJKHBI OTCIIEKHBATh U KOHTPOJIIMPOBATh pearnpoBaHue Gu3u-
YECKUX CHUCTEM Ha pa3IMYHbBIE YCIOBUS OKPY)KAIOIIEH cpelsl B pEKHMME pealbHOTO BPEMEHH.
Takum o0pa3om, KpaiiHe BasKHO, YTOOBI OIIEPaTOp CUCTEMBI YIPABICHUS MOT IPHHUMAThH OTPOM-
HOE KOJIMYECTBO CTPYKTYPHUPOBAHHOH HMH(pOpPMaLUU O (PU3NIECKOM COCTOSHHHM CHCTEMBI, TPU
5TOM IPUHUMATD PEeLIeHHUs B KpaTYalIliii IepHo BpeMEHH.

B nHTENNEKTYanbHOM 37IEKTPOIHEPTeTHIECKON CHCTeMe 3aaya BU3yaan3anuy paboThl Bcex
KOMITOHEHTOB SABJISiETCSl Oojiee Ba)KHOW, YeM B TPaAWIMOHHON 3JEKTPOIHEpPreTHKE, TaK Kak
KOHEYHBIE MOTPEONTENH aKTHBHO y4acTBYIOT B pa0OTe CUCTEMBI B PEKUME PeabHOr0 BpeMeH!
U MI03TOMY KpaifHe BayKHO 00ecleynTh CTaOUIBHOCTh U KOPPEKTHOCTH paOOThI BCEX KOMITOHEH-
TOB 3HEPTreTHUUECKOr0 KOMILIEKCa.

3. Anaau3 cucrem Oe3omacHoctu Smart Grid

OnHUM H3 BaXKHBIX COCTaBHBIX aclEeKTOB 0€30MacHOCTH MH(OpMaUK B “yMHON ceTn” Smart
Grid sBRsieTcsT HaJEKHOCTh CHCTEMBI, B YaCTHOCTU - OTKAa30yCTOMYMBOCTh B KPHUTHYECKUX U
Ype3BBIYANHBIX CHTyalUsX. YTpo3a 0e30nacHOCTH paboThl KOMIIOHEHTOB “‘YMHOW ceTd” Smart
Grid MoxeT BO3HUKATh HE TOJBKO B PE3yJIbTaTe MpPEeJHAMEPEHHBIX aTak Ha MH(QOPMAIOHHYIO
CHCTEMY UJIM HEMPaBUIBHBIX JEHCTBUH MOJIb30BATENS, HO TAKXKE U U3-3a IIPEBBIIIEHUS KPUTHYEC-
KO Harpy3KH Ha cuctemy. s Haqe)XHOro U Ka4eCTBEHHOro (P)YHKIIMOHUPOBAHUS WHTEIIEKTY-
aJIbHON CHCTEMBI HEOOXOANMO UMETh AaHHBIE O MPeeIbHON Harpy3ke (BbIpayKeHHOU, HallpuMep,
B KOJMYECTBE CHHXPOHHO IIOCTYIAIOIIMX B CHUCTEMY 3allpOCOB IIOJIb30BATENs), O XapakTepe
MOBEACHUSI CUCTEMBI B YCIOBHSIX MEPErpy3Kd M BO3MOXKHBIX MOCICACTBUSAX B CIydae ee OTKasa
MIPU MPEBBILIEHUH TOMMYCTUMOM Harpy3ku [3].

WHTennekryanabHble CHCTEMBI, MCHOJIB3YIOIINE MAaTeMAaTHYeCKUEe MOJAETH U NPOrpaMMHBIE
QITOPUTMBI TECTUPOBAHHUS, MOTYT BBINOJIHATHCA B MUHUMAJIBHON KOHQUIYpalunu TEXHUYECKUX
cpencts. IIpuMeHeHne B HHTEIUIEKTYaIbHBIX CHCTEMaX 3HaHUM 00 0OBbEeKTe yIpaBleHUs B BUAE
(hopMaIM30BaHHBIX ONMCAHUH €ro CBOWCTB MO3BOJISIET CO3AaBaTh MH(MOPMALMOHHYIO H30BITOY-
HOCTb JUIS 3HAUYUMBIX NIEPEMEHHBIX pelIaeMbIX 3a/1a4, KOTopas COOCTBEHHO M UCIIONIB3YeTCs IS
ABTOMATU3HPOBAHHOIO TECTUPOBaHUs [5], [6]. B 3TOM ciiyyae MOBBILIEHHE OTKA30yCTOMUYNBOCTH
MPOUCXOANT O3 yBEINUEHHSI KOJTMYECTBA 1aTYNKOB IIEPBUYHON HHPOPMALNH, T.€. HCKITIOYAIOTCS
MHOTHE IpoOJIeMbl, IPUCYIIUE aNllapaTHOMY TECTUPOBAHHIO.

4. IlocTranoBka 3agaum

WntennexryansHas cets Smart Grid obecriednBaeT aKTUBHOE YIPaBJIeHUE, KOHTPOJIb U ydac-
THE KaK IPOU3BOANTENEH, TaK U MOTPeOUTENeH 3JIeKTPUUECKON SHEPTHH.

s obecriedeHUs] KAYeCTBEHHOM pabOoThl «YMHOM CeTH» HE0OXOOUMO HaJIOKEHUE KOMMYHH-
KallMOHHON MH(PACTPYKTYPhI U COOTBETCTBYIOLIMX CEPBHUCOB HAa YHEPTOCHCTEMY, IO CYTH, HEOO-
XOUMO COEAMHUTH BCE KOMIIOHEHTHI B €IMHYIO KOMMYHHMKAllMOHHYIO cucTeMy B MHTepHere,
TaKuM 00pa3oM, YTOObI KOMMYHHMKALIMSI IPOUCXOINIIA B PEXUME PEalbHOIO BPEMEHH.

Hns Smart Grid ncnonb3yeTcst MHOXKECTBO Pa3IMYHBIX TEXHOIIOTHH, IPOTOKOJIOB, HHTEP(eii-
COB ¥ MHOT/Ia 3aMIaTeHTOBaHHbIE TeXHONIOTHH. LlenTpanbHbiM (hakTopoM padoTHI “yMHOII ceTn” B
peabHBIX YCIOBHSX SBIISETCSl KAUECTBEHHOE B3aMMOAECIHCTBUE BCEX KOMIIOHEHTOB.

AXTyanbHBIM SIBJISIETCA pa3padOTKa MHCTPYMEHTANbHBIX CPENCTB, MO3BOJIAIOMINX B Jlabopa-
TOPHBIX YCIOBUSIX 3MYJIHPOBATH CIIOKHOE OKPY>KEHHE PEabHOI0 MUPa KIIMEHT-CEPBEPHBIX, TENe-
KOMMYHUKAIIMOHHBIX M Internet-B3anMoAeHCTBUH W BBINOJHUTH BCECTOPOHHEE TECTHPOBAHHE
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pacnpe):[eneHHoﬁ CUCTCMBEI. 33.,[[8.‘13. TaKUX UHCTPYMCHTAJIBHBIX CPEACTB — OpPraHu3alusid mabo-
paTopHOro HMCIBLITATCIIBHOTO CTEHAA, KOTOpLII\/'I 6yZ[CT OMYJUPOBATh OT ACCATKOB OO ThICAY
HOHLBOBaTeﬂeﬁ, MOChUTAOIHUX U IMOJYYarouux I/IH(l)OpMaI_H/I}O, BOCITPOU3BOAA TEM CAMBIM CJIOXK-
HOE B3aMMO/ICHCTBHE MCKAY KIIMCHTCKHUM U CEPBCPHBIM IPUITOKCHUCM, Oazamu JaHHBIX, Internet-
CEpBCpaMU U APYTUMHU CUCTEMAMMU.

5. ABTOMATH3MPOBAaHHOE TECTUPOBAHHE CJIOKHBIX CHCTEM

O6nayHble TEXHOIOTUH — 3TO MOJEIb MPENIOCTaBICHHS TOBCEMECTHOTO U YJOOHOT'O CETEBOTO
JocTyna K o0IeMy myny KOH(UIYpHUPYEeMBIX BBIYMCIHMTENBHBIX pecypcoB. Ha ceromusmHui
MOMEHT MHOTHE OPTaHU3aIlUi BHEAPSIOT BUPTYaIH3alHIO U 00JauyHble TEXHOJIOTHU B CJIOXKHBIE
WHTEIJIEKTyaJIbHBIE CUCTEMBI JJIsl CHUYKEHUS 3aTpaT U moBbileHus 3¢ dextuBHOCTU. BupTryanu-
3anus U 00JauHbIe HHPPACTPYKTYPHI TAKIKE UCTIONB3YIOTCS AJISl pACIIMPEHUSI aBTOMAaTH3UPOBAH-
HOT'O TECTHPOBAHUS 32 CUET COKpALIEHUs] MHBECTHIHN B hru3ndeckoe o0opyaoBaHNE, HEOOXOH-
MoOe JUIsl CO3AaHus TECTOBOM cpenbl. BHeApeHue STHX TEXHOIOTHI SBIsIeTCS Kpocc-Opay3epHbIM
U MOXXET OBITh MCIOJIB30BAHO AJISl Pa3IMYHBIX OMepaluoHHBIX cucteM. Selenium WebDriver
HMEET MOJTHYIO0 TEXHUYECKYIO MOAIEPIKKY IS TECTUPOBAHUS NPUIIOKEHUH B BUPTYaJIbHOM cpere,
a KpoM€ TOro MpEeICTaBIISIET BO3MOXKHOCTH BBINOJHATH TECTHl MapajiI€dbHO, YTO CHIDKAET
3aTpaThl ¥ MOBBILIIAET CKOPOCTh H MOOMIIBHOCTh TECTHPOBAHUS CIOKHOW pacmpenereHHON Chc-
TEMBI.

6. Ilpenyaraemoe pemenue

K ocHOBHBIM 3a7auaM aBTOMaTH3MPOBAHHOI'O TECTUPOBAHMS OTHOCATCS TOBBIILIEHUE KPUTH-
YeCKOH HaJIeKHOCTH, BKJIIOYAsi caMble clalOble M yS3BHMBIC 3BEHbS, YIMPEKICHHUE CHCTEMHBIX
PHCKOB U yIpo3, OBICTpOE pearnpoBaHne Ha HHIMACHTHI U aBapuu. BOT CMBICI, KOTOPBIH 3aJ105KeH
B aBTOMAaTHU3WPOBaHHOE TECTUPOBAHUE «YMHBIX ceTei» i «Smart Grid». Selenium - HaneKHBITA
¢ peiiMBOpK aBTOMaTU3aIIMH, CIOCOOHBIN paboTaTh C JIIOOBIM Opay3epoM, MO3BOJISIIOLINNA pa3pa-
0aThIBaTh TECTHl C OYEHH CIOXKHOH JIOTMKOW MOBEOEHUS M MpOoBepok. Selenium Server MoxeT
NPUHUMATh KOMaHbI C YIANEHHON MaIlIMHBL, TAe pabdoTaer clieHapuii aBTOMAaTH3aIMH, U HUCIION-
HATH MX B Opaysepe. Heckonpko cepBepoB Selenium MoryT oOpa3oBBIBaTh pacnpenciéHHYIO
ceThb, KoTopas HaszpiBaercs Selenium Grid, yTo MO3BOJISIET JIETKO MAacIITa0MPOBATh CTEH] aBTO-
MaTu3anud. Selenium-Grid ucnons3yercss A YCKOPEHHUsI BBIIOJHEHUS! TECTOBOTO IMPOXoJa ¢
TIOMOIIBIO HECKOJIBKUX KOMITBIOTEPOB JUIS BBIIOJIHEHUS TECTOB MapautensHo. Hampumep, eciu
MMeeTCs TeCTOBBIN Habop, coctosmmii u3 100 TectoB, HO ipu 3TOoM Selenium-Grid pacripenenena
Ha YeTHIPEX Pa3IMYHBIX cepBepax (BHPTyaJbHBIC MAIIMHBI I OTJCTbHBIC (PM3HMYECKHE MAalllH-
HBI), IPOXOXKIECHHE TECTOB OyIIET MPOU3BOJUTHCS B YETHIPE pa3a ObICTpee 110 CPABHEHHUIO C TEM,
eciy OBl TEeCTHI 3aITyCKaJIMCh MTOCIIEIOBATENFHO Ha OJHON MalliHe.

Jlist GonpIIMX HaOOPOB TECTOB M KOMIUIEKCHBIX TECTOB, MMEIOIIMX OOJIBIINE 00HEMBI JAHHBIX
JUTSL IPOBEPKH, 3TO MOXKET CTaTh 3HAYUTEIHHOH 3KOHOMHEH BpeMeHH. Bemb /Ui BBIOTHEHHS
HEKOTOPBIX TECTOB MOXKET MOHAJ0OUTHCS HECKOJIBKO YacoB.

Kpome Toro, ObicTpoe BBHITIOIHEHNE TECTOB MO3BOJISET COKPATHTh BPEMS ISl yCTPAHEHHUS TOH
WM WHOH OIIMOKH, 4TO OYE€Hb Ba’KHO B TAKMX CIIO)KHBIX KOMITIEKCHBIX cHcTeMax kak Smart Grid.

Bmecre ¢ Tem, aBTOMaTH3HPOBaHHBIE TECTHI MO3BOJISIOT MOMTYYaTh HEMEIUICHHYIO 00paTHYIO
CBSI3b.

OO1mast CTpyKTypa MHTEIUIEKTYa bHON 3JIEKTPOIHEPTeTHYECKOW CHCTEMBI KpaiiHe pa3sHOpO.I-
Ha I10 M POKOW COBOKYITHOCTH TEXHUKO-TEXHOJIOTHUECKHX M HHBIX ITApaMETPOB M XapaKTEePHCTHK,
4TO 3aMeJUISeT MPOLECC JIMKBUAAIMH CYIIECTBYIOIINX OMHMOOK B paboTe u Tpedyer yrnopsaoue-
HUSI B paMKax eJMHOTO ITOJIX0/1a, KOTOPBIN JOJDKEH OBITH L1eNleco00pa3Ho c(hOpMUPOBaH Ha HOBBIX
NPUHIMIIAX [OCTPOCHUS aBTOMAaTHYecKHX TectoB. Ha puc. 1 mpencraBiieHa mpeiaraemas
MOJIENIb CHUCTEMBI.

JI71st OOBEKTHBHOTO OLICHUBAHMS CBOWCTBA OTKAa30yCTOHYMBOCTH HHTEIUIEKTYaJIbHONW CUCTEMBI
MBI IIPEIUIaraeM MCIIOIb30BaTh CIETYIOIINIA TTOKa3aTelb:

(P :;ﬁ (Ci)*(fmax *N)_l, (1)

rae fi — YUCJIO (bYHKHHﬁ, KOPPCEKTHO BBITIOJIHACMBIX HHTGHHGKTyaHLHOﬁ CHCTEMOM B COCTOSIHUH
Ci (HaanMep, B ClIydac OTKa3a pa6OTLI KaKoro-an0o KOMIIOHEHTA HHTGJ’IJ’IGKTyaJ’ILHOﬁ CUCTEC-
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MI:I); fmax — YHCJI0 q)yHKI_II/If/i, KOTOPBIC BBIITOJHACT MMOJTHOCTBIO UCIIPpaBHAA CUCTCMA, N — konuue-

CTBO BO3MOXKHBIX COCTOSHUI HHTCJ’IHCKTyaHLHOfI CHCTCMBI.
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Mocha
<2 framework

Selenium
TMomsmousEre: Ha
Penaxtop Hubc
Webstorm HCTIONB2OBIHUEM Mexanman

IEWindows IHCTAHOHOHHOIO
YOpaB.IeHHs
Seleninm
TMomsmousEre Ha
Huobe
HCIOMESOEAHHEM
IELinux

\Grid /

Puc. 1. MOI[GJ'H) TECTUPOBAHUS KaUeCTBA pa6OTLI HHTeJIJIeKTyaHLHOﬁ OHEPICT! MYECKOM CHCTEMBI

OnHoli U3 HOBEHIIMX pa3pabOTOK B 00JIACTH TECTUPOBAHMSA, KOTOpasi COOTBETCBYET TpeOoBa-
HUSM MHTEIUIEKTyanbHOU cucteMsl Smart Grid, sBnsiercst cepsuc ,,Sauce On Demand* (puc. 2).

Open Sauce Selenium
«Sauce OnDemand»
Web 3AMEHAET NOKaNbHLIE Gpay3epbl U NO3BONAET
Sewor WCNONb30BaTL HOBbIE MHCTPYMEHTDI, TakWe Kak
BHIE0 TECTOB B PEXUME PEanbHOMD BpeMeHH
' +apyrie
6 bl
bpaysepbl bpaysepbl__- P
I- J] L — |
INokanbHaa noanepaka
3xk3emnnApbl 6payzepoB B obnake
3ksemnnApos bpaysepos

noAroToBAeHHble AnA Selenium.

Mpenmywecrea «Saucen;

-Bonee GbICTpOE TRCTHPOBaHKE W Pa3paboTKa;

Tecr - JKOHOMMA PECYDCOB 33 CYET THGKON MHGPACTPYKTYpLI;
- BO3MOKHOCTD YPOLLEHHA HA10Nb30BAHNA HHCTPYMEHTOB;

Puc. 2. Cepsuc ,,Sauce On Demand*

JlaHHBIN MPOAYKT MOCTPOEH HAa OCHOBE MpoAyKTa Selenium, HO B OTJIMYUE OT HEro Tpedyer
MEHBIIINX BPEMEHHBIX pecypcoB. KpoMe Toro, NaHHBIN CepBUC BBITIOTHSET HEMPEPhIBHOS CKaHU-
pOBaHUE 3KpaHa B KaKJ0W TECTOBOM MAIIMHE U XPAHUT BCe BUAECO B Amazon S3. DT0 MO3BOJSET

BBIMONIHATH Selenium Kpocc-Opay3epHble TECTHI B 00JaKe 6e3 HeoOXOANMOCTH HACTPOHKHU CpPEIbl
TECTHPOBAHUSI.
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Amazon Simple Storage Service (Amazon S3) — onnaliHoBas BeO-Ciryxk0a, mpeaaraemas
Amazon Web Services, nmpemocTaBisonias BO3MOKHOCTb JJIsl XpaHEHUsI U TIOIyYeHHUs JII000To
00béMa aHHBIX, B J1I000€ BpeMs U3 JI000W TOUKU CeTH, TaK Ha3bIBaeMbIil (ailyIoBbIi XOCTHHT.
Ha ceromusimamii neHp ObUTO 3amymeHHO B 00IIeM dncie 3 MIJUTMOHA TECTOB, BCE U3 HUX OBUIH
KOHBEPTUPOBAHBI B BUJIEO.

B kauecTBe (peiiMBOpka TeCTHpOBaHMS MbI MpeAiaraeM Hcmoiab3oBath JavaScript Mocha,
KOTOpBIH sIBJIsIeTCSt MHOTO(QYHKLIMOHANBHEIM (peiiMBopkoM JavaScript, mo3Bonsier paboTaTh
OT/ICNIBHO C y37aMH U Opay3epaMd M BBINIOJIHATH aCHHXPOHHOE TECTHPOBAaHUE MPOCTO M Kaue-
cTBeHHO. Mocha-TecThl BBIONHSIOTCS MOCIIENOBATENFHO, YTO o0ecrednBaeT Oojee THOKYIO
BO3MOKHOCTb BBIINIOJIHEHUS TOUHOW OTUETHOCTH.

Cepep Jenkins umee Selenium
Grid u 3anaHKe KoHUTypUpyeTea
B COOTBETCTBUM € BbINONHEHUEM

Anmurucrpatop KoHgurypupyer

TectoB Selenium
3apanme gna Jenkins
| TestCasel
@ i Bi30B 3ananua
1na Jenkins

JannaxupoBanHoe Cepeep Jenkins Mipoaykr )
Jananme http://x.x.xx.:8083/main

Yaen 1: Y3en 2:

Windows 7, IE8 Unix, FF

Puc. 3. INpunnun pabots! ¢ cepepom Jenkins

Kpome Toro, Mbl ucmonas3yeM cepBep HempepbiBHOW mHTerpamnuu Jenkins (puc. 3), KOTOpbIi
MO3BOJISIET MPOBEPUTH, YTO KakJas cOOpKa MPOEKTa MpOIUIa YCIemHo. Pe3ynbraTsl aHanmmsa
CHUCTEMBI 0TOOpakeHBI Ha quarpame (puc. 4).

T A 1itl A ecnu npu cOOpKe BO3HUKIIM KakKHe-TO Mpo-
ecroBbii paun: myTests1.jt 0JIeMBI, TO OEpPaTop HEMEAJIEHHO 00 3TOM Yy3Ha-

Bpemﬂ pearupoBaHus er, - eMy OyJeT OTIpaBJIeHO yBeAOMIIEHHE (PHC.
5). U kpome Toro, mpu HCMOIB30BaHUM CEpBEpa
HENpPEephIBHON UHTETPAlNH HE HYXKHBI CIIEIIHAITb-
Hble pyuHnbie aerictBus. Cepsep Cl cpasy mocne
2 ~ T W3MEHEHHI CaM BBIMIOJIHAT BCE TECTHI MPOEKTa,
_ 2.make. | 3QIYCTHT aHaJM3aTOpHl Koda M cobeper pasnnd-
~3-mun. | HBIE MeTpuKU. Kpome Toro, Jenkins moBossier ocy-
il 1 IIECTBIISITh HArpy304HOE TECTUPOBAHUE C ITOMO-
200 MBI HUHTETPAlUH TEXHOJIOTHU JMeter.
0= JMeter sBisiercss AMyIATOPOM pabOTHI OOIb-
* IIOT0 KOJTMYECTBA IONIb30BaTeNeH (puc. 6).
"pOI.I,E'HT own6oK JMeter maer BOBMOXXHOCTh T€HEPUPOBAThH KO-
100 nu4ecTBO Toiib3oBateneld (number of threads),
90 BpeMsi, 32 KOTOPOE HaUYHYT paboTy BCe MOIb30Ba-
Tenmu (ramp-up-period), KOTUYECTBO ITUKIOB IS
Kaxknoro nois3oBarens (loop count).
2 50 Jns xax7aoro BHUPTYallbHOTO MOJIB30BATENS
40 JMeter nopoxaaer HUTh. C MOMOLLIBIO MOCIEAO-
el BatenbHocTn HTTP-3ampocoB 3amaercsa cueHa-
puii moBeIeHNs TTOIh30BaTeNs («IUTaH TECTUPOBa-
HUs»). Ha maHHOM 3Tane pa3BuTHs HHPOPMAIHOH-
€ & i e HBIX TEXHOJIOTUH OTCYTCTBYET BO3MOXKHOCTH CO-
72 Puc.4. JImarpamma ommb6ok B Jenkins
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30aBaTh CIEHApUU MOBEICHHUS MONb30BaTeNel pU MOMOIIK Opay3epa. YpaBlieHHEe 3allpocaMu
OCYILECTBIISICTCA C MOMOIIBI0 MOAYJIEH, Ha3bIBaEMBIX KOHTPOJUIEPAMM, @ JIOCTYN K JTAHHBIM
TECTUPOBAHMSA — IIPU TIOMOIIN ciymaTteneld. Kaxxaplii cinymaTens cobupaer nH(opManuioo, 0OTHO-
CSILYIOCS TOJNBKO K OZHOW ONpENeNeHHOW TpyIIe BUPTYaNbHBIX moib3oBateneid. CoOpaHHYIO
WH(POPMALIMIO MOXHO MPEACTaBUTh B TEKCTOBOW (opMe ¢ momomrbio ciymatens File Reporter
WK B BUJIE Tpaduka ¢ momouisio cnymatens Graph Results. [Ipu aTom nponsBoanTcst 1 epBud-
Hasl cTaTHCTHYecKass 00paboTKa pe3ynbTaToB. VHTepBaslbl BpEMEHH MEXIy 3alpocaMy 3afa-
I0TCSl C TOMOIIIBIO TaiMEpPOB.

All | 4
s w Name . Kpainnil ycnex Kpaiinaa Heygaua KpaiiHaa NpoAomKHTENEHOCTE
«check that customer is online HeussecTho HeussecTho HeussecTho ‘2)
fﬁg recent customer activity check HenssecTro 13 greit - 2 13 cenyna li)
[ as meter check HeussecTHo HeussecTho HeuzsecTho E)
-
[ electricity meter check HenssecTHo HeussecTho HeussecTho E)
-
i f"g check the message for the customer 13 gred - £2 HeussecTHo 5 MuHyTol 27 cekyHa ‘E)
[ J .‘rﬁg peak load testing HewsgecTHo 13 e - £1 53 cexynn IE)
[ J .‘f’ﬂ network analysis 7 e 19 uacos - £106 4 awa 21 vacos - £113 4 amisyThl 20 cexyia ‘E)
g demand response optimization testing 15 et - 4 HeussecTro 17 cexyma IE)
customer SEl.l"leﬂGﬁﬂll tesling 1mecau 3 ghn - £4 HeussecTho 30 munyT ‘2)
Mrorka: SML
Deretina E! RSS gna Beex E! RSS ana HeyaauHbx E! RSS ana nocnenrux cGopok

Puc. 5. HpHMep PCaIN30BaHHOIO TECTA ITPOBEPKU OTIIPABKH COO6III€HPII>'I T10JIB30BaTCIISAM

OpnnauM u3 goctonHCTB JMeter sBiIsIETCS BO3SMOXKHOCTD YAAJIEHHOIO TECTUPOBAHMS C UCTIONb-
30BaHMEM KIIMEHT-CEPBEPHOM apXUTEKTYpbl Ha OCHOBe MexaHu3Mma Java RMI. I'enepanus Ha-
TPY3KH B cOOp JaHHBIX OCYIIECTBIIIIOTCS Ha OTHOM Y3JIe CeTH, a 00paboTKa M BU3yalH3alus
JAHHBIX — Ha IPYroM, YTO MHUHMMHU3HUPYET BIUSHHE I1APAMETPOB CpPElbl NIEpeAadn JaHHBIX Ha
pe3ynbTaThl H3MepeHnid. KimeHT-cepBepHas apXuTeKTypa AaeT BO3MOXKHOCTb IIOCTPOEHUS pac-
MPENETICHHON CUCTEMBI TECTUPOBAHUS ITyTEM pa3MELICHUST HE3aBUCHMBIX TECTUPYIOIIUX KOMIIO-
HeHToB JMeterEngines Ha y3/max BEIYHCIUTENBHON CETH M yIAJIEHHOTO YIPABJICHUS UMHU.

PureLoad PaBouue
MPOLECELI,
MEMONHREMEIE TecTpyemas
LCepaep HA Y2Nax CeTH CHETEME
Ynpaenawwas YIpPABNEHHA
KOHCOME 34 /1AHH AL

PureLoad

.ili Z

Hlih N\

= RS

Puc. 6. Korduryparwst paboTs cicteMsl Jmeter

Eme onno nocronncto JMeter, ynporuatomiee 00padOTKy pe3yabTaTOB TECTUPOBAHUS, — 3TO
BO3MO)KHOCTb MCIIOJIb30BAHUS TECTOBBIX YTBEpP)KICHUI (assertion). Ee Hanmuune mo3BosisieT aBTo-
MaTHYECKU MPOBEPATH COOTBETCTBHE OTBETOB CEPBEPA, IONYUCHHBIX B XOAE TECTUPOBAHMA,
OKHJaeMbIM BennyrHaM. Hanpumep, ¢ MOMOIIBIO TECTOBBIX YTBEPKACHUN, 3alIUCAHHBIX B (Op-
M€ PEryJsIpHBIX BBIpQXKEHHH, MOXKHO HPOBEPUTH Hanuuue onpeneneHHoro tekcra B HTTP-
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otBere. Mcnonp3oBanue Java He TOIBKO oOecrieunBaeT MoLAEp Ky OONBIIOro Yucia miaardopm
u objeryaer MOCTPOEHUE PACHpPENENCHHBIX CUCTEM, HO TaKkKe CIOCOOCTBYET pacCIIMpSIEMOCTH
JAHHOU CUCTEMBI TECTUPOBAHUS.

PasButuio JMeter cocoGCTBYeT U JOCTYIHOCTh MCXOMHBIX TEKCTOB; STO MO3BOJISIET Haje-
ATHCS Ha MOBBIIIEHNE KaYeCTBa JaHHOTO HHCTPYMEHTapus B OyIyIIeM.

PesynpraT TECTa — MAakCUMAallbHOE YUCIO IOIb30BATENIEH, KOTOPBIE MOIYT OXHOBPEMEHHO
MOJYYUTh JOCTYIN K BeO-y31Iy, YHCIIO 3alPOCOB, 00pabaThIBaEMBIX NPUIOKEHHUEM, MU BpeMs
OTBETa CepBepa.

OCHOBBIBasICH Ha MOMYYEHHOM pe3ylbTaTe, BeO-MacTep U CeTeBOW aAMUHHUCTPATop (B pado-
T€ cepBepa Y4acTBYIOT M Jpyrie KOMIOHEHTHI CETH, MapIIpyTU3aTOPbl, OpaHaMay3p, KIIHUPYIO-
MK ¥ IPOKCU-cepBep, 6a3a JaHHBIX) CMOTYT 3apaHee BBISIBUTh Y3KHE MECTa, BOSHUKAIOIINE H3-
3a HecOaJlaHCHPOBAaHHOW PabOTHl KOMIIOHEHTOB, M HCIIPABUTH CUTYAIHIO, TIEPEel TeM KaK BKIIIO-
4aTh CHCTEMY B peajbHYyI0 pabory.

Bo Bpems TecTHpOBaHMS UMHUTHPYETCSl ONHOBPEMEHHAs: pad0Ta HECKOIBKUX COTEH HIIU ThI-
csiu mocerutenei. s Gonplieil mpaBAXBOCTH KaXIbIi U3 BUPTYaJbHBIX MOJIb30BATENEH MOXKET
«XOIUTH» IO CAUTY MO MHIUBUAYAJIBHOMY CLEHApPHUI0 U UMETh JIMYHBIE ITapaMeTpbl. Taxxke B
IIPOLIECCE TECTUPOBAHUS MOXKHO HMUTUPOBATh KPATKOBPEMEHHBIE IIMKU HATPY3KH, KOI'1a KOJIUYe-
CTBO TMOCETHUTENEeH CKauKoOOpa3HO YBEMYMUBAETCS, UTO OUSHb aKTYalbHO ISl CATOB C HEPaB-
HOMEPHOU ayAUTOpHUEH.

Ha puc. 7 npencrtaBieH mpuMep pealiM30BaHHOTO TECTa MPOBEPKH OTIMPABKH COOOIICHHI
MoJb30BaTeNsIM. B 1aHHOM TecTe Mbl OOBSBISEM TIEPEMEHHYIO TIOJIB30BATEINS, 3aTEM B OTHEIb-
HOU TepeMeHHON OO0BSIBIISIEM TEKCT, KOTOPBI XOTHM OTIIPaBUTh, TOCIE 3TOTO 3aX0auM B Web-
HPUIOXKEHUE KaK ONPEICIICHHBIN I0JIb30BATENb, 3aTEM IO CCBUIKE IEPEXOIUM B JHAIOTOBOE
OKHO, OTIIPABJIsIEM COOOILEHUE U MOCIIE 3TOT0 MPOBEPSEM, YTO COOOLIEHHE ObLIO JOCTABIEHO.

it (‘should be able to send dialog message’, function () {
var participant=users.StephenPowers,

textToSend = “Hello’, +participant name +*! Current UNIX
time is’ + (new Date()).getTime();

helper loggedinAs(users Andrew Boyd);
browser.get(*/messages/dialogs/id:” +participant._id toString());
sendDialogMessage(textToSend);
lastDialogMessage(*Hello®).should be equal(textToSend);
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Puc. 7. Tlpumep mpoOBEpKH OTIIPABKU COOOIICHHH ITOTH30BATEISIM

helper loggedInAs(users AndrewBovd);

browser get(*/messages/SendSms");
selectReceiverngroupName);
tvpeMessage(textToSend);

sendMessage();

selectDialog(users Trishamiller name);
lastDialogMessage().should be equal(textToSend);
selectDialog(users. WendieLarkin name);
lastDialogMessage().should be equal(textT oSend);
selectDialog(users WendieLarkin name);

lastDialogMessage().should. be equal(textT oSend);

Puc. 8. Unraemslii TecT
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Jns morcka HeoOXOIMMOTO dJIeMeHTa B Opay3epe Mbl ucnoib3yeM XPath. Xpath — 370 s13b1K
3armpocoB K ameMeHTaMm xml niam xhtml nokymenta. Taxke kak SQL, xpath siBisiercst nexnapa-
TUBHBIM SI3BIKOM 3a1IpoCcOB. UTOOBI OMYYUTHh HHTEPECYIOIINE JaHHbIE, HEOOXOHUMO BCETO JIUIIb
CO37aTh 3alpoc, ONUCHIBAIOIIMEI 3TH AaHHBIE. Hanpumep, HaM HEOOXOAUMO MOMYYHUTh SIEMEHT
CCBUIKU!

<div>

<div id="div-id”>nekoropsrii div</div>

<div>eme onun div</div>

<a href="http://internetka.in.ua/””>

<img src="url” alt=""kapTuHKa-ccpuiKa” />

</a>

</div>

JJ1 3TOr0 JOCTaTOUHO HAMMCATh OAWH U3 MPEACTABIEHHBIX HUKE 3alIPOCOB:

driver.findElement(By.xpath(*//div[@id="div-id’}/..//a”));

driver.findElement(By.xpath(“//div[@id="div-id’ /following-sibling::a”"));

Kpowme Toro, ¢ momomipro XPath (1t DOM) MOXHO HaliTH SIEMEHT OTHOCHUTENBHO PAaCIOIOKe-
HUS APYTHX 3JIEMEHTOB Ha 3TOM cTpanule. Hampumep, ecinn He0oOXOAMMO POBEPUTH, UTO JaHHAS
CCBUTKa HAXOAUTCS BO BTOPOM Naparpade TekcTa, BHYTpH ceKuu <div>. To MOXHO 3a1aTh IpU
nomou XPath. IIpn ncnonp3oBannu jgokatopoB ID W name MOXHO MPOBEPUTH JHIIb (PaKT
HaIW4Msl dJIEMEHTa Ha CTpaHHIe BooOmle, 0e3 yka3aHWs ONpENeIeHHOTO MECTOIOJIOKEHHUS.
Hanpumep, ecinu ecth HEOOXOAUMOCTD IPOBEPUTH, UTO 3JIEMEHT OTOOpa)kaercsi HaBepXy caiiTa,
B cekumnn <header>, To ciemyeT ucmonab3oBaTh JokaTop XPath. Beia paspaborana meroauka,
COTJIaCHO KOTOPOI BHYTPEHH:IsSI CTPYKTYpa BceX (DYHKIMK MHKAIICYIMPYETCS B OTACIBHBIN (aiin,
TEM CaMbIM MBI YIPOIIAeM CTPYKTYpy TECTOB W JenaeM HX Oonee unTaOenbHBIMH. 31eCh
MOJpa3yMeBaeTcsl TO, YTO CTOPOHHHM YHTaTeNb, 00NaAaloNMi HCKIIOYUTEIHHO KOHTEKCTOM
MpEeAMETHON 00MacTH, B KOTOPOW HANUCAH TECT, YUTasi TOJIBKO TECT, HE BBIHYKACH OTBJICKATHCS
Ha BBISICHEHHE JeTajell B APYrod KOHTEKCT, MOXET MHTYUTHBHO AOrajaTbCcs O CYyTH TecTa U
BBIMOJTHSEMBIX UM YTBEP)KICHUSIX M TPOBEpKax (puc. 8).

7. IlokpbiTHe OMHOOK CHCTEMBI NyTeM TEeCTHPOBAHMS Iepexol0B

M1 mpeniaraeM METOJ TOKPBITHS OMIMOOK CHCTEMBI C IMIOMOIIBI0 MaTEeMaTHYECKOTO MOJIe-
JIUPOBAHUS FpaHuUL TpaH3akuuii [7, 8].

[Ipemnaraercss MCHoab30BaTh MIECTEPKY:

A=(,0,L1,,C,T),

riae 1 — KOHEYHOEe MHOXECTBO BXOJIOB, KOTOpPBIE MPEACTABIAIOT COO0M COOOIIEHMs, MOTydeH-
HbIE CHCTEMOH OT OKpYyXXarmIlmei cpembl; O — KOHEYHOE MHOXECTBO BBIXOJOB, KOTOPBIE
MPENCTaBISIOT cO00i COOOIEeHUs, mepenaBaeMble CUCTEMON B OKpYXKalomer cpemy; L —
KOHEYHOE MHOXKeCTBO TonoxeHui. [lonoxeHne npencraBiser coboi “cTaTyc” CHCTEMBI MOCIE

BBITNIOJIHEHUSA Iepexona; l,e L— HayajabHOE MOJOXKEHHE CHCTEMBI;
Tc L xIuO0)x$(C)xP(C)xL — MHOXKECTBO TPaH3aKIUH.
m,G,R

Tpanzakuus obo3HaueHHas, kKak t : | — 1', cOCTOUT M3 HAYaNBHOTO TONOXKEHHS | ,

BXOJISIIETO HUIIH BHIXOISIIErO COOOIIEHUS m , BPEMEHHOM MPaHuUIbl G , IIOJMHOKECTBA CUETUH-
KOB R, KOTOpBIE COPACHIBAIOTCS, KOT/Ia TPAH3AKIKMs BBINOIHEHA, U LIETEBOro ojIoxkeHus |' ( T.e.
nenb(t) =1'). Kaxaplii caerunk B R mcmonb3yercst Uist 3amicH, 9TOOBI OMPEICITHTD, CKOIBKO
BPEMEHH IPOIILIO OCIIE BHINOIHEHUS TPaH3aKMU. Takue CYETYNKHM B OCHOBHOM IIPUMEHSFOTCS
JUIS ONIPEENEH s BDEMEHHBIX IPAHUIL MEX/Y TPAH3AKIUIMH, B MOMEHT MX OOHYJIEHHs, U OyIy-
IIMMH TPaH3aKIUSAMH. ByjieM cuuTaTh, YTO TPAH3AKI[MU BBINOJHSAIOTCA MIHOBEHHO (T.€. OHM HE
TpeOyIOT BpeMeHH IS BBINONHEHHUs ). KpoMe Toro, TpaH3akIMu Ha BXOaX OrPaHHY€EHbl JIEMEH-
TapHBIMH KOHBIOHKIMAME B BUIE X op b ,T1e x € C,op € {<,<,=,>,>} ,a b —HaTypanbHOe
YHUCII0, B TO BPEMS, KAK TPAH3AKIMH Ha BBIXO/IaX OrPaHUY€EHbI DJIEMEHTAPHBIMU KOHBIOHKI[HSIMHU B
Buge xopb ,rae xe C,ope {<,=,2} u b — HaTypanbHble YHCIa. AJIMUHHCTPATOPY,

TECTUPYIOLIEMY CUCTEMY, HeO6XO,Z[I/IMO 3HATb TOYHOC BPCM:A BLIXOJAOB, TaK KAaK OHHU ABJISIFOTCA
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HEKOHTPOJIMPYEMBIMU BeIMYUHAMU. B onpenenenny MHOXKecTBa TpaH3akUuil &(C) u P(C) 0060-
3HAYAIOT BPEMEHHBIC TPAHUIIBI M MOIIHOCTh MHOXecTBa C, COOTBETCTBEHHO. MHOXKECTBO CYET-
YHKOB HWCIOIB3YeTCS JJIsl OMPEACICHUS BPEMEHHBIX OrpaHUYCHUN MExay Ooiee 4eM IByMs
TpaH3akiusaMu. KpoMe Toro, Mbl mpejmonaaraeM, 4to Kaxapii cuerunk X € C umeer orpanu-
YEHHYIO 001acTh [O,Bx]u {eo} , rme B, - HauOOJbIIIee 1IEJI0e YUCIIO, SBISIONIeECS OrpaHu-
YEHUEM IO BPEMEHH I X . DTO 03HAYAET, YTO KAXKIBIA CUCTYMK X SBIIICTCS PEICBAHTHBIM
TOJIbKO B PaMKaXx LIEJI0M KOHCTaHThl B, u Bee 3Hadenus X, 6onbime uem B, mpencrapisiorcs
KaK oo . Lakum o0pa3oM, OTCIOJa CIEAYeT BhIpaXKCHHE:

Ve>0,B, +e=coand Ve > 0,00 +€ =100 .
JUts cuetyMka x M IS BPEMEHHOI IpaHHIBI (§ OIpeaensercs mpoekius (G Ha X,
obosnauenHas kak Proj(G, x), o ycnosuio (X op b) ymansiorcs Bce CUETUMKHU, KPOME X; €CIIHU

CUETUMK He BKIIIOYeH B G, To Proj(G, x) = true

Ha puc. 9 noka3aH npumep, OHI/ICI:IBEIIOH_[PII;'I IIOBCACHUC HpOCTOfI MyHI:TI/IMC,Z[I/II‘/'IHOI‘/'I CUCTEMBEI.
Cucrema nojgy4daer I/1306pa)KeHI/I€, 3a KOTOPBIM CJICAYET 3BYKOBOC COO6H_[6HI/IC B TCUCHHC IBYX

€IMHUI] BPEMEHH, 3aTeM OHa nocwutaer moxrsepxkaenue, ackAll, me Gonee uem uepes Tpu
eIMHHIIBI BPEMEHH MocIe MOoMydeHus n300payKeHus M He Ooee ueM uepe3 IBE eAMHULIBI BpeMEeH!
HOCIIE TOro, KaK MOIy4eHO 3BYKOBOE COOOLIEHME, 3aTeM COOOLIeHHE cOpPachIBAeTCA U CUCTEMA
BO3BpalIaeTca B HaYalbHOE MOJIOKEHHE B PEXXUM OXKUAAHUS CIENYIOMIEro H300paskeH .

Zreset, true {x,y}

lackAll, £ x<2

P ?image 0= x < 2,{x, y} ?sound 0sx<2, {x} &&0=y=<3D

(1.
i ) g

/,
5

lerror, x=2, {xy}

Puc. 9. Tpan3zakuu pocTod MyIbTHMEIUHHON CHCTEMBI

m,G,R
Hauanenoe nonoxxenue cucremsl 1, . Tpansaxkuus 1 0 — |, Beimonmstercs, xoraa cuc-

TeMa Mojy4acTt COO6H_IGHI/IG C I/I306pa)KeHI/I6M 1 3HAYCHHUEC CUCTUYHMKA X MCHBIIC, YEM 2. Korz[a
TpaH3aKO W BBIIIOJIHCHA, 3HAYCHUS CHCTYUKOB X H Y NPUPABHHUBAIOTCA 0.B JaHHOM IIpUMEpe

BPEMEHHBIE 00JaCTH CYETYUKOB, cOOTBETCTBEHHO, ([0,2]WU {eo}) n ([0,3] U {eo}) . IIpoekums
BpeMeHHOH rpanupl (0< x< 2) Ha cuetuuk x paBHa (0< x < 2), MOKa BBIIOIHAETCS MPOEKIH
Ha CYETYUK Y (T.e. CUETYMK Y HE BKIIIOYEH BO BPEMEHHYIO TpaHUIly). OIHAKO MpPOEKIHs
BpemeHHoil rpanunbl ((0<x<2)& & (1<y<2)) Ha cuetuuk X paBHa (0<x <2), B TO
BpeMs KaK IPOEeKIMs Ha cueTuuK y paBHa (1<y<2)) (31ech, 00a CUETUUKA X M Y BKIIIOYEHBI
BO BPEMEHHYIO IPaHHILY).

8. BriBoabl

BpICOKOE MOKPBITHE TECTaMH SIBJISACTCS BAYKHBIM ATANlOM 0OeCIIedeHus1 pabOThl HHTEIICKTY-
anpHOU cuctembl Smart Grid.

Bb1 mpeanioker MeToy MUHUMH3aLUH PUCKOB /IS aBTOMaTH3WPOBAHHOM CHCTEMBI pacrperie-
JICHHOM SHEepPreTHYeCKON CeTH MOTpeOuTeNel ¢ TOMONIbI0 aBTOMATU3UPOBAHHBIX TECTOB.

[IpemtoxkeH METOJ MOKPBITHS OMIMOOK CHCTEMBI C MOMOIIBI0 MaTEMaTHYECKOTO MOJSITHPO-
BaHMS TPAHHULL, TPEJOTBPAIIAIOIINI OIIMOKH IIPY BHITOIHEHUH TPAH3aKIHH.

Taxum 00pa3oM, mpeIoKeHHast MeTOIMKa onperereHus Hanoomuee 3G peKTHBHOrO BapuaHTa
TECTHPOBAHUS aBTOMATU3WPOBAHHOM CUCTEMBI PACTIPEACICHHON SHEPreTHUECKON CEeTH MoTpedu-

TeNed W MPOW3BOAWTENCH 3JIEKTPOIHEPTUH IMO3BOJIIET 3MYJIMPOBATH ydacTue B pabore ceTu
norpeduTenell; MOXKET HPOBEPSTh YCTOHYMBOCTH CETH K (DPU3NYECKOMY M KHOEPHETHYECKOMY
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BMCHIATCIILCTBY 3JIOYMBINIJICHHUKOB; TECCTUPYCT obecrieueHne CHHXpOHHOfI pa6OTLI HCTOYHHUKOB
TEeHCpallu U Y3JI0OB XPpaHCHUS 3JICKTPOSHECPI UM ; TIOBBIIIIACT 3(1)(1)CKTI/IBHOCTL pa6OTLI OHEProCucTe-
MBI B IICJIOM.
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A.A. TUIVTHH, J1.3. YAJIAS

METOJA ABTOMATHYECKOI'O 'EHEPUPOBAHUA
BUBJINOTPAOUYECKUX CIIMCKOB

OmnmceiBaercs pa3paboTaHHBIN aBTOPOM aJITOPUTM U IIPOrpaMMHAs peaTn3anus web-cep-
BHCa JJIs1 aBTOMaTHYECKOH TreHeparmu onbimmrorpaduaeckux crmuckoB. Web-cepBuc pazpadbaTsi-
BaeTcs C UCIIONB30BaHMEM s13bIKa TiporpammupoBanust Perl u texaomorun ASP.NET. I'padpuaec-
Kuii mHTepQEeic momp3oBaTens peanusyercs ¢ nmomomsio Texaonoran ASP.NET. UnTepdeiic
MTOJIB30BATEINS MPECTABISET COO0H BEO-TIPIITIOKEHUE, PUMEHAITh KOTOPOE MOXKHO dYepe3 Bed-

Opaysep.

BBenenue

B coBpemeHHOM 00IIecTBE CyIIECTBYET OOJBIIOE KOMTUYECTBO HH(POPMALIMU — KHUT, )KypHa-
JIOB, cTaTell, AUCcepTaluil U T.11., IPEICTaBICHHBIX B PA3JIMYHBIX BUAAX — DJIEKTPOHHOM, OyMax-
HOM. OJTO o0OHinEe MOPOXKIAeT TPYAHOCTH B MOWCKE HMH(GOPMALWH, MPEONoieBaeMble MyTeM
Pa3nMYHBIX cCHCcTeMaTu3anuil. [y cuctemMaTn3aunu TUTEPaTyPHBIX IPOU3BEACHUN UCTIONB3YIOT
Oubnuorpaduueckue OnrucaHus JINTEPATyPHBIX HCTOYHUKOB, KOTOPBIE AOJIKHBI OJJHO3HAYHO MX
uaeHTuuuupoBats. IIpodiema, BO3HMKAIOIIAS IPH COCTABICHUH U KOPPEKTUPOBKE OMOIMOrpa-
(pUYECKHUX ONMKCAaHUH U CIIMCKOB, — CJIOKHOCTh U TPYIOEMKOCTb Y4eTa BceX TpeOOBaHHH AeiCTBY-
IOLIMX CTaHAapToB odopmieHus. Pemenuto 3Toil mpoGieMbl MOXET CIIOCOOCTBOBAThH Pa3padoT-
Ka web-cepBuca i reHepanun 0MOnuorpaduIecKMX CIUCKOB B COOTBETCTBUH CO CTAHIAPTOM
rocyZapcTBa, B KOTOPOM BBIIIONHACTCS Hay4yHasi WM Apyras padoTa, TpeOyromas BKIIOYEHHUs B
ce0s TAKMX CITUCKOB.

1. ITocTanoBKa 3ama4 HcCIeA0BAHHUA

I]env paboThl — co3maHue web-cepBHCa IS aBTOMATHYECKOH KOPPEKTHUPOBKH CITHCKOB
oubmmorpaduyeckux onvucanuii. Web-cepBUC HOIDKEH MPEI0oCTaBIsATh OIH30BATEIIO HHTEp(eric
B3aMMOJIEHCTBUS C CHCTEMOM aBTOMaTHYECKOM KOPPEKTUPOBKH U (hopMupoBaHuii Onbmmorpadu-
YEeCKHX OIMCAaHUH.
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JAnst TOCTHOKEHUS el He0OXOJUMO PELIUTh CISAYIOIINE 3a/laun: UCCIeOBaTh CTaHAAPTH U
npaBuiia oopmiieHHs OMOIMOrpaduueckux CIHCKOB; MPOaHAIM3UPOBATH METOIBI 00pabOTKH
TEKCTOBOHM WH(OPMALINH; UCCIEA0BATH IPUMEHUMOCTD PETYIIPHBIX BBIPAKEHUHN ISt 00paboTKH
OubnuorpaduuecKkux omMcaHUil; 000CHOBaTh BHIOOP MPOrPAaMMHBIX CPEACTB AJs pealn3aluu
web-cepBHca; pa3padoTaTh aJropuTM aBTOMATHYECKOro (OpMUpOBaHHA OHOIMOrpaduUIecKux
CIIMCKOB; pa3padoTaTh NpOrpaMMHBIN web-CepBHC, MO3BOJISIIOIINHI HCIONb30BaTh CUCTEMY aBTO-
MaTHYECKONH KOPPEKTUPOBKH OHOINOrpadnIecKiX CIIICKOB.

2. AHaJIM3 NpeaIMeTHOH 00J1acTH, PeryJspHbIX BbIPpaKeHHH W (POpMATBbHBIX
rpaMMaTuK

Bubnuorpaduueckoe onrcaHne — COBOKYITHOCTb OMOIHOrpaduyeckux cBeACHUH O TOKyMEH-
T€, ero COCTABHOM YaCTH WM TPYIIIE JOKYMEHTOB, IPUBEACHHBIX IO OMPEACICHHBIM IIPABHIIAM U
HEOOXOIUMBIX W JIOCTATOYHBIX I OOIICH XapaKTEPUCTUKUA M UACHTU(DUKAUKA JOKYMEHTA.
Hcrounnkom Oubmnorpaguueckux CBEIESHUN SBISETCS AOKYMEHT B LIEIOM, B TIEPBYIO OYepenb
T€ ero 3JIeMEeHThI, KOTOpBIE COAep AT BhIXOAHbIE cBeaeHus [1]. bubnuorpaduueckue cBeneHus
B OITMCAHUU MOKA3BIBAIOT B TOM BHJIE, B KAKOM OHU JIaHbI B JOKYMEHTE, WIH (JOPMYJIUPYIOT HX Ha
OCHOBE aHaju3a J0KyMeHTa. Habop u mociienoBaTenbHOCTh WCHONB30BaHMsI HCTOYHUKOB OMO-
nmuorpauuecKrX CBEIICHHI PETIAMEHTHUPOBAHBI B COOTBETCTBYIOIIMX MPUHSATHIX CTaHIAPTaX.
Jiss yTOUHEHMS UMEIOIIUXCS WU TONYyYeHHS HEIOCTAIIUX OUOIHOrpauvecKux CBEICHUN
MPUMEHSIOT OnbOIuorpaduueckue mocoOusi, OMOIMOTEUHbIE KATAJIOTH, CIIPABOYHbBIC H3/IaHUS H
MpOYKEe UCTOUYHUKU. bubnuorpaduueckue cBeeHUs, 3aMMCTBOBAHHBIC U3 HUX, & TAKXKE CBEJle-
HUs, chOPMYITHPOBAHHbBIC HA OCHOBE aHAIIN3a JOKYMEHTA, 3aKII0YAI0T B KBAJAPATHBIC CKOOKHU.

s kaxaoi ob6aactu OuOnrorpaduyecKoro ONMcanus yCTaHOBJIEH OCHOBHOM MCTOYHHK OHO-
nmuorpaduuecknx cBeAeHui. [Ipyu OTCYyTCTBUM TaKOTO HCTOYHUKA €ro 3aMEHSIOT IPYTHM, COJEp-
XKalmM Hanbosee moaHyro nHpopManuw. bubnuorpaduueckue cBeeHus, 3aMMCTBOBaHHBIC HE
M3 OCHOBHOT'O UCTOYHHKA, MOTYT OBITh 3aKJIFOUEHBI B KBaJlpaTHbIC CKOOKH. bubnmuorpaduueckoe
OIMCAaHNE COCTOHT M3 AIIEMEHTOB, 00bEANHEHHBIX B 00JIACTH, M 3aT0JIOBKA. DJIEMEHTHI B 00J1acTH
MPUBOJIAT B MOCJICOBATEIILHOCTH, YCTAHOBIICHHO!N B MEepevyHIX craHaapTta. OTHeNbHbIC dJIeMeH-
Thl ¥ O0JACTH MOTYT MOBTOPAThCA. buOnmorpaduyeckue CBEICHUS, OTHOCSIIUECS K Pa3HBIM
JJIEMEHTaM, HO TPaMMaTHYECKH CBS3aHHBIC B OJHOM MPEIUIOKEHUU, 3aMUCBIBAIOT B IMPEIIIIe-
CTBYIOILIEM 3JIEMEHTE. DJNEeMEHThl OHOMHOrpaduyueckoro omucaHUs MOAPA3JCISIIOT Ha 00s3a-
TenbHBIE U (aKkyabTaTUBHBIC. O0A3aTENbHBIC IIEMEHTBI 00SCTICUMBAIOT HACHTH(PHKAIMIO TOKY-
MeHTa. VX mpuBOAT B TI000M OHOIHOrpauuecKoM OMMCAHUH MPH HATUYMH COOTBETCTBYFOIIHX
CBENIeHHNH B HCTOYHUKE onucanus. OOmuid [utst TpymIbl oubnrorpaduyeckux onucaHuii oos3a-
TENbHBIN 2JIEMEHT, BEIHECEHHBIH B HA3BaHHE PA3/ieia UK B 3ariiaBue HHPOPMAIMOHHOTO U3IaHHS,
B OMHMCAHUU OMycKaroT. DaKkyabTaTUBHBIC DJIEMEHTHI JAI0T JOMOJHUTEIBHYIO HH()OPMAIHIO O
JOKYMeHTe (ero colep KaHuu, YUTATETHCKOM Ha3HAYCHU U, ILTIOCTPATHBHOM MaTepHane u T.11.).
Habop (hakynbTaTHBHBIX 3JIEMEHTOB ompesenseT oubmuorpadupyromiee yupexacaue. OH ABIsI-
€TCs TIOCTOSIHHBIM JUTSL OMPEIEeTICHHOT0 H(MOPMAI[HOHHO-TTOUCKOBOT0 MaccHBa (OMOIMOTEUHOTO
KaTtanora, U3JIaHusi ¥ T.]11.).

B 6ubnuorpadguyeckoM OMHUCAHUU OONIACTSAM M 3JIEMEHTaM MPEANISCTBYIOT CIEAYIOIIHE YC-
JIOBHBIE Pa3/IeNUTENbHbIE 3HAKU: «.—» (TOYKa U THPE), «.» (TOUKa), «,» (3amsaras), «:» (IBOeTo-
gme), «;» (Touka ¢ 3amaToi), «/» (kocas yeprta), «//» (aBe Kockie 4epThl), «( )» (Kpyribie CKOOKH),
« ]» (kBampaTHBIE CKOOKH), «+» (TLTI0C), «=» (3HaK paBeHCcTBa). Kaxxoit obmactu Oubmmorpadu-
YEeCKOro OMUCAHUS, KpOME MEPBOM, MPEIIIECTBYET 3HAK TOYKA U TUPE (. —), KOTOPBIHA 3aMEHSIOT
TOYKOH, ecli O0JIaCTh BBIJCICHA MIPU(PTOM WIM 3amucaHa ¢ HOBOW CTpoku. Ecnmu mepBbiid
3JIEMEHT 00NACTH OTCYTCTBYET, TOUKY U THPE CTABST Tepel] MOCICAYIONMM dIIEMEHTOM, pa3Jie-
JUTENBHBIA 3HAK KOTOPOTO B 3TOM cliydae omyckaroT. [Ipu moBTopeHnu B OMOIHOrpaduueckom
OTUCAaHUU OTJCIbHBIX 00NacTell (cepru, MpUMEYaHus1, MEXIYHAPOJHOTO CTAHAAPTHOTO HOMEPA)
MOBTOPSIFOT TOYKY U THPE.

bubnuorpadudeckoe onvcaHue COCTABIIAIOT Ha S3bIKE TEKCTa JOKYMEHTA, MPU TOM YacTh
CBeleHUI (HampuMep, B 00JaCTH KOJMMYECTBEHHON XapaKTEPUCTHKH) OMYCKACTCS 3aMUChIBAThH
Ha s3bIKE TOTO TOCYAapCTBa, B KOTOPOM HaxoJMTCs OuOmuorpadupymoiee yupexacHue. buo-
JHorpadrueckoe OMUCAHNE MOXKET OBITh COCTABIICHO Ha A3bIKE BBIXOMHBIX CBEIACHHM, €CITH SI3bIK
TEKCTa M S3bIK BBIXOMHBIX CBENCHWU pasnuuHbl. [Ipu HeoOXomuMmocTu OubIUorpaduyueckoe
OTUCAHUE COCTABNISAIOT B TPAHCIUTEPAI[UH, TPAHCKPHIIIIUH, & TAKXKE B TIEPEBOJIC HA SI3bIK TOTO
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rocyZapcTBa, B KOTOPOM HaxoAMTCs OuOnmorpadupyromee yupexiaeHue. Bo Bcex ciydasx,
KOTAa S3bIK OMONMHOrpa)nyecKoro ONMCcaHus OTIAMYACTCS OT s3bIKa TEKCTa JOKYMEHTa WU €ro
BBIXOJHBIX CBEJICHUI, B 00JaCTH MPUMEUaHUs IPUBOAAT TaHHBIE O SI3bIKE TEKCTa WM BHIXOAHBIX
CBEICHUI NTOKyMEHTA.

B 6ubnmorpaduueckoM onucaHuU CIIEAYET COONII0aTh HOPMBI COBpeMEHHOH opdorpadum.
[epBoe cnoBO Ka)kAOro 3eMeHTa (KpoMe CBeAeHNH 00 WILTIOCTPALUAX ) HAYMHAIOT C MPOIMMCHON
OykBbl. OcTalbHBIE MTPOMKUCHBIE OYKBBI MPUBOIAT B COOTBETCTBHH C HOPMAaMH SI3bIKa, Ha KOTO-
POM COCTaBIJICHO ONMHMCAaHUE, HE3aBUCUMO OT TOT0, Kakue OyKBBI IIpHUBEAEHBI B TokyMmeHTe. [Ipu
HAJIMYUH B JOKyMEHTE OIIMOOK M OIeYaTOK, HE MCKaKAIOIIMX CMBICNA, CBEJCHUS B ONHCAHUU
MPUBOAT B UCTIPABICHHOM BHJIC U HE OrOBapHBalOT HcnpasieHus. OmrOKy U oneyaTKH, H3MEHsI-
IOLIME CMBICH TEKCTa, a TAKKE BCE OLIMOKH B (DaMHIITUSIX, MHUIHAJAX JIUL, IPUHUMABIINX y4acTHe
B CO3JaHMM JOKyMEHTa, B JaTax, UCIpaBisioT. CBenenus o0 ommbouHON (opMme MPHUBOAAT B
o0nacTy MpUMeYaHUs WK OTMEUYaloT HHBIM CIIOCOOOM.

[Ipu cocraBneHnu OUOIHOTrpagUUECKOro OMUCAHUS TPUMEHSAIOT Pa3IuyHbIe IPHEMBI COKpa-
meHnii. B oubnuorpaduyeckux onmucaHuAx JOKYMEHTOB, H3IaHHBIX Ha PYCCKOM H JPYTHX S3bI-
Kax, JUIS Y9acTO BCTPEUAIOIIMXCSA B Pa3IHUYHBIX OONACTSIX M dJIeMEeHTax OMOIHorpaduueckoro
OIUCAHHUS CIOB M MOHATHI MPUMEHSIOT YHH(QHUIHUPOBAHHBIE POPMBI COKpALICHUI Ha PYCCKOM
S3BIKE: «H Ip.» (M Ipyrue), «u T.1.» (M Tak gajee), «cT.» (crapmid), «Mi» (Maanmuit), «b. M.»
(be3 mecra), «b. u.» (be3 usmarennctBa), «b. r.» (be3 roma), «Pa3n. mar.» (Pa3menbHas
TIaTUHAITS).

B 6ubmmorpaduueckux onucaHusx JOKyMEHTOB Ha MHOCTPAaHHBIX SI3bIKaX C JTATHHCKOW rpadu-
YEeCKOH OCHOBOW IUIS MPUBEIACHHBIX CJIOB M MOHITUH NPUMEHSAIOT YHU(UIUpPOBaHHbBIE (hOpMBI
COKpalllcHU# Ha JaTHHCKOM si3bIke: “‘etc.” (et cetera), “et al.” (et alii), “Sen.” (Senior), “Jun.”
(Junior), “S. L.” (Sine loco), “S. n.” (Sine nomine), “S. a.” (Sine anno), “pag. var.” (pagine varia).
[Tpr HEOOXOOMMOCTH MX SKBHBAJICHTHI MPUBOIAT Ha COOTBETCTBYIOMIMX S3bIKaX. B OTOenbHBIX
clly4asix, HallpuMep, MpH JJITUHHOM 3arjIaBHH, OMYCKAIOT YacTh JIEMEHTa WIH (Qpasbl, IPH STOM
MPOITYCK 0003HAYAIOT 3HAKOM MHOTOTOUHE (...).

CymiecTByeT Takoe MOHSTHE, KaK BbIpakKeHHE B KBaApaTHBIX CKoOkax. KBampaTHble cKOOKH
OrpaHMYMBAIOT MOMCK TEMU CUMBOJIAMH, KOTOPBIE B HUX 3aKJII0UEHBI — «[abc]». DToMy peryisip-
HOMY BBIPa)KCHHUIO COOTBETCTBYET JII00asi CTpoKa, cozeprkamiasi abc b0 BMecTe, JIN00 KakIblid
W3 HUX B OoTAenbHOCTH. lIpeamonoxkuM, 4To HEOOXOIMMO CO3[aTh PETYISPHOE BBIpaKEHUE,
COOTBETCTBYIOIIEE BCeM OyKBaM pycckoro andasuta. B 3ToM cilydyae MOXKHO MEpPEYHCIUTh BCE
3T OYKBBI B PETYJSIPHOM BBIPKEHHH, STO AOMYCTHMO. boiee KOpPOTKO Takoe peryispHoe
BBIpa)KEHHE MOXKHO 3amucaTh Kak «[a-S]». OHO cooTBETCTBYyeT BceM OyKBaMm pyccKoro andasu-
Ta, TIOCKOJIBKY JTFOOBIE Ba CHMBOIIA, pa3JielnseMble qedrcoM, 3aal0T COOTBETCTBUE TUATIA30HY
CHMBOJIOB, HAXOJSAIINXCS MEXIy HUMHU. PerynspHoe BblpaxkeHne «[a-S]» omuchiBaeT CHMBOJIBI
KaK HWXKHETO, TaK U BEPXHETO PETHUCTPOB, MOATOMY Ooliee TOAPOOHO 3TO BHIPAXKEHHUE MOXKHO
3amucath Kak «[a-sA-A]». Touro Takum ke 00pa3oM 3aJar0Tci PETyIsSpHBbIE BBIPAXKESHUS,
COOTBeTCTBYIOIIHE yuciiaM Kak «[0-9]» mmm kak «[0123456789]». O6a sTuX BBIpaKeHHs YKBHBa-
JIEHTHBI M COOTBETCTBYIOT JIt000# nudpe.

S3pikoM B andaBuTe V Ha3pIBaeTCA MOIMHOXKECTBO IEIMOYEK KOHEYHOW JITMHBI, COCTOSIINX U3
CHUMBOJIOB 3TOr0 andaputa. J[st onucaHus S3b6IKOB CYIIECTBYET HECKOIIBKO CIIOCOOOB, OHAKO B
JaHHOW paboTe WHTEpeC MPEACTABISET TOIBKO OJUH — C MIOMOIIBIO TIOPOXKIAOIINX TPAMMATHK.
[opoxxnaromas rpammatuka G — ato uersepka (V7, VN, P, S), rae: VT — andaBuT TepMHUHAIb-
HBIX CHMBOJIOB (MJIM TepMHHAIIOB); VN — anaBUT HETEpPMUHATBHBIX CHMBOIIOB (MITH HETepMIHA-
JIOB), KOTOPHIHA He Tiepecekaercs ¢ VI; P — KOHeYHOe MHOXKECTBO IPaBUII BBIBOAA; S — HETEPMHU-
HaJbHBIN (S e VN ) HA4aJIbHBIA CHMBOJ TPAMMATHKH.

SA3pikoM, mopokaaeMbiM rpammatukoi G = (VT, VN, P, S), Ha3pIBaeTcs MHOXECTBO BCEX
[IENO0YeK TePMHUHAIHHBIX CHMBOJIOB, BEIBOIUMBIX U3 HAYAIPHOTO CHMBOJIA B IJAHHON TpaMMaTHKE.
I'pammatuku G| u G, Ha3BIBAIOTCS IKBUBAJICHTHBIMHU, €CITH TIOPOXKIAEMBIE UMH S3BIKH OJMHAKO-
BHL. llerouka O, BeiBommuMas u3 S B rpammatuke G = (V7T, VN, P, S), Ha3bIBaeTcsl CEHTEHIINAb-
HoOl ¢opmoii B rpammaTuke G. Takum 00pa3oM, S3bIK, TOPOXKAAEMBIH rpaMMaTuKoOi G, Takxke
MOJKHO OIIPENIENIUTh KaK MHOXKECTBO TEPMHHAIIBHBIX CEHTEHITMAIBHEIX (hopM [5].

Hoam XoMckuii B cBOMX paboTax BBIIENUI YETHIPe OCHOBHBIX THITA TPAMMATHK, B 3aBHCHMO-
CTH OT WX YCIOBHOW CIOXXHOCTH. UeM MeHbIlle «HOMEp)» THIa, TeM IpaMMaTHKa CUHUTAETCS
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Oonee cnoxHOM. s OTHECEHUsI TpaMMAaTUKU K TOMY WJIM WHOMY THITy HEOOXOAMMO COOTBET-
CTBHE BCEX €€ MpaBWJI BHIBOJA HEKOTOPHIM cxeMaM [9]. Camas oOmas rpamMaTika — tuna 0,
KOTOpasi Ha3bIBaeTCsl HEOrPaHMYEHHON rpaMMaTHKON. K HeorpaHMyeHHBIM TpaMMaTHKaM (WIn
rpaMmartukaM ¢ (pa3oBoil CTPYKTypoii) OTHOCSTCS Bce pOpMasbHbIE TPAMMATHKH 0€3 HCKITIoue-
HHSL

dopmanpHas rpamMmaTtka G = (VT,VN,P,S) HAa3bIBAETCsS. HEOTPAHUUYEHHOU UIIU I'pPaMMa-
THKOH Tna 0, €cIu BCe ee NpaBuila UMEIOT BUI oL — 3 , Tle o € (VT U VN)+ COZICPKHT XOTS
Obl OIMH HETEPMHHAIIBHBIA CUMBOI, 3 € (VTUVN). B cuny cBoeil cnoXKHOCTH 3TOT THM
rpaMMaTUK MPENCTaBISET UCKIIOUNTEIBHO TEOPETHUECKUI MHTEpEeC, Ha MPAaKTUKE OHU HE MPH-
Mensatores. K tumy 0 00BIYHO OTHOCST €CTECTBEHHBIE SI3BIKH.

K tumy 1 oTHOCAT KOHTEKCTHO-3aBUCHMBIE M HEYKOpauuBalolye rpaMmmatuki. Heykopaunsa-
folleil Ha3pIBaeTca GopMajbHas rpaMMaTika G = (VT,VN,P,S), BCE MpaBUiIa BBIBOJIA KOTO-
poil mmeroT Buao —f , TOE o€ (VT U VN)+ .Be (VT ()] VN) H (a) < (B) (T.e. Kaxmas
nocieAyonas Lenodyka BhIBOAA 3TOM I'paMMAaTUKU OylIeT MMETh TaKyl e MM OOJbILIYIO
nnuHYy). KOHTeKCTHO-3aBHCUMON IpaMMaTHKOW Ha3biBaeTcs (opMalbHas TrpaMMaTHKa

G= (VT, V \],P,S) , BCE IMpaBuja KoTopoi wumewt Bux AAA, = APA,, rae
7»1’7»2 € (VT AY N) A e VN, Be (VT UV \]). MHOXKECTBO A3BIKOB, MOPOKIAEMBIX HEYKO-
pauMBarOIIMMU IpaMMaTHKaMH, COBIAJAET CO MHOKECTBOM S3BIKOB, ITOPOYKAAEMBIM KOHTEKCT-
HO-3aBHCHMBIMH TpaMMaTHKaMH, II03TOMY BCE IPaMMAaTUKU TUIA | MOYKHO Ha3bIBaTh KOHTEKCT-

HO-3aBUCHMbIMH. KOHTEKCTHO-3aBUCHMEIC rpaMMaTUKU UCHOJB3YIOTCA UIA aHaJln3a TCKCTa Ha
CCTCCTBCHHLIX A3bIKaxX, HO B CUJIY CBOEH CI0XHOCTH IIpU TpaHCIAIWUN OHU HC TPUMCHAIOTCH.

KonTekcTHO-cBOOOAHON Has3bIBaeTcsl (opManbHas rpammatuka G = (VT,VN,P,S), BCe

npasuia BeIBoAa KoTopoit umeroT Bui A -, A€ VN, Be (VT U VN) VYxopauuBaromue
KOHTEKCTHO-CBOOOJHBIE TPAMMATHKH MOYTH HKBUBAJIEHTHBI KOHTEKCTHO-CBOOOAHBIM. [IpakTh-
YECKHU JUIA BCEX SI3BIKOB MTPOrPaMMHUPOBAHUS MOKHO NMOCTPOUTH OPOXKIAIOLINE UX KOHTEKCTHO-
CBOOOIHBIE TpaMMAaTUKU. IMEHHO MO3TOMY CTaHAAPTHBIH CIIOCO0 OMMCAHUS CHHTAKCHCA SI3BIKOB
MpOrpaMMHUPOBaHM, JaHHBIX, TPoToKoJoB (B nokymeHTax RFC u ISO) — popma bakyca-Haypa
SIBIISIETCSI CBOCOOPa3HON (POpMOK KOHTEKCTHO-CBOOOAHBIX TPaMMATHK.

®dopmManbpHble TPaMMaTHKH TUIA 3 Ha3bIBAIOTCS PEryJsIpHBIMU. PeryispHsle rpaMMaTHKU
OBIBAIOT JIBYX THIIOB: TIPABOJIMHEIHOI U IeBONMHEWHOM. [[paBonHelHbIE U IEBONHHEITHBIE TPaM-
MaTHKU SKBHUBaleHTHB. llpaBonuuHelHOW Ha3biBaeTcs (opmanbHas TrpaMMaTHKa

G= (VT,VN,P,S), BCe IpaBuja BbIBOAa KoTopoil mmeror Bun A — tB, rme A,Be VN,
te VT.

JleBonuuelinol Ha3biBaeTcs (opMmanbHas rpammartnka G = (VT, V \],P,S), BCE MpaBuUiIa

BBIBOJA KOTOpOi nmeror Bug A — Bt,rae A, Be VN, te VT.

Perynsipubie s3bIKU (T.€. A3BIKH, MOPOXKIAEMBIE PEryISPHBIMU T'PAMMATHKaMH) MOTYT OBITH
OIMCAaHbl U JPYIHMM CIIOCOOOM — C MOMOIIBIO TaK Ha3bIBAEMbIX PETYIAPHBIX BBIpaskeHHH [3].
MO:XHO ONpeaeuTh IOHATHE PErYIIIPHOTO BHIPAKEHUS PEKYPCUBHO:

a) € — peryaspHOe BEIpaKEHUE, TOPOXKIAIOIIEe ITYCTOH PEryIspHBIN SA3bIK { € };

0) a — perynsipHOe BBIpaKEHUE, TOPOKIAFOIEe PETYISPHBIN A3BIK {a};

B) mycTh P u Q — perynsipHble sS13bIKH, KOTOPbIE TIOPOKACHBI PEryISIPHBIMU BBIPAKEHUSMH P U
q cootBercTBeHHO. Torma:

1) (plq) — perynsapHoe BbIpaxxeHre, KOTOPOe TOPOXKIAET perysipHbIi 361k P|Q ;

2) (pq) — peryaspHOe BEIpa)keHHEe, KOTOPOE MOPOXKIAAET PerysipHbIi 361K PQ;

3) (p*) — perynsipHOE BBIpaKEHHUE, KOTOPOE IMOPOXKIAET PETYISAPHBIH A3bIK P*;

4) npyrux peryaspHbIX BBIPAXKEHUI HET.

HcToku peryasipHbIX BRIPpa)KEHHM JISKAT B TCOPUU aBTOMATOB, TEOPHH (POPMATbHBIX S3BIKOB U
KiIaccupukanuy GopMantbHBIX IPaMMATHK — 110 XOMCKOMY. OTH OOJIACTH M3Y4YalOT BBIYHMCIIH-
TeIbHBIE MOZIENH (aBTOMATHI) M CIIOCOOBI ONUCAHMS U Kiaccu(ukauuu (GopMaibHBIX S3bIKOB. B
1940-x rr. Yoppen Makkanok u Yonrep [Iuttc onrcanu HEpBHYIO CUCTEMY, UCIOIb3Ys MPOCTOM
aBTOMaT B KadecTBe Mojenu HelpoHa [8]. Marematnk CtuBeH KnmHM nosxke ommcan 3tu
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MOJICITH, HCIIONB3Ysl CBOIO CHCTEMY MaTeMaTHYecKUX 00O03HaueHHH, Ha3BaHHYIO «PETYJISIpHBIC
MHOxecTBa». Ken Tomncon Berpoun ux B penakrop QED, a 3atem B penaktop ed mog UNIX. C
3TOTO BPEMEHHU PETrYISIpHBIE BBIPAKEHHUS CTalu IIMpoko Hcmonb3oBaThest B UNIX n UNIX-
MOTOOHBIX YTHIIUTAX, TAKUX Kak expr, awk, Emacs, vi, lex u Perl.

B perynspHbIX BBIpaXEHHSIX JHUIIHUE CKOOKHM OOBIYHO OITyCKAIOTCS, IPU 3TOM JEUCTBYET
COrjlaleHue 0 PUOPHUTETE OTepallHii: HANBBICIIMM IIPHOPUTETOM 00J1a1acT onepanus HTepaluy,
3aTeM UJET onepanus KOHKaTeHAlluU U, HAKOHEL], orepanus o0beJUHEHHSI UMEET CaMblii HU3KUI
npuopuTer. PerynspHsle BbIpakeHUs Ha3bIBAIOTCS SKBUBAJIEHTHBIMHU, €CJIM OHH MOPOKIAA0T OAUH
U TOT Xe s3bIK. OTHOILIEHHWE SKBHUBAJCHTHOCTH OyneM 0003HA4yaTh 3HAKOM paBeHCTBa (=).
Ceituac perynasipHble BbIpaK€HHs UCIOIb3YIOTCA MHOTUMH TEKCTOBBIMH PEAAKTOPAMHU M yTUIIH-
TaMH JJ15 IOMCKa ¥ U3MEHEHHsI TEKCTa Ha OCHOBE BHIOPaHHBIX MPaBUI. MHOTHE SI3BIKU IIPOTpaM-
MHUPOBaHHSA YK€ OANCPKUBAIOT PErYJISPHBIE BBIPaXKEHHA 17151 paboThI co cTpokamu. Hampumep,
Perl u Tcl umeroT BCTpOCHHBIN B UX CHHTAKCHUC MEXaHU3M 00pabOTKH PEryNspHBIX BBIPaKEHHUH.
Habop yrunut (Bkimtouast penakrop sed u GpuabTp grep), nocraBisieMblx B AucTpuOyTuBax Unix,
OZIHUM U3 IIEPBBIX CIIOCOOCTBOBAI MOIMYJISIPU3ALIIH TOHSTHS PETySIPHBIX BBIPAXKEHHUH.

PerynspHeie BeIpa)k€HUS MCIONB3YIOTCS Ui C)KATOTO ONUCAHUS HEKOTOPOr0 MHOYKECTBA
CTPOK C TIOMOIIBIO MA0JIOHOB, 0€3 HEOOXOMUMOCTH TIEPEUHCIEHHS BCEX JIEMEHTOB 3TOTO MHO-
xecTBa. [Ipu coctaBiaeHuN mabIOHOB MPUMEHSETCS CIEUUANbHBIM CHHTAKCUC, MOIEPKUBAIO-
LIUH CIIeIyIONIHe ONEepaLun:

— TepeducleHHe, BepTUKaJIbHAs depTa pas3fenseT AONycTHMble BapuaHThl. Hampuwmep,
«gray|grey» COOTBETCTBYET gray WiH greys;

— TPYNIHPOBKA, KPYIJble CKOOKH, HCIONB3YIOTCS Uil ONpPEACNeHHs O0NacTH NeUCTBHS H
npuopuTeTa onepaTopoB. Hampumep, «graylgrey» u «gr(ale)y» sIBISIOTCS pa3HBIMU 0Opa3lamH,
HO OHM 00a OMHUCHIBAIOT MHOXKECTBO, COJIEpIKalllee gray U greys;

— KBaHTH(HUKAIHSL, GUTYypPHBIE CKOOKH, HAXOIUTCS ITOCIIe CHMBOJIA HITH TPYIIIBI U ONpeaessieT,
CKOJBKO pa3 MpeIIIEeCTBYIOLIee BBIPAKEHWE MOMKET BCTpedaTbes; {m,n} ompeaenser odliee
BBIpaKEHHE, MOBTOPEHUH MOXET OBITH OT m 10 N BKIIOYHUTENBHO; {m,} ompexaenser oOriee
BBIpakeHHe, M U OoJiee MOBTOPEHUH; {,n} ompenenser oodiiee BIpakeHre, He Ooiee n MOBTOpe-
Hull. 3Hak Bompoca o3Haudaer O miam 1 pas, To ke camoe, uro u {0,1}, Hampumep, «colou?r»
COOTBETCTBYET U color, u colour. 3B&3nouka ozHavaer 0, 1 unu nroboe uncno pas {0,}. Hampu-
Mep, «go*gle» coorBercTBYeT gogle, ggle, gooogle u 1. a. [lnroc o3navaer xots Ob1 1 pa3 {1,},
Harpumep, «go+gle» coorBercTByer gogle, google u T. 1. (Ho He ggle).

CymiecTByeT 0OJIBIIOE KOJTMYECTBO BapHALUi CHHTAKCHCA PETYISPHBIX BBIPAXKECHUH, 3aBUCS-
iero ot peanu3auuy. CHHTaKCUC «0a30BbIX» PEryISIpHBIX BeIpaskeHHH Unix Ha TaHHBIA MOMEHT
ompenenén POSIX kak ycrapeBmIuii, HO OH JI0 CHX ITOp IHUPOKO PaCIPOCTPAHEH U3 COOOpaKEHUN
o0paTHOi1 coBMecTUMOCTH. MHOrue Unix-yTHINTBI HCIIONIB3YIOT 3TOT CHHTAKCHC 110 YMOJIYaHHUIO.
B cunTakcuce perynspHbeIX BbIpaxkeHHH Unix OOJBIIMHCTBO CHMBOJIOB COOTBETCTBYIOT CaMHU
cebe («a» COOTBETCTBYET «a» U T. 1.). VICKIIIOUeHHUS U3 HTOr0 MpaBuiia Ha3bIBalOTCSI METACHMBO-
JIaMH:

— . (TOuKa) COOTBETCTBYET JIIOOOMY €AMHUYHOMY CHMBOIY;

— [ ] coorBercTByeT 11000MY EAMHUYHOMY CUMBOJY M3 YHCIIA 3aKIIOYEHHBIX B CKOOKH.

CuMBOI «-» HHTEpHpeTupyerca OyKBaJbHO TOJIBKO B TOM ClIy4yae, €CJIM OH PacIloiIOXKEH
HEMOCPEACTBEHHO TOCIIe OTKPHIBAIOIIEH MM TIepe]] 3aKphIBatolel ckoOkoii: [abe-] mmu [-abc]. B
MPOTHBHOM Cilydae OH 00O3Hadaer mHTepBal cuMBoioB. Hampumep, [abc] cooTBercTByeT «@»,
«b» uam «c»; [a-z] cooTBEeTCTBYeT OyKBaM HMXHErO PErHcTpa JIATUHCKOro andaBuTa. OTH
0003Ha4YeHHsI MOT'YT M coueTaThbesi: [abeg-z] cooTBercTBYer a, b, ¢, q, 1, s, t, U, v, W, X, y, Z. UT0OBI
YCTAaHOBUTH COOTBETCTBHE CHMBOJAM «[» MIIM «]», HOCTaTOYHO, YTOOBI 3aKpBIBAIOLIAsl CKOOKa
ObLTa TIEpBBIM CHMBOJIOM TIOCJIE OTKphIBatomIel: [][ab] cooTBeTCTBYET «|», «[», «a» uiu «by;

— [* ] cooTBercTBYeT eOMHMYHOMY CHUMBOJYy M3 YHCIA TeX, KOTOPBIX HET B CKOOKax.
Hampumep, [*abc] cooTBeTcTBYeT TF0OOMY CHMBOITY, KpOMeE «a», «b» MIIH «c»; [*a-z] cooTBeT-
CTBYET JII0OOMY CHMBOITY, KPOME CUMBOJIOB HIKHETO PETHCTPa B JIJATHHCKOM ajl(aBHTE;

— / COOTBETCTBYET Hayajly TeKCTa WM Hayally 1000 CTPOKH;

— § cooTBeTCTBYET KOHILy TEeKCTa MIIM KOHILY JIFOOOH CTPOKH;

— \ OOBABISIET «OTMEUEHHOE MOABBIPAKEHUE», KOTOPOE MOXKET OBITh MCIIOIb30BAHO MO3KE
(cM. caenyromuii 31emMeHT: \n). «OTMEUEHHOE TOABBIPAKEHUE» TAKXKE SBIAETCA «OIOKOMY;
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— \nrze n— 1o nudpa ot 1 10 9; COOTBETCTBYET N-My OTMEUEHHOMY IOABBIPAKEHUIO. DTa
KOHCTPYKIIHSI TEOPETUYECKU HEPEryJsipHa, OHA He ObLia MPUHATA B PACHIMPECHHOM CUHTAKCHCE
PETYISPHBIX BRIPAIKEHU

— * mocne BBIpa)KeHHs, COOTBETCTBYIOILETO0 SAMHMUYHOMY CHMBOIY, COOTBETCTBYET HYIIO
niau Oosiee KOmuil 3Toro BeipaxeHus. Hanpumep, «[Xyz]*» COOTBETCTBYET MyCTOW CTPOKE, «X»,
«y», «Zx», «zyx» U T. 1. KomOuHaus cuMBoioB \n*, rjie n— 3to nudpa ot 1 10 9, cooTBeTCTBYET
HYJIIO WU 00Jiee BXOXKICHHIA JIIs1 COOTBETCTBHSI N-T'0 OTMEUEHHOTO TOJBbIpaXkeHus. Hampumep,
«\(a.\)c\1*» cooTBercTBYeT «abcab» u «abcabay», HO He «abcac». BripaxkeHue, 3akim04éHHOE B
«\(» 1 «\)» B COITPOBOKIAEMOE «*», CIISIyeT CYMTATh HEITPAaBUIBHBIM. B HEKOTOPBIX CITydasix OHO
COOTBETCTBYET HYJIO MJIM OoJiee BXOXAEHHH CTPOKH, KOTopasi Oblla 3akiiodeHa B CKOOKH. B
JPYTUX OHO COOTBETCTBYET BHIPAXKCHUIO, 3aKITIOUEHHOMY B CKOOKH, YUUTHIBAST CHMBOJ «*);

— \{X,y\} cooTBeTcTByeT TOC/IEAHEMY OJIOKYy, BCTpEYAIONIEMYCsi HE MEHee X U He Oolee y
pa3. Hampumep, «a\{3,5\}» cooTBercTByeT «aaa», «aaaa» UIH «aaaaay.

Paznuunble peanu3anuy peryaspHbIX BRIPAXKEHUH HHTEPIPETUPYIOT 0OPATHYIO KOCYHO YepTy
repesl MeTacCuMBOJIaMu To-pasHoMy. Hanpumep, egrep u Perl uaTepnpeTupyroT CKOOKY U BEpTH-
KaJIbHYIO YepPTy KaK METAaCUMBOJIBI, €CITU TIepEl HUMHU HET 00paTHOM KOCOW YepThl, U BOCIIPUHU-
MaloT UX KaK OOBIYHBIC CHMBOJIBI, €CJIH YePTa €CTh.

MHorue nuana3oHbl CHMBOJIOB 3aBHCAT OT BBIOpAaHHBIX HacTpoek Jokanuzanuu. B POSIX
OBLIO CTaHJAPTU30BAHO OOBSABICHHE HEKOTOPHIX KIIACCOB M KATETOPHI CUMBOJIOB (Ta0nuia).

Kaccern KaTeropuu CMUMBOJIOB

POSIX = Unix-cuntakcuc  Perl O6o3Ha4eHue
[:upper:] [A-Z] CHUMBOJIbI BEpXHETO pErucTpa
[:lower:] [a-z] CHUMBOJIbI HIJKHET'O PETUCTpa
[:alpha:] [A-Za-7] CHUMBOJIbI BEpXHETO U HUYKHETO PETUCTPA
[;alnum:]  [A-Za-z0-9] 1 dpbI, CUMBOJIbI BEPXHETO M HIXKHET'O PEerucTpa
- [A-Za-z0-9 ] \W | i pbl, CUMBOJIBI BEPXHETO, HUKHETO PErUCTPa U « »
- [*A-Za-z0-9 ] | \W He uudpbl, CUMBOJIBI BEPXHET0, HUJKHETO PErUCTpa M «_«
a [:digit:] [0-9] \d | oudps
é - [*0-9] \D  =He udpsI
§ [:xdigit:] [0-9A-Fa-f] IIeCTHAIATEPUIHBIE TTUPPHI
L% [:punct:] [,12:.0] 3HAKH MYHKTYaluu
§ [:blank:] [\t] npoben u TAB
= [:space:] [ \t\n\r\fiv] \S | CHMBOJIBI TPOOEIIOB(TIPOITyCKa)
[ \\n\r\f\v] \S | He cHMBOJIBI TIPOOETOB(TPOITYCKa)
[zentrl:] | [\x00-\x1F\x7F] CHUMBOJIBI YIIPABJICHHUS
[:graph:] [:alnum:] CHUMBOJIbI TT€YaTH
? [:punct:]
[:print:] [\x20-\x7E] CHUMBOJIBI II€YaTH ¥ CHMBOJIBI TIPOITYCKa (BUAUMBIC CHMBOJIBI H
poOeJTHI)

Crioco0 mpencTaBiIeHUs] CAMUX METAaCUMBOJIOB «.», «,», «-», «[», «\» U APYyTUX B PEryJIIPHBIX
BBIpAXKEHUSX 0€3 MHTEepHperanuy, T.€., B KauecTBE MPOCTHIX (HE CIEHalbHBIX) CUMBOJOB —
9KpaHUpOBaHHE X 0OpaTHON KOocoil depToit: «W». Hampumep, 4ToObI MpeACTaBUTH CaM CHMBOI
«TOYKa», He0OXOOMMO HamucaTh «\.». UToOBI MpeacTaBUTh CUMBOJI OTKPBIBAIOLIECH KBaIpaTHON
CKOOKH «[», Hamo HamucaTh «\[» u T.1. CaM MeTacuMBOII \ TOKE MOXKET OBITh SKpPaHUPOBaH, T.€.
MPEACTABIICH KaK 1B 00paTHBIX KOCBIX YEPTHI, ¥ TOTAAa HHTEPIIPETATOP PErYIISAPHBIX BHIPAKEHUN
BOCIIPUMET €0 KaK IPOCTOM CUMBOJI OOPaTHOM KOCOH YepThl.

KBanTugukaTopaM B peryIspHbIX BBIPa)KEHUAX COOTBETCTBYET MAKCHMAJIBHO AJMHHAS CTPO-
Ka M3 BO3MOXHBIX (KBaHTHU(HUKATOPHI SBIAIOTCS CKAAHBIMH»). DTO MOXKET OKa3aThCsl 3HAUM-
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TenpHOM npobnemoii. Hanmpumep, 4acTo 03KUAAIOT, YTO BEIpaKeHUE (<.*>) HaWAET B TEKCTE TETH
HTML. OpHako 3TOMYy BBIp@KEHHIO TaK € COOTBETCTBYET JI00asi CTPOKa, 3aKIIOYeHHas
MEKAy ABYMS Teramu. [IpobneMy ®aIHOCTH KBaHTU(UKATOPOB MOXKHO PEIINUTH IBYMs CIIOCO-
O6amu. IlepBbIil COCTOMT B TOM, YTO B DPEryJSpHOM BBIPRKEHHH YUUTHIBAIOTCS CHMBOJBI, HE
COOTBETCTBYIOIIHME KemaeMoMmy obOpasny (<[">]*> ans ommcaHHOro BhIIIE ciydas). Bropoii
3aKIII0YaeTCs B ONpEACTICHUH KBaHTH(UKAaTOpa KaK HEKaIHOTO (JCHUBOIO) — OONBLUIMHCTBO
peanu3anuii MO3BOJISIOT 3TO CAeNaTh, J0OABUB MOCIe HEro 3Hak Bompoca. Hanpumep, Beipaxe-
HUIO (<.*7>) Oyzmer coorBercTBOBaTh TONbKO Ter HTML [2].

CrenoBaTenbHO, CYILIECTBYIOT «JICHUBBIS» aHAJIOTH GKaJHBIX» KBAHTH()HUKATOPOB:

*) — «HE )KaIHBII» (WICHUBBII») SKBUBAJICHT *;

*) — «HE )KaIHBII» (WICHUBBII») SKBUBAJICHT *;

+? — «He KaaAHBI» («JICHUBBIN») SKBUBAJIEHT +;

{n,}? — «He xagHBIIN («ICHUBBI») SKBUBAJIEHT {Nn,}.

Hcnone3oBanne «IEHUBBIX» KBAaHTU(UKATOPOB MOKET MOBJIEYb 3a 000l oOpaTHyto mpolie-
My, KOTJa BBIpDa)KEHUIO COOTBETCTBYET CIIMIIKOM KOpPOTKas CTPOKa.

Taxxke cyniecTBYIOT KBaHTH(HKATOPHI MOBBIICHHS KaTHOCTH. CBepXKalHble KBaHTH(HKA-
TOpHI (possessive quantifiers):

*+ — «CBEpXoKaIHBIN» IKBUBAJIEHT *;

++ — «CBEpXKaHBIN» SKBUBAJIEHT *;

{n, }+ — «cBepxX>KaqHBII» FIKBUBAJIEHT {1, }.

Perynspusie Beipaskenns B POSIX ananormunsl TpamunuoHHoMy Unix-CHHTaKCHCY, HO C
n00aBJICHUEM HEKOTOPHIX METAaCHMBOJIOB:

«+» YKa3bIBa€T Ha TO, YTO MPEABLAYIINI CUMBOJ WM TPYIIIA MOXKET MOBTOPSTHCS OAUH MITU
HECKOIIBKO pa3. B ornuuue ot 3BE3104UKH, XOTs OBl OTHO OBTOPEHHE 0053aTENBHO;

«+» YKa3bIBa€T Ha TO, YTO MPEABLAYIINI CUMBOJ WM TPYIIIA MOXKET MOBTOPSTHCS OAWH MITU
HECKOIIBKO pa3. B ornuuue ot 3BE3104UKH, XOTS OB OTHO OBTOPEHHE 0053aTENBHO;

«|» pazmensier anbTepHATHBHBIE BApUAHTHI PEryJSIpHBIX BhIpakeHUH. OIUH CUMBOJ 3a1aéT
JIBE aJbTEPHATHBBI, HO MX MOXET ObITh M OONbIIE, JOCTATOUYHO MCIIONB30BAaTh OOJIbIIE BEPTH-
KaJbHBIX 4€épTovyek. HeoOXoarMo MOMHHTB, YTO 3TOT ONEPAaTOpP MPUMEHSIET MaKCUMAaJIbHO BO3-
MOJKHYIO 4acTh BbIpaxkeHHs. [1o 3Toi nmpuynHe onepaTtop aabTepHATHBBI Yallle BCErO MCIIONb3Y-
€TCsl BHYTPH CKOOOK.

Perynspusie Boipaxenust B Perl nmeror Oonee GoraTelii 1 B TO k€ BpeMs NpelcKa3yeMbli
cunTtakcuc, yeM B POSIX. [lo 5Toif mpuyrHEe 04eHb MHOTHE MPUIIOKEHUS TPUMEHSIIOT UMEHHO
Perl-coBMecTHMBIi CHHTaKCHUC PETYISIPHBIX BbIpakeHUH. B HEM MCTIONB3YIOTCS TaKKE TPYIIIbL:

() mpocras Tpyrma c 3aXBaToM;

(?: ) rpynna 0Oe3 3axBara. AHaJOTMYHA TIPYIIE C 3aXBaTOM, HO 3aKIIOYEHHOE B CKOOKax
BbIpakeHHe He N00aBisieTcs K CHHMCKY 3axBauyeHHbBIX (parmenToB. Hampumep, ecnu Tpedyercs
HalTH WU «3APaBCTBYUTEY, HITU «3APACTE», HO HE BaXKHO, KAKOE UMEHHO IPUBETCTBHE HAlICHO,
MOXHO BOCIIOJIb30BaThCSI BhIpakeHHEM 31pa(?:cTe|BCTBYITE);

(?=) rpynna c 3arnsapiBaHieM Brepéan. IIpogomkaer moucK TONBKO €ClU CIIpaBa OT TeKyLIeH
MO3HULIUHU B TEKCTE HAXOJUTCS 3aKIIOYEHHOE B CKOOKH BbIpaxkeHue. [Ipu 3ToM caMo BbIpakeHHe
He 3axBaTbIBaercs. Hanmpumep, roBop(?=utb) HalAET «TOBOP» B «TOBOPHUTHY», HO HE B «TOBOPHUT.

3. Mertoa reHepanuu M ero IpOrpaMMHAasi peaau3anus

B pabore npemioxkeH METO pelieHus MOCTaBICHHOH 3aqaun. Cxema ero anropurMa mpen-
cTaBJIeHa Ha puc. 1.

AITOpUTM pabOTHI IPOrPaMMBI 3aKIIFOYAETCS B YETHIPEX OCHOBHBIX JTalax:

a) TOJIb30BATENb BBOJMT B ITpOorpaMmy OHOIHOrpaduieckoe onucaHue, KOTopoe MOXKET ObITh
0(OpPMIICHO HEKOPPEKTHO;

0) mporpaMMa OCYIIECTBIISIET Pa30op MOMy4eHHOT0 OHOIHOrpaduIeckoro OnucaHus Ha aTo-
MapHbIe HH(OPMAIOHHbIE SANHHIIBI;

B) €CJIM BO3MOXKHO (MH(OpMaIHs JOCTATOYHO MOJHA), TO OCYIIECTBIsIETCs (hOpMaTHPOBAHUE
MOYYEHHBIX JaHHBIX B COOTBETCTBHH CO CTAHAAPTaMH;

T') JUIS MTOJB30BATENs BBIBOAATCS C(hOPMUPOBAHHBIE KOHEUHBIC M MPOMEKYTOUYHBIC TaHHbIE.
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Puc. 1. Cxema anroputma MeToz1a reHepaLuu

IlepBBIif M mOCNIENHUH 3Tambl KacaroTcsl nepudepuiHBIX BO3MOXHOCTEH BBOAA M BBIBOAA
MPOrpaMMBbl U He BIMSIOT Ha pe3ynbTaT paboTel. Bropoii stan — camas 00bEMHAsA U TpyOoEMKas
4acTh NPOrPAaMMHOM peann3aluy AaHHOW AWIUIOMHOW paboTsl. Ha BTOpOM 3Tame mpoucxoaur
pa3OreHre NOTyYeHHOT 0 OITMCAaHNs Ha ClleAyIoIne HH()OPpMAalMOHHbIE eUHHLIBL: TUI JIUTEPATyp-
HOI'0 MCTOYHMKA; Ha3BaHUE JUTEPATYpHOTO MCTOUYHHMKA; HA3BaHUE M34ATEIbCTBA; TOPOX M3Ja-
TENBCTBA; KOJINYECTBO CTPAHMUIL; IUATIa30H CTPAHULL; CIIMCOK aBTOPOB; Ha3BaHNUE IEPHOIUIECKOT0
W3JaHMS; HOMEpP NIEPUOANYECKOr0 U3IaHHs; TOM NEPUOJMYECKOTO H3AaHuU.

[epeuncienHble HHGOPMALMOHHBIE EIUHHULIBI HAXOIATCA B INT00aNbHOM 00J1aCTH BUAUMOCTH,
T.C. SIBJISIIOTCSI OOIIMMH IJIS1 BCEX TUIIOB JIMTEPATYPHBIX MCTOYHUKOB, HO TaK KaK HEKOTOpbIE
WH(OPMAaLIMOHHBIE €ANHULBI YHUKAJIBHEL, TO, B UACAIIEHOM CIy4ae, HEBO3MOXKHO HAIMYHE Cpa3y
BcexX MH(POPMALMOHHBIX SIUMHMI BO BXoIsIeM Oubnuorpaduueckom onucanuu. Ha nene takas
CHUTYalLlUsl MOXKET CYLLIECTBOBATH 10 IPUYKHE TOTO, YTO TI0JIb30BATENIb HE OTPAHUYCH paMKaMH Ha
oopmiterne Bxozsmero oubnamnorpaduyeckoro onucanus. OnxHaKo 4eM OOMbIIe CTENEeHb COOT-
BETCTBUSl BXOAALIEro OMOIMOrpaguueckoro OnmMcaHUsl CTaHAAPTY, TeM OOJbIlE BEPOSTHOCTH
TOr0, 4TO ONepanus pa3oHeHus Ha HHPOPMATMOHHBIE SAMHULBI 3aBEPILIUTCS YCIELIHO.

IIpouecc pazbumeHust 3akmovaercs B TpEx momdramax. llepBelil mogdTranm — 3TO MOMBITKA
n3BJeYb U3 ONOIMOrpaduyueckoro onucaHus OAHO3HAYHO-0NpeaeaEHHYI0 HH)OPMALHIO, T.€. HH-
(dopmanuio, CTPyKTypa KOTOpOH BCeraa HaxOAUTCs B ONMpeAenEHHbIX paMkax. Hanpumep, rog —
3TO BCer/a YeTHIPEX3HAYHOE YHUCIIO, Yalle BCEro ¢ MOCIEAYIOmeld TOYKOH IMOcie 3TOro 4ucia.
KommuectBo cTpaHuil — 3T0 4UCIo, ¢ mocienyromed 0ykBoit «Cy», KOTopas MOXKET OBITh Mallon
100 OONBLION, MOCe Hee YacTO CTOMT To4Ka. J[aHHBIE yTBEpKAEHHS HE TapaHTHPYIOT alco-
JIIOTHOE OTCYTCTBHUE HPOOJIEM, CBA3aHHBIX C JIOKHBIMHU COBIAJCHUSIMH. TaK, MOJKET BCTPETUTHCS
CHUTYyaLusl, YTO B HA3BaHUU KHUTH OYAET IPUCYTCTBOBATh KOHCTPYKIIMS, AaHAJIOTHYHAS OTUCAHHON
Bbime. OJJHAKO CTOUT 3aMETUTh, YTO TAaKUE JIOKHBIE COBIIAACHHS MaJIOBEPOSTHEI, THOO crienudu-
YecKue — ISl JIUTEepaTyphl ONpenenéHHoro poxaa. M3pneueHne oqHO3HAYHO ONPENENEHHON HH-
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(popMaluK PeaaTn30BaHo C IIOMOIIBIO PEMYJIAPHBIX BEIPAXKEHHH, KOTOPBIE MOI'YT OJHO3HAYHO OIHCHI-
BaTh ONpEIENEHHbIE KOHCTPYKIMK. BCero Ha 5T0M 3Tarne BO3MOXKHO M3BIIeUb CIELYIOIIHE HHPOp-
MalMOHHbIE EAUHUILB: KOTMYECTBO CTPAHMIL; IMATIA30H CTPAHHUIL; CIIMCOK aBTOPOB; HOMEP MEPHOIH-
YECKOT0 M3JaHMs; TOM MEPUOAUYECKOrO U3JaHKs. BTOpOii mompTan 3aKkiIouaercs B yIadeHud U3
BXOJAIIEro OubIMorpagUIecKoro ONUCaHus yxKe HaiaeHHOM MH(OpMalUK, a TAKKe BBIPE3aHHU
JIMIIHKUX HECYIIECTBEHHBIX CMMBOJIOB, TAKUX KaK TOYKA MJIU JABOMHBIE TPOOEIIBL.

Ha TperbeM mogpTane NpoucXOAUT MOMCK MH(POPMALMOHHOM eIMHHUIBI «TOPOJ M31aTEIbCTBA»
METOIOM Iepebopa BCEX BO3MOXKHBIX I'OPOIOB, TJ€ MOTYT PAcIlONaraThCs M3JaTelbCTBA. JTOT
Ccroco6 IOMCKa TOPO/Ia JOCTATOYHO HEIPOU3BOIUTENEH, HA CPABHEHHE CTPOKH C KaXKIbIM BO3MOXK-
HBIM TOPOJIOM TPATUTCA OONBIIOE KOIMYECTBO BHIYUCIUTENLHOM MOIIHOCTH, OAHAKO APYTOro
BO3MOKHOT'O PELIEH s HaliIeHo He 6b110. OOBMHO Ha3BaAHKE JIUTEPATYPHOrO HCTOUYHMKA PACIIONa-
raercs ciesa OT TOpoja, a Ha3BaHUE U3aTeNbCTBa (MO0 HAa3BaHME MEPUOAUYECKOTO M3IaHHUS) —
cipasa. [103ToMy, HCIIONE3Ys FOPO KaK Pa3aeluTelb CTPOKH, MOKHO U3BJIEYb CJIEIyIONIUe HH(Op-
MallMOHHBIE €IUHUIBL: HAa3BaHUE JIUTEPATYPHOrO HCTOYHMKA; HA3BAHUE U3ATENbCTBA; HA3BaHUE
HepHOaMYECcKOro u3nanus. CTOUT 3aMETHTh, YTO Y NEPUOAMYECKOrO M3JaHUS HE JOIKHO OBITh
ropoza, IO3TOMY Pa3IEIUTENEM CTPOKH TaM CIYXKHT KOHCTPYKIHS «//», KOTOpast SBIISETCs 00s3a-
TENBHOM JIIS OMMCAHMS EPHOANYECKHX 3 1aHui. COOTBETCTBEHHO, HEBO3MOKHO KOPPEKTHO BhIJIE-
JIUTH 3TH MH(OPMALMOHHBIE €IMHHMIIBL, €CIIM HE yKa3aHa KOHCTPYKLMS «//». B mpumepe npuseneHa
ro6anbHas GyHKIKS U3BJICUEHHUS BCeX MH(DOPMAI[MOHHBIX EIMHHIL;

sub parseSource($)

my ( $source ) = @_;

$pagesCount = findPages($source);

$pageDiapason = findPageDiapason($source);

$year = findYear($source);

my $magazineNumberArrayRef = findMagazineNumber($source);

$magazineNumberStruct = $magazineNumberArrayRef->[0];

$magazineNumber = $magazineNumberArrayRef->[1];

my $magazineVolumeArrayRef = findMagazineVolume($source);

$magazineVolumeStruct = $magazineVolumeArrayRef->[0];

$magazineVolume = $magazineVolumeArrayRef->[1];

@authors = findAuthors($source);

my $cutedSource = prepareToPositionBasedCutting($source);

my (@cities = loadCities();

$city = findCity(\@cities, $cutedSource);

$name = findName($cutedSource);

$magazineName = findMagazineName($cutedSource);

$publisher = findPublisher($cutedSource);

$composedString = Composer::Compose(

$pagesCount, $pageDiapason, Syear,

$city, $name, $publisher, $magazineName,

$magazineNumber, $magazineVolume, @authors);

saveResult($source);

}

B xoHIIe 5TOH (YHKIMH HMPOUCXOAUT BBI30B MOIynsi «Composer», KOTOPBI COCTABISIET M3
MOTy4YEHHBIX HH()OPMAIIMOHHBIX SANHHII KOPPEKTHBIH JIUTEPAaTYPHBIH HCTOYHHK, T.€. Peau3yer
TpeTuit 3Tan paboThl IPOrPaMMBI.

Tpernit aTan 3akmroyaercs B KOMIOHOBKE MOJYYEHHBIX PE3yJIbTaTOB B TOTOBOE OMOIMOrpa-
¢uueckoe ornmcanue. Ha 3ToM 3Tane Ba)XHO 3HATh TUI JIMTEPATYPHOTO MCTOYHUKA, TaK KakK B
3aBUCHMOCTH OT TOT'0, KHUTA 3TO JINOO MEePUOANIECKOe H3JaHue, ONMcanne OyaeT (OpMUpOBATH-
Cs Pa3IMYHBIMU CIIOCOO0aMU. 3aKIIOYEHHE O THIIE JIMTEPATYpHOIO HMCTOYHHMKA JENAeTCs Ha
OCHOBAaHUH HaXOXJICHUS HH(POPMAIIMOHHBIX SMHUI «KOJHMYECTBO CTPAHUID) H «IANUATIa30H CTPa-
HUI». Pa3numyHble BHIBOABI IETAIOTCS M0 IPUYMHE TOTO, YTO B OHOIMOrpaduyeckoM onvcaHuu
KHUTH HE IOJDKHO OBITH TMaNa30Ha CTPAHUIL, @ B OMMCAHUH CTAThH MEPHOIIMYECKOT0 NU3AaHHS STOT
napameTp JOJKeH OBbITh, HO JIOJDKHA OTCYTCTBOBATh MH(OPMAIMOHHAS EIMHUIA «KOIUYECTBO
CTPaHHUID.
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Ha 6a3e anroputma ObUIO CO30aHO MPOrPaMMHOE PUIIOKEHHE, KOTOPOE TeHepUpyeT KOppeK-
THoe Ombnmorpaduueckoe onucanue. s peanuzanuy NPUIOKEHHUS ObUT HCIIOIB30BaH SI3BIK
nporpammupoBanus Perl u texnomorust ASP.NET. Uurepeiic monp3oBaTenss NpeaCTaBIseT
co00ii BeO-TTpHUIIOKEHHE, TIOIB30BaThCsl KOTOPBIM MOXKHO uepe3 BeO-Opaysep. [Iporpamma BbIBO-
T CKOMIIOHOBaHHOE OnOnuorpaduyeckoe onrcanue Ha web-opmy, IpuMep BBIBOJIA TPEACTAB-
neH Ha puc. 2. Web-¢popma, peanusoBaHHas Ha s3bike C#, oToOpaskaeT BBIBOM, MOMYyYCHHBIN
camoii mporpaMMoii, HanmucaHHOH Ha si3bIKe Perl, ncnonb3ys npoMeKyTOUYHBIH (aii.

S ez <\ S
&« C A | [} localhost22284/WebForm.aspx Q@ M E A =
IcxomHEni INTepaTypHEL] HCTOTHHIK |
1. Imymxos B.M. BeEemeumMe B xuOepHeTHRY / Kues: usg-so AH YCCP, 1964. - 324 c.
P
CKOMIIOHOBAHHEIH HCTOIHHK
Inymxos, B.M. Beegenme B xubepHeTuxy [Texcr] / B.M. Imymxos. - K.: msg-so AH YCCP, 1964. - 324 c.
P
Book Tun
BeepneHite B kubepHETUKY Hms
Knes Topon

324

n3a-so AH YCCP

1964

KomriecTeo cTpanun
Hzpatens

Ton

Puc. 2. BHenHuit Bua web-TpuiokeHus 1 BRIBOJ JaHHBIX B Web-(hopMy
B kadecTBe mpumepa pabOTHI MTPOrpaMMBbI IPUBEAEHBI CKPUHIIOTH Web-(hopM ¢ pe3ynbTaTa-

MU IpeoOpa3oBaHus Onbauorpaduueckux ONMCcaHnui ¢ HEKOPPEKTHOM (POpMOI B CTaHIAPTU3UPO-
BaHHbIe. Ha puc. 3 npuBeneH npruMep npeoOpa3oBaHUs KHATH C aBTOPCTBOM 3-X YENIOBEK.

« C' A [ localhost:22284/WebForm.aspx Q@ M ? | =

Hcxomublii MHTEpaTypHEIH HCTOIHHK E

221. EMenbAHOB B.B., Kypelumx B.B., Kypefrumx B.M. Teopus M NMPaKTUKA SBONDUUOHHOTO MOJENMDOBaHMA. K.: GUSMAaTIMT,
2003. - 432 c.

CKOMITOHOBAHHBIH HCTOTHHK
EMENBAHOE, B.B. TeOpMA M MPAKTUKA SEONDUMOHHOTO MOOENMPORaHMA [TexcT] / B.B. EMensAHOE, B.B. Kypelmmnx, B.M.

Kypelunx. - K.: e¢usMammr, 2003. - 432 c.
4
Book Tun
TeopHa 1 NPaKTUKa BOMIOLIMOHHORO MOAENMPOBEHNUA Hma
Kues T'opon

432

GuamaTnuT

2003

Puc. 3. [Ipeobpa3oBaHue onrcaHusi KHUTH C TPEMS aBTOPAMH
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[IpeobpazoBanue OuONMHOrpa)UIEecKUX OMUCAHUN, CCHITAIOIINXCS HAa MEPUOANYESCKUE M3/a-
HUSl, IPUBOJUT K APYToMy pe3ynbraTy. IIpumep Takoro npeoOpa3oBaHMs cTaTbH aBTOPCTBa 4-X
YelnoBeK MpuBeAeH Ha puc. 4. BuaHo, 4TO airopuT™M OAWHAKOBO paboTaeT CO CChUIKAMH Ha
HCTOYHMKH KaK Ha PYCCKOM SI3BbIKE, TaK U Ha YKPAHHCKOM.

localhost:22284/WebForr x = e |

&« C A [} localhost:22284/WebForm.aspx O ME A =

VcxomHEIi IUTepaTypHEL] HCTOTHHK
252. oumaTos B.A., TaHAHCKMII C.C., YamnaHosa E.B., CusS0B A.M. MOZENb «CYWLHOCTBL-CBASbH» B Safauax NpPeICTaBIeHUA
00BERTHO-PENAUMOHHEX CBOMCTE NpefAMeTHON oOmacTu \\ MeXOyHapONHEN Hay4HLI! XypHal «YIDABJIADIOME CHCTEMB M MAUNHE» —
Kwes - 2011. ® 3. - c. 73-78.

CKOMITOHOBAHHEIH HCTOUHHK
Momene «CYMHOCTb-CBASb» B 3afadaXx OPECTaBNSHMA OOBERTHO-DENIALMOHHEX CBOMCTS NDEAMETHOM obmacTu [Texcr] / B.A.
¢maros, C.C. TaHsanckmi, E.B. Yammasosa, A.M. Cusocs // MexOyHapoXHEN! HAy4HLII KypHaJl «YIIPABIIADIME CHCTEME M
mamEey. — 2011, - ® 3. - C. 73-78.

m

Article Tun
Mogens «CyLUHOCTE-CBA3LY B 3g/jauax NpeAcTasneHna obt Hms
Kues Topon
KomirzecTeo cTpanun
HzpaTens

2011 Ton

Puc. 4. [IpeoOpa3oBaHue ONMMCAHUS CTATHH C YETHIPEMS aBTOPAMU

[Iporpamma MMeeT HEIOCTATKH, CPEOM KOTOPBIX OTCYTCTBUE MOMAJCPKKH MHOXKECTBA SI3bI-
koB. [Tognepikka OrpaHU4YMBACTCS PYCCKUM M YKPAMHCKHMH SI3bIKAMU. JTO OrpaHUYCHUE BhI3BaA-
HO TE€M, YTO HEKOTOPBIE OJHO3HAYHO ONpeAeiéHHbIe NHPOPMAIIMOHHBIE SMHHUIIBI MOTYT UMEThH
pasnu4Hble (GOPMBI Ha Pa3UYHBIX S3bIKaX. METOIOM pEIIeHUs] STOr0 HENOCTAaTKa SBIISIETCS
YCOBEPIIIEHCTBOBAHUE PETYIISIPHBIX BBIPAXKESHUH, 8 TAK)KE peaIn3allis JOMOIHUATENBHBIX PEryIsip-
HBIX BBIPAXXCHUH, YYHUTHIBAIONIMX SI3BIKOBBIE OCOOEHHOCTH. TPYIHOCTH BO3ZHUKAIOT TAKXKE C
orpeneneHneM HHPOPMAIMOHHONH EIWHUIII «TOPOA» — JUTS TOIJIEPKKHA KOHKPETHOTO S3bIKa
HEOOXOIUMO BBOJIUTH JOMOTHUTEIbHYIO 0a3y MaHHBIX C MEepedyHeM BCEX TOpPOJOB, B KOTOPBIX
€CTh M3MIATENBCTBA, MPUUYEM UIS KaXKIIOTO TOIEPIKUBAEMOTO SI3bIKA.

Jlpyroii HETOCTAaTOK CBS3aH C HEBO3MOXKHOCTBIO c(hOpMUPOBATH KOppeKTHOE Onbimorpadu-
YecKoe OMMCaHKe MPH HeJoCTaTKe 00A3aTeNbHBIX HH(POPMAIIMOHHBIX eIWHUI. Takas cuTyanus
BO3MOYKHA B CITy4ae, eCJIH IOJIb30BaTellb He yKa3asl BCIO WH(GOPMAIUIO, THO0 KOTr/Ia mporpaMma
HE CMOTJa OMpeNeNuTh HeoOXoauMyro HHQpOopManui. MeTogoM pemeHns AaHHOH MpoOIeMbl
SIBIIICTCS. MHTETPALIHS] TIPHIIOKEHHSI C TIOMCKOBBIM POOOTOM, KOTOPEI OyJeT UCKaTh HEeloCTaro-
myto uHpopManuio B cetn VHTepHeT. B pe3ynbTaTe aHanm3a CyHIECTBYIOIIUX CEPBHCOB IS
TOKCKA JINTEPaTyphl OBUI celdaH BBEIBOJ O TOM, YTO 3ajava peali3aliy MOWCKOBOTO Po0OTa,
KOTOPBIH OyneT B3aWMOJIEHCTBOBATh C CYIICCTBYIOIIMMH CEPBHUCAMH, SIBISETCS JOCTATOYHO
CIIOKHOM, TIO3TOMY He paccMaTpuBaercsl B JaHHOH pabote. bonee mpocTas 3a1aua — n3Bie4eHue
HemocTarolei HHQpopMaIuu U3 60a3sl TaHHBIX ONOITHOrpadUIeCKIX OMMCAHUH, HO He ObIIO0 Halie-
HO HU OJTHOHM TaKOW CYIIECTBYIOIIEH 0a3bl JaHHBIX.

Emé ogue HEIOCTaTOK — 3TO HEBO3MOXKHOCTh OIPEeNIeHUs BceX HH(POPMAIIMOHHBIX MHHII.
[IpuunHa kpoeTcs B OONBIINX BapHAIUAX BO3SMOXKHEIX popm Onbmmorpaduueckux onucanuit. [1o
ATOH Ke MPUIHHE aJTOPUTM MOXKET ONPEACTUTh U 00paboTaTh TOIBKO JIBa TUIIA TUTEPATYPHBIX
WCTOYHHKOB — IEPUONWYECKHE W3JaHUS W KHUTH. MOTYT BO3HUKATh HEOAHO3HAYHOCTH MU
pazbope Bxoasiei nHhopMaIuu, HaIpuMep, MPU HATWIHH (PaMIITUU ¥ MHUIIHAJIOB YeIOBeKa, B
Ha3BaHWM KHHUTU. B TakoMm ciydae anroOpuUTM ONpENENUT YelloBeKa, UMs KOTOPOTO YKa3aHO B
Ha3BaHWH KHUTH, KaK OJHOTO U3 aBTOPOB.
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Takum 00pazoM, mporpaMma UMeeT IOMYCTHMBbIC OIHOKHA 1 He MOXKET 00pabaThIBaTh HEKO-
TOPOE KOJINYECTBO OMOIHOrpadMuecKnx OMMcaHuil. ITH OMNOKH YCTPaHUMBI, OTHAKO 3TO TPYIO-
éMKas pabota.

BriBoabI

1. TIpennoskeH MeTOA, KOTOPBIN pellacT aKTyalbHYIO Ha TAHHBIM MOMEHT MpodiieMy 0opM-
nieHust Ononuorpaduueckux OucaHui.

2. AKTyanbHOCTh NTaHHOH paboThl 0OOCHOBaHa TE€M, UTO cOocTaBieHHe OMOIMOrpaduIecKux
OIMCAHUHN B COOTBETCTBUU C CYIICCTBYIOIIMMH CTaHAApTaMHU 0()OPMIICHUS BBI3BIBACT 3aTPy THE-
HUS Y MHOTHUX COUCKaTellel B Hay4HOU cpeze. Jlaxke y irojieit ¢ OONBIIMM OIBITOM COCTABICHHUS
OIMCAHUH 3Ta 3a/1aya MOXKET 3aHUMATh JJOCTATOYHO MHOTO BpeMeHHU. PazpaboTaHHOEe B BHUIE
web-cepBuca NPUIIOKEHUE MPETHA3HAYCHO JIJIs YCKOPSHHS STOr0 IIpoIiecca.

3. PaspabGoraHHas mporpamma pemiaer 3ajady aBTOMAaTH3aluu Tpoiecca (HOpMUPOBAHUS
OoubrorpaIeCcKUx OMUCAHMIA COTJIACHO CTaHIapTaM. BXOAHBIMU TaHHBIMH IIPOTPAMMBbI SIBJIS-
10Tcsl OubOnuorpaduyeckue ONMUCAaHUs MCTOYHHKOB, KOTOPBIE HE COOTBETCTBYIOT CTaHAapTaM,
MpU4YEM CTEIIeHb BO3MOXKHOT'O HECOOTBETCTBUS HE JIOJDKHA OBITH ciMiIkoM Oonbiinoi. [loapasy-
MEBAETCs, YTO JIOAM, COCTABJISIONIUE 3TH ONMUCAHUS, MPHOIM3UTEIHLHO 3HAKOMBI C OOIIMMU
npaBuwiamMu opopmiicHHs. BBIXOTHBIMU JTaHHBIMH SIBISIOTCS O()OPMIICHHBIC B COOTBETCTBHH CO
CTaHIapTaMu ONOIMOrpaduIecKre ONuCcaHusl.

Cnucok aureparypsl: 1. [ peuuxun A.A. Obmas 6ubnmorpadust: Yueonuk. [Texcr] / A.A. I'peunxun. M.:
MI'VII, 2000. 588 c. 2. Menvruxos C.B. Perl nis npodeccroHanbHBIX IpOrpaMMHICTOB. PeryisipHble BeIparxke-
Hus [ Teker] / C.B. MensaukoB. M.: buraom, 2007. 190 c. 3. Cuum B. MeTopl 1 aITOpUTMEI BEIYHCIICHAHN Ha
crpokax (regexp) = Computing Patterns in Strings [Tekcr] / b. Cmut. M.: Bunbsimc, 2006. 496 c. 4. I oiigepmc
A. Perynspusie Beipaxenus. Coopauk penentos. [ Teker] / 5. Noiisepre, C. Jlesuran. CI16: Cumson-ITmoc,
2010. 608 c. 5. Axo A. Teopusi CHHTaKCHUYECKOTO aHAJIN3a, IEPEBOIa M KOMIMIIALMY. CHHTaKCHUECKUH aHATIH3
[Texct]/ A. Axo, JIxx. Yaeman. M.: Mup, 1978. 524 ¢. 6. Yoar JI. TlporpammupoBanue Ha Perl [Tekcr] / J1.
Yo, T. Kpuctuanuces, Jx. Opsanr. M.: O’Reilly, CumBoo, 2008. 1145 c. 7. YVaiimxs0 I1. Perl: HarisaHbii Kype
nporpammupoBanus [ Texer] /I1. Vartxan. M.: duanextuka, 2001. 280 c. 8. Mcculoch W.S. A logical calculus
ofthe ideas immanent in nervous activity [Text] / W.S. Mcculoch, W. Pitt // Mathematical biophysics. 1943.
Ne 5.P. 115-132. 9. Xonxpogm /[ric. KOHTEKCTHO-CBOOOMHBIE TpaMMaTHKH 1 s13bIKH [ Teket] / k. Xonkpodr,
P. MorBauu, JI. Yasman. M.: «Buiesimey, 2002. 528 c.
Hocmynuna 6 peokonnecuro 20.04.2013
Ilnyrun AHTOH AHApeeBHY, CTyAEHT 4 Kypca (aKymbTeTa KOMITbIoTepHbIX Hayk XHYPD. Hayu-
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VJIK 681.322
J1.A. BYJIABUH

AHAJIU3 OPTAHM3ALIMU, OBYYEHUS U NMPUMEHEHUS
KBAHTOBBIX HEMPOHHBIX CETEU

Ob6cyxnaercst mpobiemMa IMoCTpOSHUs U 00y4YeHHs KBaHTOBBIX HEHPOHHBIX CETEH, TPOBO-
JIUTCS aHAJIU3 IPEUMYIIECTB 110 CPAaBHEHUIO C KIIACCUUECKUMU HEMPOHHBIMH ceTsaMU. KBaHTOBOE
00yueHHe OTKpBIBAET OOJBIINE NEPCIIEKTUBBI B 00JaCTH MALIMHHOIO MHTENJIEKTa. B 1aHHbIH
MOMEHT Y4E€HBIMU PACCMATPUBAETCSI MHOXKECTBO MOJIENIEH KBAHTOBBIX HEHPOHHBIX CETEH, HO HU
OJIHA U3 HUX HE CTaja CTaHJapTHOM.

1. BBengenue

HecomHeHnHO, 4TO MO3T 4enoBeka paboraer Oonee 3PEeKTUBHO W NPUHIUIHAIBHO APYTUM
o0pa3oM, ueM J00asi BEIYMCIUTENbHAS MAllllHAa, CO3JaHHasl 4elnoBeKoM. VIMeHHO 3TOT (akT B
TEUeHWEe MHOTHX JIeT MOOyKAaeT W HampaBiseT paboThl yYEHBIX BCEro MHpa Ha CO3[aHHE H
HCCIIeNOBAaHUIO HCKYyCcCTBeHHBIX HelpoHHBIX ceTedl (MHC).

HNHC nMeroT HeKOTophle MPHUBJIEKATENbHBIE OCOOEHHOCTH: NapaieIbHOCTh PaclpeneleHHON
00paboTKH, OMINOKOYCTOMYMBOCTD, CIIOCOOHOCTD 00Y4aThCsl U 0000IIaTh MOTy4YeHHBIC 3HAHUS.
[ox cBoiicTBOM 00001IeHNs ToHUMaeTcs criocooHocts MHC reHepupoBaTh MpaBHIBHEBIE BBIXO-
IBI TS BXOIHBIX CUTHAJIOB, KOTOPBIE HE OBITH YUTEHBI B IpoLiecce 00yueHus (TPEHUPOBKH). DTH
nBa cBoiictBa nenaror MHC cucremoii nepepaboTku nH(GOpPMAaLKU, KOTOpasi pelaeT CIOXKHbIE
MHOTOMEpHBIE 3aJjauy, HEMOCHIIbHBIE APYTUM TexHuKaM. Tem He MeHee, UHC takske crankuBa-
IOTCSI CO MHOTMMHU TPYAHOCTSIMH: OTCYTCTBHE MPABWII AJIs AETEPMUHUPOBAHHBIX ONTHMaIbHBIX
APXHUTEKTYP, OTpaHUYEeHHAasi BMECTUMOCTh aMSTH, 3aHUMAIOIIAs MHOTO BpeMeHH Ha o0y4eHue, 1
1.0 [1].

Hexotopas cucrema Moxker ObITh Ha3BaHa HEMPOHHOH, €CIM B HEH yaaercs uaeHTHQHUIUPO-
BaTh, 10 KpaliHEeH Mepe, OOUH HeipoH. HelpoHHas cucrema sBIsSeTCs KBAaHTOBOW, €CIIM OHA
crocoOHa peajn30BBIBaTh KBAaHTOBBIC BhIuMcieHus. KBanrossie Heliponnble cetn (KHC) sBs-
IOTCSI OAHUM U3 MOJIBUAOB HEWPOHHBIX CETEH M MPEACTaBIAIOT CO00 KOMOMHAIINIO KacCHYec-
KHMX HEHPOHHBIX CETeN U KBAHTOBBIX BBIUHCICHUN.

CymliecTBYIOT IBe TJaBHbIE NPUYMHBI MHTEpeca K KBAHTOBBIM HEHPOHHBIM ceTsiM. OpHa
CBsi3aHa C apryMEHTaMH, YTO KBaHTOBBIE NPOLECCHl MOTYT WUIpaTh BAXKHYIO POJib B padore
mosra. Hanpumep, Pomxkep Ilenpoy3 mpuBen pasindHble IOBOIBI B MOJIB3Y TOrO, YTO TOJBKO
HOBas (QU3MKa, KOTOpas AODKHA OOBEOUHHUTH KBAHTOBYIO MEXAHMKY C OOIIEH TeopHell OTHOCH-
TEBHOCTH, CMOTJIa Obl ONTUCATh TAKUE SIBJICHNS, KaK IOHUMaHKe U co3HaHue. OIHAKO ero HoAX0A
aZipecoBaH He K COOCTBEHHO HEHPOHHBIM CETSM, a K BHYTPUKJIETOUHBIM CTPYKTYpaM, TAaKUM Kak
MHUKpOTpYOOuKku. Jpyras npudnHa cBs3aHa ¢ OypHBIM POCTOM KBAaHTOBBIX BBIYHCIEHHH, OCHOB-
HBIE UEU KOTOPBIX BIIOJIHE MOTJIM ObI OBITH IIEpEHECEHbI Ha HEHPOBBIUNCIICHHS, YTO OTKPBIIO OBl
1151 HUX HOBBIE BO3MOXXHOCTH.

UTo MOXXHO O’KMAATh OT KBAHTOBBIX HEHPOHHBIX ceTeil? B HacTosmee BpeMs OHU 00nagaroT
CIEYIOLIMMU NpeuMyllecTBaMu [2-5]:

— 3KCIIOHEHLIHaJIbHAs eMKOCTh ITaMATH;

— JIy4IIre XapaKTepUCTHKHU PU MEHbBILIEM YHCIIE CKPBITHIX HEHPOHOB;

— OBICTpOE OOy4YEHHE;

— ycTpaHeHHe KaTacTpoduyeckoro 3abbiBaHus OJarogapsi OTCYTCTBHIO HHTepdepeHInH 00-
pasos;

— pelIeHe JINHEHHO-Hepa3AeIMMBIX TPOOJIeM OHOCIOMHON CEThIO;

— OTCYTCTBUE COEIMHEHUI;

— BBICOKasi CKOPOCTh 00paboTku aaHHbIX (1010 bits/s);

— munuatiopHocTh (10! Heliponos/mm?);

— OoJiee BBICOKasi CTaOMIIBHOCTh M HAIEKHOCTb.

OTH NMOTEeHUHAaIbHbIE IPEUMYIIECTBA KBAHTOBBIX HEMPOHHBIX CeTel MOTHBHPYIOT UX pa3pa-
00TKY.
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2. llpuHmuMNBI mMoCTpoeHHsA M OCHOBHBIe 3jaeMeHThl KHC

CyIecTBYIOT pa3nHyHbIE MPOTOTUIIBI KBAHTOBBIX HEHMpPOHHBIX cereil. HekoTopele m3 HHMX
OYEHb CXOXH CO CBOMMM KJIACCHYECKMMH aHaJIOraMu, B TO BpeMs Kak JApyrue UCHOIb3YIOT
KBAaHTOBBIE OIEPATOPBI, KOTOPBIE HE UMEIOT KIIACCUYECKUX IKBHBAJIEHTOB, Hampumep, Gpa3oBble
cnBurd. Paznuuaror mupokuii cnektp paznunuHbix crpyktyp KHC. Haunbonee pacnpoctpaneHHbI-
MU SIBJIAIOTCS PEIIEeTKU M TOYKH, a TakKe CTaHAAPTHOE MPSAMOE pacpocTpaHEHHUE.

Pa3Hble nccnenoBaTeny UCIONB3YIOT COOCTBEHHBIE aHAIOTUH AJIsl YCTAHOBIICHUS CBSI3U MEX-
1Ty KBAHTOBOM MEXaHUKOM M HCKYCCTBEHHBIMU HEWPOHHBIMU CeTAMHU. OCHOBHBIE MOHATHUS 3TUX
IByX oOnacTell MpUBeOEeHBI B TaONHLIE.

He cnenyer paccmaTpuBaTh mapbl KOHLEMIUH, HaXOASAIMXCA B OJHOM M TOW K€ CTpOKE
TaOJHIIBI, KAK aHAJIOTHH - B ISHCTBUTENBHOCTH YCTAHOBIICHHE TAKOH aHAJIOTHHU U SABIISIETCS] OAHON
13 IJIaBHBIX 33J1a4 TEOPUU KBAaHTOBBIX HEHPOHHBIX CETE.

Kraccudeckue HeHpOHHBIE CETH KBaHTOBBIE HEHPOHHBIE CETU
CocrosiHue HelipoHa X, € {0,1} KyOutsr |X> — a| O> + b| 1>
CBs13b - 3aryTaHHOCTb

p

{Wij}ij_1 |X0X1...Xp_1>
O0yyatoriiee mpaBuiio P Cymnepnio3utius p

ZXfxi COCTOSIHHMI Zas X;...X]SH>

s=1 3aIyTaHHOCTH s=1
ITouck nobeaurens Hutepdepennms kak

n =max aI"g(fi) YHHUTapHOE U:¥Y Y
! npeobpasoBaHue
BoixonHoit Pesynbrat Decoherence Z alx® > N | Xk >
N (u3mepenne) - s

Baxxno orMeTuTh, 4T0 3(h(PEKTUBHOCTH NCIIOIB30BAHMS HEHPOHHBIX CETEH CBA3aHA C MAaCCHB-
HOW MapajuIeIbHOM pacipeeIeHHON 00padoTKoH HH(OpMAaIK 1 HETHHEHHOCTHIO Mpeodpa3oBa-
HUS BEKTOPOB BXOJOB HelipoHaMu. Kpome Toro, KBaHTOBBIE CUCTEMBI 00JIAalOT Topa3no Oomee
MOIITHBIM KBAHTOBBIM MMaPaILIETN3MOM, BEIPAYKAIOIIMMCS TPHHIIUIIOM CYepIO3ULInH [6].

Paccmorpum mpoctyto KHC co cBoiicTBaMu, KOTOpBIE OONEr4aroT ee MOJETUPOBAHUE U
TTO3BOJISIIOT HCIIONIB30BaTh KBaHTOBYIO (hr3uKy. IlepBoe cBOWCTBO, KOTOPHIM IO KHA 00JIaaaTh
KHC, aT0 Bcerma, korga BO3MOXKHO, MCIIOIB30BaTh KBAHTOBBIE alrOPUTMBI. BTopoe cBOWCTBO
MTO3BOJISIET HE MPOBOANUTD (DaHTACTHYECKHX M3MEPEHUH, KOTOPHIE B JaHHBIII MOMEHT HElpaKTH4-
HbI. Emie oHO mone3Hoe CBONWCTBO, CBSA3aHHOE C TIEPBBIMH JIBYMS — 3TO CIIOCOOHOCTh H3MEPEHUS
Beca kaxnaoro Heiipona KHC. B koneunom wutore y Hac OyJneT BO3MOXHOCTh MOJCIHPOBATH
KHC cpennero pazmepa ¢ pa3yMHON TOYHOCTBIO U 3a pa3yMHOE Bpemsl. Ellie oHUM MOJIe3HBIM
CBOWCTBOM SIBJIAETCSI BO3MOXKHOCTP mepenaun oOyuenns KHC B kimaccuueckyro cucremy.

KHC paboraer taxke xak u kmaccudeckass MHC, koTopass COCTOMT M3 HECKOJIBKHX CIIOEB
MIEPCENTPOHOB — BXOAHOMU CIJIOH, | MM HECKOIBKO CKPBITBHIX CIOEB M BBIXOAHOW cioi. Kaxapiid
CIJIO TIOTHOCTBIO CBS3aH C MPEObIAYIINM clioeM. KaXapIii CKPBITHIN CIIOM BBIYMCISIET B3BEIIICH-
HYI0 CYMMY BBIXOJIOB MPEABLAYIIEro cios. Eciu 3Ta cymMMa IpeBhIIIaeT moporopoe 3Ha4eHue,
y3ell TIepexXOJUT BhIIIe, HHAUe OH OCTaeTCs HUXKe. BBIXOIHOM cIoil Aenaer To ke caMoe, 4TO |
CKPBITBIE CIIOM, KPOME IIPOBEPKU TOUHOCTH. CeTh B I[ENTOM BBIYHCIISAET (DYHKIIHIO ITyTEM TTPOBEPKU
MaKCHMaJbHOTO BRIXOAHOTO OuTa. Ho HeT mpoBepkH, 4TOOBI yOSIUTHCS, YTO TOIBKO OJTUH BBIXOJ
MaKCHMAaJIbHBIH.

Onpenenenne MpUHIKITA paOOTHI KBAHTOBOTO HEHPOHA MOXKHO JIaTh CIEAYIOIIMM 00pa3oM: OH
MOJTy4aeT BXOTHBbIC CHTHANBI (MCXOMHBIC JaHHBIE THOO BBIXOJHBIE CHTHAJIBI APYTUX HEHPOHOB
KHC) uepe3 HeckoNbKO BXOIHBIX KaHATOB. Ka)<aplii BXOAHOM CHTHAI MTPOXOAUT Yepe3 CoenruHe-
HUE, NMEIOoIIee ONpe/eNIeHHY0 HHTEHCUBHOCTD (MJIH BEC); STOT BEC COOTBETCTBYET CHHATITHYEC-
KO# akTHBHOCTH HeiipoHa. C Ka)KIbIM HEHPOHOM CBS3aHO OIPEeNIeHHOEe TTOPOrOBOE 3HAUYEHHE.
Brrancisiercst B3BeleHHass CyMMa BXOJIOB, M3 Hee BEIUUTAETCS ITOPOTOBOE 3HAUCHHE U B PE3yiTh-
TaTe MOMyJYaeTcs BeIMYNHA aKTHBAIIUU HEHpOHA (OHA TaKKe Ha3bIBACTCS IMOCT-CHHANITHYECKIM
MOTEHITHAIOM HelpoHa - PSP).
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Cursaan akTHBallMK Ipeodpa3yercs C TOMOLIBIO QYHKINY aKTUBALUU U B pe3yNbTaTe Molyva-
€TCsl BBIXOJJHOM CUTHaNI HelpoHa (puc. 1).

H%)]ﬁ wl ]
|x2> W, — N
‘ : }7 : *— Z |y)=FZ_1:ﬁfj-|xj>

“xN} % wN I

Puc 1. MaTtemaruueckasi MOzi€b KBAHTOBOIO HEHPOHA

MaremaTudeckast MOJeNb KBAHTOBOI'O HEHPOHA |y> = FZ\fv j‘ X j> , Tae W j — 9TO MATPHILbI
=
1>}; F — omepartop, KOTOpBIil MOXKET OCYILECTBIATH paboTy

2*2, NeHCTBYIOIINE Ha OCHOBE ﬂ0>,
CETU KBAHTOBBIX SYEEK.

Puc. 2. KHC mns Beraucnenns XOR ¢ysxmmm

KHC, npencraBnennast Ha puc. 2, sIBJISETCS MPUMEPOM TaKOW CETH, YTOOBI C JOCTaTOYHOU
CIIO)KHOCTBIO BRIYHCITUTH QyHKIHIO XOR. Kaxnpiii BXox B 3TOM mpuMepe SIBISIETCS OUTOM, K
TOMY e OOJIBIIOE KOJTMYECTBO OUTOB MOXKET HCIIOJIB30BATHCS ISl KaXKI0TO BXOIHOTO PErucTpa.

Kaxaplii BXOZHON y3el 1 IpeACTaBlieH PErucTpoM |0L> . JIBa CKpBITBIX y371a BBIYUCISIOT B3Be-
1

LIEHHYIO CYMMY BXOJIOB |\|l>l.1 I/I|W>l.2 U CPaBHUBAIOT €€ C OPOTOBBIM 3HAUYCHUEM |\|!>l.0 . Ecnu

B3BCIIICHHAas1 CymMMa Oomblie MOporoBoro 3Ha4dcHusA, TO y3€lI HUACT BLIH.IG.|B>k npeacTaBisiCT

BHYTPEHHHE BBIYHCIICHUS, KOTOPHIE MPOMCXOIAT B KaXKIOM y3iie. BeixomHo# cioit paboraer
aHAJIOTUYHO, OepeT B3BEIICHHYI0 CYMMY CKPBITHIX Y3JIOB U CBEpSAET C TOPOTOBBIM 3HAUCHHEM.
[Torom KHC npoBepsieT Kakablil BHIYUCIECHHBIN BBIXOJ M CPaBHUBACT C IIEJIEBBIM BBIXOAOM

|Q> _, OTTIpaBJISAS |(p> _ BBIIIE, €CIIM OHM paBHBL. [IpoM3BOAMTENBHOCTD CeTH 0003HAYAETCSl Kak
J J
|p>, KOTOpasi SIBJISIETCSl KOJMYECTBOM BBIYMCIICHHBIX BBIXO/OB, SKBHBAJEHTHBIM HX COOTBET-
CTBYIOILIMM ILI€JIEBBIM BBIXOZAM.

3. Ucnonb30BaHue KBAaHTOBOro momcka st o0ydenuss KHC

PaccmarpuBaemast cets pabotaer cienyromuM oOpa3oM Ha oOydaromield BIOOpke. B Hamem
IpUMepe CeTh MMEET JBa BXOIHBIX MapaMerpa; TaKMM 00pa3oM, Bce N 00yJarolINX IMPUMEPOB

OynyT WMerTh JBa BXOAHBIX peructpa. OHH TpeCTaBIEHBl Kak |Ot>11 IIo |0L>n2. LleneBkie
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OTBETHI XPAHATCS B PErUCTpax |Q>11 hi(y |Q> 5 Kaplii CKpBITBINA WM BBIXOTHOHM y3€1 HMEeT
n

BEKTOp Beca |\|! ;» KQXKJIbIA BEKTOP COIEPKHUT BECa JUIs KaKA0ro u3 Bxon0B. Ilocne knaccudu-
OUPOBaHHUA 00yYaroIero MpuMepa perucTpol |\|l>1 u |l|!> , OTPAXKAIOT CIIOCOOHOCTH CETH KIIac-
cuuuUpoBaTh €ro. B kadecTBe MpoCTOro M3MEpeHHsl MPOU3BOIUTENBHOCTH MBI YBEINYHBAEM
|p> Ha CyMMY BcCeX |(P>i. Koraa Bce oOyyaromyie mpumepsl KiacCUGUIIMPOBAHBL, p> Oyner
CYMMOM BBIXOJHBIX Y3JIOB C IIPaBHJIBLHBIMU OTBETAMH B COOTBETCTBUH C 00yUaroleld BEIOOPKOH,

W 3HaYeHHE OYET OT HyJIS 0 IPOU3BEACHHUS KOINIECTBA 00YUAOIINX MPUMEPOB Ha KOJTHMYECTBO
BBIXOJIHBIX y3JI0B (puc. 3).

R il T

|(1:“'11 = % |¢:,_:::-11

|j@>,, = i |‘_3'1:::'1

/'v-"v'm
|(-l{n1 ﬁ-%ﬁ? =2 |Un1
|(f Z:»n2 — ';_W o |‘;£J.jj::.n2

Puc. 3. O6yuerne KHC
OpnHa U3 BO3MOXKHOCTEH /Tt 00y4eHUS TaKOW CETH — IMOUCK CPEIH BCEX BOSMOXKHBIX BECOBBIX
BEKTOPOB TaKOT0, KOTOPBIA HE MPOTHBOPEUUT (COTIIACYETCs) O0YJaromUM TaHHBIM. MBI XOTHM
HaWTH pelieHne, KIacCuPUIUPYIoIIee BCe 00yJaroIne MPIUMepbl KOPPEKTHO; IPYTHMH CIIOBAMH,
9TOOBI |p> =n*m, rge n — KOJIUYECTBO OOYYAKOIIMX IIPUMEPOB, & M — KOJIUYECTBO BHIXOIHBIX

Y3JI0B. Tak xak HCU3BCCTHO, KAKOC KOJIMYCCTBO BCCOBBIX BCKTOPOB CIIPABUTCA C OTUM, 6y,I[GM
HCIIOJIB30BaTh 0606H_IGHI/IG OPUTHUHAJIBHOI'O aJIrOpUTMa IOHCKa [7], NpEeAHA3HAUYCHHOI'O IJIA IIPO-
6J'IGM, Korga KOJIMYECTBO pemeHHﬁt Hem3BecTHO. OCHOBHas nacda 3aKIr4YacTrCsa B OIMHMCaHUHU
|\|f>, KaK CYIEpIIO3UIIMU BCCX BO3MOXKXHBIX BCCOBBIX BCKTOPOB, M IIOHMCKa TaKOTO, KOTOpLIfI

KJaccupuIUpyeT Bce 00ydarome npruMepsl KOPPEKTHO.
Bce npyrue peructpst (|B> , (p> , p> ), KpOME BXOZHBIX U LIENIEBBIX BBIXOA0B, HHULIUAIN3UPY-

torest cocrosinreM |0) . JTanee Mbl KiaccupuuupyeM Kaxabiii o0ydarommii npumep, oOHOBISA

perucTp Mpou3BOAUTENEHOCTH |p> . C IOMOILIBIO CYNEpIIO3UIHU MBI KJIacCU(pUIUPYeM 00ydaro-
IUA TpHUMEpP C y4eTOM KakKIOro BO3MOXKHOT'O BECOBOI'O BEKTOpa OZHOBpeMeHHO. Kakmablit
BECOBOM BEKTOp TeIephb 3aIlyTaH C |p> TakuM 00pa3zoM, 4TO |p> COTJIaCOBBIBACTCS C TEM, Kak
YCIIEIIHO KaXKIbIH BECOBOM BEKTOp KilaccUHULMpYET Bce oOydarouye naHHbIE. B 3ToM cityuae

MoJy4aercs |p> =n*m, 4To COOTBETCTBYET HCKOMOMY BECOBOMY BEKTOPY, KOTOPBIi MPaBUIIb-

HO KJaccu(UIUPYET BCIO BRIOOPKY.

OnHako CymIecCTBYIOT KaK MHHHMYM JIB€ COMHUTEIIBHBIE TTO3HLIUU B 3TOM ajroputme. Bo-
HEepBBIX, HE Bce 00ydJarome BHIOOPKH OYAyT MMETh KaKoe-TO PEIICHUE CeTH, KOTOPOe CMOXKET
NPaBWIBHO KIacCH(PUIMPOBATh BCe 00ydaromue mpruMepsl. Taxke BO3MOXKHO, YTO Ja)e Korjaa
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peuIeHUC CYHECTBYCT, OHO HCIOAXOAAIIECC, IMOTOMY YTO YPE3MEPHO OTKIIOHACTCSA OT 06yqa}0—
e BLI60pKI/I. BO-BTOpLIX, KOJINYECTBO Tpe6yeMoro BpEMCHU [Jid MMOUCKa BCKTOpa, KOTOpLIﬁ
IMpaBUJILHO Knaccn(bnunpye’r 06yqa}0ume BLI60pKI/I, paBHO, 1 UMECT SKCIIOHCHIUAJIbHYIO CJI0XK-

HOCTbh C Y4€TOM KOJIMYeCTBa OUTOB B BECOBOM BEKTOPE, O(\/2b / z).
OnuH U3 CIOCOOOB CITPABUTHCS C MEPBOI MPOOJIEMON — UCKAaTh BEKTOP, J0 TEX IMOp TOKa HE
HalJieM pelleHne, KOTOPOe yIOBICTBOPSET JOMYCTUMBIN MPOIEHT P 00y4Yaroieil BEIOOPKH.

4. Pe3yabTaThl U BBIBOJABI

[Ipobnema XOR — xoporas npobiaeMa it IPOCTBIX HEHPOHHBIX CETEl, MOTOMY 4TO Tpedy-
eTcsl TI0 KpaitHel Mepe JIBa YPOBHS, JUIS TOrO YTOOBI IPOCTO YBUAETh, UTO TPOUCXOIUT. Kapii
W3 BBIXOOHBIX M CKPBITBIX Y3JIOB SBIISETCS TPAHUYHBIM C TPEMs BECaMH: OIHUH UIS KaXKIO0ro U3
€ro BXOJIOB M OJIMH JUIS TPaHUIIbL. Tak Kak Mbl TpeOyeM OTPHUIIATEIbHBIX, a TAKKE MOJOKUTEITh-
HBIX YHCEN M HYJIS, UCIIONb3yeM 2 KyOHuTa JUIs KaKJIoro Beca.

Cozmana KHC c¢ 4deTpippMs BXOJHBIMH Yy3JIaMH, TPEMsS CKPBITHIMH M TPEMs BBIXOJHBIMU
y3nmamu. Tak Kak Ha BXOJAE - BEHICCTBEHHBIC 4YHCIAa, TO MBI WCIONB30BAIM OE3rpaHUYHBIC
CKPBITBIC Y3JIbl ¥ 3aTEM IPAHUYHBIC BBIXO/IbI. BecaMu ObLTH Bee 2 1EIOYNCIICHHBIX KyOHUTa, KaK B
npobneme XOR. Tlocne cpennero uncna 74 3mox paHAOMHBIA aJITOPUTM MOKMCKA CMOT JOCTHT-
HYTb 95%-1 TOYHOCTH Ha 00ydYaromieM Habope JaHHBIX.

Knacc 3anmau, xoropeie MoxkHo pemmnth ¢ nomombio KHC, ompenensiercss TeM, Kak CeTh
paboraer, u TeMm, kak oHa oOydvaercs. Ilpu pabore KHC npuHuMaer 3HaueHHS BXOIHBIX
MIEPEMEHHBIX U BBIJACT 3HAUYCHUS BBIXOJHBIX TIEPEMEHHBIX. TakuM 00pa3oM, CeTh MOKHO TpUMe-
HATh B CUTYallUW, KOTJIa MMEETCS OIpeAcicHHAs W3BEeCTHas WHGOpMAIUs M HYKHO M3 Hee
MOJTYYUTh HEKOTOPYIO ITOKa HE U3BECTHYIO HH(POPMAIIHIO.

Bot HekoTopble TpUMEPBI TAKUX 3a1ay:

— pacro3HaBaHue 00pa30B U KJIACCU(UKAIINS,

— IPUHSATHUE PELLIEHUN U YIIPABJICHUE;

— KJacTepusanus;

— IPOrHO3UPOBAHUE;

— annpoKCUMaIys.
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BUBYEHHS XAPAKTEPY B3AEMOJII TUIIY TOYKA-TOUKA s
KJIACU®DIKAIIII MEPEXXEBOI'O TPA®IKY

Posrisinatoreest BuMipu mMepexeBoro Tpadika tuiy P2P (Touka-Touka) /Uit 3aCTOCYHKIB
riobanbHoi Mepexi [HrepHeT. [TopiBHIOIOTECS Tpu MeTomu s Knacudikamnii P2P-nonaTkis: Ha
OCHOBI KJ1acHikaii MopTiB, Ha piBHI MiINCIB 3aCTOCYHKIB i HA OCHOBi aHaJIi3y TPAHCIIOPTHOT'O
piBHs1. BukopucroByeTbest MepesxeBHit Tpadik, 310paHnii B Mepeski onepaTopa 3B 13Ky Ha POTSI3i
JBOX MicsuiB. HaBoasThCst qaHi, sIKi CBiT4aTh PO MepeBark METOy aHaJli3y TPAHCIOPTHOTO PiBHS
Ta MOMJIUBICTB HOT0 3aCTOCYBaHHS Ha BUCOKOIIBH/IKICHUX KaHAIAaX MEPEKEBHX 3’ €IHAHb.

Betyn

HemonasHi nocimipkeHHs B 001aCTi BUBYEHHS Ta BUMIPIB Tpadika mokaszamnu, mo P2P 3acrocy-
BaHHS TEHEPYIOTh 3HAUHUH [HTEpHET- Tpaq)uc Posyminns npodinto Tpadika [HTepHeT BAKIHBO 3
JEKiTBbKOX TMPUYHH, BKITIOYAI0UH praBJ‘IlHHH HOro MOTOKOM, BCTAHOBJICHHSI LIHOBOI MOJIITHKH
JOCTYITy A0 MEpPEXKi Ta INIaHYBaHHSI €MHOCTI KaHATIB 3B’ 3Ky MK ITpoBaiiiepamMu mociyr. Iatep-
HET-TIOTOKH MOXYTb HETIPaBUIILHO KEPYBATHCH, SIKIIO BOHH HE BUMIPSHI TOYHO Ta HE KiIacudiko-
BaHi.

BuwmiproBanus P2P Ttpadika ocobnuBo BaxknmBo ans [HTepHer cepic-npoaiigepis (ISP) 3
JeKinbKoX NpuurH. [lo-nepie, 6iMbLIiCTh 3aCTOCYBaHb BUALISIOTHCS CBOEIO arpeCHBHOIO ITOBE-
1HKOIO III0/I0 BUMOT JI0 TTOJIOCH IportyckaHHs. HaaMipHe nepeBaHTakeHHs Mepexi MOXKe CIpUIH-
HUTHU HEBJIOBOJICHICTh KOPHUCTYBAUiB i MOXKIIMBUYN mojanbiuii ix Biarok. [To-npyre, 30iu1bIeHAS
MPOITYCKHOI CIPOMOYKHOCT] KaHaJIiB Mepeayi JaHNX He 3aBXK I € MOYKJIMBUM B KOPOTKOCTPOKOBIH
MEepPCIeKTHBI. 3aCTOCYBaHHsI B MOJANBLUIOMY MOXYTb 3aBOJIOAITH LIOHHO HaJaHOO J0JATKOBOIO
MPOITYCKHOIO CITPOMO’KHICTIO, IPU3BIBILM 3HOBY A0 MepeBaHTaxeHHs Mepexi. [lo-Tpere, neski
TEXHOJIOTI] JocTymy A0 Mepexi [HTepHer, 30kpema, Mo 0e3ApOTOBiH TEXHOIOTii MalOTh aCUMET-
pito KaHaIB 3aBaHTAKEHHS Ta BIANPABKH TaHWUX, TOXX HEOOXiTHO KOHTPOIIOBATH ABOCTOPOHHIH
00MiH, 3Ba)Kal0uH Ha HasIBHICTH ceciil Bill KopucTyBadiB. [IpunymieHHs, mo kopuctysad [HTepHe-
Ty 3aBXKM 3aBaHTaXye OUTbIIe iHhopMallii, Hix repeaae, cripaBemiuse aute aius1 WEB. [{is P2P
MepeX MOXE CTaTHCS TaK, U0 OOCAT BiNpaBIeHUX NaHHUX Oyle TakUM K€, SIK 1 MPUHHATHX.
SIKI110 OCHOBHMM BHJIOM B33a€MOIi B CydacHUX Mepexax ctane P2P oOMiH, To mpunyIieHHs moao
ACHMETPUYHOCTI KaHay 3B 3Ky Moxe cTaTi XxuOHuM. ISP MoxxyTh opMyBaTu npaBuna ynpas-
TiHHS TpadikoM, OMUpardrch Ha po3yminHg P2P tpadika.

[Ipu po3paxyHKax MOKyTb OyTH BUKOPUCTaHI pi3HI METOU M (epeHIiFOBaHHS CITOCO0IB Oria-
TH. [HIIMM MiIXOT0M MOXe Oyau BUKOPHCTAHHS CEPBIC-TPOBANICPOM Kelll-CepBepiB Ui 30epe-
JKEHHS TIPOIYCKHOI 3/aTHOCTi OCHOBHHX KaHAIIB. Jlist TPOBE/ICHHS OLIIHOK I10/10 BUOOpY Ti€l un
iHIIoi Moneni knacudikamii Tpadika cTae HeOOXiTHUM BHHAWAEHHS METOMIB JeTeKTyBaHHs P2P
B3aeMoii. OHAK iCHYE IIe OHA Ba>KJIMBA IPOOIeMa, sIKa CTOCYETHCS PO3MOBCIOIKEHHS KOHTEH-
Ty, 3aXHILEHOr0 aBTOPCHKUMH MpaBaMH, - TAKHMH THUI B3a€MOAIi He MiANangae MiA MOXIUBICTD
30epeXeHHs] Ha CTOPOHI MpoBaiifiepa Ta HOro BiABaHTa)KEHHs KOPHCTyBadaM Ha 3arajlbHHUX
3acamax. lnmenTudikarmis P2P Tpadika cyuacHoi Mmepexi I[HTepHET € mpobIeMoro, OCKLUTEKH 3aCTO-
CyBaHHS PO3BUBAIOTHCA MIBUAKMMHU TeMIlaMHu. barato 3acrocyBaHb HaMararoThCsl IPUXOBYBATH
CBO€E iCHYBaHHS B MEPEXi, BAKOPUCTOBYIOUH IMHAMIUHI HOMEPH MOPTIB, Pi3HY KITBKICTh TPAHCIIOP-
THUX 3’€IHaHb, JTAHIFO)KKOBUH 00MiH ¢aitmamu, mackyBanHs nig HTTP tpadik Ta mmdpysanas
HaBaHTaxeHH4. L[ell JoKyMeHT MPUBOIUTH OTIISA] PI3HUX METO/IB KiIacudikalii Tpadika Ta anami3
X e)eKTHBHOCTI Ha OCHOBI PO3MOBCIOKEHUX THIIIB Tpadika.

AHai3 Ha OCHOBI J0Ope BiOMHX HOMEpIB IOPTIB, SKi BH3HAYAIOTHCA iHCTHTYTOM [ANA
(Internet Assigned Numbers Authority), He migxoauts st P2P 3acTocyBanp BHACIIZOK BUKOPH-
CTaHHs AMHAMIYHOTO Jiama3oHy mopTiB. OCOOMUBICTIO JaHOI POOOTH € 3aCTOCYBaHHS MacHBa
Tpadiky 3a JOCHTH JOBTHHA Tepioj]] 4acy JUId MiATBEp/UKeHHS e()EeKTHBHOCTI BUKOPHUCTAHOTO
Meroay kinacudikariii. Pe3ynpraTtu mokasainu, 1o BUKOPUCTAaHHS KiacH(iKallii 32 HOMEpPOM TIOPTY
€ HeepexTuBHUM 17151 Knacudikanii P2P tpadika: 40-70% Iarepuer-tpadika kiacudikyeTbcs sk
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HeBinomuii. MoanikoBaHUH METOX TPaHCIOPTHOTO aHaji3y OyB TaKOXK PO3TIISIHYTHI Ta mepe-
BipeHUil. BUCHOBKM moKa3ainu, 110 HOro MpakTUYHICTh 11010 BuAiaeHHs P2P B3aemonii 3acTocy-
BaHb 3HaXOAUTHCS HA IOCTATHBOMY LIS TOYHOI OL[IHKH piBHI. B 1aHOMY OCTiIPKEeHHI OMUCYETHCS
niarpyHTs B3aemonii P2P 3actocyBaHb Ta KOPOTKH OTJIsi] BUKOHAHOT POOOTH.

1. IocTranoBka mpodaeMHu

P2P nomatku po3BUBAIOTHCS y)Ke IMBUIAKUMH Temmnamu. [Iporsrom nekinbkox pokiB P2P
JOIATKU €BOJIIOL[IOHYBAIX BiJl TEPILOrO JO TPETHOro MOKOMiHHSA. OAHIEI0 3 MPUYMH IIBUIKOTO
PO3BUTKY LIMX 10AATKiB Oyi10 OakaHHS YHUKHYTH iX BUSBIICHHSI.

JocmimkeHHs po3IIsIaloThesl Ha PiBHI MaKeTiB, 310paHKX Ha TPAaHCIIOPTHOMY KaHalli OHOTO 3
npoBaiinepiB nociyr IatepHer. [lepmmii BinduTok Mictuth 44 Oaliti Koxuoro nakera TCP, mio
Mmictuth 0 abo 4 OaiiTh KOPHCHOTO HaBaHTAXKEHHS, B TOM Yac sSK pelTa MIicTATh 16 Oaift
KOPUCHOTI'O HaBAaHTaXEHHS JJIs1 KOXKHOTO MTaKkeTa. AHaJIi3 HaKeTiB TPaHCIIOPTHOT'O PIBHS CIIUPAETH-
csl TepemyciM Ha J1Ba OCHOBHHUX Miaxoaa eBpucTHKH. [lepmmilt miaxin imeHTHQiKye mKepeno
npusHayeHHs [P 3aronoska, sike 0AHOYaCHO BUKOPUCTOBYIOTH ITpoTokonu TCP 1 UDP. fAkmo taki
napu [P icHyrOTH i BOHH He BHKOPHCTOBYIOTH KOHKpPETHI J0Ope BioMi MOPTH, TO Ii MOTOKH
BBaXKaroTbest P2P. [lpyruii miaxin eBpUCTUYHOTO aHAIIi3y BBaXKae€, 0 ICHYE CTPYKTYpHA MOJEIb
TPaHCHOPTHOTO MIapy 3’€JHaHb MIXK XOCTaMu. 30KkpeMma, 151 P2P nonatkiB umcio pisHUX MOPTIB,
MIJKITIOUEHUX JI0 XOCT-CUCTEMH, YacTO 30iraeThCs 3 YUCIOM Pi3HUX By3IiB [P, mimkitoueHux 1o
HBOTO.

2. Orasa MerodiB kjaacu@ikamii

[Nepe nokomninas [1] P2P cucrem cknamanocs 3 HEeHTpaNi30BaHOI CUCTEMH, Takoi ik Napster.
LenTpamnizoBaHuii cepep OyB BUKOPUCTaHUHN A 30epiraHHs iHAEKCHUX (aiIiB, 0 JO3BOISIIO
JOCHUTB JIETKO HOTO BIACTEXKYBATH Ta JaBajo MOXJIHMBICTH 3a00KyBaTh cepBep. Kpim toro, P2P
JOIATKA BUKOPHCTOBYBAIW BiIOMi MOPTH Ui MNepefadi JaHWX, TaK L0 Iie Oylo JIeTKo Uis
orepaTopiB Mepex, SKi KOPUCTYBallUCh LKMM A Bu3HaueHHs P2P tpadika i, sik pe3ynbrar,
OJI0KyBaJIH BiAMOBIHI IOPTH, 1100 nepemkonuT P2P B3aemonnii.

Hpyre nokominHs [2] P2P cuctemu Bkitodae B cebe mpoTokony, Taki sk Gnutella [4]. Gnutella
OyJia MOBHICTIO PO3IMOIUICHOI CUCTEMOIO, Jie OyJIM PO3MOBCIOKEHI 3anuTh 70 cyciniB. JlonaTtku
BHUKOPUCTOBYBAJIM AWHAMIYHO BCTAHOBJIEH1 MMOPTH IS Ilepesiadi JaHUX, MO0 YTPYAHSIO KiIach]i-
Karriro Tpadika P2P.

Tpere mokomninus [1] P2P cuctem € nocuts cknamgaum. Lle ridopuani cucremu, siki 00’ €THYOTh
imei Bim IEHTpasli3oBaHUX 1 PO3MOAUICHHX CUCTEM. ICHYIOTH Cymep-HOM, SIKi MaroTh OLUIBIIY
004YHCITIOBANBHY 3[IaTHICTh, HIX 1HII MTAPTHEPH B32aEMOIIi, 1 HECYTh BiIIIOBINAIbHICTH 32 0OPOOKY
iHAEKCHUX (ailiB 1151 KopucTyBadis. BoHr yacto nepenaroTs 1aHi, BAKOPUCTOBYIOUH BUIIAAKOBO
BHOpaHi mopTh. [HOAI BOHM MacKyIOTh X, BUKOPHUCTOBYIOUH IMIOPTH IHIINX BiIOMUX TonaTKiB. Kpim
TOr0, OAMH BENUKUHN (aiil MOXKHA 3aBAHTAKUTH OZHOYACHO B APIOHMX IIMAaTKaX 3 IEKUIBKOX
inmmx micub. Kpim Toro, nekinpka mpoTtokonis, Hanpuknay FastTrack, moyanu mmdpyBanas Ha
MPUKIIATHOMY PiBHI JaHUX B makerax. L{i Meroan poOnsatTe BaxxunM BusiBieHHs P2P Tpadika. B
poborti [7] po3pobieno migxin ans 3HaxomkeHHs P2P-tpadika mmsxom 3acTOCYBaHHS METOAY
mianuciB. BuB4ueHo HasiBHI ONMKCH Ta Ha PiBHI MaKeTiB BiACTINKOBAaHO BUSBJICHHS IOJATKIB 3a
JIOTIOMOTOFO ITUX TTIITHCIB, a ITOTiM BUKOPHUCTAHO iX [T pO3POOKH (UTBTPIB, IKi MOXKYTh BIICTEXY-
Batu Tpadik P2P Ha BHCOKOMIBHIKICHUX MEPEKEBUX 3’ €THAHHAX. Ix mocmimkenns aHamizye [P
nakeTH y (asi 3aBaHTa)keHHs Ta niepenadi daiiniB. Bonu poskianatots P2P mignucu B ocHOBHUM
mabioH, o BignoBigae (ikCOBaHOMY 3CYBY B Mexax KopucHoro HaBaHTaxkeHHs TCP [7]. B
JOCTIKEHHSIX Ul €KCIIEPUMEHTIB BUKOPUCTOBYBAIMCS [BA MAKETH 3 MEPEXi 3 PI3HUX TOUYOK
cnoctepexxenns. [lepmmii BinOuTok makeTiB Oyio 3i0paHO MPHU IOCTYII IO MEPEXi MPOTATOM
IBOX AHIB. J{pyruii ekcriepuMeHT OYB BUKOHAHUI HA BUCOKOIIBUAKOMY 3’ €HaHHi 3 500 KopHuCTy-
BauaMu Mepexi [HTepHer. BukopucTroByroum meprmii BiIOMTOK, BAAJIOCh KIacH(iKyBaTH Ta
3abnokyBaTtr P2P B3aemoziro. ABTOpH OIIHIOBAITM TOYHICTh 1 MacIITaOOBaHICTh TEXHIKM HA PiBHI
nianucy noaatkiB. ToyHicTh Oylia oLiHeHa IUTIXOM BU3HAYEHHS YHCiIa IOMHJIKOBHUX CIPALlbOBY-
BaHb 1 3aNMuIIaHHs Tpadika HexnacudikoBaHuM. [loMuiIKOBI cripanbOByBaHHS BU3HAYAIH 00’ €M
Tpadiky 1o kiracupikaTop MOMIIIKOBO i1eHTH(iKyBaB sk P2P. Obcsar HeknacudikoBaHUX TaHUX
BHUMIpPSUIH 5K KUTBbKicTh P2P Tpadika, sxuit knacudikatop He 3Mir Bu3HaunuTH sk P2P nomatox,
3HAIOYH, L0 L€ caMe BiH. Pe3ynbpTaTy moka3yioTh, 10 3alPONOHOBaHa TEXHIKa Mae MeHIe 5%
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MTOMHJTKOBHUX CIIPAIbOBYBaHb, [0 TEXHIKA 3aIMINAETHCSI TOUHOI OUTBITY YaCTHHY Yacy. Baxiu-
BOIO OCOOJIMBICTIO € Te, III0 TE€XHIKA € MAacIITabDOBAaHOI 3aJIEKHO BiJ KIIHKOCTI IAKETIB, SIKI
MepPeBipsIFOTHCA.

B nocnimxkenni [8] 3ampornoHoBaHa METOAMKA BU3HAUCHHSI JOATKIB 3a JIOMIOMOTOK aBTOMa-
TUYHUX MIIMUCIB 3 BUKOPUCTAHHSM HAaBYAIBLHUX aNrOpuTMiB. HacToTa MOMUIIOK MOKa3aja, 10
BIIHOCHA ITOXHMOKa MOXKe cKkianatu He ourblie 1%.

Hosuii miaxin no BusHauenHs P2P motokiB Ha TpaHCIOPTHOMY PiBHI (HampHuKiaj, Ha OCHOBI
11a0JI0HIB 3’ €JHAHHST ), HE ITOKJIAJIAal0YKNCh Ha TTAKET KOPUCHOTO HABAHTAXCHHSI, OITUCAHO Y [5].

3. Crpykrypa Ha0opy mnepexomjieHUX JTaHUX

OcHoBHHI Ha0Ip AaHUX, BAKOPUCTOBYBAaHUX B JOCIIKEHH1, MPUXOIUTD BiJl IACUBHOTO Mepe-
xeBoro Tpagika mposaiizepa IHTepHeT mocmyr mepexi MoOiTbHOro 3B’s3Ky. 30ip maHux OyB
OpraHi30BaHMM 3a IOTIOMOT' 00 BiOOpaskeHHs Tpadika 3 arperauiiHoro opTy A0CTYITY TOJIOBHOTO
MapuipyTtuzatopa komnatii CDMA Ykpaina. CtaHIist MOHITOPHHTY OyJia migKitodeHa A0 mopTy |
GigabitEthernet. AnapaTHe 3a0e3MeueHHs CTaHIii MOHITOPHHTY CKIaJaeThCs 3 ABOX MPOLIECOPiB
cepsepa Dell (2,4 [T npouecop Pentium IV) 3 4 I'6 onepatuBnoi nam’sti i MmacuBy 73 I'6 SCSI
mickiB B RAID1. Cxema minkimtodeHHs 300paxkeHa Ha puc. 1.
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CepBicHa Mepeska 'MOHITOPHHTY
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Puc. 1. Cxema koMIIIeKCy NepexoIyIeHHs JaHUX

s 300py cratuctuku BukopucTtoByBajaca UNIX-yrumita tcpdump [2] ans manux IP ma-
ketiB. B (aiin xyprary 3anucysanucs 3aronoBku Bcix TCP / IP nmakeriB 3 SYN, FIN, RST a6o
npanopamu. Lli 3aronoBku 3anucyBanucs B (paiin, SKuii KOXKHY TOJMHY apXiByBaBcs, Ta IOYMHABCS
3aImc 10 HOBOTO (haiiry, CTBOPIOIOYM TaKUM YHHOM 24 (paiiny 3a KoKeH AeHb MOHITOpUHTY. Lli
(haiiiu moTiMm OyIT0 MpoaHai30BaHO 3a IOTIOMOT'OF0 IHCTPYMeEHTIB aHamizy. [Iporpamy nmigpaxyHky
CTaTHCTUYHHX JaHHUX OLIHOK METOMIB Kiacudikarii Oymo BukoHaHO MOBOIO C. OCKibKH aHai3
(haiiiTiB 3ar0JIOBKIB MIPOBOAMBCA ITiCHS X apXiByBaHHS Ta HE BUMAraB BHCOKOI IIBUJIKOCTI, YTHIIITa
pearizoBaHa 0Oe3 3acTOCyBaHHS 0araTornoTOKOBOCTI.

3anuc Tineku TCP SYN, FIN, RST nakeriB € qo0pe BigoMum crmocoOOM i 0OTpYHTOBYEThCS
tak. [lo-mepme, TCP — moMiHyrOUMi MPOTOKON TPAHCIIOPTHOTO PiBHSA B Mepexi [HTepHeT mis
OinpmocTi yacy. Cnuparoduck Ha JOCTiKeHHS 6aunmo, mo Oinbiue 70% IntepHer Tpadiky [3]
nianagae mig ue TBepkeHHs. llo-apyre, el MeTon 3HAYHO 3MEHIIye BUMOTH A0 30epiranHs
(haiiimiB )KypHaIiB, 110 JTO3BOJISIE TPOBOIUTH JOBTOCTPOKOBI TOCHIKEeHHs Tpadika, i B TOi ke Jac
OXOILTIOBATH OUTBIIT MACHBH TAaHHUX Ha PiBHI aHATI3Y 3’ €qHAHHA [6].

1000 -

Mauit/c

o o e e e o ok g o o e o e i

I
so0 -

Cep Yere Ir Co Hx s BT Cep

Puc. 2. O6csru mepeskeBoro Tpadika
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CykynHi 00caru MepexeBoro Tpadika 3a OIMH THXKICHD MPEACTaBIIeH] Ha pucC. 2.

[MTinpaxyHok oOcsry Tpadika Bu3HauyaeThes 3 aHamni3zy mpamopuis TCP Ha piBHI mpOTOKOIY
HuUIsIXoM rmoyatky 3’enHaHHs (SYN) Ta mopsiaikoBUMHU HoMepamu a0 npunuHeHHs nepenayi (FIN).
3 KiIBKOCTI JaHUX MOKe OyTH BH3Ha4YeHa cepelHs IIBUAKICTh Mepeaadi.
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Puc. 3. Ycepenneni 3HaueHHs Tpadika

Ha puc. 3 noka3ano MepexeBy aKTUBHICTb AJISl THIIOBOTO JIHS Y 24-TOMMHHOMY IEPiOi.

Bxinnuii 1 BuXigHuii Tpadiku HaHeceHO okpemo. KoxkHa Touka sIBIisie cOO0I0 CepeTHIO IBUKICTD
nepenadi JaHUX A S-XBHJIMHHOTO iHTepBaiy. | opH30HTaIbHA BiCh MOKA3Yye KUIBKICTH TOJHH,
nouyrHatoun 3 miBHoUi (0 rox.). [HcTpyMeHTOM A5 aHali3y Ha OCHOBI HOMepa MOpTy OyJia yTHiiTa,
po3pobiena Ha MoBi porpamyBanns C. [Iporpama nepebupae Bci makeTH 10 4ep3i i CTBOPIOE ix
MacuB y Tabaumi. s ko)KHOro makera 3arajibHa KUIbKICTB iX 30UMbLIyeThCS Ha 1, a 3aranbHa
KUIBKiCTh OaliT — Ha JoBxkuHy I[P makera. ¥V 3aronoBky IP posrisgaeTscs HOMep HpPOTOKOMY;
skio oro Homep nopiBHioe 6 (TCP), To posrmsmaerbes TCP 3aromoBok makera. 3 TCP
3aroJioBKa BUTSATYEThCS HOMEp MOPTiB, 1 MakeT BianoBiaHo knacudikyerscs. Bimomi TCP noptu

YKOPCTKO 3aJaHi B IHCTpYMEHTI aHaIi3y 1 3aCHOBaHi1 Ha HOMepax MOPTiB, BU3HAYEHUX HA BeO-caiTi
IANA.
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Puc. 4. Turm Tpadixa

YKupHOO 4OpHOIO JTiHI€I0 HA PHC. 4 TOKa3aHO «HEBIIOMI» THITH Tpadika: Tpadik, KU He MOXKe
OyTu KmacudikoBaHUN B OyAb-IKOMY BiJOMOMY JIOATKy Ha OCHOBI aHamizy mopTiB. Heimomuit
Tpadik cKIaae 3HaUHY YaCTHHY Bifl 3aralibHOr0 00’ eMy Tpadika, TOK MOYKHA 3pOOHTH BUCHOBOK,
o kimacugikallis Ha OCHOBI HOMepa MOpTY He JT03BOJISIE BUBHAYUTH TiepeBakHy Oinbimicts P2P
3acrocyBaHb. CIill 3a3Ha4YHUTH, IO HOTO PIiCT MpUTaae Ha BUXiTHI JHI, TOMY MO’KHA BBaXKaTH, 1110
BiH HE Ma€ BIIHOIIEHHSI 10 poOOYOTo MPOIeCy KOPHUCTYBAYiB.

Ha puc. 5 mokasani pe3ynpraTti Kiacudikaiii o Homepax MmopTiB I OHOTO THKHSA, po3pa-
XYHKMA BHKOHAHI 3 OXOIUIEHHSM BCHOTO IHTEpBAITy OCTIKeHHs. [ 'opn3oHTalbHA Bick Tpadika
MIPEJCTaBIIsIE Yac, a M0 BEPTUKAJbHIN oci BimoOpaxkeHo BifcoTOK MOTOKiB TCP mis nmesxux
HONYJIIPHUX JIOAATKIB, TaKuX SK BeO, erekTpoHHa nomTa i P2P. KokHa Touka siBise moneHHe
cepenHe Bix 24 QaiiniB )KypHaJiB TpacyBaHHS.
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Puc. 5. Knnacudikariist HOTOKIB TaHUX Mepexi

Bigomum mepexxeBuM noaatkom Ha puc. 5 € HTTP. Horo 3axuinennii anajor Tex He BiacTae,
rpagik nokasye, mo B cepeaubomy notik HTTP ta HTTPS tpadixa konuBasest mixk 35-55% Bin
3arayibHOTO 00csTy Tpadika. Lle nominyrounii Tun Tpadika I CydacHUX MOOUIBHHX MEPEX.

4. Meroau BH3HA4YeHHSI XapaKTePHHUX HMiANKCIB 3aCTOCYHKIB

Posristaemo Metox knacudikanii Ha OCHOBI MIANMUCY Ha PiBHI 3aCTOCYHKIB Ta BKa3yIOThCS HOTO
HEJIOJNIKY B MOPIBHAHHI 3 METOIOM aHaNi3y TpaHCHOpTHOro piBHA. Llel minxin Moxxe OyTH BUKOPH-
CTaHWH! AJsl CTBOpPEHHS iHCTpyMeHTa s kiacudikamii Tpadika iHmmME Meromamu. Okpemi
0iTOBI 1MOJIS TA JTAHIIOKKU 3 TOBHUM KOPUCHHM HaBaHTAKCHHSIM MaKeTa BUKOPHCTOBYIOTHCS AJIS
TecTyBaHHS 1 mepeBipku mianucy. Ha piBHI 10AaTKIB CUTHATYPHHUI METOJ BUMArae JOCTYIY /0
KOPUCHOTO HaBaHTaXEHHs TaHMX KOpHCTyBaya y nepeaanux [P makerax.

Korxen P2P nonaTok Mae KOHKpETHi XapaKTEPUCTUKH MIAMUCY, OCOONMBI TUTBKHU JJIsl HBOTO, SIKi
OB’ sI3aHi 3 TPOTOKOJIOM 3 TOUKH 30pYy KITIOYOBHX CIIiB, KOMaH[I, TapaMeTpiB Ta IHIIHKX iAeHTH(IKO-
BaHUX OOMiHIB makeraMu. Ilinnucu MOXKyTh OyTH BH3HAU€HI HA OCHOBI CIIOCTEPEXEHBb BiIOMHX
P2P nopatkiB. Cxema aHamizy mepeadayae MOLIYK 3a3HAYEHOTO pslKa B KOPUCHOMY HaBaHTa-
JKEHHI TaKeTa, SKIIO BiH 3HAMIEHNH, MaKeT BiNnOBiqHO KiIacuiKyeThcs. Y AaHiid poOOTi cUTHa-
TypHHI MeTof OyB peani3oBaHUi AJ1s TPbOX N0AaTKiB P2P mpoTokomiB CIinbHOr0 BUKOPUCTaHHS
¢aiini: Gnutella, Skype i BitTorrent. 3anpon0HOBaHe piH_IeHHH orrcaHe B poboTax 1o eBpHCTHui
[8] Y mpomy meromi posrisHeMo ,Z[OCTyHHl omucy Ta Ha piBHI [P makeriB BU3BHaUYNMO HaJISKHI
MiAUCH IOAATKIB, a HOTIM BUKOPHCTAEMO i T AIUCH AT Knacntl)u(auu nakeris. € Ba BaXKIMBUX
MUTAHHS, TIOB’A3aHUX 3 IU3ai{HOM pilLieHHS sl BUKOPUCTaHHs Horo ms mignucy. [lo-nepie, P2P
Tpadix moxe npoxoautu yepe3 UDP i TCP, romy HeoOxinuo Bupimmty, un 0yayts TCP nakern
a6o UDP makern (abo oOuaBa) mimmaBaTHCS aHaI3y KOPHUCHOTO HaBaHTakeHHS. OCKUTBKA
OUTBIIICT MOTOYHUX MTpoTOKOIIB P2P mepenatoth cBoi nani yepe3 TCP, Mu opieHTyeMOCS TUTBKA
Ha mianuvcy, Bu3HaHi utst Tpadika TCP. Ilo-gpyre, P2P minnucu Ha piBHI J0AaTKIB MOXKYTh OyTH
3acrtocoBaHi 10 okpemux TCP makeriB (cermentiB) abo 1o moBHicTiO 3i0paHux TCP moTokiB
nmaunx. Anaumi3 Ha piBHI TCP motoky qaHux € Ou1bII HaAIRHUM, HOTO TIpeBara B TOMY, 1110 BiH MOXe
BHSIBUTH ITIIFICH, PO3TAIIOBaHI B3JIOBXK IMOTOKY MakeTiB. KpiM Toro, BiTHOMIEHHS BiIIOBITHOCTI
HEOOXiZITHO BMKOHATH TUTHKH OIWH pa3 B MOMEHT aKTHBaIlii cecii, a He KOXXKHOTO pa3y, KOJIH
nepefaeThes MakeT, 3SMEHIIYIOUM HaKJIalHi BUTPaTH IpH aHali3i. Mu BUKoHyeMo GopMy aHami3y
Ha ocHOBIi oTOKY, ToMy TCP cermenTn mMatoTh OyTH 3i0paHi B TOTOKH JaHUX, MepII HiK OyTH
npoaHani3OBaHi Otxe, Mu 3actocoByemo mignuc TCP naHuX MOTOKIB, @ HE OKPEMHUX CETMEHTIB
TCP, Ha BinmMiHy Big METO/Iy OIHCaHOr0 B [8].

Mertoto MeToy MiANHKCIB 3aCTOCYHKIB € OakaHHSI BCTAHOBUTH BiAnoBinHicTs amst P2P xnacu-
¢ikanii Tpadika. Knacudikarmis pe3ynbTaTiB, sSKi y3rOIKYIOThCS (200 € myxe OMM3BKUMH) 3
Pe3yJIbTaTOM, BH3HAYAETHCA 3 PYUYHOrO aHAJi3y MakKeTiB Ui Halepel BHU3HAYEHOIO CIIHCKY
MOTOKIB 0/aTKiB. TecTyBaHHS 1 mepeBipka METOIOM MIAMHKCIB Oyia 3pobiaeHa 3 BUKOPUCTAHHIM
OKPEMOI'0 MacUBY JaHUX MEPEXOIUIEHUX NAaKeTiB, sIKi MICTHIIM KOPHCHE HaBaHTaXKeHHs. TecTyBaH-
HS poBoamIIocs uig nporokony BitTorrent, moTik faHuX sIKOro OyB CTBOPEHUI CHHTETHYHO Ta 3
Bimomux [P-anpec. Ilin cTBOpeHUM CHHTETHYHO MAa€E€ThCA Ha yBasi 3aB4acHO Bimomuid 31 100%
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IMOBIPHICTIO TIOTIK AaHUX, SIKMA OJHO3HAYHO icHyBaB MiX Bimomumu IP-agpecamu, T0OTO 1IE
MPOCTO KIIIEHTH, AKi B JaHWH MOMeHT BuKopucToByBaiu 13 BitTorrent.

B pobori Kaparianica[4] 3anponoHoBaHo HoBUl MeTo/] Bu3HaueHHs1 P2P Tpadika, 3acHoBaHmit
Ha TPaHCIIOPTHOMY PiBHi 3’€HaHHS. MeTo/] He BUMarae KOpUCHOTO HaBaHTaKEHHS LTS aHAITI3Y,
KU BiIOyBa€eThCSl Ha OCHOBI OTOKY 3 Opi€HTALI€0 Ha Mpolec 3’ eaHaHHs Mozeni P2P nonatkis.
Xoua P2P 3’enmHaHHA MOXYTh BUKOPHUCTOBYBATH BHUIAIKOBI MOPTH abo0 MM(PYyBaHHS AaHUX HA
piBHI JOAATKIB, JIOTiKa MiAKIIOYEHHS HAa TPaHCIOPTHOMY PiBHI 3a/IMIIA€ThCA Takor K. Merox
aHaJIi3y TPaHCIOPTHOIO PiBHA IPYHTYETHCS HAa IBOX €BPUCTHYHUX miaxoxax ais P2P inentudi-
kanii Tpadika. Lli migxoau € eheKTuBHUME y BUMiproBaHHi cyKkynHoro P2P tpadika i BOHU MOXYTh
HaBITh BUABIATH HOB1 T P2P nonatkis[9]. [lepmmii Bkmtouae B cebe eBpUCTUYHI MPHUITYILICHHS
ofHOouYacHOro Bukopuctanus nporokoniB TCP i UDP maporo B3aemogitounx By3iiB. Skiio mapa
By3:1iB BukopuctoBye npotokonu TCP i UDP omnouacHo, To, mBHIIIe 32 Bee, Tpadik ix oOMiHy
Mmae xapaktep P2P. UDP npotoko:n € nomupesum B P2P cuctemax, OCKiNbKH BiH BUMarae MeHIle
BUTpAT Yy croco0i BiMpaBKX 3alHUTIB a00 CTaTyCHUX MOBIIOMIICHb 0araTboM OoTpuMyBadam. €
JesiKi IporpamH, Taki sik onaiH-irpu, DNS i NFS cepBicu, siki AéMOHCTPYIOTh MOXIOHY MTOBEIiH-
Ky, ase 1e BinoMui Tpadik, IKUi MO’KHA BUIAINUTH 3 PO3TIISLY, BUKOPHCTOBYIOUH KOHTPOIBHUN
neperik is BitoMux noprtiB. [pyra eBpucTHKa 3acCHOBaHa Ha 3B’s13Ky mabnonis {IP, mopt} map.

Le mosicHIOETBCSL TUM, IO KOKHE 3acTocyBaHHs P2P Bu3Havae cBiil AMHAMIYHUI HOMEDP TIOPTY
BUIAJAKOBUM HIISAXOM, Jy>KE MATOMMOBIPHO JUIsl AEKUIBKOX X0OcTiB P2P BUKOpHCTOBYBATH TOH ke
HoMep mopTy. Bupakarouncs iHmmmu cnoBamu, 1uis P2P nopaTkis Ha qaHiit MaIuHi YMCI0 pi3HUX
MOPTiB BiINOBiAa€ 3B’sA3KY, pi3HUX HabopiB aapec [P cinkyBaHHS.

HesBaskatoun Ha Te, 1110 METOJ aHANI3Y Ha TPAHCIIOPTHOMY PiBHI BUIIIAAA€ 0araToo0ILII0UnM,
iCHy€ JeKijIbKa 0OOMEXKEHb Ta 3acTepeKeHb, He0OXiTHO MaTH Ha yBa3i. OTHIM 3 0OMEXKEHb € Te,
IO IPU MAacKyBaHHI MOPTIB acowiallisi He MOke OyTH BUsiBIeHA. MeToA aHali3y TPaHCIIOPTHOTO
PiBHS BUKOPHCTOBYE MEPEITiK CTAaHIAPTHUX MOPTIB A1 GinbTpanii BizoMux THIIIB Tpadika. Akmio
Tpadix P2P 3aiimae nopr, sikuii npu3HayeHu# pisHUM gonaTkam (Hanpukian, SMTP na nopr 25),
i MOTOKH HE MOXYTb OyTH KinacugikoBaHi sik P2P. JIpyre oOMexeHHs momnsrae B ToMy, 110 Hapa
IP mopt 11 eBpUCTUYHOrO aHANI3y € HeeeKTUBHOIO Y TPUBiaIbHOMY BHUIAaKy, konu [P xocra
3B’S13Ky 3 IHIIMM XOCTOM BigOyBa€Thcs Ha OOMH MOpT. barato mepexxeBux gomatkiB P2P i He
TINBKM BOHU MPUTPUMYIOTHCS Ii€1 Mozeni Ha piBHI 3’€THaHb. |HIII METOIU €BPUCTHKH MOXYTb
3HAZOOUTHCS ISl BUAAJICHHS IOMUIIKOBUX HETAaTUBHUX CIPALIOBaHb.

Crin 3a3Haumtn, mo P2P momaTku mpomoBKyHOTh PO3BHBATHCS. 3alpPONOHOBAHHI METOI
aHaII3y TPaHCIIOPTHOTO PiBHA OYB e(eKTUBHUM Y HEJABHEOMY MUHYJIOMY 1 MOXe OyTH e(eKTHB-
HUM CHOT'OZIHI, OIHAK HE MOXHA rapaHTyBaTH HOro eexTUBHICTh AJ1s1 HACTYIHUX MOKOJIiHE P2P
nonaTkiB. MoxyTh 3Hazo0MTHCA iHII MeTonu Kinacudikauii Tpadika. Hanpukinaz, Ha modatky
pobotu Ceny ta Epmana[5] Meron aHaii3y Ha OCHOBI KiacTepiB BUIVIsIAe 0araToo0iIsIFOunM.

BucHoBKH

Onwucano knacudikariro Tpadika Bzaemonii Peer-to-Peer (P2P) nomaTkiB. TouHe Bu3HAYEHHS
P2P tpadika € 6akaHUM 3 IEKITEKOX TPHYNH, B TOMY YHCIIi 1 TSI 3aXO0/1iB TJIaHYBaHHS POITYCKHOT
3matHocTi Mepexi. Kinbkicts P2P nonatkiB y Mepexi [HTepHET pO3BUBAETHCS TyXkKe MIBUAKO, 1110
pobuTh 3aB1aHHs inenTH(ikauii P2P tpadika cknagaum npouecom. ITopiBHAHO Tpy METOH UL
Knacntl)u(auu P2P 3acTocyBaHb: Ha OCHOBI aHaJIi3y MOPTIB, Ha PiBHI MiANKCIB 3aCTocyHI<113 i Ha
OCHOBI aHaJIi3y TPAHCIIOPTHOTO PiBHA 3 BUKOPUCTAHHSIM €BPUCTHYHUX MiIXOMiB. Y JOCHiIKEeHH]
3acTocoByBaBcs Tpadik peanbHOi Mepexi [HTepHET skuil 30MpaBCsA MPOTATOM JBOX MICSIIIB.
PesynbraT mokasanu, mo KIaCHYHI METOIN aHai3y Ha OCHOBI HOMEDIB MOPTIiB € HeeeKTHBHHU-
MH. 3a OCTaHHI JIeKiIbKa POKiB 4acTKa «HeBimoMoroy» Tpadika 30impmmmnacs 3 10-30% mo maiixe
60%. Lleit pe3ynbTaT 1a€ MOTHBALiIO U PO3BUTKY HIIMX METOMIB Kiacuikawii Tpadika P2P. ¥
TOH Yac K METOJ NepEeBipKH Ha PiBHI MIAMKCIB 3aCTOCYHKIB € TOYHININM, IISI TEXHIKa BUMarae
PO3IIIAy KOPHCHOTO HAaBaHTa)KEHHS KOPUCTyBaua, L0 € He 3aBXAW MOXIuBO. Kpim Toro,
mudpyBaHHS MOke OyTH Hee)eKTUBHUM JIJIsl METO/TY aHajli3y Ha OCHOBI IIMUCY 3aCTOCYHKIB.

EBpHCTHKa Ha TPaHCTIOPTHOMY piBHI TpEICTaBIIse HOBUI1 MeTo, siKkui Kinacudikye Tpadix P2P
Ha OCHOBI PiBHS Mozenei 3 €I[HaHL(MeTO,Z[ aHaJi3y TPaHCIIOPTHOTO piBHs). Pe3ynbraTtu ToKasy-
IOTb, 110 METOJ{ aHAIII3y TPAHCIIOPTHOIO PIBHS MOKE HaJATH KOPUCHY iH(POPMALLIIO PO CYKYIHI
obcsirn P2P tpadika. Ockinbku P2P nmomaTtku mponoBKyHOTh PO3BUBATHCS, HOBI TPYAHOIII
OymyTb BUHUWKATH Ui 3amad kinacudikainii P2P tpadika. Tak, TpaaumiliHi METOIH Ha OCHOBI
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aHaJIi3y MOPTIB Y AAHHUH Yac 3acTapiiu i knacudikauis Ha piBHI MIANKCIB 3aCTOCYHKIB HE 3aBXKIH €
MOXIIMBOIO, TOMY METO]l aHaJTi3y TPAHCIIOPTHOTO PIBHA € OTHUM 3 HAHOUTBII TOCTYTHHUX MiIXOIiB
no xnacudikauii P2P Ttpadika. [lIBuame 3a Bce, HaBiTH Kpamli Merogu OynyTh HEoOXimHI B
HalOmKYoOMy MalilOyTHbOMY. B paMkax mpoBeneHHs JOCIiIKeHHs OyJ0 BCTAHOBICHO MOKIIMBI
LUISIXW TOKPALEHHS ajrOpUTMy POOOTH mporpamu Kiacudikaropa, Taki sk CTBOPEHHS T0AaTKO-
BHX MOTOKIB, IO TEOPETHYHO MiABHILUTH HOro MIBUAKOAII0 Ta I03BOJHUTH MPOBOIUTH aHAaIi3
Tpadika B peXxuMi peasbHOro 4acy.

Cuucoxk aiteparypu: 1. Gummadi K., Dunn R., Saroiu S., Gribble S., Levy H. and Zahorjan J. Measurement,
Modeling, and Analysis of a Peer-to-Peer File Sharing Workload, Proceedings of the 10th ACM Symposium
on Operating Systems Principles (SOSP-10) 2007. NY, USA, October 2007.P. 314-310. 2. Haffner P., Sen S.,
Spatscheck O., and Wang D. ACAS: Automated Construction of Application Signatures, ACM SIGCOMM
Workshop on Network Data (MineNet 2005). Philadelphia, PA, USA, August, 2005.P. 107-202. 3. Internet
Assigned Numbers Authority, TCP/UDP Port Numbers. http://www.iana.org/assignments/port-numbers,
2005. 4. Karagiannis T., Broido A., Faloutsos M. , and Klaffy K. Transport Layer Identification of P2P Traffic,
Proceedings of the 4th ACM SIGCOMM Conference on Internet Measurement (IMC 2010). Italy, October
2010.P. 121-134.5. Sen S., Spatscheck O. and Wang D. Accurate, Scalable In-Network Identification of P2P
Traffic using Application Signatures, Proceedings of the 13th International World Wide Web Conference.
NY, USA, May2011. P. 512-521. 6. Chan M. C., Ramjee R. Improving TCP/IP Performance, IEEE INFOCOM,
2004. 7. Ludwig R. and Katz R. H. The Eifel Algorithm: Making TCP Robust Against Spurious Retransmissions,
ACM Computer, no. 1. January 2000. P 30-36. 8. Ludwig R. and Meyer M. The Eifel Detection Algorithm for
TCP, IETF RFC3522,2003.9. Matthew GastI. TP Networks: The Definitive Guide, Second Edition//O’Reilly
Media; 2 edition. 2007. P. 297 —302.
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PE®EPATU

YIK681.326:519.713

KBanToBi cTpyKkTYypH 111 TectyBannsi uudposux npucrpois / B.I. Xaxanos, Baghdadi Ammar Awni
Abbas, C.B. Yymauenko, A.C. Ulxine // ACY Tta npunamu aBromatuku. 2013. Bum. 163. C.4-17.
3anpornoHOBaHi Teopis i MPUKIAAN pealtizamii KBAaHTOBUX MOJIENICH, METOIIB 1 JITOPUTMIB JUIS ITi IBUIIICHHS
LIBUIKOIT ICHYIOUMX IIPOTPaMHUX 1 allapaTHUX 3aco0iB aHATI3Y 1 CHHTE3Y HU(POBUX 0OUNCIIOBATBHUX IIPH-
CTpOIB 3a paxyHOK 30IbILIEHHS PO3MiPHOCTI CTPYKTYp JaHuX i am’siti. [Ipencrasieni pe3yabTaT J0CIi HKEHb,
10 CTOCYIOTHCSI TEOPii MPOEKTYBaHHS KOMII IOTEPHUX BHPOOIB , @ TAKOX MOJEINEH 1 METONIB KBAHTOBOI'O
JIiarHOCTYBaHHS IU(POBUX CUCTEM , KyOITHOIO MOZIEIIOBAHHS CIIPABHOTO MOBEIIHKH, aHAMI3Y JUCKPETHUX
MIPUCTPOIB 3 BiTHOBJICHHSAM MPAIe3JaTHOCTI BiIMOBHIIH IPUMITHBIB.

. 6. Bubnwmorp.: 13 Hazs.

UDC 681.326:519.713

Quantum structures for testing digital devices / V. I. Hahanov, Baghdadi Ammar Awni Abbas, S.V.
Chumachenko, A.S. Shkil // Management Information System and Devices. 2013. N 163. P.4-17.

A theory and examples of quantum models, methods and algorithms to improve the performance of
existing software and hardware for analyzing and synthesizing digital computing devices by increasing the
dimension of the data structures and memory are proposed. The investigation results of design theory for
computer products, as well as models and methods of quantum diagnosis of digital systems, qubit modeling
fault-free behavior, analysis of digital devices with repair of failed entities are presented.

Fig. 6. Ref.: 13 items.

VK 621.391

MeTton BiTHOBJICHHSI KOMIIOHEHT TpaHcdOpMAaHTy iHopmauiiiniii TexHoJIorii peKoHCcTYKIii Bifxeona-
nux / B.B. Bapannik, B.M. Kpusonoc, A.E. Mockgig, E.A. [Tnemxo// ACY ta npriaau apromataky. 2013, B,
163.C.18-21.

Po3pobiieHo MeTo1 BiTHOBJICHHS KOMITOHEHT TpaHC(OPMaHT B TEXHOJIOTI] iekoMIipecii dpoBux 300pa-
XKeHb. MeTOX IPYHTYEThCS HA PEKOHCTPYKILIi BEKTOpa 3HAYYIIMX KOMIIOHEHT i BEKTOpa MallTa0yrouux
KOMITOHEHT. OKpeMO 3aIrpoIioHOBaHa PEKOHCTPYKIIisi HU3bKOYaCTOTHOI KOMIIOHEHTH 3 BUKOPUCTaHHSIM CTa-
TUCTUYHOI Ko/ti. BuKi1aieHa mociti IoBHiCTb 1 OCHOBHI €TaIT BiZTHOBJICHHSI KOXXHOT'O BEKTOpa TpaHC(OPMAaHTH.
OOrpyHTOBaHa OJJHO3HAYHICTb JIEKO{yBaHHS KOMIIOHEHT TPaHC(DOPMAHT.

Tabm. 2. Inn. 1.bi6miorp.: 4 Ha3By.

UDC621.391

Restoration method component technology transformants in reconstruction video/ V. Barannik ,
V Krivonos , A.Moskvin , E. Pleshko // Management Information System and Devices. 2013. N 163. P. 18-21.

The method of renewal is developed component of transforms in technology of decompression of digital
representations. A method is based on the reconstruction of vector meaningful component and vector of
scaling component. A reconstruction is separately offered low frequency components with the use of
statistical code. A sequence and basic stages of renewal of every vector of making transform is expounded
in the article. The unambiguity of decoding is grounded component of transforms.

Tab. 2. Fig. 1. Ref.: 4 items.

YK 621.391
Cran IT-punky Ykpainu (anamituunnii orsisa) / B.1. Xaxanos, C.B. Uymadenko, €.1. Jliteinoa // ACY ta
npuau apTomatrky. 2013. Bum. 163. C.22-46.
3anponoHOBaHO aHANI THYHUH OIS Ha MiCTaBl MaTepialiB ypsIIOBOi IpecH, 00rOBOPEHHS 3aKOHOIPOEKTIB,
nmannx [ T-acomianii Ykpainu. HaBeneni Mmatepianu Oyiu peIcTaBIeHI HA 3aMOBIICHHS OPTKOMITETY Ha FOBi-
netini# 50-# BucraBmi Desing Automation Conference B Octini (murtat Texac) 6-8 uepBas 2013 poxy.
Bi6miorp.: 13 Ha3B.

UDC621.391

Condition-market of Ukraine (Analytical Review) / V.I1. Hahanov, S.V.Chumachenko, E.I. Litvinova //
Management Information System and Devices. 2013. N 163. P. 22-46. Proposals analytical overview on the
basis of materials Government Presses, Discussions bills, Data IT-association of Ukraine. Proposed Materials
to order Organizing Committee for yubyleynoy 50 exhibition Desing Automation Conference in Austin
(Texas) 6-8 June 2013.

Ref.: 13 items.
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VK 629.391

MeToa kKommpecii BiZeonoToKy Ha 0CHOBi MOJIiaIMMHOr 0 KOAYBAHHS NepedauyBaHuX kaapis/ B.B.
Bapannix, H.A. Xapuenko, O.M. KpuBonoc // ACY ta npunaau aBromMatuku. 2013. Bum. 163. C.47-52.

Po3pobneno MeTox rmostiaiyHoro KoyBaHHs rependoauyBanux P-kapiB Ha OCHOBI cerMeHTallii 300pa-
JKEHb Ta JITOPUTM 0OPOOKH CErMEHTY Ha OCHOB1 BHOOpY #oro tuty (I-, P-cermeHT), 1110 103BOJISIE MiABUIIUTH
PIBEHb CTHCHEHHS 32 PaxXyHOK 3MEHIICHHS JIOBXKHHH KOIOBOI'O IPEJICTaBIEHHS Nlepej0aueHoro CErMeHTy,
BHACJI/IOK aJJalITHBHOT'O BUOOPY CHCTEMH OCHOB IOJTiaJUYHOT0 YNCIIA.

In. 3. Bi6miorp.: 4 Ha3BU.

VK 629.391

The method of compression video stream based on the predicted frame encoding a polyadic/ V.V Barannik,
N.A.Kharchenko, O.N. Krivonos//Management Information System and Devices. 2013. N. 163. P.47-52.

The method of the predicted P-frame polyadic encoding is developed on the basis of images segmentation
and processing algorithm segments based on the selection of its type (I-, P-segment), allowing to promote the
degrees of compression due to diminishing of the predicted segment code presentation length; because
adaptive choice of the polyadic number grounds system.

Fig. 3. Ref.: 4 items.

YK 681.5+548.55

YaockoHnaneHHs MeTOAY i anapaTypy BUMIPIOBAHHS I'yCTHHH JUCIOKALIN B MAKIAaJKaX KPEMHIIo i
apceniny rajiro / A.I1. Oxcanny, C.E. Ilputunn, M.I". Kornacs, B.A. Tepban// ACY Ta npuinay aBTOMaTHKH.
2013. Bum. 163. C.53-60.

Po3risiHyTI TUTaHHS YJOCKOHAIEHHSI METO/Y, METO/IMKH Ta anapaTypy BUMipIOBaHHs T'yCTHHU AWCIIO-
Kaliil B miaKiIagKax KpeMHilo i apceHiny ranito. [Tokasano, 1o icHyt04i METOAW BUMIipIOBaHHS T'YCTHHHU
JIMCIIOKAliil B yMOBaxX CEepiifHOro BUPOOHMITBA ITIJKJIAJO0K HE 33JJOBOJBHSIOTH Cy4acCHUM BHMOTaM SIK 32
TOYHICTIO, TaK 1 10 IPOAYKTUBHOCTI. PillleHHsIM 3aBIaHHS CTAI0 pO3pO0Ka aBTOMATHIHOT'O KOMILICKCY BAMi-
proBaHHs TycTHHU auciokarii « TB-ucinok 1» Ha OCHOBI TeieBi3iifHOro mMerony. Bu3HaueHa BimHOCHA
moxu0Ka KOMILICKCY, 3HAUCHHS K01 He repeBuiye = 10%.

In. 10.bi6umiorp.: 7 Ha3B.

Improvement of methods and equipment for measuring the density of dislocations in the substrate
silicon and gallium arsenide / A.P. Oksanych, S.E. Pritchin, M.G. Kogdas, V.A. Terban // Management
Information System and Devices. 2013. N. 163. P.53-60.

The paper deals with the improvement of the method, technique and equipment for measuring of the
density of dislocations in the silicon and gallium arsenide substrates. It is shown that the existing methods of
measuring of the dislocation density in substrate production series do not satisfy modern requirements in
terms of accuracy and performance. Solution of the problem was the development of automated measurement
of the complex dislocation density “TV-dislocation 1” based on television method. Determined by the
relative error of the complex the value of which does not exceed + 10%.

Fig. 10. Ref.: 7 items.

YK 004.93

InayKuisn YyuceTbHUX ACONIATHUBHUX IPABUJI 3 BPaXyBaHHAM iHIUBiTyanbHoi 3HaUyHIoCTi 03HaK / T.A.
3aiiko, A.O. Omiitank, C.O. Cyo6otin // ACY ta npunamu apromatuxu. 2013. Bum. 163. C.60-67.

Posrnsmaerbes 3amaua BUIOOYBaHHS YHCENFHIX ACOMIaTUBHUX MPABIII. 3aIIPOIIOHOBAHO METO] BUIO0Y-
BaHHS YHCEIbHUX aCOIiaTHBHUX MPABIJI, OCHOBHUMH €TaIllaMU SKOTO €: (a33udikarlis TpaH3aKIiiHHOI 0a3u
JTAaHWUX, BU3HAYCHHS 1HIWUBiTyaJIbHOI 3HAYYIIIOCTi 03HAK, OOUMCIICHHS TPAaHUYHIX 3HAYEHb ITATPUMKH 1 00y~
ItoBa 0a3M YHCENBbHUX acOIiaTUBHUX IPaBWII. 3alIPOIIOHOBAHUH MeTox niependadae (as3udikarito 3aganol
0a3u TpaH3aKIlii i aBTOMaTHYHE PO30OUTTS Jiala30HiB 3HAYCHb O3HAK HA IHTEPBAIIN, BPAXOBYE 1HANBIyaIbHY
3HAYYIIiCTh 03HAK, BHKOPHCTOBYE KPHUTEPIii IS O HIOBAHHS HETIPSMUX ACOMIAITIH, [0 3HIKYE CTYITIHD y4acTi
KOpHUCTyBaya B TIPOIIECi MOIIYKY aCOLIATHBHHUX IpPABMII, 3MEHIYye HMOBIPHICTH BHUSABIICHHS MPABIJI, SKi
HEKOPEKTHO OITUCYIOTh JOCIIKyBaHI 00’ €KTH # mporecH. BukoprcTanHs anpiopHoi iHpopmMarii mpo 3Ha-
YYIIiCTh O3HAK Y PO3POOIEHOMY METO/II TO3BOJISIE CKOPOTHUTH MPOCTIp IOIMIYKY Ta YaC BUAOOYBAHHS MPaBHII,
3MEHIINTH KUTBKICTh BUTSATHYTHX IIPABHII, 1, BiATIOBITHO, ITi IBUIIUTH PiBHI y3aranbHEHHS 1 iHTepIipeTaderns-
HOCTi CHHTE€30BaHOi 0a3H acOLiaTHBHUX IPaBHUII.

[n.4. Bibmrp.: 15 HasB.
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UDC004.93

Induction of quantitative association rules based on feature informativeness / T. A. Zayko, A. A.
Oliinyk, S.A. Subbotin // Management Information System and Devices. 2013. N. 163. P.60-67.

The problem of extracting of quantitative association rules is considered. Method for extraction of the
quantitative association rules is proposed. The basic steps of the proposed method are fuzzyfication of the
transactional database, determining the individual significance of features, the calculation of the thresholds
of support and construction a base of quantitative association rules. The proposed method involves
fuzzyfication of specified database transactions, and automatic partitioning of the ranges of values of
features into intervals, takes into account the importance of individual features, uses criteria for the
evaluation of indirect associations, which reduces the degree of user involvement in the process of mining
association rules reduces the likelihood of extraction rules correctly describing these objects and processes.
The use of a priori information about the importance of features in the developed method allows to reduce the
search space and to reduce the number of extracted rules, and, accordingly, increase the levels of generalization
and interpretability of the synthesized base of association rules.

Fig. 4. Ref. 15items..

VK 004.5; 004.8;007.85

Minimizanist pU3UKiIB VISl ABTOMATH30BAHOI CHCTEMH PO3IOALICHOI eHEPreTHYHOI Mepeski CIIoKuBaviB
/1.B.T'ypina , O.. Kyzemin// ACY Ta npunanu aBromaruku. 2013. Bun. 163. C.68-77.
[poanaizoBaHi Ta omvcani 3ac00M aBTOMaTH3allii TECTYBaHHS CKJIaIHUX 1HTEIIEKTYaIbHUX CHCTEM. 3aIporio-
HOBaHA METOJMKA BH3HAYEHHS HaWOUIbII e()eKTHBHOIO BapiaHTy TECTyBaHHS aBTOMAaTH30BaHOI CHCTEMH
PO3IIOAIICHOT EHEPreTHYHOI MEPEXKI CIIOKMBAYiB 1 BAPOOHMKIB €JIEKTPOEHEPT , 110 J03BOJIsIE B 1abopaTop-
HHUX yMOBaX €MYJIIOBaTH CKJIaJHE OTOUYEHHS PEAIbHOrO CBITY TEJIEKOMYHIKaliHHUX , KII€HT- CEPBEPHUX 1
Internet - B3aemMopiii i BUKOHyBaTH BceOi4HE TECTyBaHHS pO3NO/LiIeHOI cucTeMu. ONMcano MeTo | HOKPUTTS
MIOMHJIOK CHCTEMH 32 JOIIOMOI'0I0 MaTEMAaTHYHOI'0 MOICJIIOBAHHS KOPOHIB TPaH3aKIIIH.

1. 9. Bibmiorp.: 8 Ha3B.

UDC 004.5; 004.8; 007.85

Minimizing the risk to automated network of distributed energy consumers/1.V. Gurina, A.J. Kuzemin
// Management Information System and Devices. 2013. N. 163. P.68-77.
Analyzed and reported test automation of complex intelligent systems . The technique of determining the
most effective option of testing the automated system of distributed energy network of consumers and
producers of electricity , allowing a laboratory to emulate a complex environment of the real world of
telecommunications , client-server and Internet- interactions and perform extensive testing of the distributed
system. We propose a method of fault coverage with the help of mathematical modeling of transaction
boundaries .

Fig. 9. Ref: 8 items.

YK 519.7.004

MeToa aBTOMAaTHYHOI0 reHepyBaHHA 0idJiorpagiunux cmuckis / A.A. Ilnyrin, JLE. Yanas // ACY ta
npuau apTomataky. 2013. Bum. 163. C.77-88.

OnmcaHo po3poOJIeHH aBTOPOM METOJ Ta HOro MporpaMHa peajizamis y BUTIISAI wWeb-CepBicy s
aBTOMAaTHUYHOTO TeHepyBaHHsA Oi0miorpadiuanx crmckiB. Web-cepBic po3po0iieHni 3 BHKOPHCTAHHSIM MOBH
nporpamyBanas Perl i texaomorii ASP.NET. I'padiunmii inTepdelic kopucryBada, peaizoBanuii Ha MoBi C#
i BuKopucroBye Texaomnorito ASP.NET s miarpuMku KITieHT-cepBepHIUX 0coOIHBOCTEN. [HTEpdhetic KopucTy-
Baya € web-10IaToK, KOPUCTYBAaTHUCS IKUM MOXKHa depe3 web-0payszep.

Tabm. 1. In. 4. Bi6miorp.: 9 Ha3B.

UDC519.7.004

Method of automatic bibliography generation of lists / A.A. Plugins, L.E. Chalaya // Management
Information System and Devices. 2013. N. 163. P.77-88.

The article contains a description of the method developed by the author and software implementation of
web-service to automatically generate bibliographies. Web-service developed using the perl programming
language and the ASP.NET. The graphical user interface is implemented in C# and ASP.NET uses technology
to support client-server features. The user interface is a web-based application, you can use a web browser.

Tab. 1. Fig. 4. Ref.: 7 items.
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YK 681.322

AHaJi3 opranizanii, HABYaHHS Ta 32CTOCYBAHHSI KBAaHTOBHX Heliponux Mepe:k./ /1. O. Bynasin /ACY ta
npunaay aBromaTuky. 2013. Bumn. 163. C. 89 - 93.

I Tyuni HeliponHi Mepexxu (ILTHM) naBHo 3a6poHtoBaiu cobi Micue B Oaratrox odnactsix. HoBum mokorn-
inasiM LITHM € kBaHTOBI HelipoHH1 Mepesku. CTaTTs IPpUCBsYeHA aHaIi3y IpobeMu Ho0y/I0BY Ta HABYaHHS
KBAHTOBHX HEHPOHMX MEpEX, IIPOBOIUTHCS aHaI3 iX repesar Ta HeoiikiB nmopiBHsHO 3 [ITHM. bararo Buenux
PpO3IIIsiIa€ MHOXKHMHY MOJIeIed KBAHTOBUX HEHPOHHHUX MEPEX, ajie XKOJIHA J0Ci HE € CTAHAAPTOM.

Ta6m. 1. . 3. Bibmiorp.: 7 Ha3B.

UDC681.322

Analysis of the organization, training and application of the quantum neural networks / D. Bulavin
// Management Information System and Devices. 2013. N. 163. P.§9-93.

Artificial neural networks (ANN) long ago had booked a place in many areas. The new generation of ANN
are quantum neural networks. This article analyzes problems of the constracting and training quantum neural
networks, analyzes their advantages and disadvantages compared to the ANN. Many scientists consider the
set of models of quantum neural networks, but none so far are not standard.

Tab. 1 Fig. 3. Ref.: 7 items

YK 004.77519.2

BuBueHHs xapakTepy B3a€MOii THITy TOUKA-TOUYKA 1151 Kiacupikauii mepesxesoro Tpagiky /K.C. [leen
// ACY Tta npunaaun aBromatuku. 2013. Bun. 163. C.94-100.

PosrisinyTo BuMipn MepesxeBoro Tpadika trmy P2P (Touka-Touka) aist 3aCTOCYHKIB II100aIbHOT Mepexi
Iarepuer. [TopiBHsHO Tpu MeTonu 1t Kiacudikarii P2P-nonarkiB: Ha ocHOBI Kitacudikaliii mopris, Ha piBHI
IANICIB 3aCTOCYHKIB 1 HA OCHOBI aHaJIi3y TPAHCIIOPTHOTO piBHS. BrukopucToByeThCst MepexkeBHil Tpadik,
310paHuii B MepexKi onepaTopa 3B’s13Ky Ha IIPOTA31 [BOX MicsuiB. HaBezeHi naHi, siKi CBi4aTh po HepeBaru
METO/Iy aHaJIi3y TPAaHCIOPTHOI'O PiBHS Ta MOXKJIMBICT HOT0O 3aCTOCYBAaHHS Ha BUCOKOIIBH/IKICHUX KaHAIax
MEpEKEBHX 3’ €THAHb.

In. 5. Bibmiorp.: 9 HasB.

UDC004.77519.2

Exploring the nature of the interaction of point-to- point to classify network traffic / K.S. Deev
// Management Information System and Devices. 2013. N. 163. P.94 -100.

We consider network traffic measurements such as P2P ( Peer to Peer) applications for the Internet.
Compared three methods to classify P2P- applications: classification based port -level signatures and
applications based on the analysis of the transport layer . Used by network traffic collected on the network
service provider for two months. These data , which indicate the advantages of the method of analysis of the
transport layer and the possibility of its application in high-speed channels network connections.

Fig. 5. Ref.: 9items.
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MNPABUJIA
odopmiieHUs1 PyKoNHceldl 1Jisi aBTOPOB HAYYHO-TEXHUYECKOr0 COOPHUKA

"ACY u npubopvr aemomamuxu'"’

@dopmat crpanunsl — A4 (210x297MM), mons: cBepxy, crpasa, cilieBa, cHU3Yy — 30 MM.
Penakrop: Pagemaker 6.0, 6,5 (MmoxHO, HO HexenatensHo Word), rapautypa Times New Roman
Cyr, kernb — 11 myHKTOB, MexcTpouHoe pacctossHue — 110 %, Tabynsaaust — 5 M.

O6bem pykomucu — 10 10 c. (A3bIKU: pycCKuil, yKpaumHCKui, aHrnuiickuii). Copepxanue
JIOJKHO OTPa)KaTh aKTyalbHOCTh UCCIIEIOBaHMS, TIOCTAHOBKY 3aJa4H, L1eNb, CYIIIHOCTh, HAYYHbIE
U MIPaKTHYECKUE PE3YIbTaThl, CPABHEHUE C JYUYIIMMHU aHAJOraMH, BHIBOJIBI.

CTpyKTypa pYKONHKCH: 3aT0JIOBOK, aHHOTAIIHSI, TEKCT, INTepaTypa, pedepaT Ha YKPauHCKOM U
AHTJIMICKOM f3bIKaX, CBEJCHUS 00 aBTOpax.

OBPA3EL] O®OPMJIEHUA

VK 519.713
H.0. PAMHIIHSA

HA3BAHUE PYKOIIUCH

Amnzoranus (a63an 5-10 cTpok, keriib 10) nomeniaercst B Hayaje CTaThH U COAEPKUT HHPOP-
MaLUIO O Pe3ybTaTaX ONUCAHHBIX UCCIEIOBAaHUN.

OCHOBHOM TEKCT MOJKHO pa3enaTh Ha 2 1 OoJiee OAPa3ACioB C 3aroJIOBKAMH, BbIIENICHHBI-
MU NOIXYKUPHBIM IIPpH(TOM, TPOHYMEPOBAHHBIMU apabCKUMH U(PPaMH, KaK TOKa3aHO B CIIEAY-
FOIIEH CTPOKE.

1. HazBanue pazgena

Pucynku v TaOnUIIBI (YepHO-OENbIe, KOHTPACTHBIE) ITOMEIIAIOTCS B TEKCT ITOCIIE TIEPBOM CCHUTKA
B BHJIE NEPEHOCUMBIX 00BEKMO08 U Pa3NeTbHO HyMEPYIOTCS, IPH HAIMYHAN OOJiee OJTHOTO PHCYHKa
(Tabmuibl), apabckumu Iudpamu. PUCYHOK COAEPKUT MOAPHUCYHOUHYIO IEHTPUPOBAHHYFO TIOJIITHICh
(TekcToBas CTpoKa, pacroloKeHHas BHE pUCYHKa, Kerdb 10) moa MIDTFoCcTpanyeil, Kak MoKa3aHo Ha

S
ol o

Puc. 1. I'pad ¢ koHTYpamu

TabnuuHBIN 3aroJOBOK pacroyiaraeTcs crpasa HaJl TaOuileil, 4To HILTIOCTpUpyeTcs 1aou. 1.
Penaxtopsr: CorelDraw, Table Editor u mp.

Ta6numa 1

Mari |12 ]3]4]5]6
OI(13) 1|22 ]4]6 1

DopMyIlbl HyMEpYIOTCS TIPY HaJHMYHAU CCHUIOK HA HUX B PYKOMUCH. PeKOMeHTyeMblii Kerib
(dhopmyapHOTO HabOpa: OOBIYHBIN (TIepeMeHHast) — 11 MyHKTOB, KPYMHBIH WHAEKC — 8, MENKUN
WHOeKC (Haa- ¥ TMOAWHIEKC) — 8, KPYMHBIH CUMBOJ (OCHOBHOHM) — 12, MenKuil (MHIEKCHBIH )
MaTteMaTuyeckuil cumBoi — 10:

g 5 ten? 1, =k

-1 !
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dopmaT mepeMeHHBIX (KemaTelbHO HE KYPCHBOM — 0€3 HakloHA) B TeKcTe M (opMynax
JODKEH ObITh MAEHTUYHBIM. B TekcTe Haa- v moguHIeKchl cocTaBisiioT 70 % OT Kerisl, KOTOpbIe
pekomeHayeTcs omyckath (mogHumats) Ha 17 (33) % oTHOCHTENEHO OCHOBHOW CTPOKH.

CHUCOK JIUTEepaTyphl (BKIIOUAET OMYOIMKOBAaHHBIE HCTOUHHKH, HA KOTOPBIE UMEIOTCSI CCHUTKU
B TEKCTE, 3aKIIOUCHHBIC B KBaJpaTHBIE CKOOKH) TeyaTaercsi 06e3 oTcTyna, Kerinb 9 MyHKTOB.

OO6pa3zel OKOHYAHHUSI TEKCTa PYKOIHUCH (JIUTEpaTypa, CBeeHus: 00 aBTopax, pedepar) mpea-
CTaBJIEH HIKE.

Chnucoxk sinrepatypsl: 1. @avunus M. O. HazBanue kuuru. I'opoxn: Usnatensctso, 1900. 000 c. 2. Hazsanue
coopruka / [Ton pen. Y.O. @ammwst. opoxn: MznatensctBo, 1900. 000 c. 3. @amunus Y. O. HazBanue ctatbu /
/ Ha3zBanme xypnana. HasBanue cepuu. 1997. T. 00, Ne 00. C. 00-00 .

Iocmynuna 6 pedxoanezuro 00.00.00

damuins, UM, 0TYECTBO, YUCHAs CTEIICHb, 3BaHNE, JODKHOCTh U MecTo padboThl. Hayunbie
nHTEpeChl. AQpec, KOHTAKTHBIH Teae(oH.

PC(l)CpaTLI Ha YKpauHCKOM U AHTJIMMCKOM SI3BIKaX:

Y AK 000.000.00
Ha3sga crarTi ykpaincbkoro MoBoro / [ninianm. [1pizsuie // ACY ta npunamm aBromatuxu. 2000. Bum. 00. C.
000-000.

Texcr pedeparty.
Ta6m. 00. I. 00. Biomiorp.: 00 Ha3B.

UDC 000.000.00

Title of paper / Initials. Surname // Management Information System and Devices. All-Ukr. Sci. Interdep.
Mag. 2000. N 00. P. 000-000.

Text.

Tab. 00. Fig. 00. Ref.: 00 items.

IIpeacraBieHrue MaTepUaIOB

Pyxonuce, pedepar, cBeneHusi 006 aBTopax — B OOHOM (ailie, noumenosannom amunuei
nepeozo agmopa, Ha nuckere 3,5 mroiiMa. TBepaas KOsl MaTepranoB — AJsl TPayKAaH Y KpauHb
— B OIHOM 39K3EMILISIPE: PYKOIKCh, MOAMUCAHHAs aBTOpaMu, pedepartsl, akT KCIIEPTH3bI, BHE-
LIHAS PeLeH3Ms], MOANMCAaHHAs IOKTOPOM HaykK, 3asBJICHHE Ha MM IJIaBHOTO PeJakTopa co
CBEICHUSIMH 00 aBTOpax.

Anpec penakuuu: YkpauHa, 61166, Xapekos, np. Jlenuna, 14, XHYP3, komnara 321, Ten. 70-
21-326, e-mails: ri@kture.kharkov.ua; hahanov@kture.kharkov.ua. http://www.ewdtest.com/ri

Tematuka crarteii, myOINKyeMbIX B COOpHHKE:

— KommnbrorepHas nHxeHepust

— MaremaTiueckoe MOIETHPOBaHHE

— OnTrMu3anys ¥ IPOLEecCh yIpaBIeHUs

— ABTOMAaTH3aLuUs IPOEKTUPOBAHNS M AUATHOCTUKA

— MadopManioHHbIe HHTEIIEKTYaJIbHBIE CUCTEMBI

— IlpoexTrpoBaHUE HHTETPATIBHBIX CXEM U MUKPOCHCTEM
— KommbroTepHble TEXHOIOMH B 00pa30BaHUH
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