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VIIK 004
H.A. MUXEEB, HJI. CH30BA

KPOCCHJIAT®OPMEHHOE INIPOI'PAMMHOE OBECIIEYEHUE B
TEXHOJIOI'HU CTPOUTEJIBHBIX MATEPHUAJIOB

[pencraBisiroTcs pe3yIbTaThl pa3padoOTKH MPOrPaMMHOTO 00ECIICUCHUsI TS PEILICHUSI 3a-
Jla4 TEXHOJIOTHH CTPOUTENIBHBIX MaTepHalioB. B kauecTBe mpuMepa BEIOMpaeTcs 3a/1a4a MpOeKTH-
poBanus coctaBa 6eToHa. OOOCHOBBIBAETCS BHIOOD s3bIKA IPOrPAMMHUPOBAHUS U HUCIOJIB3Ye-
MBIX MOJysield. OTHCBIBACTCSI CTPYKTYPA, JIEMEHTHI KpocIuiaTopMeHHOTo HHTepdeiica, a Tak-
e pe3yNbTaThl TCCTUPOBAHUS KOMITBIOTCPHOM MPOrPaMMBI B PA3JTHYHBIX OTEPAITHOHHBIX CHCTE-
MaX. ATIpoOUPYIOTCS TEXHOJIOTHU Pa3pabOTKH KPOocCIuiaT(GOpMEHHOTO IPOrpaMMHOT0 00ecIe-
YCHUA 1A pEHICHUA 3a/1a4 B TEXHOJIOTHUH CTPOUTEJIBHBIX MaTCPUAJIOB.

1. BBegenue

PriHOK MH(OpMALIMOHHBIX TEXHOJIOTHI CETOIHS — 3TO TMHAMUYECKHU Pa3BHUBAIOIIAsCS CUCTEMA
C IOCTOSIHHBIM POCTOM KOJIMYECTBAa KIIIOUEBBIX UIPOKOB. B IepByro ouepenp 3TO Kacaercs
ornepanroHHbIX cucTeM. [IpoaykTel kopropauuii Microsoft XoTb 1 POIOKAIOT TOCIIOACTBOBATS,
B TOM YHCJI€ U HA PHIHKE OIIEPALIMIOHHBIX CUCTEM, HO KOHKYPEHTHI € Ka’KJbIM I'0JJIOM PaCIlIUPSIOT
CBOIO ayauTopuio. B nmepByro ouepens 310 MacOS X u Ubuntu. HMicxoast u3 3T0T0, aKTyaabHBIM
BOIIPOCOM B 00J1aCTH pa3pabOTKU MPOTrPaMMHOT0 obecreueHHs SBISIETCS KpOCCIIaTPopMeHHOe
MIPOTPaMMHUPOBAHKE — TEXHOJOTHS Pa3pabOTKH MPOrpaMMHOTO oOecTedeHus, paboTaromero
OoJiee ueM Ha OJTHOH anmnapaTHOH MaTGopMe W/ uiu onepaunoHHol cucteme. Kpoccrmatdopmen-
HO€ IIPOrpaMMHUPOBaHHUE MO3BOISET PEATU30BbIBATE BO3MOKHOCTH KOMIIBIOTEPHBIX IIPOIPaMM U
JIeMOHCTPUPOBATH Tpaduueckuil HHTepQeiic mobp30BaTes BHE 3aBUCUMOCTH OT UCIIOIB3YEMOT0
amnnapaTHOro ¥ OIepalMoOHHOr0 00ecTIeYeHus, a pa3padoTKa TAKKX IPOTPaMM IIPH IPAKTUIECKUM
[IOJIHOM OTCYTCTBHH JUTEPATYPHI SBIISETCSA aKTYaIbHOU U CII0KHOM 3a/1ayeil.

Lenp uccnenoBanust — pa3paboTKa CTPYKTYPHl HHTEIUIEKTYaIbHOW CHCTEMBI, a TaKKe KPocC-
crutaT(hOpMEHHOTO MPOTrPAMMHOTO 00ECTIEUeHHS JITISl IPOSKTUPOBAHISI COCTaBa 0€TOHA — BAXKHON
TEXHOJIOTHYECKON 3a7]auil CTPOUTENBHOTO MaTepHaIOBEICHNUSI.

2. OcHOBHOH MaTepHaJ

TeXHONOTHU CTPOUTETHHBIX MATEPUAIIOB C TOUKU 3PEHUS UCTIOJIb30BaHHS HH()OPMAIIMOHHBIX
CUCTEM MOKHO OITUCATh CJICAYIOIIMMU XapaKTEPUCTUKAMMU:

— cNoxHast popMaTH3anus MOJCTUPYEMbIX IPOIIECCOB;

— OrPOMHOE KOJIMYECTBO JaHHBIX, PA3HOOOPA3HBIX 110 CBOMM THIIAM U CTPYKTYpE: XapaKTepu-
CTHKH HCTIOJh3YEMBIX MATEPUANIOB; AITOPUTMbI METOAOJIOTUI; HOPMATUBHBIC PETIIAMEHTHPYIO-
NIHe JOKYMEHTHI;

— pa3pO3HEHHOCTh aNapaTHOTO U MPOTPAMMHOT0 00ECIICUCHUS;

— pa3nuvHas KBaTH()UKAIUS KOHSYHBIX TTOJIb30BaTEIICH.

Jlia peanu3zanuy 3aJa4d NPOSKTUPOBAHHUS COCTaBa OeToHa (OIHOM W3 KIIIOYEBBIX 3ajad
TEXHOJIOTHH OETOHA — OCHOBHOT'O KOHCTPYKIIMOHHOTO CTPOUTENILHOTO MaTepralia) KOJUIEKTUBOM
ABTOPOB Pa3pabOTaH aJTOPUTM MPUHATHS PEUCITYPHBIX PEIICHUM, YIUTHIBAIOIINA MHOXECTBO
XapaKTePUCTUK UCXOIHBIX MAaTEPHAJIOB U JPYTUX KOHCTPYKTHUBHO-TEXHOJOTHUESCKHUX (DAKTOPOB
[1]. Jlns aBTOMATH3aI[MKM PAcUETOB pa3paboTaHa UHTEIUICKTyalbHAs CHCTEMa YIPaBJICHHUS CO-
CTaBOM M CBOMCTBaMHU O€TOHA.

BaxcHbIM BOIIPOCOM MpHU pa3paboTKe KPOCCIiaTGopMEeHHOTO MPOrpaMMHOTO 00eCTIeUeHUs
SIBJIIETCS BBIOOP SI3bIKA IpOorpaMMupoBaHust. [Ipu peeHun 3Toro Borpoca Heo0X0AUMO YUUThI-
BaTh MHOXECTBO ()aKTOPOB: KOMIMJISIIIUS WJIM WHTEPIPETAIUs], CKOPOCTh PabOThI U CKOPOCTh
pa3paboTKH, OTKPBITOCTh HCXOHOTO KOJIa WIIH MPONPHETAPHOCTS.

B xone pa3paboTKu MHTEIUICKTYyaJlbHOW CUCTEMBI BBIJCIICHBI OCHOBHBIC TPEOOBAaHUS K IIPO-
rpaMMHOMY 00€CIIEYeHHIO: BO3MOXKHOCTh aJJaNTAlluX aJITOPUTMOB T0]T KOHKPETHBIE TPOU3BO/I-
CTBEHHBIC YCIIOBHS; HAJIMYHUE JAPYKETOOHOT0 rpaduueckoro nurepdeiica; moiaHas GppruBapHOCTh
WCTIOJIh3yEMBIX TEXHOJIOTH.



3. Pe3y.l'leaTbI HCCJICI0BAHUA

Ucxons u3 BEIIBUTaEMBIX TPeOOBaHMIA, B KauecTBe 0230BOTO S3bIKa MPOTPAMMUPOBAHUS ObLI
BbIOpaH Python — MHOTOMapaIUrMalibHBINH BEICOKOYPOBHEBBIH SI36IK IPOrPAMMHUPOBAHHS, OPUCH-
THPOBAHHBIA Ha TOBHIIICHHUE MPOU3BOAUTEIHFHOCTH pa3pabd0TIMKa M YUTaeMOCTH koza [2]. B
KadecTBE JIOIOIHUTEILHBIX OMONHMOTEK MCIOoNb30BaHbl Tkinter (cranmapTHas Kpocc-maTdop-
MeHHas Tpaduueckas omdbmmoreka Python ma ocroBe cpemcts Tcl/Tk), PIL (6ubmmoTteka mis
paboThl ¢ pacTpoBoii Tpadukoii), ReportLab (6ubnuoreka mis hopMaTHpOBaHUS U TEHEPAIIUN
oTtueToB) [3].

WuTemiekryanbHas cucTeMa UMeeT OJIOUHYIO CTPYKTYPY, UTO HAIUIO OTPaXKCHUE B MOJYJTh-
HOW CTPYKType IporpaMMHOro obdecriedeHus. Kaxxaas MEeTom0Iorusl MPOSKTHPOBAHUS COCTABA
OeToHa ommcaHa Kak Kjacc B OTAeNbHOM (YHKIIMOHATBHOM Moayine (puc. 1). MaTepnperupye-
MOCTH SI3BIKa TIO3BOJISIET aIalITUPOBATh ATOPUTM M BHOCHUTHh HEOOXOINMEIE KOPPEKTUBHI [4].

- . ™~ g i (RS ™~
(_ basa naHHbIX » C\h baza 3nanuii >
S 1 e —
( [ ]
MeTos
XapaxTepucTHKH MPOEKTHPOBAHHS J
HCXOIHBIX MATEPHANIOB | [~ cocTaBa 6eToHa
T S N v
- 1
o
Wnrepdeiic mons3osarens }——{ Pemarens
‘

CrnipaBouHas cHcTeMa Pesyn;ﬂﬁmmﬂ tﬂ arpammsy/rpaduicu

Puc. 1. CtpykTypa HHTEIIEKTYaIbHOU CUCTEMBI

Wntepdeiic monp3oBatenst paspabaTbiBaics ¢ obecliedeHUEM NPUHLIMIOB KOM(OPTHOCTH
NPUMEHEHHS, BBICOKOH (DyHKIIMOHAIBHOCTH U MTOAJCPIKKH MOJIH30BATENS HA BCEX ITarax PeIeHus
3aJa4u IPOEKTHPOBAaHMsI COCTaBa OETOHA.

Ha rnaBHo# ¢popme, Ha Bkianke «/cXoaHbIe TaHHBIE» C TIOMOLIBIO MMEIOLIUXCS 3JIEMEHTOB
yIpaBiieHUsS BBOJSATCS JaHHBIE, OIIMCHIBAIOLINE XapaKTEPUCTUKH COCTABIIAIOINX OETOH MaTepH-
aJoB, MPOEKTHBIE TpeOOBaHMS K OCTOHHOW CMeCH W OETOHY, THUI M YCIOBHUS DKCIUTyaTaluu
KOHCTPYKLHH, & TAK)KE YKa3bIBaeTCs OCHOBHOM Kputepuid (puc. 2). Pe3ynbTaTsl pacueToB BHIBO-
JSITCS HA OTHOMMEHHOM BKJIAJIKE B BUZIE€ OHOCTPAHUYHOTO OTUETA, SKCIIOPT KOTOPOTI'O BO3MOKEH
B OOMH U3 Tpex (opmatoB: *.txt; *.csv; *.pdf (puc. 3). Ha Tperneii Bkianke mpeicTaBieHa
Juarpamma Habopa MpOYHOCTH (pHC. 4) — BakHAs TEXHOJIOTHUECKas MH(QOpMaIHs, TTO3BOJISIOIIAs
NPUHUMATH PEILICHUS O CHATHHU ONaNyOKH, Harpy3KH KOHCTPYKIMH U T.1. MIHTepdeiic nmoib3oBaTe-
JI51, pe3yAbTHPYIOLINK OTUYET, CIPaBOYHAs HHPOPMALUS Peau30BaHbl HA TPEX S3bIKaX: PYCCKOM,
YKPaUHCKOM H aHTIHUHCKOM.

[IpoBeneHo TecTHpoBaHe MPOrpaMMHOT0 0OecIieUeHHS B OTIEpAlMOHHBIX cicTeMax Windows 7
(cm. puc. 2), Ubuntu 14.04 (puc. 5), MacOS X (puc. 6).

[IporpammHuoe oOecrieueHre B Kax 01 U3 miaathopM coXpaHseT NOJTHYI0 GYHKIHOHAIEHOCTD,
HO MIMEET CBOM OCOOCHHOCTH, CBSI3aHHBIE B OCHOBHOM C OTOOPa)KEHHEM 3JIEMEHTOB IpaduuecKo-
ro uaTepdeiica. I3 BUAMMBIX HEJOCTATKOB — KETJIb MIPU(PTOB 0TOOpakaeTcs NO-pa3HOMy — 3TOT
napameTp HeoOXOIMMO BBIHECTH B MOJYJIb HACTOEK MporpaMMel. HeoOXxoauMo oTMETHTH 00sI-
3aTeNbHYI0 YCTAHOBKY BCEX JOMOJHUTEIBHBIX MOAYJICH TS KaxX 101 U3 mIaTdopM.
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|
Viexopneie A3HHEIE | PesyneTaTsl pacHETOS ! Awarparama HaGopa Npo4HOCTH

Pacuer nexoaa ns:

Merogonorna YiplAKT

© B/Y

" Ocapka koHyca, cm,
 XKectkocTs, €.

™ MMpounocTe

~Llement

MnotHocTs HaceinHas, kr/m.cyb. 1100
MnoTHoCTE ucTHHAR, Kr/M.KyB. 3100
Cpeanuit pasmep HacTiLl, Mm 0.05
MU I (nepTaaHauemenT) -
& Mapka, krc/cm.kB, [ a0
© AktmeHocTs, MMa 40
HIUT, % | 27
[oBaska nnacTudukatop-

¥ Henonssoeats nnactuuikaTop
Pacxoa aobaskw, % oT LemenTa 05
Bogopeayumnpyrolmii 3ddexT, % 15
MnoTHoCTs, kr/Mm.gy6. 1060
™ Wcnonesosats pacteop, % . 10

-KpynHeiii 3anonHuTent

MnoTHecTe HackinHas, Kr/u.eyB. [ 1400
MnoTHoCTe MCTUHHER, KR/ M.y D, 2650
BnawHocTs, % 1
Pazmep 2epHa, M 15
Bogonornowenne, % .(.J..?S
Kauectso HOpMansHOE

Tun 3anonHWUTENR wjeBeHs -

-Menkwid 3anonHuTENE

MnoTHecTe HackinHas, Kr/u.eyB. [ 1480
MnoTHOCTE CTUHHES, K/ M.y B. [ 2650
BnaxHocTs, % 8.5
Cpeanuil pasmep 3epHa, MM 0.3
Mogyns kpynrocri [ 2
Bogonornowenne, % 75

Kavectso HOpMansHoE

-[loGaBKa yCKOpHTEND TBEPAEHNA-

¥ Wenonbsosats yckopuTens TeepacHia

Pacxon goBasku, % oT LemerTa 0.5
¥ Kosddunument yckoperua a1
MnoTHoCTe, kr/Mugy 6. 1060
[ Wenonbiosate pactaop, % . 10

-Bertan
I~ TMposoauTCcA Ni CTETMCTHYECKII KOHTPONE

Kosdduuywent sapnagian, % 13.5

+ Knacc no npouHocti B25

" Mapka no npounoctn M350
" TMpoektHas npouHocTs, MMMa
Bospact 6etowa, oy,

Mapka no mopo3socTolikocTi F1000

Mapka no B0f0HENPOHNLAEMOCTH  --

N necka 1
N yementa 1
THN 1 YCNOBHA IKCTITYETAUMN KOHCTDYKLIAM:

BetoHHan hd
Bes atmocdeproro ennaqna -
Obbem BeToHoCMECHTENR, M.KYE. 033

Paccuutatb

-

@

-

Puc. 2. Bximanka «/cxonubie nanuasie» B Windows 7
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!Moco,qule,a.aHthe! PesyneTater pacuetos !,ﬂ.uarpaMMa HaBopa npu'-mocm|

ME[JKE no BOACHENPOHHUGEMOCTH, —-

Peazyaprarbl pacyeTos;

OnpeneneHde cocTaBa beToHa no MeToanKe Ypr AT

MpuMeHerne

OKuAaeMan NPoUHOCTE BETOHA B NPOEKTHOM Bo3pacTe, Ma: 58.0
Oxuaaeman NpoYHOCTE BeToHa B BozpacTe 28 oyT., MMa: 58.0

Lootan 35:?}2:{:25115 35:’:)?1):::2% Hewcny Bote
HomMuHaneHeIii:
- Ha 1 m.kyb., kr 1320 4381 427 183
- OTHOCHTENbHBIH 3.09 1.13 1 0.43

FIpOEKTHBIE XaPAKTEPHCTHIH:

CocTaenaroime: KpynHEIA 38noNHNTENL | Menkuit 3anonHnTenk LiemMeHT
HaceinHas naoTHOCTE, Kr,fm.Ky_ﬁ.: 1400 1480 1100
VCTUHHEA MAOTHOCTL, Kr/M.ky6.: 2650 2650 3100
BNaXHOCTh, %! 1 | 6.5 =
Cpegsuit anametp, MM, ; 15 0.3 0.05
MpouxocTe: 58.0 Anbchat 1.13

Tun uementa: ML, I (nopraaHauemenT) Mio: 2,23

Mapka LeMeHTa, Krc/cH.Ke.: 400 KOoNMUecTeo paaoe uacTmL:
MpoekTHLI Bo3pacT DeToHa, oyT.: 28 N necka: 1

Knacc GeToHa no npoyHocTH: B25 N uemenTa: 1

Mapka no MopozocToiikocTin: F1000 NpuMexeHke nnacTudukaTopa: Ja

YCKOpWTEna TEepaeHna; Aa

Aobaeka
yCKopUTENb

Aobaeka
nnacTuukaTop

| oyx.e-go./pacTe. | cyx.B-BO./pacTe. |

2.14 /0.0
0.005 / 0.0

2.14 /0.0
0.005 / 0.0

it

Puc. 3. Bknaaka «Pe3ynbTaTsl pacueToBy

TpynoemMKocTs mpomnecca pa3padoTku 00ycI0BICHAa OTCYTCTBHEM IPUBBIYHBIX /U1 pa3pabor-
ynKoB «drag-and-drop» OunaepoB ans pa3zpaboTku rpaduyeckoro uaTepdeiica — HeoOX0IUMO
«BPYYHYIO» OIIICHIBATh CBOMCTBA Ka)KI0T0 SIIEMEHTA YIIPABJICHUSI, €r0 OBEICHNE 1 PEaKIIHIO Ha
COOBITHSL.
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Wcxoaneie ;:armhtel PesynuTatsl pBC‘EETOB| Auzrpamnma Habopa npodHocT

MpouHocTe HeToHa, MMa
3
554
491

Bt

ETL o

P
J
¥
194+ !
L}
¥

131

Rb[28]1=58.0

9 10 11 12 13 14 15 16 17 18 19

20

25 26

28

A 2 3 oM 27

BoapacT 6eToHa, cyT.

Puc. 4. Bximanka «/lmarpamma Habopa IpOIHOCTI

e NCB ¥KprAXT

MeTonuka YKprAMT MeToauka HUMMKE  fseik  TMomolls

WcxonHele naHHee | Pe3yneTaThl pac\{erou] Juarpamma Habopa npa‘mocm]

-Pac4eT UCXOAR U3:
MeTogonorua Yepr AT

" Pacxop, BoAsl, NfM.KY6. l—
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Puc. 5. Briangka «Mcxonnsle nanusie» B Ubuntu 14.04

HecmoTps Ha epednciieHHbIe HEY100CTBa, Bech Ko mporpammel (6ostee 5000 cTok) ocTaet-
CSl HEM3MEHHBIM, YTO TIO3BOJISIET CYLIECTBEHHO 3KOHOMHUTDH BpeMs MPH Pa3pabOTKe pazInvHbIX
BEPCHI TPOTPaMMBI TT0T OTIPe IeNICHHBIE TUIAT()OPMBI.



HcxogHsie gaHHbie PeaynsTaTsl pacu4eros Owarpamma HaBopa nposHocTH
Pacuer ncxons ua: KpynHelil 3anonHuTens EetoH
MeToponorua YeplAXKT MnoTHoeTs HackinHas, kr/k.kyl 1400

MneTHoETL MCTUHKHER, kriMkyE 2650

Pacxop soas!, n/m.ky6. BnaxHocTs, % 1 . B25
s B/U Pasmep 3epHa, MM 15 M35
Ocafka KoHyea, cM. Boponornoweque, % 0.75
KecTrocTs, ¢. HOPMAaNEHO
Mpo4HOGTE Tun aanonsUTens webeHb Mapka no Mopoa0CTORKOCTI -
LiemeHT Menkuid aanonHuTens Mapka no BoOOHENDOHULAEMOT ---
MnoTHocTb HackinHas, kr/iM.kyl 1100 MnoTHoeTs HackinHas, kr/m.kyl 1480 N necka 1
MnoTHoCTk WETKHHAR, krim.kyE 3100 MnoTtHoeTs neTHHas, kriM.kyE 2650 N uemenTa 1
Cpenruin paamep dactvu, mm | 0.05 BnaskHocTh, % 6.5 Tin 1 yCNoBWA aKCINYaTall KOHCTRYKLUME
ML, | {nopTnaHaueMeHT) Cpepnuii pasmep sepHa, MM 0.3 BeToHHas
* Mapka, kro/cM.ks. 400 Eea aTMocthepHoro BIMAHUA
AxTusHocTs, MMa Boponornowenwe, % 7.5 OBwem BetoHoomecurens, mkyB, 033
HOPMAalEHO
HoBaeka nnacTudukaTop JoGaBka yckopuTens TEEpAeHNR
Wenonbaosate niacTukaTop MEcnonb30BaTh YEKOPHTENE
PaccuuTtath

Puc. 6. Bknanka «Mcxoansie qanasie» B MacOS X
4. BuIBoaLI

B xonme co3maHus mpoTOTHINA MHTEIUICKTYaIBHON CHUCTEMBI YIPABJICHUS COCTaBOM U CBOWH-
cTBaMu OeToHa OBbLIM MCIOJIB30BaHbl COBPEMEHHbBIE TEXHOJIOTHU M MOJIXOAbI pa3pabOTKH MPo-
IPaMMHOTO OOECIICUCHHSI, PEaTU30BaHbl aBTOPCKUE aJITOPUTMBI M 00ecIiedeHa KpocciuiaTgop-
MEHHOCTb MHTepdelica MoIb30BaTelIsl.

C TOYKH 3pEHUS] TEXHOJOTHH CTPOUTEIHHBIX MAaTEPUATIOB KOMIIBIOTEPHAS MPOrpaMMa Jjis
pemeHus 3a1a91 POSKTHPOBAHUS COCTaBa 0€TOHA ¢ KpOCIUTaT(GhOpPMEHHBIM HHTEP(HEHCOM SIBIIS-
€TCsI MUOHEPHBIM U YHUKAIBHBIM MTPOSKTOM. AITPOOUPOBAHHbIE TEXHOJIOTHH Pa3padOTKH KPOCCII-
JATPOPMEHHOTO MTPOrPaMMHOTO 00ECIICYCHHUSI MOTYT ObITh MPUMEHEHBI JUIS PEIICHUS MHOTUX
3a7a4 CTPOUTEIHHOTO MaTepUAIOBEICHHSI.

Cnncok autepartypsi: 1. [lnyeun A.A. [lporpammHoe obecriedeHre CHCTEMBI IPOSKTHPOBAHMS COCTaBa Oe-
TOHA JIIs1 KOHCTPYKIIMH 1 COOpYKeHUH xkele3HbIx nopor // A.A. Tlnyrun, O.A. Kammans, H.JI. Cuzosa, .A. Mu-
xeeB // Texnomoruueckuii aymut. 2013, Ne 6/1(14). C. 38-40. 2. Poccym I, Hpeiix @.JI [oc., Omxuoau JI.C.
np. A3k mporpammupoBanus Python. 2001. 454 c. [anexTponHbIi pecype]. Pexxum noctyma: www. URL:
http://rus-linux.net/MyLDP/BOOKS/ python.pdf 3. Grayson J.E. Python and Tkinter Programming. Manning
Publications Co, 2000. 688 p. 4. Cuzoea H./{. OcobeHHOCTH CO3/IaHUs IPOrPAMMHOTO O0ECHEUESHUsS! IS
npoekTupoBanus cocraBa 6erona // H.JI. Cuzosa, I.A. MuxeeB // BocTouHO-eBpOIIEHCKHIA XKYpHAI Mepeo-
BbIX TexHosoruit. 2013. Ne 6/2(66). C.27-31.
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YK 681.5: 004.234
JIL.B. JIAPYEHKO, B.B. BAPEI{A, b./]. IAPYEHKO, A.H. MAKAPEHKO

CPABHUTEJIBHASI OLIEHKA BBICTPOJEMCTBUSA PETMCTPOB-
KOMITIAKTOPOB CHUHXPOHHOI'O 1 ACUHXPOHHOI'O THUIIOB

PaccmarpuBaeTcs cTpykTypa 1 GyHKIIHOHHPOBAHIE MHOTOPA3PSAHBIX PETUCTPOB-KOMITaK-
TOPOB IBOWYHBIX KOJOB CHHXPOHHOT'O ¥ ACHHXPOHHOTO THUIIOB. AHATIM3UPYETCS CXEMOTEXHUIEC-
Kas peajn3alisl pa3InIHbIX TUIIOB PETHCTPOB-KOMITAKTOPOB M BBHITIONHACTCS CpaBHUTEIbHAS
OIICHKA UX OBICTPOJICHCTBHS IO YHCITY TAKTOB, HEOOXOIMMBIX JIIS CXKATHS KOJIA.

1. IlocTaHoBKa 3aga4u

M3BecTHB 1 mupoko nmpuMeHsroTes B BT u aBromatuke peructpbl casura Ha RS wmm JK-
TpUTTEepax, MPUYEM MPSMOH M UHBEPCHBIN BBIXOJIbI Kax10Tr0 JK-Tpurrepa ,kpoMe mociieHero,
COCIMHEHBI COOTBETCTBEHHO ¢ J- m K-Bxomamu ciemytomero JK-rpurrepa [1]. Takue peructpsl
CJBUTa MOTYT pabOTaTh B TPEX PEKHUMaX: PEKUME CIIBUTA TOCIICIOBATEIILHOTO KO/ Ha 3aJ1aH-
HO€ YHCIIO TAaKTOB, PEXXFME XpaHEHHs KOJla M peXWMe IMpreMa Koja 3a n — TaKTOB, /e N-
PaspsIHOCTD PETUCTPA CABUTA.

HenocraTkom M3BECTHBIX PETUCTPOB CABHUTra SBJISIOTCS MX OTPAHUYCHHBIE ()YHKIIMOHAIEHBIC
BO3MOKHOCTH, 00YCIIOBIIEHHBIE BHITIOJTHEHHEM TOJIBKO OJHONW OCHOBHOW (DYHKITHH — CABHUTA UH-
(hopmanuu. B psjie ciyuaeB B ycTpoiicTBax 00pabOTKH U KOHTPOJIS IU(POBOH CTATHCTUYECCKON U
MUarHOCTHYeCKOW mH(popManmu TpeOyeTcs MmoilydeHHe CBEJICHHWN O YWCIE €IUHHI] B KOJOBOM
KOMOHHAIHY.

ITono6HOE pacmmpenne PyHKIMOHATBLHBIX BO3MOXKHOCTEH JTIOCTUTHYTO B [2,3] 3a cueT BBe/Ie-
HUS TOTIOJHHUTEIHHON (PYHKIIMH — CKATHS BCEX €IWHUI] KOJOBOH KOMOWHAIIMH BIIPaBO 0e3 Mx
notrepu. Takol peructp OyZeM Ha3bIBaTh PETHCTPOM-KOMITAKTOPOM.

OCHOBHBIMH 33/1a4aMu PabOTHI SBISIFOTCS:

— paccMOTpeHHE CTPYKTYPHI ¥ QYHKIMOHUPOBAHUS PA3IMYHBIX THIIOB PETUCTPOB-KOMITAKTO-
pOB;

— CpaBHUTCJIbHAA OLICHKA BPEMCHU CXKATHA KOAA IO MAKCUMAJIbHOMY YHUCITY TaKTOB B (byHK-
IIUU OT Pa3psIHOCTH N PETUCTPA - KOMIIAKTOPA;

— (opmynHpoBKa peKOMEHIAIHIA 1 337124 110 UCITOE30BAHUIO PETUCTPOB C PYHKINEH CKATHS
KoJia.

2. Perucrp-KoMNnakTop CHHXPOHHOIO THIIA
CxeMa CHHXpPOHHOI'O PEerucTpa-KOMIIAKTOpa IBOMYHBIX KOJOB U3 [2] mpeacTaBieHa Ha puc.l.

1-it paspsg 2-i paspaz, (n-1)- paspsp !\ n-paapsa
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Puc.1. Peructp-koMnaxTop JBOMUYHBIX KOJIOB
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Peructp comepxur B kaxk1oMm paspsane asyxcryneHdatsiid JK - tpurrep 1, anement 1 2 u B
KaXIOM paspsgae, kpome mnocneanero, anement WJIN 3. Ilpamoit Beixon Q JK — tpurrepa
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Ka)KJIOTO pa3psna, KpoMe IMOCJISIHET0, COeMUHEH ¢ J- BxomoM paspsma, R- u C- Bxoxsl JK —
TPUITEPOB BCEX Pa3PsI0B COOTBETCTBEHHO OOBEIUHEHBI U SIBIAIOTCS BXOaMH yCTaHOBKH B 0 4
Y CUHXPOHHM3ALIUHU 5 perucTpa — KOMIakTopa, J- Bxox JK — tpurrepa nepsoro paspsizia 6 sBisercs
MPSAMBIM BXOJIOM PETUCTpa — KOMIIAKTOPa, a mpsiMoil Bbixol JK — Tpurrepa nocieiHero paspsia
7 aBnseTCs MPSMBIM BBIXOJIOM PETUCTpa - KoMnakTopa. Berxox anemenra U 2 kaxxaoro paspsina
coequneH ¢ K- Bxonom JK — Tpurrepa gaHHoro paspsijia, nepBblid BXoJ daeMeHTa U nepBoro
paspsiia SBIsieTCd HHBEPCHBIM BXOJOM 8 perucTpa-KoMIakTopa, a nepBelil anemenTa 1 kaxaoro
13 OCTAJIBHBIX Pa3psAa0B COEAUHEH ¢ HHBEPCHBIM BXx0/10M JK — Tpurrepa npeaplaymero paspsaa,
BTOPOH BXOJ 3nemMeHTa W kaxa0ro paspsiaa, KpoMe NOCIEIHErO, COEUHEH C BBIXOJ0M 3JIEMEHTA
WNJIN 3 nansoro paspsiaa, a BTOpoi Bxoa aneMenTa U nocnennero paspsaa ABiseTcs ynpasisio-
muM BxomoM 9. IlepBerif m BTOpo# BXombl dmeMeHTta WJIM kakmoro paspsiga COETHHEHBI
COOTBETCTBEHHO C MHBEPCHBIM BBIXOJ0M JK — Tpurrepa u co BTOpHIM BX0J0M 3iemeHTa U
MOCJEAYIOLEro pa3psaa.

PaccmoTpum paboTy perucTpa B pa3iIuiHBIX pekuMax. [Ipu eAMHUYHOM 3HAYEHWW CUTHAJIA
yTpaBlieHHs Ha BXoje 9 perucTp paboTaeT B pexuMe CIIBUTa KoJa BIipaBo. [Ipu 5ToM Ha BTOPBIX
BXOJaX KaXJ0ro u3 3JeMeHTOB U 2 ycTaHaBIMBaeTCs €AMHUYHOE 3HAYCHHE CUTHaNa. BxogHas
uHpOopMaLus B Buae napadazHoro Koja mocTynaeT Ha BXobl 6 U 8. 3amnonHeHne n- pa3psagHoro
peructpa nH(pOpMaIHel MPOUCXOIUT 3a BpeMs ACHCTBUS N UMITYJILCOB CIBATA Ha BXOJIE€ CHHXPO-
HU3ALMHA 5.

[Ipn HyneBOM 3HAYEHWM CHWTHANA yIpaBleHWs Ha BXoae 9 peructp paboTaeT B pekume
cxarus nHpopMaluu Biparo. [log nelicTBHEM UMITYIBCOB CABHUTA, TIOJaBAEMBIX Ha BXOJ CHHX-
pOHM3aLMK 5, MPOUCXOIUT CIABUT KOJa BIPaBO JO0 TeX MOp, MOKa HE 3alWIIeTCs eIWHUIA B
nocneHud n-i pa3psan. Ilocie 3Toro MporucXoauT CABUT KOJIAa TOIBKO B MEePBEIX (n—1)-M pasps-
Jax 70 3alofHeHus eAnHune (n —1)-ro paspana. 3anucanuele B n-M, (n —1)-M u T.4. pa3psagax
€IUHUIIBI OCTAIOTCSI B COOTBETCTBYIOLIMX pa3psiaax, nockoiabKy Ha K - Bxomax JK — tpurrepon
9THUX Pa3psIOB YCTaHABIMBAETCS HyJEBOE 3HaYeHUE. TakuM o0pa3oMm, Tmociie mojavu B o0IeM
ciydae (n —1)-ro ummynbca caBura (Koraa UCXoHast nHGOpMAaIUs MPEACTABISACT COO0H OaHY
eAVHUITy B KpailHEM JIEBOM pa3psi/ie) BCE SIMHMIIBI MCXOTHOW WH(POPMAIMH PaCIONararTcs
IUIOTHO CIIPaBa.

Hamnpumep, ecnu npu €AMHUYHOM 3HAYEHUU CUTHAJIa Ha BXoA€ 9 mMocie Mmojayd BOCbMH
VMMITYJIbCOB CABHIa B BOCBMHUpa3psAAHOM peructpe 3amuiercsa koa 10100100, to mpu HyiaeBoM
3HAUYEHUU CHUTHAJa Ha BXOJ€ YIpaBieHUs 9 mocie noaadyu O4epeIHbIX MATH UMITYJIbCOB CIBUra
MIOJTyYHM TaKue rmociienoBarenbHocty komos: 01010010,00101001 ,00010101, 00001011, 00000111.
IIpu nansHeMEH nogaye UMITYJICOB CJIBUTa COCTOSIHUE PErUcTpa He MeHsieTcd. [Ipu yctaHoBke
€MHUYHOTO 3HAYEHUSl CHUTHAJIA Ha BXOJIE ympaBieHHus 9 ckatas WHGOpPMAIUs BBEIBOJIUTCS U3
peructpa.

U3 puc. 1 maiigem, uto K;=2-Q,; J;=Q,; K, =2-Q,vQ,-Q, =Q,(zvQ,);
J,=Q,.

[Ipu paccMoTpeHHH perucTpa-KoMmakTopa (cM. puc.l) Mbl OTpaHHYMIACH YUCIIOM Pa3psiaoB
n=3. Eci1t 0000I1IHTh [OJTydeHHBIC GOPMYIIBI IS CIIydasi N pa3psAa0B, TO Hoaydum ajs j=0,...,(n-

1) cemyroue hopmyist (1):
1,=Q,3K,=2:Q,,51,,=Q,,5K,,=Q,,(zvQ,); J,, =Q,
K,»,=Q,,(zvQ,vQ,)=Q,;(zvQ)vQ,); J,5s=Quy;
K3 =Q(zvQuvQy  vQ,2)=Q, 4 ((2v Q) v Q, )V Q)5
K, ;=Q, (-(zvQIvVQ)Vv.vQ, ) 1, =Q, . (1)

CymecTByIOT U ApyTHe CXEMHBIE PEIICHUS PETUCTPOB KOMITAKTOPOB, OTIUYAIOIINECS APYT OT

JIpyTra BO3MOXKHOCTBIO YIUIOTHEHHS HE TOJIBKO SIUHUIL, HO M HYyJISH, BO3MOXHOCTBIO CABHUra KaKk
BIIPABO, TaK W BJIEBO, a TAK)KE BO3MOKHOCTHIO YIUIOTHEHHUS B 3aJJaHHOM HarpaBieHUH [4-6].

3. Perucrp-KkoMnakTop acHHXpPOHHOIO THMNA

Cxema aCHHXpPOHHOTO PETUCTPA-KOMITAKTOPa ABOMYHOIO KoJia U3 [3] mpuBeeHa Ha puc.2.
Peructp congepxut rpymnmy u3 n-1 1ByxBxom0Bbix anemenToB U 1, amement NJIN 2, snement
N 3, B xaxaoMm pa3psane nsyxcrynenuarsiii JK-tpurrep 4, snement M 5 u B kaxaoM paspsae,
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Kpome mociennero, nemenT UJIN 6. Ilpsamoii Beixox JK-Tpurrepa kaxmoro paspsiza, Kpome
nocienuero, coeauueH ¢ J-sxogom JK-tpurrepa nocnegyromero paspsaa, R- u C-sxoasr JK-
TPUTTEPOB BCEX Pa3psiioB COOTBETCTBEHHO OOBEIMHEHBI U SBJISAIOTCS BXOJAaMH YCTaHOBKHU B 0 7
¥ CHHXPOHHM3aInH § peructpa casura, J-sxoxn 9 JK-rpurrepa mepBoro paspsiaa sBiIsieTCs MPsIMBbIM
BXOJIOM PETHUCTpa caBura, a npsimoi Beixon 10 JK-tpurrepa mocnemsero paspsijga sSBISETCS
MIPSIMBIM BBIXOZIOM pEerucTpa caBura. Perwctp casura B 3aBHCHMOCTH OT 3HAUEHHUS] CHTHAIa
yIpaBJICHHS, TOAABACMOI0 Ha YIPABJISIOMUN BXox 12 , MOXKeT pabdoTaTh B JABYX PEXKUMAax -
caBura u cxarug uHpopmarwn. [Ipn emMHUYHOM 3HaYEHUH CUTHAJA yIpaBJIeHUs Ha BXxoae 12
peructp pabotaer B pexxume capura uHGopmanun. [lpn 3ToM Ha BTOPHIX BXOJaX KaKIOTO W3
anemeHToB U 5 ycTaHaBiIMBaeTCs €IMHUYHOC 3HAUCHUME cUTHANIA. BxomHas nHdopManus B BUie
napadaszHoro koaa nocrymnaet Ha Bxoas! 9 u 1 1. Equanynstii curHan ¢ Berxoaa anementa UJIN 2
Pa3peluT NPOX0kKACHUE TAKTOBBIX CUTHAJIOB ¢ BXoaa 13 anemenTa U 3 Ha BXO CHHXPOHU3AIIUU
8 peructpa ciBura. . 3arolHEHNE N — Pa3psIAHOTO PETUCTpa WHPOpMAITHel POUCXOIUT 33 BpeMs
JICHCTBYSI N UMITYJIBCOB CIIBUTA Ha BXOJIE CHHXPOHHU3AINH 8.

1-it paspag 2-i paspag | (n-1)- paspsa n- paapsag
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Puc. 2. Peructp-koMIakTop aCHHXPOHHOTO THITA

[Ipu Hy7eBOM 3HAYCHWM CHTHaja YIpaBieHHs Ha BXxojae 12 peructp paboTaeT B pexumMe
cxatus nHbopMar. Eciii comepKuMoe perucTpa He COOTBETCTBYET CKAaTOH KOJTOBOW KOMOM-
HAIIMH, TO € BBIXOJIa OHOTO U3 3neMeHToB U rpymnmsl 1 anementoB U copmupoBanHbIid eqMHNY-
HBIH curHan depe3 anmemednT WJIM 2 paspemmT mMpoOXOoKIeHHWE TaKTOBBIX HWMITYJIHCOB Uepe3
aneMeHT 1 3 Ha BXoa cuHXpoHu3auuu 8 peructpa. [lox nelicTBueM UMITYIbCOB CIBUTra IMTPOUCXO-
JIUT CIIBHAT KOJIa BIIPaBO [0 TeX 0P, TOKa HE 3allUIIETCs €UHALIA B TOCIEAHNN n-i paspan. [Tocne
3TOr0 NPOUCXOAMT CABMI KOJIA TOJIBKO B IIEPBBIX (N-1)-M pa3psaax 1o 3aloiIHeHUs equHULEeH (n-
1)-ro paspsima. 3anucaHsble B n-M, (n-1)-M paspsiiax eIWHHUIBI OCTAIOTCS B COOTBETCTBYIOIIUX
paspsnax, nmockonpky Ha K-Bxomax JK-TpurrepoB 3THX pa3psAAoB yCTaHaBIMBACTCA HYJIEBOE
3HavyeHue. Kak ToiabpKko cofepkumMoe peructpa OyeT COOTBETCTBOBATH CKATOM KOAOBOM KOMOU-
HAllWH, T.€. KOT/1a BCE EAMHULIBI HICXOTHOM HH(pOpMaIy OyayT pacoN0oKeHb! INIOTHO CIIpaBa, Ha
BBIX0JjaX dJieMeHToB U rpymiisl 1 chopmupyeTcs HyleBol curHai, KoTopsii depes anement UJIN
2 3ampeTUT NpOXO0’KJI€HUE TAKTOBBIX UMITYJIbCOB Ha BXOJ CHHXPOHHU3ALMU § pPEerucTpa CIBUra.
Hynesoit curnan ¢ Beixona snementa UJIM 2 curHanu3npyeT 0 TOTOBHOCTH PETHCTPA CIBHTA K
npUeMy U CKaTHIO cieaytoneld komOuHanuu. Bpems cxatust mHQOpMaIMy B CHHXPOHHOM PETHC-
Tpe-KOMIIaKTOpe cOocTaBisieT (n-1) TakT, a B pACCMOTPEHHOM acCHHXPOHHOM — (n- m) TaKTOB,
TJie M — YUCJIO HYJIEH, OTCTOSALIUX CIIPaBa OT CTaplIei eIUHULIBL.

Jua n=4 dbyakumm gemmdpanyy HeYIIIOTHEHHBIX KOMOMHAITHH OT 1-T0 710 3-T0 pa3psiioB MOTYT
OBITH NIPECTABIICHbI B BUIE BBIPAKEHHUIM:

Y}le'Q_Z; Y12:Q2'Q_3; Y13:Q3'Q_4' (2)
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IIpu n=8 nobarnsoTcs HOPMYIIBI:

4 _ . 5 _ o6 R A

Yy =Q, Q55 ¥y =Qs-Qg35y =Q¢-Q, 5y, =Q, Q4 - 3)

Jlist 061IEro ciryyast Yuciia paspsaoB n pyHKIUH AeMnppaii HEYIUIOTHEHHBIX KOMOHHALHIA,
peanusyeMble ¢ OMOMLIBIO cXeM U 1, ONMKMCHIBAIOTCS BBIPAKEHUEM:

i .
yl:Qi'Qi_Ha 1:1,11—1, (4)
a QYHKIUS HATTMYUS HEYITIOTHEHHOTO KOZIa B PETUCTPE-KOMIIAKTOpE (CM. pHC.2), BRIYHCIIIEMAs
cxemoit MJIU 2, onpenensiercs o opmyie:

i=n-1 i=n-1 )
Y= UQI Qi = UYi ) %)
-1 iol

Cxema U 3, paspemaroimas mpoXoXKACHHE CHHXPOUMITYJIBCOB ¢ HA BXOJ CJBHra PErrcTpa,
peanu3yeT BelpaXKeHue:

y;=¢C-y,. (6)
4. BpICTPOEHCTBYIONINH PErucTP-KOMIAKTOP CMHXPOHHOIO THIA

CxeMa OBICTPOICHCTBYIOMIETO PETUCTPA-KOMITAKTOPa C BPEMEHEM YIUIOTHEHUST KOMOWHAIIAN
B OJIMH TaKT NMPHUBEJICHA Ha pUC.3.

il | (n-1) paspsn J T n paspsa
1 [ 1
10| 3 b 3 !
7! & 1ol !l 1™ &l 1+l T i & — 1 | T 11
e | —H w1 2 ! 61 2 z
| ol 1 [|1] ] gl 11 || R
i R E o R ! R
P
z
9
VIPC| 17
2
T s]:
2 n-1

Puc. 3. Peructp-koMmakTop ¢ BpeMeHeM YIDIOTHEHHS B OZJMH TaKT

Peructp cocrout u3 rpynnel n CDR-tpurrepoB 1 cocrostaus, nepsoro snementa UJIN 2 u
anemenTa M 6 B kaxaoMm paspsae, Broporo snementa MJIM 3 B kaxaoM paspsae, Kpome
nocjaeJHero, KOMOMHAIIMOHHOTO CyMMaTopa 4 KoJIn4ecTBa eANHUL HEYIJIOTHEHHOTO IBOMYHOTO
Koza, femudparopa 5 st npeoOpa30BaHus TO3UIHOHHOTO JBOMYHOI'O KO €AUHUILL B YHUTAPHBIN
KoJ eAuHuUL, BToporo anneMmenTta NJIN 3 B kaxkaoMm paspsze, kpome nociueanero. [Ipu equauaHOM
3HAYEHUH CUTHaJIa Ha BXOZE YIpaBlIeHHUs PeKUMOM padoTsl 10 1 oouepesHOM mo1avue TaKTOBBIX
CUTHAJIOB Ha BXOZ 9 M pa3psAaoB BXOIHOIO KoJa Ha MH(GOPMALMOHHBIA BXOJ 7 3a N TaKTOB
MIPOUCXOANT 3aIMUCh NTOCJIEJIOBATEIBHOIO KO/Ia B PETHUCTD.

[Ipu Hy;T€eBOM 3HAYEHHUHW CUTHAJA Ha BXOJIE YIIPaBJICHUS pekuMOoM padboTsl 10 peructp paborta-
€T B PeXUME YIUIOTHEHHMs kona. Jlormueckas cBsi3b Mexay mpsiMbiM Bbixonom CDR-tpurrepa
IpeapIAyIIero paspsiaa 1 nHpopManuoHHeIM D —BX0m0M Tpurrepa paspsana, KOTOPbIi paccMat-
pHUBaeTCs, IPU 3TOM OTCYTCTBYET. [103MIIMOHHBIN KOJ KONMWYeCcTBA €AUHULL 1 C BBIX0/1a KOMOMHA-
IUOHHOTO cyMMaTopa 4 ¢ momomiplo aemmdparopa 5 npeoOpasyercs B CUTHAN €JUHUIBI Ha
BBIXOJIE 1 , KOTOPBIH Jlajee 1moaaeTcsl Ha MepBhIil Bxoa BTopoit cxembl MJIN 3 paspsina i u nanee
no nenu BTopsix cxem NUJIN 3 Ha nepsrie Bxoas! nepsbix cxem UJIN 2 B paspsaax i. i -1, i-2, 1-3,
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...,2, 1. [Tocne momayu OAHOIO UMIIYJIbCa Ha BXOJl CHHXPOHHU3ALKMU 9 B peructp OyaeT 3amucan
JBOWYHBIN KO, YITIOTHEHHBIN B1€BO. HammpuMmep, mociie mogaun B perucTp - KOMIIAKTOp pu n =7
koaa 1001010, 3aTem nepexnoveHus perucTpa B pesKUM YIUIOTHEHHS U [T0JJa4M OAHOT0 UMITYJIbCa
Ha BXOJ CHHXPOHHU3AINHX 9 MOYINM B perucTpe koaoByio komomaanwio 1110000, koTopas gdepes
BbIx0[ 11 myTem caBura MokeT OBITh BBIBEJICHA U3 PErHCTpa - KOMIIAKTOpa.

bricTpozeiicTBie perncTpa — KOMIIAKTOpa B PEXMME YIUIOTHEHHS KOJa HE 3aBHCHT OT
Pa3psOIHOCTH M COCTaBIISIET OAWH TaKT.

5. CpaBHHUTelbHAsi OLeHKAa OBICTPOJENiCTBHSI PerucTPOB-KOMIAKTOPOB

BbrImonHuM cpaBHEHHE CHHXPOHHOTO M aCHHXPOHHOI'O PETHCTPOB-KOMIIAKTOPOB 10 YUCITY TaK-
TOBBIX UMITYJILCOB, HEOOXOJUMBIX AJIs1 YIUIOTHEHHS BCEX N-Pa3psAAHBIX KOMOMHAIMHA. Tak Kak 1uis
YIJIOTHEHUS 71100011 koMOuHanuu TpedyeTcs n-1 TakT, TO CyMMapHOE YMCJIO TAKTOB HA YIUIOTHE-
HHE BCeX KOMOMHALUI B CHHXPOHHOM PETHCTPE ONPEAEISIETCS BEIPasKEHUEM:

_ n
N, =(n-1)-2". (7)
B ACUHXPOHHOM PECTrUCTPC-KOMITAKTOPEC YUCJIO TAKTOB, 3aTPAaYMBACMbIX HA YIUIOTHCHUC KOI[OBOﬁ

KOMOHMHAIINH, paBHO YMCITY HyJICH m, HAXOISIIIXCS CIIPaBa OT CTapIeil e IMHUIIBL. BripaskeHue s
CYMMAapHOT0 YHCJIa TAKTOB YIUIOTHEHHS BCEX KOJIOBBIX KOMOHMHAIWI ONUCHIBACTCS (hOPMYIION:

="
N, =) m, )
i=1

Pesynbrathl BeruucieHuit mo Gopmyne (7) ¥ CTATUCTHYSCKOTO aHaIW3a IS Pa3psaHOCTEH
n=2-6 MpuBeICHBI B TAOIHIIE. 3/1eCh TAK)KE NPUBEICHBI paCUCTHHIC JJaHHBIC a0COIIOTHOM YKOHO-
MUH 3 (TI0 YUCITy TAKTOB CKATHSA), BEIYUCIIEHHBIC 110 hopmyrie (9), ¥ OTHOCUTEIHHOM (B ITPOIICH-
Tax) 3KOHOMHH, paccIuTaHHoHU 110 hopmyie (10):

3=N,—-N,; 9)
_2
TN, (10)
n |2 3 4 5 6
Ne | 4] 16 48 | 128 | 320
N, |1 5 17 49 | 120
> |3 ] 11 31 79 1200
v, % | 751 68,75 | 64,58 | 61,7 | 62,5

Amnanu3 TabnuIp! 1 GOPMYIT TIOKa3hIBACT, YTO ACHHXPOHHBIH PErHCTP-KOMITAKTOP MO CpaBHE-
HUIO C CHHXPOHHBIM 00ECIICUUBACT CYIIECTBCHHYIO0 SKOHOMUIO YKCJIa TAKTOB Ha CXKAaTHUE KOJO-
BBIX kKoMOuHaruit (ot 60 mo 70 TIpOIIEHTORB), a OBICTPOAEHCTBYIONINI PETUCTP-KOMIIAKTOP (CM.
puc.3) yxe npun=4; n=5un=6 TpeOyeT /I C:KATHUSI BCETO MHOKECTBA KOJOB COOTBETCTBEH-
HO 16, 32 u 64 Takra, 4yTO yKa3bIBaeT Ha €ro 0oJiee BBICOKOE OBICTPOJCHCTBHE, HO JJIS €ro
peanmzanuu TpeOyroTCs ¥ 60Jiee BRICOKME almapaTypHbie 3aTpaThl. 1 MCTIOIB30BaHUS TEX WITH
WHBIX BAPHAHTOB PErMCTPOB-KOMIIAKTOPOB B PA3JIMYHBIX YCTPOHCTBaxX 00pabOTKU U KOHTPOJIS
g poBoil mHGOpMaIH Takxke Heobxoauma paspadorka VHDL-monenel yka3aHHBIX PETHUCT-
POB, YUTO IMO3BOJIMT TPY HATUYHU MOJIENICH aBTOMATH3UPOBATh 3TAIbl CUCTEMHOTO IMTPOSKTUPOBA-
HUSI COOTBETCTBYIOIIETO PETUCTPA-KOMIIAKTOPA U YCKOPUTH €T0 MPOSKTHPOBAHUE U PEATN3aIINI0
na CBUC.

BoiBoabl

1. PaccmoTpeHna cTpykTypa ¥ (yHKIMOHHMPOBAHUE TPEX PA3JIMYHBIX CXEMHBIX peanu3alui
PETUCTPOB-KOMITAKTOPOB JABOMYHBIX KOJOB CHHXPOHHOI'O U aCHHXpOHHOTO TUNoB Ha JK-u DC-
TpUTTepax .

2. Ilomy4eHsl aHAIMTUYECKHE BBIPAKEHUS M CTATUCTUYECKHE NaHHBIE 3aTpaT BpeMeHH (I0
YHUCIIy TaKTOB CIBUIa) Ha YIUIOTHEHHE KOJOBBIX KOMOWHAIMKA JJIsl pa3iIMYHBIX BapUaHTOB
perucTpa-KoMIakropa B GyHKLIUH OT YHCJIA €T0 Pa3psIoB.
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3. BrITloyTHeHa CpaBHUTEIBHAS OIICHKAa BPEMCHHBIX 3aTpaT Ha CKaTHe (KOMIIPECCHIO) KOOB,
YTO IIO3BOJIACT B 3aBUCHUMOCTH OT TPeOOBaHUI K OBICTPONCHCTBUIO U allapaTypHBIM 3aTpaTaM
BBIOpATh COOTBETCTBYIONIYIO CXEMHYIO PEaH3AIMI0 PErUCTPa-KOMIIAKTOpa. .

Hayunas nosusna pabOTBI COCTOWT B MOTYYSHNN aHATTUTHYECKUX BBIPAXEHHUH I A€ TaIHHO-
o aHaJM3a 4YKcia TAKTOB CABUTA HA KOMIIPECCHUIO JABOMYHBIX KOJOB B KaXIOH U3 CXEM
pEeruCTpa-KOMIAKTOPa, YTO MO3BOJIMJIO BBHITOIHUTH CPABHUTEIHHYIO CIIEHKY OBICTPOJICHCTBUS
pa3MYHBIX €r0 peaju3alui.

Ilpakmuueckas 3Hauumocms PE3yJIbTATOB 3aKIIIOYAECTCS B BO3MOKHOCTU MPOEKTUPOBAHUS

pEruCTpa-KOMIIAKTOPa C yYETOM OCHOBHBIX KPUTEPHEB ONITUMHU3ALNH (OBICTPOACHCTBHA 1 ara-
pPaTypHBIX 3aTpaT), YTO JENIaeT TaKXKe IIeJIECOOOpPa3HBIM TOIYYCHHE €ro MOJCICH Ha SI3BIKE
VHDL B nessix yckopeHus ux npoekTupoBanus 1 peanmzanm Ha CBUC .
Cnncoxk siureparypsl:1. Maiiopoe C.A., Hosukos I 1. CTpyKTypa 31eKTpOHHBIX BBIUUCIUTEAbHBIX MalyH. J1.,
1979,.384 c. 2. A.C. 1049978 G11C 19/00. Peructp casura / H.5I.Kakypun, FO.K. Kupbskos // OTKkpsITHS,
n3ooperennst. 1983. Ne39. C.167.3. A.C. 1149978 G11C 19/00 Peructp capura. /H.S.Kakypun , FO.K. . Kupb-
sikoB // OTkpbITHS, m300peTenus. 1985. Ne6. C.250. 4. Maxapenxo A.H. Peructpsl ans cxKaTUs JTBOMYHBIX
KoJOBbIX KoMOuHaumii / ACY u npubopst aBromMatuky. 1989. Bem.89. C.32-38.5.4.C. 1206783 G11C 19/00
Y CTpOHCTBO KOHTPOJIS TAPAILISIBHOTO IBOMYHOT0 Koia Ha HeueTHOCTh / H. 5. Kakypus , FO.K. Kupbskos //
OtkpsiTHs, n300perenns. 1986. Ne3.C.250. 6. Epemees 1. C. YcrpoiicTBa cxarus uHpopmarmu. M., 1980.
160c.

Ilocmynuna 6 peoxonneeuro 18.02.2014
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TPaMMHOTO 00€eCIIeYeHN s, aBTOMATH3AIINs TPOCKTUPOBAHUS IU(DPOBBIX YCTPOUCTB. Anpec: YK-
pauHa, 61166, Xaprkos, ip.JIleanna, 14, ten. 70-21-326.

Bapeua Burannii BukropoBuy, actmpant kadepsl aBTOMaTH3aIMHN POSKTUPOBAHNS BEIYHCIIN-
tespHOM TexHnkn XHYPD. Hayunble nHTEpECH: MPOEKTHPOBaHNE NPOTrPaMMHOTO obecrede-
HHs1, aBTOMAaTH3alIMsI IPOSKTUPOBaHNUS IU(POBBIX YCTPOHUCTB. Asipec: YkpanHa, 61166, XapbKoB,
np.Jlenuna, 14, ten. 70-21-326.

Jlapuenko boraan imutpueBnd, ctyaent rpymms! KI-10-5 XHYPO. Hayunslie naTepecs: mpo-
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ruit XapbKOBCKOT0 0aHKOBCKOTO MHCTUTYTa. HayuHble nHTEpechl: MHDOPMAIOHHBIE TEXHOJIO-
THH, aHAJIN3 U CHHTE3 IIM(PPOBBIX yCTPOHcTB. Anpec: Ykpaunna, 61074, Xapbkos, nip. [lo6ensr, 55,
Ten. 336-05-64.
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YK 658.52.011.56
C.A. KAHIJEJ[AJI, M.B. KOCTHKOBA

JAAHAMUMNYECKOE ITPOTPAMMMUPOBAHUE JJIAA 3AJAYN
KOMMMBOS/KEPA

OnuceIBaeTCs METOMKA IPUMEHEHUS AMHAMIYECKOTO IIPOTPaMMHUPOBAHUS IS PEIICHHS
3a1a9i KOMMHUBOsDKepa. V3maraeTcs anroput™, a TakxKe MPUBOAATCS TEOPETUIECKUE B SIKCIICPH-
MEHTAJIbHBIE OIIEHKH €T0 BPEMEHHOH CJI0KHOCTH U TpeOoBaHMiA K mamMstu DBM.

1. [TocTanoBKka 3aga4u

Meto IMHAMHYECKOTO IPOTrpaMMUPOBaHUS KaK CTIOCO0 ri100aNbHONM ONTHMU3AINY a1~
TUBHBIX M CBOJSINHUXCA K HUM ()YHKIIMOHAJIOB, aBTOPOM KOTOPOTO SIBISCTCS aMEPUKAHCKHMA
MatemaTuk P. bennMan, ais pemenus 3a1aqun KOMMHBOSDKEPA MPAKTHIECKHA OJTHOBPEMEHHO
obu1 ipeuioxkeH P. benmnmanom u M. Xengom u P. Kapniom [1]. B nanpHeiinem mbl cineay-
eM usnoxeHuw P. bennmana.

Kak u3BecTHO, uaes NUHAMHYECKOTO MPOrpaMMHUPOBAHUS, OMUPAIOLIASICA HA TPUHLIUI
ONTUMAaJFHOCTH, COCTOUT B TOM, YTO ITPOIECC ONTHUMH3ANNH (YHKIIMOHAIA PACCMATPHUBAETCS
KaK IMOCcIIeJOBATEIbHBIN N-IAar0BbIi MPOIECC MPUHATHS PEIICHHH, Ha KaXI0M IIare KOTOporo
MPUHUMAETCS ONTUMANIbHOE pelieHue. JJist 5Toro B pacCMOTpEeHUE BBOAUTCS MOHITHE COCTO-
SHUN CHUCTEeMBI (3a7a4¥), OTHOCHTEIHHO KaXXO0TO M3 KOTOPBIX BBIUYHUCISETCS ONTHMAIbHOE
3Ha4YeHUe (PyHKI[MOHAIa, YaCTO Ha3bIBaeMoe 3HaueHueM (pyHkIuu beMana.

CMmBICT 3329l KOMMHUBOSDKEpa COCTOUT B TOM, YTO KOMMHBOSDKED, BBIE3XKash U3 ropoja
n, B ONPEAECICHHON MOCIeI0BaTEIbHOCTA NOCEIAET ocTanbHble 1, 2, ..., n-1 roponos u
BO3BpamjaeTcss B MyHKT Bble3fa n. lIpm atom TpeOyercs ompemenuTs Takod MapuipyT,
KOTOPBIH TacT HAUMEHBIIIYIO CTOMMOCTh 00b€3/1a TOPOJIOB IIPU YCIOBUH, YTO KOMMHUBOSIKED
HE 3ae3)XaeT HU B OJWH M3 HUX OoJiee OJHOTO pas3a, YTO B TEPMUHOJIOTHH I'pad)oB 03HAYAET
HalTH raMIWJIBTOHOB IIUKJI HAUMEHbIIECH IITUHBI.

[IpuMeHUTETBHO K 3TOW 33a/1a9€ METO]I AMHAMUYECKOTO TPOTPaMMHUPOBAHUS HHTEPIIPETH-
pyeTcs KaKk n-I1aroBbIid MPOIIeCcC MPUHATHS PEIIeHIH, Ha KaKIOM IIare KoToporo KOMMHBOSI-
JKep JOJDKEH ONPEJCIUTh ONTUMAIBHBINA MapuIpyT 00be3/1a OCTABIIUXCS TOPOJIOB B 3aBHCH-
MOCTH OT TOTO, B KAKOM M3 HUX OH HaXOJIHUTCSI.

IIpeanonoxum, KOMMUBOSIKEPY MO MyTH HAUMEHBIIIEH CTOUMMOCTH YJal0Ch TOCTHYb I'0O-

poJia i ¥ 70 BO3BpAIllEHHs B FOPOJ N OCTAJIOCh IMOCETUTh K TOPOmOB: j;, jy, ..., ji - IIyTh
HaMMEHbBIIEH CTOMMOCTH M3 ropoja 1 B TOpOJ N Yepe3 OCTaBIUUECH TOPOJA i, Jo, ---» Jk

o6o3HauuM B(n;j;,js .., i ) - ITHBIME cllOBaMu, Tak onpenenum ¢pynkuuto bemnmana, 3Haue-
HUE KOTOPOIl yCTaHaBJIMBAETCS TOPOJOM 1 M ONTHUMAJIBHBIM IOPSAJKOM 00b€3/1a OCTaBILINXCS
TOPOJOB ji, Jjos ---» Ji - CIENOBATENBHO, €CIIN OyJeT HaleHo 3HaYeHue B(N;j, jo,es Jng)»

T. €. HANMEHbIIasi CTOMMOCTh 00bEe3/1a BCEX TOPOJIOB, 3ajjadya KOMMHBOsKEpa Oy/JeT pere-
Ha. [Ipy 3TOM OYEBHUIHO, YTO COCTOSHHSIMH B N-IIATOBOM IPOLECCE MPHUHITHSA PEIICHUN
oyayr ropoza 1, 2, ..., n-1. Hampumep, B 3aga4e ¢ 5-10 ropogaMu KOMMHBOSDKED B3 TOpoaa
5 MOXeET BbIeXaTh B IFO0OH U3 ocTaBImuxcs 1, 2, ..., 4 TOpOIOB, JUIsI KOTOPBIX U TOJKHBI OBITH
BBIYHUCIICHBI (yHKIMH bennmMana.

Llenv uccredosanus — BBISICHEHHE BO3MOXXHOCTH HCIIOJIBL30BaHUS Ha COBPEMEHHBIX
KOMIIBIOTEpaX METOJ1a JUHAMUYECKOT'0 MPOrPaMMHUPOBAHUS JIJIS PEUICHUS 3a1a4ll KOMMH-
BOSDKEpA.

3adaua ona docmudicenusi yeau — mpeAcTaBiieHne (QYHKIMU bennmaHa s pemieHus
yKa3aHHOMW 3aJlauHu.
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2. AITOpUTM pelleHust
JelicTBus anroputma MpoJAeMOHCTPUPYEM Ha IpUMEpPE 3a7a4M C 5-10 TOPOJaMU U MaTpHUlen

oo 25 40 31 27

5 o 17 30 25
CTOMMOCTH Tepee3qoB u3 ropoaga Bropod: C=19 15 o« 6 1 |[2]

9 50 24 o 6

22 8 7 10 o

Coriacuo KOHICTIITUNA P. beimana MuHHMManIbHAsT CTOUMOCTD 06’563}_'[3. TOpOAOB OKAXKETCA

HaiiIeHHOH, €ClIM Ha MocieHeM 5-M 1uare OyzeT BeluucieHo 3Hauenue B(5;j;,],,)3,)4), T. €.

OIpeIeNICHO HAIIPABJICHUE HAWITYYIIEeTO Bhie3/1a U3 ropoja 5. Tak kak U3 3T0ro ropojia KOMMHUBO-
sDKep MOXKET moexaTh B ropoma 1, 2, 3, 4, a 3aTeM W3 KaXIOTO W3 HHUX IO ONTHMAIEHOMY
MapIIpyTy BEpHYTbCS B TOpOJ BbI€3Ia, IS 4-ro miara HPUHATHS PEIICHUH, paccMaTpuBas
MpOLEAYPY B 0OpaTHOM mopsiake (0T 5-ro kK 1-My miary), HEOOXOAMMO ONPEACIUTh (yHKIIHH
bennmMmana s roponos (cocrostauit) 1, 2, 3, 4.

B cBsi3u ¢ Tem, 4To U3 ropoaa 1 KOMMHBOSDKED B ONTHMAIBHOM ITOCIICI0BATEILHOCTH JJOJDKCH

poeXaTh TOPOJA j,, ji, j4, A3TOPOAA 2 TOPOJA ji, j3, js4,H3 TOpOAa 3 ropona ji, jo, j4 U U3

ropoza4ropoza j;, j,, js, pyHkimu bennmana cornacuo B(i; j;, jo ... ji ) A8 OTUX COCTOSIHUM

Oyayr mmets BuL B(1:j,,]3.J4), B(2:J1,]3.04)> BGsipsd2,04)s B(#:]15]2.J3) . Ha atom
OCHOBaHMH, YUUTHIBasA, 4T0 B(5; ], js,]j3,j4) — MUHUMaJIbHAs CTOMMOCTb 00BE€3/1a, JUIS BEIYHC-
nenus pyHkuun bennMana Ha 5-M mare nmporecca NPUHATHSA PEIISHUH I0TyJaeM BhIpaKeHUE
B(5; 115025 J3,04) =
=min {{lc5;+B(1; jo, J5, )} [es24B(2s Ji» Js Ja) b es3+BBs bt as ja)b esatB: 1. 2y i3] o
B KOTOPOM Cs, Csp, Cs3, Cs4 — CTOMMOCTB IIEPEE3]I0B U3 Topoaa 5 Bropoja 1, 2, 3, 4, B3areie u3
matpuilsl C.
B cBoro ouepens 3Hauenus pynkumii berumvana B(1; 5, j3,74), B(25]1,33,J4) > B33J15325J4)5
B(4;];,J2, 3) » KOTOpBIE TOJKHBI BBIYUCIIATHCS Ha 4-M IIaTe IPUHATUS PELIEHUH, C yUEeTOM TOTO,

YTO KOMMHBOSDKED, BBIE3kKas U3 ropoioB 1, 2, 3, 4, 10 ONTUMAIBHOMY TIYTH JOJKEH MTPOeXaTh TPU
OCTaJIbHBIE TOPOJIa, OMIPEIEISIFOTCS IT0 BRIPAKEHUSIM:

B(1:5.J3.Jq) = min{le;5 +B(2: 5. ja) 13 +BG: 2. o) Hers +B(4: 52, 32) -

B(2:i. 3. ja) = minfles; +B(1:j3, j)leas +BG: jr )l eas +B@1 1. 33) ]

B(3: 1. ja.ja) = minfes +B(1: o, )l [esn +B(2: i, ja)}ess +B@: 1. )] @

B(4:ji.Ja» j3) = min{leq +B(1: Jo, j3) Hear +B(2: 1. j3)eas +BGi i o))}

OueBHIHO, YTO BBIYUCIUTH OTH BBIPAKEHHS MOXHO B TOM cliydae, €clu Ha 3-M miare
NPUHATHSA pEIeHUH HaliTh 3HaueHus Gynkuuil berumvana B(1355, j3), B(15],, J4) > B(15j3, J4);
B(2;)1.03)> B(2;]1,04)> B(2:J3,14)5 BGsiinJ2)s BGsjinda), BBsiais)s BMsiia),
B(4;]j;, 3), B(4;],, 3). Tak KaKk IpUBeICHHBIE 3aIIMCU 3THX (QYHKIMH 03HAYAIOT, YTO, HATIPUMED,

JUIsi TOpoJia 1| OHU JTOJKHBI BEIYUCIISITECS HA OCHOBAaHWHU BAPUAHTOB MOCEIICHUSI KOMMHUBOSKEPOM
TOPOJIOB B MTOCIICIOBATEIHFHOCTH 2, 3 WiTH 3, 2, TOpoAoB 2, 4 win 4, 2 1, HAaKOHEIT, TOPoI0B 3, 4 win
4, 3, BBIOOp MPEANIOYTUTEIILHOTO MAPIIPYTA JUIS KaXI0T0 BApUAHTA ONPEICISACTCS COOTBETCTBY-
FOIIIUM BBIPaKEHUEM:

B(1; j5.)3) = min{[CIZ +B(2:j3)] [c13+B(3s j, )]},
B(L3i.4) = min{le; +B(2:i4)} [e1s+B&:in)]} 3)

B(1:js. j4) = min{lei3 +BG: o) [e14 +B (4]} -
Paccyxmast aHamoOruyHO, mojy4aeM (opmyibl (4), MO KOTOPBIM BBIYHCISIOTCS 3HAYCHUS
¢dbyaknuit benmmMana muis coctosHui 2, 3, 4:
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B(2: jiJ3) = minfey) +B(15j3)] e +BG: i

B(2; ji,j4) =min{lcy; +B(13j,)] [e24 +B(&: D]}

B(2; j3.jq) = min{lcy; +B(3:js) b eas +B(4: 5]

B(3; ji.jy) = min{[cs; +B(1:j,)] [e3,+B(2: )]},

B(3; ji»a) = min{les; +B(1;50)] [e34+B&: )] (4)

B(3: jy.j4) = min{[cs, +B(2:j,) }es4 +B(&: ) ]},

B(4; ji, j,) =min{c; +B(13j,) ]} [cn +B(2: )]}

B(4; Ji»J3) = minfle, +B(13j3)] [ci +BG: ]

B4; js.J3) = min{[c42 +B(2:j3)}[c43+B(3: ), )]} .

W3 npuBeIEHHBIX BHIPAKEHUI CIIEAYET, YTO UX 3HAYEHUS MOT'YT OBITh HANIEHBI, €CIIH HA 2-M
1Iare MPUHATHS pelleHnil Oy1yT BeruncieHsl 3HaueHus Gynkuuii B(1; j,), B(1;j3), B(1;j4);
B(2;j1), B(Z;j3), B(Z;5J4); BGsji1), BG:Jy), BGsis): B(4:])), B(4:],), B(4;);). B
CBOIO OYepesb ITH (YHKIHMH MOTYT ObITh Haii[ICHBI, €CIIM y4ecTh, uTo, Hampumep, B(l;],),

B(1; js), B(1; j4) ompenensoT onTUMalbHbIE 3HAUYEHHUS NIEpee3/ia KOMMUBOsDKEpa U3 roposa 1

B ropoza 2, 3, 4 u fganplie U3 HUX B TOPOX 5, TaKk Kak paccMaTpUBaeTcs 2-ii mar oOpaTHOTO
rpoiiecca NPUHSITUS PEILIEHU.

IToaromy

B(1; j,) =¢c1,+B(2:j5),  B(1; j3) =c13+B(3sjs) » B(1; j4) =c14+B(4:)5);

B(2; j;) =c21+B(Ljs), B(2; j3) =c23+B@:js), B(2; j4) =co4 +B(4:]s5);

B(3; j1) =c3;+B(13)s) » B(3; 1) =€3,+B(Z:)s) » B(3; jy)=c34+B(&js);  (5)
B(4; ji) =c41+B(L3js), B(4; jy) =c4,+B(2;]s5), B(4; j3) =c43+B@;js).

B cBs3u ¢ tem, uto pynkuuu B(1;j5), B(2;j5). B(3:js), B(4:js), burypupyromye B 3Tux

BBIPKECHUSX, TPEICTABIIAIOT COO0M CTOMMOCTE MEPEE3NIOB Cj5, Cos, C35, C45, COAEPIKAIIMXCA B

Mmatputie C, mporiecc HOMATHOTO MPUHATHUS PElIeHnd MOKET ObITh Ha4ar ¢ 1-ro mara, cBosIIe-
rocs K IePEHECCHHIO YKa3aHHBIX CTOMMOCTEH B CIICIUAIBHYIO Ta0JIUIy, CTPOKU KOTOPOU UHTEP-
MPETUPYIOTCS KaK HOMEPA II1aroB, a KOJIOHKW ONPEENSIOT 3Ha4eHns GyHKunid benmvmana.

Ha ocHOBaHMm MaHHBIX MEPBOW CTPOKM M BBIpaKEHWH (5) moiydaeM 3Ha4YeHHUS (yHKITHHA
Benmana 11 BTOpoii CTPOKH, 110 KOTOPBIM, UCTIOJNB3YS BeIpakeHus (3), (4), BBIYHCIIsIEM 3HAUC-
HUS QYHKOWUH TpeTheil cTpoku W T. A. [Iporecc BBIYHMCIEHUA W 3aNOTHEHHUS CTPOK TaOIHUITBI
3aKaHYMBaeM IMOJyuyeHUEeM 3HaueHus (yHkimu bemmana st 5-ro mara. [Ipunsteie 0603Haue-
HUS ¥ HalJIeHHbIC 3HAYCHUS TTPUBEACHBI B Ta0M. 1.

U3 Hee cnemyeT, 4TO HAMMEHBIIAs CTOUMOCTD 00Be3/1a 5-1 TOPOAOB paBHa 62, 4TO coBMaaa-
€T C Pe3yJbTaToOM, MOJIyYCHHBIM B [2] METOJOM BETBEH M TPaHMUII, a TAKKE METOJIOM IMPSIMOTO
nepedopa.

s onpenenenus MapiipyTa, 00ecreurnBaroIIero HailIeHHYI0 CTOUMOCTb, TIOCTYIIAEM CIIE/Y-

oM oopaszom. B Beipaxkenun B(5:jy,j,,j3,]4) HalleM dIEMEHT, MUHUMHM3UPYIOIIUHA 3TO
BhIpakeHUE. TakuM SBIISACTCS DJEMEHT Csy + B(4;];, jo, j3) =10+ 52 =62. D10 03HAuUaeT, 4TO

U3 roposia 5 KOMMHUBOSKED BBIE3KAET B ropoJl 4 (IIOKa3bIBalOT MHAECKCHI KOMIIOHEHTHI Csy ). Jls
TOTO, YTOOBI ONIPEAETNTh, B KAKOW TOPOJI OH HANPaBIIIeTCs U3 roposa 4, HE0OX0IMMO B BBIpaske-
HuM 101 B(4;]1,),,]j3) HAWTH DJIEMEHT, JOCTABISAIOIINNA MUHIMYM STOMY BBIpDKCHHIO. Tak Kak
9TO 2MEMEHT C4; + B(1;],,]j3)=9+43=52, T0 U3 ropona 4 KOMMHBOSIKED HAINpaBIsAETCA B
ropox 1. MunumMym Beipaxkenuio B(1;j,,j;) MOCTaBIsAET BJIEMEHT C, + B(2;j;)=25+18=43,
U3 4ero cleiyer, 4To M3 ropoja 1 KOMMHBOSDKEp BbIe3kaeT B ropon 2. B cBoio ouepens
muHUMYM B(2;j3)=c,3 + B(3;j5) =17 +1=18. CnenosarensHo, u3 ropojaa 2 KOMMHBOSKED
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HaIpaBJsieTCs] B TOPOJA 3, a M3 HETo BO3BpaIiaercs B ropof 5. B pe3ynbsrare momydaem OINTH-
MaJIbHBIA MapipyT o0be3a ropoios 5, 4, 1, 2, 3, 5, erko npeacTaBisieMbli TOCIEI0BATEIBHO-
cteio oyt (5,4), (4,1), (1,2), (2,3), (3,5) nna ynoOHO# HHTEpIIPETAIIMN Ha MATPHUIIE CTOMMO-
ctu nepee3noB C. [lepeBo moucka pereHni ¥ ONTUMAaNIbHBIM MapIIpyT Ha HEM, BBIACICHHBIN
YKUPHBIMH JIMHUSIMH CO CTPEITKaMH, TOKa3aHbl Ha PICYHKE.

[ToaBoast UTOT M3JI0’KEHHOMY BBILLE, OTMETUM, YTO aJITOPUTM pELICHHs 3a1a4l KOMMHUBOSIKE-
pa MEeToI0OM TMHAMUYECKOT0 MPOrpaMMHUPOBaHUs, KaK U B OOJBIINHCTBE CIIy4yacB IPUMEHEHHS
3TOTO METOA, COCTOHT U3 JIBYX ATAIIOB: BEIYMCIEHISI ONTHMAaJIHHOTO 3HAUeHUs (PyHKIIMOHATIA 1 Ha
€ro OCHOBE ONPEENICHUS OCIEA0BATEIBHOCTH ONTUMAIBHBIX PEILICHU.

3. OneHKU BpPeMEeHHOM CJIOKHOCTH AJTropuTMa M TpedoBaHmii k mamsatd IBM

TeopeTnueckyio BpeMEHHYIO CIIOKHOCTh aJITOPUTMA, T. €. 3aBICHMOCTHh BPEMEHH pEIICHUS
3aJ1a4yM OT €€ pa3Mepa n, ONPEeAETUM TPATULUOHHBIM ITyTEM: IOJCYUTAEM KOJIMYECTBO OCHOBHBIX
BBIYMCIIMTENBHBIX onepanuii H, , KOTOpbIe J0KEH BBIIIOIHUTD alrOPUTM IIPU PEIICHUH 33/1a4H.

CornacHO COBOKYITHOCTH €0 JIEHCTBUM TaKMMHM OINEPALMSAMU SBIISIOTCS ONEpaIM CI0KEHUSA U
cpaBHeHus. Ilogcuer cyMMapHOTo KOJMYECTBAa ITUX ONEpalyi BBIMOIHUM I KaXXI0ro Iiara
JITOpPUTMa OTAEIBHO.

Ha 2-m ero mare myist monmy4yenusi 3HaueHn QyHkumidi beinnmvana HE00X0IUMO BBIIOIHHUTD

JIUIIIB ONEPaNuu ciaoxeHus. [103ToMy, MOCKOJIBKY YUCIIO COCTOSIHHIA 3a7auu paBHO n- 1, Bcero
COTJIaCHO BBIpaxKeHUAM (5) s 2-ro mara Tpedyercs BRITOMHATE (n-1)-(n-2) ClIOXKEHU.

Ha 3-m mrare anroputma a1 BEIYACICHUS 3HaUeHUH QyHKIMA bemMana mo kakaoMy u3 n - 1
COCTOSIHAH COTJIacHO BhIpakeHISIM (3), (4) TpeOyeTcsl BRIYUCIHTD TOCIIEI0BATEIFHOCT MHHHU-
MaJbHBIX 3HAYCHUH [Tl Tap ropoaoB. [Ipu 3ToM A1 KaXk10¥ apbl HEOOXOAMMO BBITIOJHUTH JIBA
CIIOYKEHUS 1 OTHO cpaBHeHHUe. OOIIee e IICIIo oepaluii, KOTopoe TpeOyeTCs BBITTOJHATD IS
KaXKJIOTO COCTOSIHUS, OIPEIEISICTCS KOJTUYESCTBOM Iap TOPOAO0B, KOTOPOE, KaK OUEBUIHO, 3aBUCUT
OT pa3Mmepa 3agaun. J{s onpeneneHns 3TOro Yrcia, Kak GyHKIINN n, 00paTUMCS K IpUMeEpaM.

B 3anade u3 satu roponos 1, 2, 3, 4, 5, npeznonaras, Y70 KOMMUABOSDKEP HaXOIUTCSI B TOPOJIC
1, oH MOxeT moceTuTh Topoaa (2,3) umu (3,2), ropona (2,4) wiu (4,2), ropona (3,4) wim
(4,3). 3nauenus ¢pynkumii bennmana s 3TOro ciydast BBIYHCISIIOTCS 1O BhIpakeHHsIM (3).
Takum 00paszom, pasMepHOCTs N =35 onpexpenser tpu mapsl (2,3), (2,4), (3,4), T.e. oOuiee
KomuecTBo map S=1+2=3,

Paccmorpum Temeps 3amady c mectbio ropomamu 1, 2, 3, 4, 5, 6. B 3TOM cirydae mapsl

TOpOJIOB, KOTOPBIE MOXKET ITOCETUTH KOMMHBOSDKEP, HAXOsICh B ropoae 1, Takue: (2,3), (2,4),
2,5), (3,4), (3,5), (4,5). B pesynmprare S=1+2 +3=6. [lo aHajmoruu 1j1s1 3a1a491 ¢ CEMBIO
ropoJiaMu OJTYyYUM TaKyHo TIociIeIoBaTensHoCTh map: (2,3), (2,4), (2,5), (2,6), (3,4), (3,5),

(3,6), (4,5, (4,6), (5,6),1.e. S=1+2+3+4=10.
Kak wu3BecTHO, 0Omias ¢Gopmyia i BBIYUCICHHS CyMMBI psma 1+2+..+n Ttakas:
n-(n+1) N
S = YuuteiBas, 4To B 33/lauye N UHTEPIPETUPYETCS KaK YUCIO COCTOSHHM, paBHOE
n-1, ¥ oTcYeT Map HAYMHAETCS CO BTOPOrO AJIEMEHTa MOCIEOBATENLHOCTEH TOPOJIOB, JUIS
[(0-1)-2]-[(0-1)-1]_(-3)-(0-2) ¢

2 2
Bas, YTO KaXKAas mapa TpeOyeT BHIIMOHEHUS TPEX OCHOBHBIX OIEpanyii ¥ KOJIMIECTBO TOPOJIOB,

YHUCIa map 1mo o0mieit ¢popMysie momydaem S =

JUTS KOTOPBIX OMpesensercs S, paBHO n-1, Aig 4ncia OCHOBHBIX OINMEpalyid TPEThETO IIara

3-n-3)-(n-2)-(n-1)
5 .

Kax crmemayer u3 mpuMepa, Ha 4eTBEPTOM IIIare ajaropuTMa Io BeIpakeHUsM (2) TpeOyeTcs
HaWTH MUHUMAJbHBIC 3HAYCHUS Ul TOCIEHIOBATEIBEHOCTH TPOCK TOPOJIOB, KOTOPBIE MOXKET
MMOCETUTh KOMMHMBOSIKED, HAXOIACh B KAaKOM-TH00 apyrom ropojae. Yuciio Takux Tpoek, KaK H
YHCIIO TIap, 3aBUCUT OT pa3Mepa 3a/1auu.
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Ta6muma 1. O6o3naueHus v 3Ha4YeHns GpyHKIuy bennmvana

O003HaueHNs U 3HaYeHust QpyHkuuu bemimana

B(ljs)  B(2ijs) | B@Bijs) | B(4s)
1 6
B(Lijz)  B(lyj3) B(13j4) | B(2:) | BZij3) | B(2is) | BBy | BGij) | BGijs) | B&i) | B%jy) | B(4js)
37 32 18 36 46 40 12 36 75 25
B(13j2,33) B(Lii2.J4) | B(Lis, 34) | B(Zi1, J3) | B(2iis Ja) | B(243, J4) | BB, 2) | B(3sits ja) | B(33i25 54) | B J2) | B J3) | B(44i2, d3)
52 46 42 29 47 42 51 59 50 64
B(13j2, j3,J4) B(2j15 J3» Ja) B(3;i15J254) B(4315J2533)
57 57 52
B(5:j15J25 3, d4)
62
3
1 2 3 O 4
2 3 4 1 3 4 1 2 4 1 2 3
O o) e o! QO Q Q Q Q O Q Q
4 2 4 2 3 3 ¢ 1 ¢ 1 3 2 4 1 41 2 2 31 31 2
O 6 O 6 O O 006 O 6 0o O 06 O 6 o Q 06 O 6 b

58

Jlerko yOenuThCS B TOM, YTO YHCIIO TAp TOPOJOB OMPEACISCTCS YUCIOM COUYCTaHUHN C12'1—2'
Toraa Mo aHaIOTHUM YMCIIO X TPOEK PaBHO Cfl_z , YUCJIO YETBEPOK Cﬁ—z U T. 1. YUUTHIBAs, 4TO
Ha TIOCTIETHEM IIare ajropuTMa WIIeTCs MHUHUMAalIbHOE 3HAYeHHE CTOMMOCTH MapuipyTa s

MOCJICIOBATEIFHOCTH W3 N -1 TOPOIOB, a HA MPEAIIOCISAHEM IIIare — JIsl TTOCIIeI0BATEIIbHOCTH

U3 N -2 TOPOJOB, MOJIy4aeM, UYTO JUIsl 3TOTO 1Iara YMciIo COYETaHU paBHO CE:Z =1. C npyroit
CTOPOHBI, TaK KaK Ha 3-M ILIare ajiropurMa Ipd MUHHUMH3ALUK HEOOXOJUMO BBINOJHHUTH (B
CJIO’KEHHSI M OJTHO CPaBHEHHE, Ha YETBEPTOM — TPH CIIOKEHHUS U JIBa CPABHEHMUS, IIOJIy4aeM, YTO
ast Cpt, OTPeOYeTCs BBIOIHUTD 2 - m - 1 OCHOBHBIX onepanuii. Ha 3Tom ocHOBaHMM 1uist CEZ%
YHCJIO0 TAKHUX OTlepaluii paBHo 2 - (n-2)-1=2-n-5.Ipuanmas Bo BHUMaHKE, YTO Ha TOCTIETHEM
Hiare ajaropurMa HeoOXOAMMO HAWTH MUHMMYM U3 N-1 3J€MEHTOB, B KaXJOM U3 KOTOPBIX
UMEeTCsl Oomlepalusi CIOXKEHHs, IMOJydaeM, 4TO I 3TOro miara HeoOXOAMMO BBINOJHUTH
(n-2)+(n-1)=2-n-3 OCHOBHBIC OTICPAITUHU.

Taxum 00pa3oM, Ha OCHOBaHHH NIPUBEJCHHBIX BBIKIIAI0K MOTY4aeM, 4TO 001Iee YHCIO OCHOB-
HBIX OIEpaIi, KOTOPbIE TOJIKEH BBIIOJIHUTH aJllOPUTM, pellasi 3a7a4y Uil N TOPOJ0B, MOXKET
OBITH HAalIEHO 110 BBIPAXKEHUIO:

H,=(n-1)-(n-2)+(n-1)-[(2-m-1)-C2, +2-m-1)-C3, +..+
+(2-m-1)-C"3 +2-n-5]+2-n-3=(n-1)-[2-m-1)-C2, +(2-m-1)-C ,+ ..+ (©)
+(2-m-1)-C3 +3-n-7]+2-n-3,

BKOTOpoM m = 2,3, ...,1n - 3. KaTOMY 4HCIy OCHOBHBIX Onepauuii HeoOX0AUMO MPHUOAaBUTH TO UX
KOJINYECTBO, KOTOPOE MOTPeOyeTCsl BBHINOIHUTH MPH ONMpPEAeNIEHMH ONTHMAaIbHOTO MapuipyTa
00be3/1a TOPOZI0B HAa OCHOBE HAMICHHOTO 3HaYeHUs (yHKIMOHAna. OHO paBHO CyMMe, IOJTydae-
MOH CIIO’KEHHEM YHMCIIa ONepaluid KaXI0ro I1ara, 3aKaH4rBasi 2-M [IaroM 1 UCKIIIoYasi n-i mar,
TaK KaK Ha 3TOM IlIare UHJEKC 3JIEMEHTa, JOCTABIIIOIINI MUHIMAaJIbHOE 3HaueHHe QYHKIUOHAITY,
nerko ¢ukcupyercs. [loaTtomy BeIpakeHME A YKa3aHHOI'O 4YMCJa OIEpanuil UMeeT BHI

[(m-2)+(n-3)]+[(n-3)+(n-4)]+..+3+1=2-n-5)+2-n-7)+..+4.
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Takum 00pa3zom, MpH JABYXITAITHOM IPOIECCe PeaH3aiyi AIrOpUTMa MOTPeOyeTCs BBHITION-
HUTh  H,=(n-1)-[(2-m-1)-C2,+(2-m-1)-C2, +..+(2-m-1)-C?3 +3-n-7] +2-n-3+
+(2-n-5)+(2-n-7)+...+4 OCHOBHBIX OIICPAIIHH.

[Tony4yeHHOE BhIpaXKEHUE MO3BOJSET SKCIEPUMEHTAIBHBIM ITyTEM ONPEICTUTh BHIYUCIUTEIb-
HYI0 CIOXHOCTh airoputma. C 3TOH Lenplo A psga pasMepoB 3amgaud n =5,10,15, 20,25
ObLIM BBIYMCIIECHBI 3HaUeHUs H, , mpeacTaBieHHbie B TaOMI. 2.

Tabnuna 2. Unciio OCHOBHBIX BBIYHCIUTEIBHBIX ONIEpaIiid
n=>5 n=10 n=15 n=20 n=25
107 16190 1376803 106717205 4429186681

0,3912n

Jannbie Tabi1. 2 npuOIMKEeHBl SMIMprdecKkor Gopmyrnoi H, (n) =4,0282¢ , koTopas

IMMOKAa3bIBACT, UYTO MpPHU YBCIUYCHUUN pa3dMepa 3aJa4r YMCJII0O OCHOBHBIX BBIYUCIUTCIIBHBIX ONICpa-
I.IPIﬁ, KOTOPBIC BBIIIOJIHACT aJITOPUTM, PACTET OKCITOHCHIIUATIBHO. HpI/I OTOM I10Ka3aTcJIb OKCIIOHCH-

Tl paBeH (,3912-n, a MOCTOSAHHBIA MHOXHUTENS — 4,0282. IloaTOMy coriacHo 3Toi dopmyre,

HampuMmep, mnOpu n=60 UYUCIO ONEpalmui OKaxXeTci NPHUMEPHO TaKHUM
H, (60) = 4,0282-¢%3712*%0 — 4 0282 . ¢ 23472 = 62931937743 , ¢ KOTOPHIM KOMITBIOTED C TAKTO-
BOM 4acCTOTOH IIeHTpanbHOTO Tporieccopa 4 ['T1r cipaButcs He Ooiee, uyem 3a 20 c.

[Mamsare DBM npu yBenuueHHH pazMepa 3aJaud pacTeT KaK KOJIMYeCTBO cTONOLOB Tabdm. 1,
YMHOKEHHOE Ha KOJIMYECTBO €€ CTPOK N - |, IpeiHa3HaYeHHBIX U1 XpaHEeHHS 3HaUeHUH (QyHKITHHA
Bennmana mpu ycnoBuu, 4TO AJS 3TUX LeNed B pocTeHIeM ciiydae UCTIoNb3yeTcs MaTpuna. B
CBOIO OUY€peb KOIWYECTBO CTOIOIOB ONPENENISETCS YUCTIOM COCTOSHUN n - 1, yMHOXKEHHBIM Ha

L o_(Mm=2)-(n-3)
YHCIIO Map omnepanuil S = I — KOTOpbIe HEOOXOIUMO BBITIONHUTH Ha 3-M ILIare ajuro-
purma. Takum obOpa3zom, TpeOyemas mamsiIThb omnpeaensercs ¢Gopmylon

(n-1)> - (n-2)-(n-3)

Pn)=(Mm-1)-(n-1)-S=
pa3Mepa 3a1auu N OHa PacTeT KaK MOJMHOM YETBEPTOM CTEIIECHH n.

st n =60 3HaveHue 3TOro MoTMHOMA paBHO 5754093, YMHOXUB ero Ha 4, MOITyIUM YHCIIO
OaitT mamsatu OBM, paBroe 23016372, T. €. okoio 22 Mb, koTopble HEOOXOIUMBI JIJIST XpaHEHUS
3HaueHnH QyHKInY bemnMana mpu pemeHnn 3a1aqu yKa3aHHoro pasMepa. OueBUIHO, YTO IS
KOMITHIOTEPOB, PaCIOJIaralolIuX OIEpaTUBHON MaMAThI0, Hampumep, 4 I'b, ykazanHoe 4ucCiIo
JOCTATOYHO TPOCTO MTOMEMIAETCS B OTOW MaMSITH.

BroiBoabI

Takum 00pa3oM, Ha OCHOBaHHH aHAJIM3a M PACUETOB MOJIYYCHBI HOBBIC PE3YJIbTATHI, IOKA3bI-
BaOIINE OOBEKTUBHYIO BOZMOXKHOCTH PEIICHHUS 3a/]a4l KOMMHUBOSKEpA C YUCIOM ropoaoB 60 —
65 METO/IOM TMHAMUYECKOTO MPOrPaMMHUPOBAHUS HA COBPEMEHHBIX TIEPCOHATBHBIX KOMITBIOTE-
pax 3a ImpakTHIecKu mpuemieMoe Bpems (He 6omee 30 c).

Hayunas nosusna paboThl — CKOHCTPYUPOBAH aJrOPUTM, MOJTYYEHBI OIICHKH €r0 BPEeMEHHOM
CJIO)HOCTH, KOTOPBIC MOKA3bIBAIOT BO3MOKHOCTh €TI0 IPUMECHEHHUS Ha COBPEMEHHBIX KOMITBIOTE-
pax. Ilpaxmuueckas 3HauuMocms — alTOPUTM JIETKO MPOTPAMMHPYEM, IOCIE Y€r0 OH MOXKET
OBITh MPUMCHEH Ha MPAKTHKE.

, U3 KOTOPOH CIEAyeT, YTO MPH yBEITUICHUHU

Cnucok siurepatypsl: 1. berivan P. IlpumeHeHne TMHAMUYECKOTO POrpaMMHUPOBAHUS K 3a]1au€ O KOMMHU-
Boskepe // Kubepretmaeckuii coopauk. M.: Mup, 1964. T. 9. C. 219 —228. 2. I'yoman C., Xuonemuemu C.
Baenenne B pa3paboTKy 1 anaus aaroputmos. M.: Mup, 1981. 368 c.

Tlocmynuna 6 peoxoaneeuio 04.03.2014

Kanuenan Cepreii AHapeeBuY, 1-p TEXH. HAyK, Tpodeccop Kadeaphl MPUKIAIHON MaTeMaTHKH
3amaHOKOHOACCKOT0 HHCTUTYTa MeXpernoHallbHOM akaieMuH yIpaBiieHus nepcoHanom. Ha-
YUYHBIE MHTEPECHl: MaTeMaTUYECKOE MOJENINPOBAaHNE, TEOPUS PACIIUCAHUN U €€ IPUMEHEHUE.
Anpec: Ykpauna, 51400, [JnenponierpoBckas o0, [TaBnorpan, yn. J{nenposckast, 400/1.
Koctuxoa Mapuna BiragumupoBHa, KaHa. TeXH. HayK, JOIEHT Kadeapsl HHPOPMaITMOHHBIX
TEXHOJIOTHH 1 MEXaTPOHUKH XapbKOBCKOTO HAIIOHAJIFHOTO aBTOMOOMIBLHO-IOPOKHOTO YHH-
BepcureTa. HaydHble HHTEpechl: MaTeMaTH4ecKoe MOJEIUPOBAHKE, TEOPUSI pACIIMCAaHUN U ee
npumeHenue. Aapec: YkpanHa, 61002, Xapekos, yi1. Ilerposckoro, 25, Ten. 707-37-74.
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VK 621.382:62-1/-9(045)
O.C. MEJIBHUK, B.O. KO34APEBUY, B.IO. POMAHIOK

NPOEKTYBAHHSA JOTTYHO-APUGMETUYHUX HAHONPUCTPOIB

PeanizyeTbcst KOMIT IOTEpHE MPOCKTYBAHHS HAHOCICKTPOHHUX CXEM Ha KBAHTOBHX Ma-
KOPUTAPHUX KOMIIOHEHTaX. [IponoHyIOThCS METO I TOOYAOBH JIOT14HO-apH(PMETHIHUX 00-
YUCITIOBATBHUX MPUCTPOIB KOMOIHAIIIHHOTO THITY, IKi peai3ylOTh MPAKTUIHO TOBHY CHUCTE-
MY JIOT19YHUX (PYHKITIH SIK B MaXKOPUTAPHOMY, TaK i B OyJieBoMy Oa3ucax.

Te3a. KBaHTOBI KOMipKOBi aBTOMAaTH — TEXHOJIOT'i51, IO BUHUKJIA IBA JECATUIIITTS TOMY, B
SIKI/l 3HAYCHHSIM JIOTIYHHX CTaHIB BIAMOBITAIOTH IO3HIII OKpEMUX eJIeKTPOHIB. KBaHTOBI KOM-
ipKH BUKOPUCTOBYIOTHCS JIJISl KOHCTPYIOBAHHS JOTIYHUX HAHOCIEMCHTIB Ta apU(METUIHIX
HaHOTPHUCTPOIB. PoO0Ta MpUCBSIYEHA KOMIT FOTEPHOMY IPOCKTYBAaHHIO CYYaCHUX JIOT1YHO-
apu(PMETHIHHUX IPUCTPOIB, A0 CKIALy SIKUX BXOIATH YHIBEpPCATbHI Ma)KOpHUTApHI eJleMeHTH. B
po06OTi BUKOHYETHCSI MOJIETIOBAHHS KBAHTOBHX HAHOMPHUCTPOIB 3 BUKOPUCTAHHAM CUCTEMH
aBromaTu3oBaHoro npoektyBaHHs (CAIIP) QCADesiner.

Kurro4oBi cj10Ba: KBaHTOBUI KOMiIpKOBHUI aBTOMAT, MaKOPUTAPHUI €IIEMEHT, aBTOMATH-

30BaHe MPOEKTYBAHH, JIOT1YHO-apU(PMETHIHI IIPUCTPO].

Beryn. KBanToBi KOMipKOBI aBTOMATH — I1€ 0OYHCIIOBaIbHA TapaguTrMa, 3TiTHO 3 KO0
iHopMaris npencTaBasIeThCs NEBHOIO KOHPITypali€lo eJeKTPOHIB Y KOMipIi KBAHTOBUX aB-
TOMATIB, IO CKJIAAA€THCS 3 OAHIET YU IBOX OKPEMHUX MOJIEKYT [1].

OpieHTalis mapyu KBAaHTOBUX KOMIPOK TaKa, 10 IXHE B3aEMOPO3MilLlIEHHS BU3HAYAE B3AEM-
HUW BrumB. Ll B3aemopis 3apsAfiB MiK CyCiAHIMH KOMipKaMu jga€ 3Mory oOpoOnsatu i
nepenaBaTtu iHpopmanio. Takuid MeTod € QyHKIIOHAIHHO aHAJIOTIYHUM, ajie CTPYKTYypPHO
BiJIpI3HAETHCS Bifl c1oco0y, B AKUH KOMOIHYIOTHCSI OKpEeMi BEHTHIII y BEIUKUX iHTErPaIbHUX
MiKpocxemax s 3a0e31eueHHs BUKOHAHHS JIOT1YHO-apu(METHIHUX OTIepaIliii Ta CTBOPCHHS
CXeM 3 IaM’STTIO.

1. OcHoBH Teopii KBAHTOBHX KOMipKOBHX aBTOMATIB. [Iprmirany Ha KBAHTOBHX KOM-
ipkoBux aBroMartax (KA) cknagaioTbcs 3 HAHOPO3MIPHUX AIENEKTPUUHUX KOMIPOK, SIKi Ma-
I0Th YOTHPHY KBaHTOBI HaIiBIPOBiTHUKOBI TOUKH, PO3TAIIOBaHI y KyTKaX, 1 Ba pyXOMi eJIeKT-
ponu. Okpema KoMmipka 3abe3neduye TyHeIbHI epexoau 3 MoTeHmiansHuMu 6ap’epamu. le-
PeX0u KOHTPOJIOIOTHCS JIOKATbHUM €JIEKTPUYHHUM IOJIEM, BEJIMYUHA SIKOTO 301JIBIITY€EThCS
JUTSL IEPEIIKOKAHHS PyXY €JIEKTPOHIB, a00 3MEHIIYeThCS sl HOTO CIOHyKaHHA. Takum
YHHOM, OKpeMa KoMipKa Moke nepeOyBaTH B OJIHOMY 3 TpboX cTaHiB. HynboBuii cran, abo
CTaH HEBU3HAUYCHOCTI HACTyIla€, KOJH MOTEHIIadbHUN 0ap’ €p 3MEHIICHHUH, 1 PyXOMUN eJIeKT-
POH MOXe 3aifHATH OyIb-SIKYy 3 BaKaHCid. [HIII qBa cTaHW — CTAaHU MONSPHU3aIlii, BAHUKAIOTH,
KOJIM BEJIMUMHA MMOTEHIIIaIbHOTO 0ap’epy 3pocTae i 30epirae cBiil piBeHb, 1100 MiHIMI3yBaTH

eHepreTHYHNH piBeHb KoMipku. Habip cTaniB Q cKiHU€HHUI 1 THITOBHIA: Q = {0,1} . IMoBipHiCTB

nepeOyBaHHSI KOMIPKH B OJJHOMY 13 CTaHiB MOJISIpU3aIlii Moxe OyTH CHiBBiIHECEHA 3 TYCTHHOIO
3apsaay KOXKHOT OKPEeMOT KBAaHTOBOT TOYKH 1 BU3HAYAETHCS (HOPMYIIOHO:

_(at+m)-(o+ o)
(a+0)+(0+ o)

==I

E

IS o - TyCTuHA CICKTPUYIHOTIO 3apiaAay KO>XHO1 KBAaHTOBO1 TOUYKH KOMlpKI/I

Ha puc. 1 300paxena 6a3oBa xomipka KA, nBa cmocoOu ii po3MilleHHsS B HPOCTOpi i
MTOJISAPH3aIlii eJICKTPOHIB.
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Konipia 90-rpagycHe  45-rpagycHe

Eaektpon po3MilmieHHS posmimenns
] JBHIKOBA 1 L .
» - @®=1+1) ™ -
KpaHToBa To4Ka - KBanToBa Touka
- ” {f i1
o JIBIAKOBHIL () o
) ®=-1) . )
Enexrpon
a 0

Puc. 1. Komipka kBaHTOBOT0 aBTOMATA (), 11 1Ba CIOCOOW po3MmimeHHs B ipocTopi (0) i
nossipu3arii (P =+ 1)

2. JloriyHuii Ma;kopuUTApHHUIA eJleMeHT Ta iHBepTOp. Po3mimyroun KOMIpKH B TIOCIIIOB-
HOCTI OJTHA 32 OJTHOIO 1 BUKJIMKAKOYH 1X B3a€EMO/IIT0 MiXK COO0I0, MOMKJIUBO 3a0€3IICUUTH MPOTIKaHHS
iH(MopMaIii Mo TakoMy IpoBiTHUKY. TeopeTHdHO iCHY€E ABa METOIH TOOYIOBHU ITPOBITHUKA 3aJICK-
HO Big 45-rpamycHoi un 90-rpaaycHoi OpieHTallli KOMiIpOK, ajie TEXHOJIOT19HO CKJIaIHO BUTOTOBUTH
HAHOKOMIPKH 3 PI3HOIO OPIEHTALII€IO0.

3a gomomororo KA M0oXXyTh OyTH CKOHCTPYHOBaHI pi3Hi elleMEHTH /Il BAKOHAHHS JIOTIYHUX 1
apumMeTHyHMX oreparliii. ba3oBUMU TIOTIYHUMYI HAHOKOMIIOHEHTAMH B TE€OPil KOMipPKOBHX aBTO-
MaTiB € Mmaxkoputapuuii erement (ME) Ta inBeptop (puc. 2).

s |[m =
1 0
- L.

0
a 0
Puc. 2. TpuBxonoBuii MaxopuTapHuii eneMeHT (a) Ta inBepTop (0) Ha 6a3i KOMiIPKOBHX aBTOMATIB

.

[onsipusanis BuxigHoi koMipku ME 30iraerses 3 mossipu3zanissMu O11bII0CTI BX1AHAX KOMIPOK.
ByneBwuii Bupa3 my1st MaXKOPUTAPHOT (DYHKITIT:

maj(X,,X;,Xg) = X,X; V X,X4 VXX,

Je X,,X; Ta X, — BXiJHl apryMmeHTH. Dikcauis noaspusalii 01HOTo 3 BXOAIB MaKOPUTApPHOIO
eneMeHTa sK Joriunuii 0 ym noriuyda 1 gae 3mory otpumartu enemenTtH | yn ABO, BignoBigHO
maj(x,,x,,0) = x, - x,, mMaj(X,.x;,1)=x, vx,. Taki KOMipKH MOXYTh OyTH CTBOpEHI B mporeci
BHPOOHMYOTO BUTOTOBJICHHS, II0 YCYBa€ HEOOXIMHICTh MATPUMYBATH MTOCTIHHUN CTpyM depes
cCXeMmy.

3. Cunxpownizauisi. CHHXpOHi3aLis Bilirpae BaXXJIMBY pOJib B KEPYyBaHHI pOOOTOI0 KBAHTOBO-
KOMIpKOBO1 JIOTiKH. Takuii KOHTPOJIb pealli3yeThCs B pe3ybTaTi mpueaHanas KA 10 TaKTOBHUX 30H
TaKUM YHMHOM, 1[0 BOHHM 3aMHKAIOTHCS B IOCHIJOBHICTH AJsl Oa)XaHOTo HANpsIMKY IMepenadi
curHainy. Komu morentian 308u, ne 3HaxoauThess KA, 3MEHIIYETHCS, €IEKTPOHHM BTPAdaloTh
CTaOUIBHICTb, B PE3YJbTAT] 4OTO MOJISPU3aLlisi KOMIpKY HE BU3HAYAETHCS. 3POCTaHHS OTEHIIIab-
HOTO 0ap’epy 3MEHIIye Koe(illiEHT TYHEMIOBAHHS, B PE3YJIbTAaTi YOTO IEKTPOH MOYMHAE JIOKATI3Y-
Batucs. SIKIo eneKTpoH 3aiimMae onHe Micie, T0 KA rHaOyBae Bu3HaueHOi momsipu3aitii. Komm
MOTEHIIabHUN Oap’e€p AocATae MaKCUMyMY, TOBOPSITD, 0 KOMIpKa 3aKpuTa. 3aKpUTi KOMipKU
MIPAIIOIOTH K YMOBHUH BXiJ, MPUIOMY NIHCHUI BXix MOXke HaOyBaTH HOBOTrO 3HadeHHs. Came
TOMY iCHY€ MEBHa 3aTpUMKa B MOLIMPeHHi curHainy depe3 KA. 3 metoro 3abesneueHHs oo4uc-
JIeHb CUTHAJ MIPOXOJUTH Yepe3 TAaKTOBi 30HH, IO MPEACTABISAIOTE COOOI0 00JIacTi, Je BimOyBa-
I0ThCs 00uKceHHs. TakToB1 30HU (hi3MYHO YIIOPSIKOBAHI, a IIe O3HAYaE, 110 00YUCIICHHS TOBHHHI
MPOBOJUTHUCS B MOCIiAOBHOMY MOPsAKY. CUTHaIM IIOBUHHI HAJIXOIUTH JI0 CXEMH 00paxyHKy 0e3
3aTPUMOK.
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KsanTogi komipku ME noBuHHI OyTH B TaKTOBIH 30H1, BIAIUIEHIN BiJl TAKTOBHX 30H BX1THUX 1
BUXI1/THOT KOMIpOK, TOMY Ma)XOPUTApPHUN €JIEMEHT PO3TAIIOBYETHCS HA KPAsX 1HIIUX TAaKTOBUX
30H.

4. Cymatopu. Haykosmi XapKiBCbKOTO YHIBEPCUTETY PaliOeIeKTPOHIKH [2] Ta YHIBEpCHTETY
Hotp Hawm [1] mepmnmu 3anponoHyBalid MiKpo- Ta HAaHOCXeMH cymaropiB Ha 6a3i ME. Oano-
OiTHmit HanliBcymaTop Ha KA moxe Oytu ckianenuit 3 4otupbox ME i 1Box iHBepTopiB (puc.3).
Bupasu ans cymu S i nepenoBHeHHst C bOTro cyMaTopa Taki:

S = maj(xy,xy,1) = x @y, C = maj(x, y,0) = xy »
Iie X, y — BX1OHI TOJaHKH.

e
f

<

[ O

l'\l::'__
x| 5 [5> : _L_ﬁ
£ E'—)s,
= [

—
0=

(B

0>

Puc. 3. Cxema OOHOPO3PAAHOTO HaHchyMaTopa Ha TDPUBXOAOBUX MAKOPUTAPHUX CJIICMCHTAaX

Ha puc. 4 naBenena Hanocxema Ha KA oTHOPO3pSIHOTO HamiBcymaTopa (a) Ta pe3yiabTaTH
MoOJIeTIoBaHHs i1 yacoBux niarpaMm Ha ruiaHmerHomy modii CAITP QCADesiner [4, 5]. Hns
KOHCTpPYIOBaHHS BX1HHX ITPOBITHUKIB BUKOPHCTaHI KOMIpKH 3 45 TpayCHOIO opieHTaIi€r0. Buko-
PHUCTaHHS TAaKOTO CIIOCO0Y PO3MIIIIEHHS KOMIPOK CTBOPIOE 1HBEPTYIOUHIA JIAHITIOT, B IKOMY KOXHA
KOMipKa MPOTUIICHKHO MOJSIPU30BaAHA JIO CYCITHIX.

max: 1,00e+000
x
min: -1,00e+000
o0y 14 11pqo; ; 12060 | [2p00 | 14p90y | 15p08 4 16090 | (7940 4 1800 1 |9y | [1paon, [1agop, [12gop|
max: 1,00e+000
min: -I,DDM;D
max: 9.542-00; ” ﬂ h
min; -9,54e-001 l]| ﬂ \\ ,H
oy 1 o 1p90, ( 12040 | 12090 | [4p90) | |SPoe 4 6P 1790 4 (090 | [op9% | lpgop [1g0p, [1pgen|
max: 9,54e-001
1 1
min: -9,54e-001 H IT 1}[ 15( Tl f\l

a 0
Puc. 4. Hanocxema oiHOpo3psiaHOTO HarniBcymaTopa Ha KA (@) Ta pe3ysipraT MoJIeTIOBaHHs
Horo JorivHuX giarpam (0)

SIKII0 TIPOBITHUK 3 OJTHAKOBO TOJIIPH30BAHUX KOMIPOK TIEpETHHAE 1HBEPTYIOUHMA MTPOBIIHUK,
MIPOBITHUKY HE B3aEMOJIIOTH MK COO0I0, TOMY MOXYTb MPAITIOBATH HE3aJISKHO HAa OMHOMY PiBHI.
Takuii nepeTuH Mae Ha3By KoMIutaHapuuii [3,5]. [Ipo6iieMor0 KOMIUIaHAPHOTO NIEPETHHY € TE, 10
BiJICTaHb MK KOMipKaMH{ OKPEMOTO ITPOBITHUKA TPU3BOAUTH 10 3HIKCHHS HMOBIPHOCTI MPOXOI-
JKEHHS CHTHAITY. 3aTpUMKa TaKOTrO CyMaTopa — OJJUH TAKTOBUH IMKII, 10 CKIaa€ThCS 3 YOTH-
PBOX TAaKTOBHX 30H, IPEJICTABIIEHUX HA PUC. 4 PI3HUMH CTYIIEHAMH Tpajarlii ciporo.

JIBOpO3psaHMii CyMaTOp peatizye apupMETUIHE TOJIaBaHHS Sy, S, So IBOPO3PAAHUX OIHAPHUX
ymcen X1Xo Ta y1yo (puc.5).
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Puc.5. Hanocxema JABOPO3PAAHOTO CyMAaTOpPa HAa TPUBXOAOBUX MAKOPUTAPHUX CIICMCHTAX

JloriuHi piBHSHHS IJTsl TPhOX BUXO/IiB IBOPO3PSTHOTO CyMaTopa, peaizoBaHoro Ha ceMu ME i
OJIHOMY 1HBEPTOpi, MatOTh BUTJISIA:

S, = maj(maj(x ., y,.0), maj(x0,y,.0,1) = X4 Yo v X0y, = Xy @ Yo,
C, = maj(x,,y,,0) = XY,
S, = maj(maj(;,yl,CO),xl,maj(m)) = ;1;’1(:0 v ;1Y160 v 7‘1;’160 vxy,Cy =
CO(;I;I VXYV (_30(;1y1 v xl;l) =(x,@y)@C,,
S, =maj(C,,x,,y,) = Xy, vXx,C, vy, Cy.

Jami Ha puc. 6, 7 mokazaHo pe3yabTaTH NPOCKTYBaHHS I1i€l HaHOcXemu 3a nonomororo CATIP
QCAD.

% Ll
moopeonn|| | [ LV [ [ BV § | I N O N N Y I

Puc. 7. MopaentoBaHHs 4aCOBHUX XapaKTEPUCTHUK IBOPO3PSAHOTO CyMaTopa

24



CrpoekToBaHa TAaKUM YMHOM HaHOCXEMa JIBOPO3PSIHOTO cyMaropa 0a3yeThes Ha 98 KBaHTO-
BUX KOMIPKOBHX aBTOMaTax, po3Mip skux (18x18) HM, 3 4oTHpMa KBAaHTOBUMH TOUKAMH J[iaMET-
POM 5 HM, BiICTaHb MiX LIEHTPaMH CyCiIHIX KOMipoK ckianae 20 HM. 3araqbHui po3Mip KOHCT-
pykiii (360x414) um. Icaye 11 BXOmiB 1 Tpu BHUXOIH, a YOTHPHU KOMIPKH MAarOTh (hiKCOBaHY
TOJISIPU3ALLO.

[Ipu BukopucranHi m’ sTuBX010BUX ME Mo)kHA TOOYAyBaTH HAHOUTBI paioHAIBEHY 1 TPOCTY
cXeMy oHOpo3psiaHOro cymaTopa. CTpYKTypHA cXeMa OJHOPO3PSAHOr0 cymaTopa nmoOynoBaHa
Ha ogHOMY T1’siTuBX010BoMy ME 1 omHOMY TpHBXOmOBOMY (pHC. 8).

— Xy E : S
—Xn

I " A — -
R
L-I.'.l =

Puc. 8. Cxema otHOpO3psIHOTO cyMaTopa Ha 6a3i '’ situBxomoBoro ME

Pe3ynmbratt KOMIT FOTEPHOTO MPOCKTYBaHHS I1i€i HaHOCXeMH 3a momomororo CAIIP QCAD
HaBeneHi Ha puc. 9 Ta 10.

‘O O”O O‘

Bl EE:
Ll

Puc. 9. IIpoeKT MOBHOTO OTHOPO3PSAAHOTO CyMaTOpa Ha I’ SITUBX01I0BoMY ME

|U‘|‘|‘|‘|‘hﬂ2‘m|m. U.\.\.\.\wﬂ‘|.|‘|4_ELW‘|‘|‘\.EM.M\.\.Eﬂ@.\.l.\‘Eﬂvml.l‘l‘w‘lm.l‘L‘-‘WUM.\.\.\"#J?EE\.\u.\"ﬂ‘]ﬂ?mulﬁﬂﬂ”ﬂ\.lﬂ
max: 1,00e+000 g i

x1
min: -1,00¢+000

190 0 000 11080 ),y (12000 )y, (3000 ),y 140G0 gy g f5POO, ) Ly, 1BRO0 ),y g f7pR0 Ly g 1BOR0 Y g (OPR0 )y, 100 ) (000D (12600
max: 1,00e+000

0,
| min: -1,00e+000 H

R T S TR 1R P 1. WO O P C COO PRI  W PER SIPO NION /0 WA . AT B P . JAPOTMPO WE .TWAT OLF=S T
e B s e

0
min: -1,00e+000,

IOy oy g 80, 0y 120000 0y 13000y, JepRO )y 0 15POO, 0 (G000 0y 17D, 0,y (8000, )y 19PGOw y oy 1HP00R (0 TG0 )y (12600

max: 1,00e+000]

min: -1,00e+000
H 0,y 0o 1090y 0 (2090, 0y g (3090 g g 140G g 500 (BP9 (7000 g g 19090y (9090 o 19090D g 110908y g 112800y, ]
| max: 1,00e-000 i
0,
min: -4,00e+000 : \
U‘l‘l‘l‘l‘\"WU‘mlm.\zﬂ_ﬂ.\.\.\.\w.\‘|.|‘|4WU‘|‘|‘\.EE“JD.M\.\.\EE?E.\.“\‘Ml.l‘l‘ﬁﬂﬂ‘l‘\.u%ﬂ.\.\.\"&@ﬂ\.\u.\"ﬂj@ml‘l‘“mﬂ\.l‘l
max: 1,00e+000
0
| min: -1,002+000 ’
|U‘|‘|‘|‘|‘\’mml‘\.EEE.\.\.\.\W.\‘|.|‘|4_E!_W‘|‘|‘\.|2E£‘.|‘\.\.\Eﬂ@.\.l.\‘E{;‘Wnl‘l‘w‘l‘\.l‘E‘P?E’M.\.\.W@E\.ml.m‘]ﬂ?\‘|‘|‘|12|?W\.|‘1
max: 9,552-001 1 1 1
H
min: -9,552-001
IOy 0 vy W80, 0y 1200, 0y 13000y, lepRO ) gy 15POO, 0 (OO0 0y 17000,y 800,y g 1OPGOw yy P0OD (100D )y (12600
e mn]| e e e e f 2z \ 2z ; = \ 2z f i
min: -8,782-001 f \ Jl { f

Puc. 10. MonentoBaHHs 4aCOBUX XapaKTEPUCTHK OBHOTO OJJHOPO3PSIHOTO CyMaTopa
Ha 1’ aTuBxo10BoMy ME

@yukiii qogaBanHs S Ta nepenocy C BU3HAYAIOTHCS PaBUIAMH J0/IaBAHHS B MAKOPUTAPHO-
My Oasuci [2]:
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S =maj(x,,x,,C,,C) =C(x, vx, vCy)Vvxx,C,
C=maj(x,,x,,Cy) =x,x, vX,Cyvx,C,.

Haiinpopcrima HaHocxeMa moBHOTO cymaTtopa 6a3yerbes Ha 41 KA, a 1i 3aranbHANA po3Mip
cTaHOBHTH (288x162) HM.

BucHoBku. BukoHane KOMIT'IOTEpHE MPOEKTYBAaHHS OAHO- Ta JBOPO3PSIHUX CyMaTopiB.

Bukopucranus 6araTopiBHEBOr0 epETHHAHHS MTPOBITHUKIB TO3BOJISIE YHUKHYTH MTPOOJIEM KOMII-
JIAHAPHOTO TiepeTuHY. MoJIeIIOBaHHS BUKOHAHE B TaKWU CIIOCIO, 10 BUXOAM MEepeOyBalOTh B
OCTaHHIi# YeTBEpTii TAKTOBIN 30Hi, a 1€ BiAMmoOBiae (ha3i CroKoro micis (has3u, B K IPOBOIHAITUCS
octaHHi o0unciaeHHs. HeoO0XiTHO Tpy MOBHHUX TAKTOBUX IUKIIU JUIS 3aBEPIICHHS OTepaltii Joaa-
BaHHSA. J[oCsATHYTa MeTa MPOEKTYBaHHS HAAIMHOTO PO3MIapyBaHHSI HAHOCXEMHU JABOPO3PSIHOTO
cyMaropa i ImiIBUIICHHS HOTO eKCILTyaTalliifHOT HaJifHOCTI, aJie HasIBHICTh HEJIOJIKIB 1 Ie()eKTIB,
OB’ SI3aHUX 3 MOJIEKYJIIPHOIO TEXHOJIOTIEI0 BUTOTOBJIEHHS KBAHTOBHUX KOMIPKOBHX aBTOMATIB,
noTpedye MoJabIIol POOOTH B IIbOMY HATIPSIMKY.
Cnucok airepatypu: 1. Tougaw, P.D., Lent C.S .Logic devices implemented using quantum cellular automata
/ Tougaw, P.D., Lent C.S //J. Appl. Phys., American Institute of Physics. 1994. 2. [Taxynoe H.H. Maxoputap-
HBIA PUHITUAIT TIOCTPOSHUS HaIeKHBIX y3JI0B U ycTpoiicTB [IBM / [Takymnos H.H. M.: Cos. paauo, 1974. 3.
Bhanja, S., Ottavi, M., Lombardi, F., Pontarelli. S. OCA circuit for robust coplanar crossing / Bhanja, S.,
Ottavi, M., Lombardi, F., Pontarelli. S. // Journal of Electronic Testing. 2007. P. 193-210. 4. Melnyk O.S.,
Tsapok L.O. Computer simulation of nanoelectronics arithmetic — logic devices // Enexkrponika ta cucremn
ympasiinas.- 2012,- N1 (31), P.5-10. 5. Walus, K. QCADesiner: A CAD Tool for an Emerging Nano-Technology
/ Walus, K. // Micronet Annual Workshop. 2003.
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YK 004.89
T.1 YEPHA

BUKOPUCTAHHS AJAIITUBHUX OHTOJIOTIH B 3AJIAYI
KBA3IPE®EPYBAHHSA TEKCTOBHUX JOKYMEHTIB

PosrmsimaeTsest miaxin 10 po3poOIeHHS iHTENEKTyaTbHIX CHCTEM 3 BHKOPUCTAHHSIM OHTO-
JIOTiH y cKiIafi iX 6a3 3HaHb. 3MIHCHIOEThCS KiacH(iKallis TAKUX CUCTEM 3 TIOTJISTY 1X (DYHKITIOHY-
BaHHS HAa OCHOBI OHTOJIOTIH. BBOIUTECS MOHATTS amanTMBHOI OHTOJIOTIT. Moaenb afanTHBHOL
OHTOJIOTI] BU3HAYAETHCS K PO3BUTOK KIIACHYHOT MOJIEI1 J10JABaHHAM Bar' BaXKJIMBOCTI ITOHSTH Ta
Bi/IHOILICHB, sIKi 30epiratoThest B OHTOINOT . [ToKa3yeThCs, sIk Taki OHTOJIOTIT MOYKHA BUKOPHCTATH B
3a1a4i KBasipedepyBaHHs TEKCTOBUX JOKYMEHTIB.

1. Beryn

CydJacHi qocitiKeHHs o0y 10BH iHTeneKkTyanbHIX cucteM (IHC) BeayThes y IBOX HaIpsiMax:
1) [aC xnacudikarii (BuBemeHHs 3a mpeneneHtamu, anria. Case-Based Reasoning); 2) IaC
TUIAaHYBaHHSI AiSIbHOCTI (MTOLIYK CTaHy METH Y IpocTopi cTaHiB) [ 1-4].

Bubip [aC 3amexuts Bix Ty 3a1a4i. MeTo/1 BUBEIeHHS 3a TIperieIeHTaMH e(peKTUBHIHA, KOJIH
OCHOBHUM JIKEPEJIOM 3HaHb NP0 3ajady € JIOCBiJI, a He TeOopis; PIIlICHHS HE € YHIKAIbHUMU JJIs
KOHKPETHOT CHTYyaIlii, 8 MOXYTh BUKOPUCTOBYBATUCH B 1HIINX BUIAJKAX; METa PO3B’sA3yBaHHS
3a/1a4i - OTpUMAaTH HE TapaHTOBAHWH MPABUIBHHUN PO3B’S30K, a HAWKPAIIHMA CEPe]l MOMKIIUBHX.
BuBeneHHs, OCHOBaHE Ha IpeleNeHTaX, € MeToaoM mooyaoBu [HC, ski MpUMarOTh PIlICHHS
o0 npobimemMu abo cuTyarlii 3a pe3yilbTaTaMH MOIIYKY aHAJOTiH, mo 30epiratoThcs B 0asi
KJIaciB. 3 MaTeMaTHUYHOTO IOTJSAY MOTOYHA cuTyarlis S Hanmexutb a0 kmacy Class, cepen
MHokuHU N kiaciB Class={Class,, Class,,..., Classy}, SKIII0 BiicTaHb BiJ S 10 I[LOTO KIIACY €
HalMEHIIIOK0, TOOTO

Class, = argmin d(Class,,S), 1= I,_N (D

[uC mnaHyBaHHS IiSUTBHOCTI Ma€ JOCATTH cTaHy MeTH. Hacammepen moTpiGHO po3poOuTn
TUIAH TOCATHEHHSI IOTO CTaHy BCIMa MOYJIMBUMH albTepHATUBHIMU criocobamu. [Ipotniec miiany-
BaHHS IPYHTYETHCS HA MIPUHIINII ACKOMIIO3UIIi. 3a/1a4ua mianyBaHds ZP MiCTHTB TpH CKJIad0Bi:
MHOXHHY CTaHiB St, MHOXKUHY 1iii 4, MHO)KHHY cTaHiB MeTH Goal, ToOTO

P = (St,A,Goal) . ()

Jns epextuBHOTO TUTAHYBAHHS misuteHOCTI [HC MOBMHHA BMITH OLIHIOBATH CTaHU Ta mii. Sk
O6aunmo, ans o6ox tuniB IHC HeoOximHa MeTpuka. Y MEPIIOMY BHIAIKY — JULA OLIIHIOBAHHS
OMU3BKOCTI KJIacy, y Apyromy — Juls BH3HAYCHHS pesieBaHTHOCTI cTaHiB Ta Aiil. Bix crmocoby
MOOYIOBH ITi€T METPHUKH OE3MTOCEPETHBO 3aTIEKUTH e(heKTHBHICTE QyHKmionyBaHHs [HC [1].

[IpoananizyBaBuiy TN 3a7a4, A7 IKHX BUKOPUCTOBYIOTH OHTOJIOTI1, pOOMMO BUCHOBOK, IO
BCl 3a7a4i MOXKHA TOMIIUTH HA 1aBa miaTumu. [lepmuit — Tum 3amad, Ui SIKAX CYTTEBO, SIKi
3Ha4YEHHS MPUUMAIOTh BIaCTUBOCTI MOHATH. CIOIM HaeXaThb 3a1a4i JiarHOCTUKH 3aXBOPIOBaHb,
po3mi3HaBaHHSA 00pa3iB, kiacuikallii sBWII Ha MMiACTaBl 310paHUX maHWX Tomo. Taki 3amadi
Ha3BEMO O3HAKOBMMHU. [[JIsl IHIIOTO THITy 3a/1a4 HE € ICTOTHUM 3HAYCHHS TOHATH, MBHIIIE — 1X
CEMaHTHKa a00 YaCTOTHICTh BXKMBAHHS MOHATH Yy TEKCTI 1 T.4. Jlo Takux 3a1a4y MO>KHa 3apaxyBa-
TH KJIacTepu3alito iHpopMaIliitHuX pecypciB, kiacudikamiro TeKcTiB 3rigHo 3 Y /K, inTenexTy-
aNbHI TOIIYKOBI CHCTEMH, KBa3ipedepyBaHHSA Ta KBa31aHOTYBaHHS TEKCTOBHUX JOKYMEHTIB. 3a-
a4l TaKOTO THITy Ha3BEMO CEeMaHTWYHHMH. Y pe3ynsTaTi orpumaemo mofin IHC 3a mBoma
BUMipaMH (HampsIMOM PO3BUTKY Ta MPOCTOPOM (DYHKIIOHYBaHHSA), SIK 300pa)keHO Ha puc 1.
Y KO>kHIli YBEPTi IEpepaxoBaHO 3a/1aui, SIKi MOTPATUISIOTh Y BiJIOBITHUI THII.

Jna epextuBHOTO (hyHKIIOHYBaHHS [HC HE0OXigHO MOOYIyBaTH METPHKY, HA OCHOBI SIKOi
MOYKHA BU3HAYaTH PeNIeBAaHTHICTH CTaHiB yM kiaciB. [1o0yqoBa Takoi METPHUKH MPSIMO 3aJIEXKUTh
BiJl TUTy 3aj]a4: CEMaHTUYHI BOHM 49X 03HaKOBi. OTXe, 3arajioM BUAUIAIOTh YOTHPH Pi3HI THIN
3aj7ay, sIKi po3B’sA3yr0Th 3a gomomororo [HC. 3pi3 3a HanmpsMOM JAOCIiIKEHb MOTpedye TBOX
pi3HUX (HYHKIIOHATHFHUX MOJIeNiei (MoK KIIacy Ta ITTaHyBaHHS AisUTFHOCTI), 3pi3 3a THITOM 3a/1a4i
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— BUKOPHUCTAHHS Pi3HOTO POIY METPHK IIJIS 1X pO3B’SI3YBAHHS Ta OIIHIOBAHHS SKOCTI OTPHMAHHX
po3B’sa3kiB. Po3riissHeMo BCi 1Ml TUIH 3324, HacaMITePe T BBIBIIU TIOHATTS aJallTHBHOI OHTOJIOT11
(AO) (pucyHoK).

JiarnocTuka H InanyBanHs
3aXBOPIOBAaHb, E TislABHOCTI
MOHITOpHHI ABMIL, | 2 MINPHEMCTB Ta
MPOTrHO3YBaHHS g YCTaHOB, irpu
CMOPTHBHHUX MO i, :ﬂ- (1 axu, MAMKH, ...),

rpa Ha 0ip:i, ...

v

Kaacudikanis InanyBaHHs

InTenexkTyanbHa
MOUIYKOBA CHCTeMa,
KkJIacupikan is
TeKCTOBHUX
JOKYMEHTIB, ...

KgasipedepyBanns
Ta KBa3iaHOTyBaHHSA
TEKCTOB HX
JIOKYMEHTIB, ...

CeMaHTHYHH it
npocrip

Tunwm 3a1a4, U1 O3B’ A3yBaHHS SKUX BUKOpUCTOBYIOTH ICITITP

Edexrusnicte anmanrarnii onronorii b3 mo ocobmmBocreri [10 Bu3HAYarOTh eneMEHTH i
CTPYKTYpH Ta MEXaHI3MU ii afamTallii 4epe3 caMOHaBYaHHS I 9ac ekcruryaramii. OgauM 3
MiIXOMIB IO peajizailii TakMuX MEXaHi3MIB € aBTOMAaTH30BaHE 3Ba)XXyBaHHsA MOHATH b3 Ta
CEMaHTHUYHUX 3B’A3KiB MK HUMH IIiJl 9YaC CaMOHaBYaHHS. L{f0 poJib BUKOHYIOTH Baru BayKJITH-
BOCTI MOHATH Ta 3B’s3KiB. Bara Ba)JIMBOCTI MOHATTS (3B’S3KYy) — L€ YMCIIOBa Mipa, KOTpa
XapaKTepr3ye 3HAUYIIICTh IIEBHOTO MOHATTS (3B’ 513KY) Y KoHKpeTHi# 110 1 amHamMiqHO 3MIHIOEThCS
3a TICBHHMH TMPaBUJIAMH ITiJ] Yac eKCIUTyaTalii CUCTEMH. 3alpOTIOHOBAHO PO3IIUPHUTH MOJIEITh
onrouiorii (1), BBiBIIM B ii (hopMaIbHUIA OMKMC Baru BaXJIMBOCTI MOHSTH Ta BiAHOMIEHS [ 1, 5-7].
Taky OHTOJIOTi10 BU3BHAYCHO SIK:

0=(CRF), 3)
e C= (C,W), R=(R,L); W— Bara Bax1uBocTi oHsTh C; L — Bara BaKIMBOCTI BIIHOWICHD R.

BusnaueHy y Takuii criociG OHTOJIOTIIO Ha3BaHO aIallTUBHOIO, TOOTO TaKoIO, 110 aAANTYEThCS
1o I10 3a gonoMororo 3aaHHsl Bar BXKJIMBOCTI IOHSTH Ta 3B S3KiB MK HUMH. Taka OHTOJIOTiA
OJTHO3HAYHO MOJAETHCS Yy BUTIIAI 3BaXKEHOT0 KOHIENTya bHOTO rpada. Tomy MeTpuky modymo-
BaHO Ha Takux rpadax.

[lepeBaru Mmozeni (3) monsATa0Th y MOXKIUBOCTI: 1) OyIyBaTH METPUKH HA OCHOB1 OHTOJIOTT; 2)
amanTyBaTu 0a3y 3HaHb [HC 10 moTpe® KopucTyBaua; 3) 3aaBaTH BAXKIUBICTH 3HAHb 3 TOYKU
3o0py ekcriepta [10. AO Ha BigMiHYy BiJl 3BHYAtHOI OHTOJIOTI] BiZoOpaxkae He JHIe eKCIUTIIUTHI
(s1BH1) 3HAHHS, a ¥ IMIUTINKUTHI (HESBHI, IPUXOBaHi). MeTOIM 1HTENEeKTyalIbHOTO aHAJTI3y JaHUX
(mepeBa pimieHb, 6aiieciBCbKi Mepexi, k-HallOmmK4nX cycifiB) € okpemuM BunaakoM AQ 3anex-
HO BIJI IPaBWJI 3aIaHHS Bar BAKIIMBOCTI MMOHATH Ta BiIHOMIEHB. 3 Touku 30py moOymou b3 [HC
OTPUMYEMO TAaKHH MiJXiJ — EKCIepTy a00 KOpUCTyBady CUCTEeMHU HadaeThes ToToBa b3, sapom
SIKO1 € OHTOJIOT'141, a TX 3a/1a4a 3BOIMTHCS JINIIE Y HANamTyBaHHi 1i€l b3 mix cebe muisaxom 3agaHHs
Bar BXKJIMBOCTI i1 €JICMEHTIB.

JletanpHilie po3riiiHeMO BUKOPUCTaHHS aIallTHBHUX OHTOJIOT1H JIs 3a/1a4, sIKi 3HAXOSATHCA Y
4-i yBepTi (TTaHYBaHHA-CEMAaHTHYHHH POCTIP).

OTxe, METOI0 IaHOTO AOCIIIKEHHsI € po3po0OJeHHs e(peKTUBHOTO METOAY aBTOMAaTH30BaHOTO
KBasipehepyBaHHS IPUPOIOMOBHOTO JOKYMEHTa. J[J1s1 TOCATHEHHSI METH IPOIIOHYE€THCSI BAKOPHCTA-
TH aJIalITUBHY OHTOJIOTIIO MPEIMETHOT 00JIACTI, /IO SIKOT HAJISKUTh TEKCT, 110 KBa3ipedepyerbes.

2. 3paxyBanns mipu TF-IDF

Jlst 33124 miaHyBaHHS Y CEMaHTHYHOMY ITPOCTOPI PO CTAH METH Goal Hamepes IOCh BAXKKO
ckazaru. Hampukoman, muist 3aaui pedepyBaHHsS TEKCTOBHUX JIOKYMEHTIB CTAHOM METH € KiHIICBUN
pedepar, oTHaK MU JIHIIIE MOXEMO COO1 YSABIIATH, K BiH MIPUOIHU3HO Mae BUTIIAAaTH. OMIHIOBAHHS
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CTaHy B TaKi¥ 3a/1adi 30iracThCs 3 OIIHIOBAaHHSAM BaXKJIMBOCTI KOHIIENITY (CJIOBO, JIEKCeMa, PEUCH-
Hs1), 3aJIC)KHO Bif 3amaui [8].

OTxe, 1715 OLIIHKY CTaHiB HEOOX1JTHO BUKOPUCTATH 1HIIIUI METOI. 3aIIPOIIOHOBAHO TAKUil METOT
—3BaxyBaHHsa Mipu TF-IDF agantuHOO oHTONOTIERO T10.

TF-IDF (Bin anrmiticekoro TF — term frequency, IDF — inverse document frequency) —
CTaTHCTUYHA Mipa, II0 BUKOPHCTOBYETHCS IJIS OIIHIOBAHHS BaXKIIMBOCTI CJIOBa B KOHTEKCTI
JOKyMeHTa. Ba>KnuBicTh AESKOTO CIIOBA MPOMOPLiHA KIIBKOCTI HOTO BKUBaHHS y JOKYMEHTI i
00epHEHO-IPOTIOPITiHA YaCTOTI BXKUBAHHSI CJIOBA Y IHIIMX JOKYMeHTax KoJekiii. Lls mipa gacto
BHKOPHCTOBYETHCS y 33/1a4ax aHaIlI3y TEKCTiB Ta iH()OPMAIlifHOTO MOIITYKY, HATIPUKIIA, SIK OJTHH 3
KPHUTEPIiB pesieBaHTHOCTI JOKYMEHTA IMOITYKOBOMY 3aIIHTY, i/l Yac pO3paxyHKy MipH OJIH3bKOCTI
JIOKYMEHTAa, ITiJ] 9ac KJIaCTepH3aIlii.

TF (term frequency — yacToTa cioBa) — BiAHOIICHHS YHCJIa BXOMKEHHS JCSKOTO CIIOBA 1O

3arajabHOI KIJIEKOCTI CJIiB AOKYMCHTA. OT)KC, OHiHIO(-ZTI)Cﬂ BaKJIMBICTH CJI0BA a; B MCXKax OKpEMO-

ro JOKyMeHTa: TF = , 1é n, — KIJIbKICTh B)KUBAHHS CJIOBA Y JIOKYMEHTI, a Y 3HAMEHHUKY —

an

3arajbHa KUIBKICTh CHiB y mboMy mokymeHTi. IDF (inverse document frequency — 3BopoTHa
4acTOTa JOKYMEHTA) — i1HBEpPCiS 4aCTOTH, 3 SKOK JIESKE CIIOBO 3yCTPIYA€ThCS Yy JIOKYMEHTaX

. . T
konekuii. Bpaxysanns IDF 3MeHITy€e BaXIUBICTh HIMPOKOBKUBAHKUX CIIB: IDF = log¢ , 1€
|T. ) a.|
] i

|T| ; | — KUTBKICTh TEKCTOBUX JIOKYMCHTIB, B

SIKMX 3yCTPIYaeThCsl CI0BO a, (Koiu n, #0).

Otxe, mipa TF-IDF € no6ytkom nBox mHOXHUKIB: TF 1 IDF: TF-IDF=TF-IDF.

binpmry BaxkinuBicTs y TF-IDF oTprMaroTh C10Ba 3 BUCOKOIO YACTOTOIO Y MEKaX KOHKPETHOT'O
JOKyMEHTA 1 3 HU3bKOIO YaCTOTOO BXKMBAHHS B 1HIIMX JOKYMEHTAX.

s oniHtoBaHHS cTaHiB 3BaxKyBaTiMeMo Mipy TF-IDF BaxIHBicTIO TOHATH, BiT0OpaskeHHUX B

aJanTuBHii oHTONIOrIl, T06TO V(St) = (TF-IDF)- W .

Take OIiHIOBaHHS MICTHUTB ICTOTHI TIEPEBATH MOPIBHAHO 3 IHITUMH OI[IHIOBAHHSIMH, OCKUTBKH Y
Hill 0JTHOYAaCHO BPaxoBY€ETHCS SIK YACTOTHUH aHami3 3ycTpiuaHHs TepMiHiB y TekcTi (TF-IDF), Tak
1 crrerupika 10, mo K0T HAJISKUTHh TEMAaTHKA IIBOTO TEKCTY.

3. IIpouec kBa3sipedepyBanHsi

[lepepobnenns indopmariii, siIKy MoJjaHO y BHIJIAI TEKCTiB IPUPOTHOIO MOBOIO, Ma€ Oararto
acrrektiB. Croii HajIekaTh TakKi BUAM iHGOPMAIIMHIX TIPOIIECIB, SIK PO3YMIHHS TEKCTIB, iX TIepe-
KJIaJl, CTHCHEHHS CEMaHTHYHOI iHpopmariii. OcobirBe 3HaUYSHHS Ma€ OCTaHHIM THTI TTepepoOIIcH-
HS1; CIOAM BXOJSITH KJIacU(iKalis i iHAeKCYBaHHS JOKYMEHTIB, iX aHOTyBaHHs Ta peepyBaHHSI.

3aBmaHHs aBTOMaTH3AIlil pedepyBaHHS TEKCTOBOI iH(OpMAIIil CHOTOIHI 3aUIIAETHCS TyKe
aKTyaJIbHUM, HE3BXKAIOUH Ha BEJIMYC3HY KiIBKICTh POOIT, 1110 3p00JICHI 32 OCTaHHI POKH B IIbOMY
Hanpswmi. Lle 3ymoBieHo, Hacamiiepe 1, HEOOX1THICTIO B YMOBaX OCTIITHOTO 3pocTaHHs iHpopMaItii
03HAMOMIIFOBATH CIICIIATICTIB Ta IHIIMX 3aI[IKaBJICHUX JIFOJICH 3 HEOOXiTHUMH IM JOKyMCHTaMH,
MOJIAHUMH CTHCJIO, ajie 13 30epexkeHHsIM iX 3micty. KpiMm Toro, aHOTyBaHHS U pedepyBaHHS €
HEBIJI”€EMHOIO YaCTHHOIO CYYaCHOT'O BUJIABHUYOTO Tipotiecy. by ib-sike BUIaHHsI, Y1 IIe MOHOTPa-
¢ist, mMapyYHUK, aHATITHYHUHN OTJIS TOIIO, 3aBKAH BUNIEPEIKYIOTHCSI BTOPUHHUM JOKYMEHTOM
(pedepaTom abo aHOTaIiEr0). PedepyBaHHS BUKOPUCTOBYETHCS HE TUTHKH JJISI EKOHOMIT Yacy i
Yyac 03HAMOMIICHHS 3 BEJIMKOIO KUTBKICTIO KEped, ajie i 3 MeTO0 IPUILIBUALICHHS TIOBHOTEKCTO-
BOTO TIOIITYKY IO MHOXKHHI JIOKyMEHTIB, OCKUTBKH 00CsT pedepaTy y IeKisibKka pa3iB MEHIITHH, HiXK
o0csT BXiTHOTO JOKYMEHTA 91 X MHOKHHHU.

PedepyBanns - e oaep:kaHHs HAHBaKIMBILIOI iHpOpMaIii 3 01HOTO 200 IEKITBKOX JKepel
JUTS CKJIa/TaHHS IXHBOT CKOPOYEHOI Bepcii 11 ToTped MeBHUX KOPUCTYBadiB a0o 3amad [9].

PecpepaT 1€ CEMaHTUYHO a/ICKBATHUH BHUKJIAJ OCHOBHOTO 3MiCTy TMEPBUHHOTO JOKYMEHTA,
110 Blz[plrsH;{eTLcs[ OIIATUBUM 3HAKOBUM OQJopMﬂeHH;IM CTAJTICTIO TIHTBICTUYHUX 1 CTPYKTYPHHX
XapaKTePUCTHUK 1 TPU3HAYCHHUIT JI/Isl BAKOHAHHS pi3HOMaHITHUX iHPOPMaLiHHO-KOMYHIKaTUBHHX
(dyHKIIH y ccTeMi HAyKOBOi KOMYHIKaIIii.
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TekcT ckiamaeTrhcss 3 MOCIIAOBHOCTI pedeHb A ,A,,..,A, Ta YTBOPIOE KOPTEXK

T=(A.,A,,...A,), a pedcHHs A,,i=1k — 3 IOCIIZOBHOCTI CIliB a,i=1k,j=1n , siKe, CBOEIO
4eproro, 306paKacThes KoprexkeM A, =(a,,a,, ..., ). 3MIiCT (CeMaHTHKY) TekcTy T MO3HAUU-

Mo S(T).

Pedepar (summary) TexctoBoro mokymenta T mozHaumMo T i BUBHAYMMO SIK TEKCT, SKHUU

MiCTHTB KOPTEX T = (AI,AZ,...,AI) , 1<k 130epirae ceMaHTHKY MOYaTKOBOTO TEKCTOBOTO JOKY-

MenTa T . @opMmaibHO e 3anumenmo sk Summary : T — T, §(T)= S(T) .

[TobymoBa pedepary 3anexKuTh Bijl IPABUILHOTO OI[IHIOBAHHS IMOHATH (KJIIOYOBUX CIIB), CJIO-
BocrosryuaeHb [10 Ta BUOOpY Ha OCHOBI X KIIFOUOBHX PCUCHb.

OTxe, OIIIHKOIO PEYCHB, M0 BXOAATh Y TEKCTOBHI JIOKYMEHT, 3alPOIIOHOBAHO BUOpATH 00Y-
ToK 1BoX BaxummBocTed TF-IDF Ta BakimmBocTi TepMiHiB W B OHTOJIOT], III0 BiIMTOBIAA€E TEMI, SIKIH

HAJIC)KUTh 3aIPOIIOHOBAHUH JI0 PO3IIIAYy JOKYMEHT, TOOTO @ = (TF-IDF) W

Taka oriHKa MiCTUTB ICTOTHI ITepeBary MOPIBHIHO 3 IHIITMMH OITIHKaMH, OCKUTEKH Y Hill 0jHOYAC-
HO BpPaxoOBYETHCS SIK YaCTOTHHUN aHami3 BxkuBaHHS TepMiHiB y TekcTi (TF-IDF), Tak i cmenudika
I1O, mo sixoi HAJNEKUTh TEMAaTHKA IBOT'O TEKCTY.

Jns Binbopy peueHs st KBasipedepary 3a OCHOBY B3ATO BIJOMHUI aIrOPUTM IPOCTOPOBOTO
pamxyBanaHS. Mloro MoaudikoBaHO 3 BpaxyBaHHSIM BOXKJIMBOCTEH TEPMiHIB TEMATHKH, sIKi 30epira-
toTbes B oHTONOTIT [10. Leit anroputM pamxyBaHHS 3B’ SI3HUX CTPYKTYP € YHIBEpCaJIbHUM ajro-
PUTMOM paHKyBaHHs 00’ €KTiB 3 BpaXyBaHHIM iX BHYTPILIHBOI 3B 3KOBOI CTPYyKTypu. O6’eKTH
300paxkeHi BeKTopamu y mpoctopi EBkiiga. Y oMy pasi BBaKa€eThCs, MO “ONM3BKICTH” TBOX
00’ €KTiB, 300pakeHNX BEKTOpaMH, MO>KHA 00UHCINTH, sIK EBKTiIOBY Mipy a00 cKajsipHHiA 100Y-
TOK BEKTOPiB. METOI0 allTOPUTMY € BIOPSAKYBAaTH 00’ €KTH 3 BpaXyBaHHSM BHYTPIIIHIX 3B’ SI3KiB
00’€eKTiB MixK c00010. DopManbHO 3B’ A3HY CTPYKTYPY 00’ €KTIB 300pakaloTh SIK JSSKUI 3BaXKe-
HU Tpad, BEpLUIMHAMHE SIKOTO € caMi 00’ €KTH, a BaXKJIMBOCTSIMH AYT 3a/1al0ThCs BifictaHi EBkiina
MK 00’ exTamu. Y pasi paHKyBaHHs pedeHb 3 METOIO BiAOOpY Hal3HAUYIINX 3 HUX JUIsl TOOYIOBH
KBazipedepaTy alropuT™M BUIIATHME TaK:

1. 3anaerscs ekt (Habip peuenp) T =(A[,A,,..,A, ), Tematnka T=(A,,A,,...,A, ), 10 SIKOI
HaJIeXuTh 1el TekcT T e Th, . 3rigHo 3 TemaTtukoio 3 oHrtojorii [10 BuOuparoTscs BiAMOBiIHI
BaXJIUBOCTI MOHATH Ta 3B s13kiB W, W,,,... W, , L ,L,...,L, .

2. Bomuthcs ¢:T — R — BigoOpakeHHs, SKE CTaBUTHh Yy BiIMOBIAHICTH KOXHIM TOYII

A,, i=1,2,.k 3Ha4deHHA paHTy @, . MU MOXEMO PO3ITIANATH @; SK BEKTOpP ¢ = ((pl,(pz,...,(pk )T .

1
. T
3. KosxHe peyeHHs (00’ €KT) NOAAIOTh Y BEKTOPHOMY IIPOCTOPI TaK: X; = ((pﬂ,(piz,...,(pm ) , Je

;= (TF-IDF)U - W, — Mmipa BiJHOCHOI BasKIIMBOCTI TepMa ;.

4. Habip peuens sBisie co0010 3BaKCHHU Tpad 3 MATPUIICIO BAKIUBOCTEH X =(xij). Jnst
KOKHOI ITApH X; Ta X; pEYEHb OOUMCIIIOETHCS BAXKIMBICT iX “IEKCHYHOI OJM3bKOCTI” 32 JOIIOMO-
(xi%))
|Xi|'|xj|

3ayBa)kuMo, 10 JiarOHajJbHI €IeMEHTH Marpuul x,; =0, 100 oTpumaHuil rpad He MICTUB

ki, [ToTpiOHO 3a3HAYMTH, IO OTPUMaHA MATPUIlS BOKIUBOCTEH € CUMETPUYHOIO BiITHOCHO
CBO€1 FOJIOBHOI 11aroHal.

roto cTaHaapTHoi EBkitiioBoi Mipu: X;; =

1 1
Martpuris BaxIJIMBOCTEH MiITAETHCS CUMETpHUIHIA HOpMamizarii S=D 2XD?, ne D = (dij) -

JiaroHajabHa MaTpHLs, A¢ ii JiaroHanbHi e1eMeHTH d, TOPIBHIOIOTH CYMi €JIEMEHTIB i-T'0 pPAaKa
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Matpurli X . Hopmamizamis MmaTpuili HeoOXiTHa I TOTO, 00 iTepaTUBHUMA aJTOPUTM 30iraBcs.
3Ha4YeHHST ¢ OOYHCIIOETHCS SIK Pe3yIbTaT itepatiBHOTO porecy: ¢(t+1)=o-S-¢(t)+(1-a)-y,
JIe Y — OIMHUYHHUM BEKTOP.

3rigHO 3 TeOpeMolo, HaBeaeHOO B [10], Takwmii iTepaTuBHUN TIpoIiec 30iraeThes 3 ¢*. OTxe,
¢, * — OTPUMAaHHUM paHI peueHHs A,. AJTOpUTM MOJArae B MOCTYIOBOMY PO3IOBCIOJKEHI

00’€KTaMH CBOTO PAaHTy Ha CyMiXKHI 00’ €kTH-BepmHU. OTXKe, paHr ¢* KOXHOTO PEUCHHS A,
00YHCITIOETRCS HE JIMIIIE 3 BpaXyBaHHAM “OJIM3bKOCTI” HOro 10 €TAJIOHHOTO 00’ €KTa (BaXKJIMBOC-
TeW TEeMAaTHKU Th B OHTOJIOTII O ), ajie i i3 BpaXyBaHHSIM 3B’ sI3HOI CTPYKTYPH TEKCTY, TOOTO paHT
“nommproeTses’”’ 1o Tpady 3 BpaxyBaHHIM BasKJIMBOCTEH 3B A3KiB CTPYKTYD.

Po3pobiieno cuctemy kBazipedepyBaHHS Ha OCHOBI po3pobieHoro Mmeroay. Keazipedepysan-
Hs1 — L€ TIEPILUii 3 ABOX eTamiB pedepyBaHHs, SKUH MOJIATaEe y Bif0OPi 3HAYYIINX PEUCHD 13 BCHOTO
TEKCTOBOTO JOKyYMEHTa. J{pyruii eTam moisrae y 3B’ sI3yBaHHI ITUX pedeHb (y Mk poOOTI maHuit
eTarl He PO3MJIAA€ThCs, LIS 3a/1a4a HATEKHUTD 10 KOMIIETeHIIT TPUKIIAJHOT JIIHIBICTUKH).

CucteMa mykae y BXiIHOMY TEKCTi TOJIOBHE pedeHHs i popmye kBazipedepar 3 ykazaHHAM
cMHUCIIOBHX KiaciB. CHcTeMa BHUKOPHCTOBYE MOP(HONOTIYHMN 1 TIMEpCHHTaKCHYHUN 3aco0u
“posyminns’ tekcry. [lepeBipka rimore3u 3iaificHOBasiacs Ha macuBi 20 IOBUIBHO BifiOpaHUX
cTaTei 3a TEMaTHKOIO iH(pOpPMAaIIHNX TEXHOJIOTiH. by BBeeH] Taki SKiCHI XapaKTEPUCTUKN
KBazipedepariB: a) IOBHOTA IEPEIaBaHHS OCHOBHOT'O 3MiCTY JJOKYMEHTa; 0) TOUHICTh — BIICYTHICTh
y KBazipedepari pedeHb, HaUIMIIKOBUX JUIA TIepeJaBaHHSI OCHOBHOTO 3MICTy JOKYMEHTA; B)
3B’SI3HICTH (y 3BUYaHOMY PO3yMiHHI IIBOTO CJIOBA). byiw Takok BBEJEHI TaKi KUTBKICHI OLIHKH
KOXKHOI 3 TMepeniueHnx XapaKkTepUCTUK KBasipedepaTiB: 1 — myxke moraHo; 2 — MOraHo; 3 —
3a10BUTbHO; 4 — m0o0Ope; 5 — BimminHO. KBazipedepartu oriHioBaB aBTOp, TOOTO JTIOAMHA, KA 3HAE
MOBY, ajic He 00i3HaHa 3i 3MICTOM TeKcCTy, o pedepyerses. OUiHKA BUCTABISIM BUHATKOBO 3
TIOTJISITy MalOyTHROTO KOPHCTyBaya CHCTEMH, B IPUITYIICHHI, 1110 KBa3ipedepar B iealti MOBHHEH
MaTH CTaTyT CaMOCTIHHOTO JOKyMEHTa, TOOTO 1aBaTH KOPUCTYBAuEBi UiTKE YSBICHHS PO TEMY
BXiJIHOT'O JOKYMEHTa, iHOpPMYBaTu Mpo HOro OCHOBHHUI 3MiICT, ajie HE MICTUTH NPU LBOMY
HAUTUIIKOBOI iHQOpMAaIIii, BiAPi3HAIOYNCH THM CAMHUM BiJl TOBHOTO JOKyMeHTa. JloKyMeHTH, 10
OTpanboBYBAIKCS, OyJIU OJIiIEeH] Ha JiBa Kiacu: (a) sIKi MiJAal0ThCs IHTEJIeKTyallbHOMY pedepy-
BaHHIO 1 (0) SKi HE MIINAIOTHCS IHTENEKTyaIbHOMY pedepyBaHHIO (HAMPHUKIIAJ, TaOIUI TTO-
PIBHSTHB IIBUAKOCTEH MPOIIECOPIB).

OO0csr onmepkaHux KBazipedepaTiB — Bil TPbOX JO IIECTH PEUYEHbB; Y JABOX BHITAIKaX OOCST
CTaHOBUB 7 PEYCHB: IIe OYJIH IOKYMEHTH, KOTPI HE IiJUIAral0Th IHTEJIEKTyaIbHOMY pedepyBaHHIO.
OTxe, eKCTIEpIMEHT J1aB 3MOTY 3p0OUTH Taki BUCHOBKH. Onieprkani KBazipedeparu MiCTSITh Maio
HaUTUIIKOBOT iH(popMarlii, a 1 HasBHICTh CIPHYNHEHA ITEPEBAKHO ITOMUIIKAMH, HE TIOB’ I3aHUMH 3
AKIiCTIO Hamoi Mojenmi. PedeHHs, o BXOAsATh Y KBazipedepar, MIiCTATh, K MPaBHIIO, OCHOBHY
iH(OopMAIlit0 BXiTHOTO TEKCTY, TOOTO BiIMTOBIIal0Th BU3HAYEHHIO TOJIOBHOTO pedeHHs . KinbKicTh
TOJIOBHHX PEYEHb, SIK IPABUIIO, CTAHOBHUTH He Oinblie 25 % BCiX pedeHb IIbOT0 TEKCTY: Koe]ilieHT
CTHUCHEHHS, MEHILI, HiX 4, 0JIepyKaHUH TUTBKH IS Ty’Ke KOPOTKUX TeKCTiB. [IpumymeHHs mpo e,
III0 3 TOJIOBHHX PEYEHb MOKe OyTH CKJIaIeHUIT HOBHH TEKCT, SIKMI Ma€ BIACHY TEPCHHTAKCUIHY
CTPYKTYPY, YaCTKOBO CIIPOCTOBYIOTh Pe3yJIbTaTH eKcrepuMeHTy: 3 pedepatu 3 20 oxeprxanu
HU3BKY OIIIHKY 3a MapaMeTpoM ‘“3B’SI3HICTE”, TOOTO i pedepaTn MaIOTh BUTIISAI CKOPIIIIe MTYY-
HUX 00’ €THaHb PEUCHb, K1 HAJIEKATh JI0 OJIHIET TEMU, HIXK 710 TEKCTY. 3 IHIIIOr0 00Ky, OCHOBHOIO
HNPUYUHOIO IIHOTO OYJIM 30BHIIIHI JUTS HAIIOT MOJIENi YNHHUKH, TOMY TpeOa BBaXKaTH OJepKaHUI
Pe3yabTAaT MOTIEPETHIM 1 TAKUM, 110 TIOTPEOYE T0IATKOBOT EPEBIPKH.

BucHoBku

Po3pobneno metox kBasipedepyBaHHS TEKCTOBUX JIOKYMEHTIB Ha OCHOBI 3Ba)KyBaHHs MipH
TF-IDF Baramu BasKJIMBOCTI €I€MEHTIB afanTUBHOI oHTO 0Tl I1O TeMaTHKH, 10 K0T HAIEKHUTE
TEKCTOBUH JOKYMEHT. J{Jisl IbOT0 3aIpOIIOHOBaHO 3BaKyBaTH TepMiHu [10 Ta 3B’S3KHM MK HUIMHU
B MeXXax OHTOJOrii. BiamoBigHe mporpaMHe 3a0e3mneueHHs, SKe peaizye po3poOIeHn METO,
HamucaHo Ha MoBi iporpamyBanHs C#. [loOynoBaHHi Ha OCHOBI TAKOTO MiAXOMy KBazipedepar
MOKa3aB 3a0BUIBHY SIKiCTh. llepCcreKTHBOI0 MOJANBLIMX AOCHIIKEHb € KBa3iaHOTYBaHHA Ta
MIOBHOIIIHHE pedepyBaHHS Ha OCHOBI po3po0IIeHOTo KBa3ipedepary MuIsIXoM 3B’ I3yBaHHs peueHb
B €IMHY CEMaHTHKY 3a JJOMOIIOTOI0 BUKOPHUCTAHHS METOIIB IPUKJIAAHOT JIHTBICTUKH.
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MOJIEJIMPOBAHHUE ITPOLHECCA PA3PSJA IIEPE3APA/KAEMbBIX
HUCTOYHUKOB DHEPTHUM C MOCTOSAHHON MOIIHOCTHIO

PaccmaTpuBaeTcst oOmIHiA IOIX0T K OTIMCAHHIO paOOTHI KaK NICTOYHUKOB ITUTaHMS, 00J1a/1a50-
ITUX BBICOKOW YIENBbHON dHEPTOEMKOCTBIO — aKKYMYJISTOPOB, TaK U UCTOYHUKOB C BBICOKOM
YAEIbHOW MOIIHOCTHIO — KOHJIEHCATOPOB U CyNEpKOHAEHCaTOpoB. B paMkax paccMoTpeHHOMH
MOJICJIY TOTYYCHBI aHATUTHICCKHE 3aBUCMOCTH MEXKY YICITBHON SHEPTUCH U yICTHHON MOTII-
HOCTBIO JUISI OCHOBHBIX KJIACCOB MEpe3apsKaeMbIX UCTOYHUKOB SHCPTUH. Y CTAHOBJICHA CBSI3b
MEXy TapaMeTPaMu, OTIICHIBAIOIIMMHI HAKOIIUTEIb DJICKTPOIHEPTHH, M TIPEICITBHON YIeIbHOU
MOITHOCTBIO DTOT0 HAKOITUTEIA.

Beenenne. Hakonnenue, XxpaHeHHE U pPallMOHATIBHOE MCTIOJIb30BAHNE HAKOILIEHHOM AIIEKTpH-
YEeCKOI SHEpIuy — OJIHA U3 CaMbIX aKTYyaJIbHBIX 3a/1a4 COBPEMEHHON 3HEPreTUKU. TpaanuiiioHHO
JUIS1 XpaHEHHUS U TIOCIIEAYIOLIETO HCIIOJIb30BAHUS 2JIEKTPUIECKOM SHEPT U UCIIOIB3YOTCSA AKKyMYy-
JISITOPBI, KOHACHCATOPHI U CyllepKOHAeHcaTophl. OHAKO HOBBIE TPEOOBaHMSI, KOTOPbIE BBIIBUra-
IOTCSI K IIepe3apspKaeMbIM UCTOYHUKAM 3JIEKTPUUYECKON 3HEPIMH, HEBO3MOXKHO YIOBIETBOPUTH
TOJIBKO MYTEM HCIOJB30BaHMA JIIOOOTO M3 YKa3aHHBIX HMCTOYHHMKOB NMUTAHUS B OTHAEIBHOCTH.
IToBblIeHHBIE TPAKTUYECKHE TPEOOBAHMUS, KOTOPBIE NPEIBSBIISIOTCS K COBPEMEHHBIM UCTOYHU-
KaM 3JIeKTponuTaHus (MaccorabapuTHBbIE XapaKTEpUCTUKH, AHANa30H padounx TeMIepaTyp,
CPOK 3KCITyaTalllu), YKa3bIBalOT HA HEOOXOIUMOCTb CO3JaHNsl THOPUIHBIX HCTOYHUKOB MTUTA-
HUS1, KOTOPbIE BKJItOYaIu Obl B ce0s pa3iuyuHbIe Iepe3apsKaeMble HCTOUHUKY MUTaHuA. TonbKo
OJHOBpPEMEHHOE, B OHOM OJIOKE MUTAHUS, UCTIOJIb30BAaHUE aKKyMYJSTOPOB, KOHIEHCATOPOB U
CYHNEPKOHJICHCATOPOB MO3BOJISIET PEeIIaTh COBPEMEHHBIE 3a/1a4l 00eCTIeYeHUs! 3JIEKTPOIHEPIreit
THOPUIHBIN aBTOTPAHCIIOPT, BETPOBBIE TEHEPATOPHI, COJTHEYHBIE 3JICKTPOCTAHIINH.

IIpoexTrupoBanue COBpEMEHHBIX BHICOKO3(()EeKTUBHBIX THOPUIHBIX HCTOYHUKOB IIUTaHUS IIEp-
BOOYEpEIHON 3aa4yell CTAaBUT MOAEIMPOBAaHUE NIPOLIECCOB COTTIACOBAHUS PA3IHMUHBIX IIE€pe3apsi-
YKAEMBIX HCTOYHUKOB MUTaHMA. [IepBbIM I1aroM B 3TOM HaIpaBJIE€HUH MOKHO CUMTATh ONHCAHHE
nepe3apsHKaeMbIX HCTOYHHKOB TUTAHUS B paMKax 3aBUCUMOCTH, TIpeaioxkeHHoH Pefironom [1,2].
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J. PeiiroH npenoxui XxapakTepru30BaTh HCTOYHUKH SHEPTUH 3aBUCUMOCTBIO yI€JIbHOM S3HEPTUH,
KOTOPYIO UCTOYHHK CIIOCOOCH OT/IaTh Ha BHEIIIHIOK HATPY3KY C TOCTOSHHOH yIeIhHON MOIITHOC-
ThI0. J{J151 HATIOJTHEHMSI COJIEPIKAHUEM JJAHHOTO MPEJI0KEHUS OblIa IpoJiejaHa OrpoMHasl SKCIIe-
puMeHTangpHas paboTa. B kauecTBe mpuMepa MOKHO OTMETHTb, YTO IS aKKYMYJISITOPOB YAEIhb-

Has dHeprusi Konebaercs B mpenenax ot 1% JHk/kr mo 10° JK/Kr mpu yAeabHON MOIIHOCTH
mopsinka 100 W/kr, a y KOHIEHCATOpOB yaAelbHast »Heprus He mnpesbimaer 100 Dx/xr mpu

ynenbpHoM MoHOCTH OT 1()* W/KT mo 1(0° W/kr. OmHako HECMOTpSI Ha CYIIECTBEHHbBIE YCIIEXH,

JIOCTUTHYTBIC TIPU PEIICHUH YKa3aHHBIX 3a/1a4, 0CTAETCS OTKPBITHIM BOIIPOC O CO3/IaHUU MOJICIIH,
KOTOpast ObI OIMCHIBAJIA MTPOIIECC Mepe/Iadd YHEPTUH B PHOIMKEHNH, TipeaioxkernHoM J]. Pelira-
HOM.

L]en» pabomopi. B paMkax eMHOTO MOJICILHOTO MIPEICTABIICHHUS OITUCATh MPOIIecC Mepeaadn
SHEPTHH JIJISl OCHOBHBIX TIEPE3apsKaeMbIX UCTOYHUKOB SHEPTUH.

Jly1s penieHus MoCTaBICHHOM 3a/1a4l PACCMOTPHUM IPOIIECC pas3psiaa HCTOYHUKA IECKTPOIHEP-
TMH Ha BHEITHIOK HArpy3Ky. Pa3psi mpoTekaeT Ha MEpEeMEHHYI0 BHEIITHIOK HArpy3Ky, KOTOpas
MEHSETCSI TAKMM 00pa30M, UTO 3HEPTUs HA HArpy3Ke BBIJCISCTCS C MOCTOSHHOW MOIIHOCTHIO.
CxeMa dKCTIepUMEHTa TIpUBecHa Ha puc. 1.

Mepezapmaa eMEI HCTOUHHE

nutamua £, P, A

Harpyiga ¢ nocToORHHOH
MON[HOCTBI NoTpefreHHa

R, (2)

Puc. 1. Cxema pa3psaaa ICTOUYHHWKA NMTaHWS HAa BHCIITHIOIO HArpy3Ky € MMOCTOSIHHOM MOIITHOCTBIO
Kak BuHO 13 puc. 1, ICTOYHHK IUTAHKS W BHEITHSS HATPY3Ka ITOIKITIOYCHBI IIOCIICI0BATEIBHO.
Hcrounuk mUTaHMSI XapaKTEepPU3yeTCs ITOJTHOM 3armaceHHoi sueprueii (E), MonHoCThIO, ¢ KOTOpOi
SHEPTUs MepeacTcsi Ha BHENTHIO Harpy3Ky (P), u maccoii (M). BHemmHsIs1 Harpy3Ka MmpeIcTaBisieT
coboi nepemennoe conporusienre (R ). ConpoTusienue BHEMHEN HATPY3KU MEHSETCS TAKMM

06pa30M, YTO DHEPrusd BBIACIIACTCA HAa HEM C IIOCTOSIHHOM MOIITHOCTBIO. ypaBHCHI/Ie, KOTOpOC
OITMCBIBACT U3MCHCHHE TOKA B CUCTEMC, KaK q)YHKHI/IIO BPEMCHHU, UMCCT BU:

u@) =It)Y R (H)+R,), (1
rae U(t) — Hanpsxenue uctounuka nuranus; I(t)— Tok, nporekaromuii B cucteme; R (t) —

CONPOTHBIICHUE HArPY3KH; R, —BHYTpEHHEE CONPOTHBICHUE HCTOYHUKA TUTAHHUS.
IIpu paspsne nepe3apsyKkaeMoro HCTOYHUKA MUTAaHUS MaJeHNEe MOTeHIMAaTa Ha BHEIIHEH Ha-

rpy3ke pasusercs [(t)R; (t). YuurbiBas 0COOEHHOCTH MOCTAHOBKH SKCIIEPUMEHTA, CIIELYET

OTMCTUTB, YTO pa3pdAa HNPOTCKACT YCPC3 MECPCMCEHHOC COIMPOTHUBJICHUC, BCINYHMHA KOTOPOIrO
MCHSACTCS TaKUM 06pa30M, YTO MOIITHOCTBL, KOTOpasd Ha HEM BBIACIIACTCA, OCTACTCA TTOCTOSTHHOM.

p

Ee¢ MoxHO 3amumcaTth B BUAC I(t), rac P - MOIIIHOCTBH, C KOTOpOﬁ MMPOUCXOAUT pPa3psna.

OxonyarenbHO ypaBHeHHE (1) mpUHUMAET BUIL:

P
U® =I(R,;, + 10 2)
B paMkax TaHHOTO 101X0/1a TPH BIYUCICHUH 3aBUCHMOCTH YIEIbHOM IJIOTHOCTH SHEPTHHU KaK
(YHKIUH OT yACTBHON MOIHOCTH BCS UCXOTHAS MH(POPMAIIUS O TIepe3apsyKacMbIX HCTOUHHKAX
NUTaHus, cojiepxkarnascs B 3aBucuMoctn U(t) u R, onmceiBaercs npyu momomu 3Tux mapamer-
poB. M3menenne U(t) ommchiBaeT pasps TOr0 WM HWHOTO HACAJIBHOTO Iepe3apsuKaeMoro
HUCTOYHHKA TUTAHHSL.
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AKKyMyasAmOpbl BRIACTSIOTCS CPEIU APYTUX Iepe3apspKaeMbIX MCTOYHUKOB SHEPTHH CBOSH
BBICOKOH YIEIbHON 3HEPTOEMKOCTEI0. B rTHOPUAHBIX UICTOYHUKAX SHEPTUU aKKYyMYJIATOPHI SBIIS-
IOTCSI OCHOBOM 3HEProHAKAIUIMBAIOLIETO AyeMeHTa. [loaToMy MoJeaupoBaHue U pacCMOTPEHUE
nepe3apsHKaeMbIX HICTOYHUKOB HAYHEM UMEHHO C aKKyMYJISITOPOB.

PaccmoTpum paspsig ¢ MOCTOSHHOM MOIIHOCTBIO UACANBbHOTO akkymynsropa. [lon umeans-
HBIM TOJIpa3yMeBaeM TaKOW aKKyMYJSITOpP, KOTOpPBI HE OOWTCS KOPOTKOTO 3aMBIKaHUA. Y

H/ICaJIBHOIO aKKyMYJISITOpa OTCYTCTBYIOT ToKH camopaspsina u U(t) = U 0(t—t,),roe U, —
HAIPsDKCHHE Ha BHEIIHUX KJIEMMaX aKKyMYyJISITopa; t, — BpeMs OJIHOTO pa3psiia akKyMyJIsITopa.

Dueproemkocts akkymymsitopa (E) pasuserca: E = U Q, rne Q — MakcumanbHeIil 3apsz,

KOTOPBIIl MOXHO 3aIlacTH B akkyMyssiTope. CienoBaTenbHo, BpeMs paspsiaa paBHO t, = ——.
I(t)

Jlanee u3 ypaBHeHHS (2) HAXOAWM 3HadcHHE TOKAa. PU3MUCCKUI CMBICIT UMEET 3HaUCHUE TOKa
I(t) . TIpuauMas Bo BHUMaHME, uTo E = Pt |, momyuaem okoH4aTeIbHOE BEIPAXKCHHUE, CBA3BIBAIO-

111e€ SHEPI U0, HAKOIUIEHHYIO B aKKYMYJIITOPE, U MOIHOCTh, C KOTOPOM 3Ta SHEPT U MOXKET OBITh
IepejlaHa Ha BHEIIHIOI Harpy3ky. PasznenuB JieByr0 M NpaByIO 4acTh YPAaBHEHHS Ha Maccy
aKKyMYJIITOPa, IIOJIy4YUM BBbIPa)KE€HHE, CBA3BIBAIOILEE YIIEJIbHYIO 3HEPTHUI0, BBIACIISIONIYIOCS Ha
BHEIIHEW Harpy3Ke, ¢ y1eJIbHON MOIIHOCTBIO:

_ 2QRianpb Y 4Rianpb
- b = 9 3
U,(—+1-7) U ®)
E

rie M, — macca akkymymnaTopa; €, = _—— — yAeNbHas JHEPIUs; p=—— — yHAeNbHas
b b

€y

MOIITHOCTb.
U3 ypaBHenus (3) cienyer, 4To MakCuMalbHasl yAeJIbHas MOIIHOCTh, C KOTOPOW aKKyMYyJIsi-

U
4R, M,

Taxkast MOIITHOCTh COOTBETCTBYET CITy4alo, KOT/[a CONPOTUBIICHNE BHEITHEH HATPY3KU paBHSET-
Csl BHYTPEHHEMY COIIPOTUBIICHUIO aKKYMYJISTOPA.

Cremyer OTMETUTB, YTO JIAaHHAS MOJICNIb HE paccMaTpHBaeT (apajieeBCKUE MPOIECChl CaMmo-
paspsizia BpeIHBIX NMapa3UTHBIX TPUMECEH, TPOIIECChl KOHIICHTPAIMOHHOM TIOJISIPU3AIIAU U JIPYTHE
MapasuTHBIC TPOLECCHI, MPUBOAAIINE K CaMOpa3psy akKymysstopa. BiusHue nepednciieHHbIX
Mapa3uTHBIX TPOIIECCOB Ha YHEPTETHIECKOE COCTOSIHNE aKKyMYJIsITopa obcyxaaercs B pabote [3].

Konoencamopul kax nepesapskacMble HCTOUHUKY SHEPTUU UCTIOIB3YOTCS TOJIBKO B HMITYJTb-
CHOU TeXHHKE, B cllydae, Korja Heo0XoauMo c)OpMUPOBATh U NIepeaaTh MOIIHBIN, HO KOPOTKUI
nmmyabsc. KoHeHcaTop MOXeT niepeiaBaTh BCKO HAKOIUICHHYIO SHEPTHIO, IPYTHMHU CJIIOBAaMH, OH
MOXET paboTaTh B pEKMUME KOPOTKOT'O 3aMBIKaHHS M 3TO HE CKa3bIBAETCS Ha ero paboTocmoco0-
HOCTH.

[Ipu paccMOTpeHHH YACTBHBIX YJHEPTETUUCCKUX XapaKTEPUCTHK KOHICHCATOPOB BOCIIOJIB3Y-
eMcsl, Kak U paHee, ypaBHeHHeM (2). I3MeHeHne pa3HOCTH MTOTEHITMATIOB HA BHEITHUX KOHTAKTax

Q, —q(t)

KOHJICHCaTopa onuchiBaeTcs ypaBuennem U(t) = T, rae Q, —3apsn cynepKoHIeHca-

TOP MOKCT I€peAaBaTh SHCPIrU0 Ha BHCIIHIOIO HArpy3Ky, paBHACTCA pb =

TOpa B HAa4yalbHBIH MOMEHT BpeMeHH; ((t) — Benu4MHA 3apsja, Ha KOTOPYK YMEHBIIACTCS

3apsj KOHJIEHcaTopa B Ipoliecce paspsaa 3a Bpems t; C — eMKocTh KoHJeHcaTopa. [locie

MOJICTAaHOBKH B YpaBHEHHeE (2) BbIpaxkeHus, KoTopoe cBsa3biBaeT U(t) ¢ 3apsaaoM Ha KOHICHCATO-

_dq(t) .

pe, 1 yuutsiBas, uto I(t) = d— , IOJIy4aeM CIEAYIOLIee YPaBHEHHE:
t
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Qo -a®)da® , [da®] " _, .
C dt dt o @

U3 ypaBHenus (4) HaxoauMm:

dq(t) l[
a2

U3 ypaBHenus (5) HaxoauM BpeMs paspsAa KOHIEHcCAaTopa € MOCTOSHHOM MOLIHOCTBIO.
YMHOXHB BpeMs pa3psdja Ha 3HAUEHHE MOUIHOCTH, C KOTOpPOH paspspkaeTcs KOHJEHcaTop,
HaXO0JIUM SHEPIHUIO, KOTOpasi BhIIIEJIAETCS Ha BHEIIHEH HAarpy3Ke B IpoLecce pa3psaaa:

e, =Cp [x+vx* —x —1]+Cp, ln(«/_—qlx—l) )

Q, —q(t) ~,Qy —q(®),, _
C \/( C ) —4R, P]. &)

P
pc = ’ (6)
Mc
2
UO
| A a———
4RinMcpc
E
rae Mc — Macca KoHACHCATopa, ec - M_ — YACJ/IbHAs 3HCPrus, nepcaaHHasi KOHACHCATOPOM
c
P
Ha BHCIIHIOIO HArpys3Ky, pC = M_ — YACJ/IbHAasA MOIIHOCTB pa3psaida KOHACHCATOPA.
c
MaxkcuManbHas yacibHasd MOIMHOCTEB, C KOTOpOﬁ Ipu paspsaac Ha BHCIIHIOO HArpy3kKy KOH-
UZ
ACHCATOpP MOXKET IMNEPEAAaTb MAKCUMAJILHOC KOJIMYCCTBO JSHEPIHUU, paBHA pc = ﬁ 910
in c

COOTBETCTBYET CIy4alo, KOTJa CONPOTHBIICHHE BHELIHEH HArpy3Kd PaBHSETCS BHYTPEHHEMY
COIIPOTUBJIEHHIO KOHAEHCATOPA.

Enu yuectb, 4TO KOHIEHCATOPHl HE MPEAHA3HAUYEHBI AJIS AJUTEIBHOIO XpaHEHUS SHEPruH,
paccMOTpeHHe NPOLEeCCOB, MPUBOASIINX K CAMOPa3psay, He MPEACTABISIET MPAKTHIECKOTO UHTe-
peca. IlosTroMy cumTaeTcs, 4TO BCS HAKOIUIEHHAs B KOHJIEHCATOpax 3HEPrus Nepelaercs: Ha
BelHIo Harpy3ky U ux KI1JI npubnmxkaercs xk 98%.

Cynepkonoencamopbl — OTHOCUTEIIBHO HOBBIN TUI NEpe3apsKaeMbIX UCTOYHHKOB SHEPIUH,
KOTOPBIH 3aHUMaET MPOMEKYTOYHOE MECTO MEKIY aKKYMYJISTOPAaMH U OOBIYHBIMHU KOHJIEHCATO-
pamu. CynepKoHeHCATOPHI IIMPOKO NPUMEHSIOTCS B THOPHIHOM aBTOTPaHCIIOPTE, KOMITBIOTEP-
HOW TEXHHKE, KOCMUYEeCKOH M ObITOBOH TexHmke u T.A. [4, 5]. CymepkoHmeHCaTOpHl, Kak U
0OBIYHBIE KOHJICHCATOPHI, HEe OOSATCSI KOPOTKOTO 3aMBIKAHHS, KOJIMYECTBO LIMKIIOB 3apsill/pa3psa y
HHX TPAKTHYECKH HE OTPAaHUYEHO M Mo omeHkaMm gocturaer 10°. OHu crocoGHBI paboTaTh B
MIMPOKOM TeMImepaTtypHoM auanazoHe oT — 50°C no +70°C u He HyXJaroTcs B IpoQuiIaKTHec-
KOM 00CIIy’>KMBaHHUH B IIPOLIECCE IKCILTyaTallUH.

Eme oxHOM 0COOEHHOCTBIO CYIIEPKOHICHCATOPOB, B OTJIMYKE OT OOBIYHBIX KOHAEHCATOPOB,
ABJISIETCSL TO, YTO €MKOCTh CYIEPKOHICHCATOPOB 3aBUCHT OT Pa3HOCTH MOTEHLHMAJIOB HA HX
BHEILIHMX KOHTaKTax [6,7]. B ciydae cynepkoHIeHCaTOPOB 3aBUCUMOCTD 3TUX Iepe3apsKaeMbIX
MCTOYHUKOB DHEPTHH OT MOTEHIKANA aNlPOKCUMHUpPYeTCs JTuHelHon ¢ynkumeit. TpaanuumoHHo
BBIpa)KEHHE Il EMKOCTH CyNepKoHAeHcaropa Kak ¢yHkuun U npeacraBisercs B BUAE:

C(U)=C, +aU, (7)

rac CO — CMKOCTbD IIpH HyHeBOfI Pa3sHOCTHU NOTCHIIMAJIOB HAa KJICMMaXx CYIICPKOHACHCATOpA; a —
KOS(I)(l)I/I]_[I/IeHT OponoOpuruOHATIBHOCTH, KOTOpBIﬁ OIPCACIIACTCA KaK TAHI'CHC YTJIda HAKJIOHA rpaq)mca
C=f(U).

ITocie HecoXKHBIX TIpeoOpa3oBaHuil ypaBHEHHE (2) MOKHO MPECTABUTh B BHIIC:
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[((111—[5]2((:0 +2aU)’R, —(C, + 2aU)U‘;—?+ P=0. (8)

B orimume oT 00BIYHBIX AIEKTPOTUTHYECKAX KOHACHCATOPOB MIPH paspsie C CylepKOHIeH Ca-
TOPOB cHUMaeTcs 75% HakoreHHoU sHeprun. Mcxonst U3 ycIoBUM TECTUPOBAHUS, pa3psij CyIep-
KOHJIEHCATOpa OCYIIECTBIISIETCS 0 MOJIOBUHBI €r0 HAYaIbHOTO pab0yero HanpsHKeHNS.

C y4eToM CKa3aHHOTO BBHIIIE W U3 YpaBHEHUS (8) HaXOmWM, 9TO IJIsl CYNEPKOHIEHCATOPOB
yJeJIbHAas SHEPTUA CBsI3aHa C YACIbHON MOIIHOCTHIO ypaBHeHHeM:

CUO 3.1 C,Usp,. . 2(1—a(1)) IR PN
e, = [(1)+ <4>]+ VR (4)] v [ +la]? —la@],

sC

a(l) = \ll_psc > 3(4) :‘\)1_4psc > (9)

rac psc — yACJibHad MOMIHOCTL CYIICPKOHACHCATOPA, esc — yACJIbHad 3HCPrus CyNnCpKOHACHCA-

Topa; M — Macca CymepKOHIEHCaTopa.

B pabGote He paccMaTpuUBarOTCS TPOIIECCHI, CBSI3aHHBIE C CaMOpa3psa0M CYIIEPKOHIEHCATO-
poB. [Topo6GHO 3TH BOMPOCH! H3II0KEHKI B padoTax [3, 8]. YuuTsiBas TO, 4TO CyNEepKOHIEHCATO-
PHBI He TIpeTHa3HAYEHBI IS JJTMTEIbHOTO XPaHEeHU S SHEPTHH, TpeHeOpeKeHue MPoIieccaMi camMmo-
paspsaa npy NOCTPOSHUHU TEOPETUUECKON MOJIEIN HE TOJKHO BHOCUTD CYIIECTBEHHYIO MOTPel-
HOCTB ITPH OITMCaHUH paOOTHI CYNePKOHAEHCATOPA.

[ToryueHHbIe B paMKax NpeUI0KCHHON Moienu ypaBHeHwUs (3), (6) u (9) onuchIBaloT 3aBUCH-
MOCTb YAEIbHOM SHEPTUH OT YAeIbHOW MOIITHOCTH /ISl OCHOBHBIX TTEpe3apsKaeMbIX ICTOYHUKOB
SHEePTUH aKKYMYIISTOPOB, KOHACHCATOPOB M CYIIEPKOHIEHCATOPOB. B Iensax nmpoBepku crpaBe-
JIUBOCTHU CJICJIAHHBIX TPEJIOJI0KECHUI OBUTH pACCUUTAHBI PEHTOHOBCKHE 3aBUCUMOCTH IS pa3-
JUYHBIX TIepe3apsKaeMbIX NCTOYHUKOB MUTaHMs. Pe3ynbTaTsl MprBeIeHs Ha puC. 2.

E, Whike
100
1
10 + 2
I
1 -
0,1
0,01 3
- T
0,001 T T T T 1 P, W/kg
1 10 100 1000 10000 100000
P, W/kg

Puc. 2. 3aBucumocth y;[em,Hoﬁ OHCPI'MU OT yHCHLHOﬁ MOMIIHOCTHU JJI1 HUKEJIb-MCTAJUITUAPUAHOTO AKKYyMY-
nstopa (1), yraepon/yriiepoJHoTro cymepKoHaeHcaTopa (2) U 3JIEKTPOIUTHIECKOT0 KoHaeHcaTopa (3)
Pesynprater Ha prc. 2 IpUBENEHBI B TPAIUITHOHHBIX IS PEUTOHOBCKUX 3aBICHMOCTEH Jiora-

pUGMUYECKIX KOOPAWHATAX, a 3HAYCHUS YJICIBHON SHEpruM JAaHbl B BT-yacax Ha KWJIOTpamm.
[Ipu pacyerax 3aBUCUMOCTH, IPUBEJICHHON HA PHC. 2 JJI1 HUKEIb-METAUITHIPUIIHOTO aKKyMYJIsi-
TOpa, 3HAYCHNUS HEOOXOJAMMBIX IMapaMeTpoB ObUTH B3ATHI U3 padoTel [9]. Ilpu pacuerax peiiro-
HOBCKOW 3aBHCUMOCTH JIJIS AJICKTPOJIMTUIECKOTO KOHJIEHCATOPA UCTIOIh30BANIN ITApAMETPhI KOH-
neHcatopa TaitBanbckor pupmel HITANO emkxocThio 150 Mkd 1 ¢ pabounm Hanpspxeauem 20B.

[TapameTpsl MakeTa cymnepkoHIeHcaTopa cocTaBisuii eMKkocTh C,— 390 @, kosdument o, —
11 ©/B, pabodee Hanpsixenue — 2,7 B, BHyTpeHHee conpotuBiieHue — 1,4 MOwm.
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BoiBoabl. 1. [IpeaiokeHHbIe Pe3yJbTaThl TEOPETUYCCKHX PACUCTOB, MOKA3BIBAIOT, YTO
MPEANOI0KEHUS, CICTaHHbIE MPU MOCTPOCHUU TEOPETUUYECKON MOJENH, MO3BOJSIOT B PaMKax
00IIero moXxo/a ONUcaTh IHEPreTUYCCKUE XapaKTEPUCTHKU OCHOBHBIX IMEpe3apsyKacMbIX UC-
TOYHUKOB ITUTAHHUSL.

2. Ilpu onrcaHuy OpoOLECCOB MEPE3aAPSIAKU B IIEpe3apsHKaeMbIX UCTOUHUKAX SHEPTUU UHIYK-
TUBHOCTBIO MOXKHO TIpeHeOperars, Tak Kak €€ BIMSHUE Malo JaKe IS AIIEKTPOIUTHYECKUX
KOHJACHCATOPOB.

3. Ompeneneno, 9ro 0oyiee BaKHBIM IPEICTABISICTCS MOAEIHPOBAHIE IMPOIIECCOB TEIII000-
MeHa B UCTOYHHUKAX MHUTAaHUS MPH UX paboTe B KPUTHUECKUX PEXUMax dKCIDTyaTanwn. iMeHHO
MIPOIECCHl TEIUIOOOMEHA MOTYT BHECTH KOPPEKTUBBI B OINPEACICHHE NMPEACIbHBIX 3HAYCHUN
YAEJIBHON MOIIHOCTH KakK JJIsl aKKyMYJIATOPOB, TaK U JUIsl CYIIEPKOHIEHCATOPOB.

B 3akmroueHne aBTOp BhIpakaeT TIyOOKyr0 OJaroJapHOCTh KaHA. XMM. HaykK, cT. H.c. B. 1O.
W3otoBy u a-py ¢us.-mat.Hayk, mpod. H. M. Kitoro 3a monesHsie 00CyXAE€HUST PE3yIbTATOB
paboThI U IICHHBIC 3aMCUaHUsl.
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C.®. YAJIBIH, A.A. JEMYEHKO

HUCKIIOYEHUE 3®PEKTA OPEOJIA ITPU CETMEHTAIMHN
MN30BPA’KEHUSA IJI51 PACIIO3HABAHUA CBETO®OPHBIX
CUT'HAJIOB

PaccmarpuBaeTcst mpobnema UCKIIOUeHUs 3P (deKTa opeosta, BRI3BIBAIONIETO UCKAKCHHE
pasMepa u GOopMbI CETMEHTOB TP PaCIIO3HABAHUH CBETOPOPHBIX CUTHAIOB. MccmeayeTcs 00-
IIasi CXeMa MpoIecca Pacio3HaBaHus U (POPMHUPYETCs TSCTOBBIH HaOOp KaapoB. OMUCkIBacTCS
ITOJIXOJT K YCTPAHEHHIO APPEKTa Opeosia ¢ TOMOIIBIO yIAICHHS 00JIACTH PACCESHUS U 3aIOITHE-
HUS 3aCBCUYCHHOTO cerMeHTa. [IprBeIcHHBIN TOAXO0]] MOBBIIIAET YCTOHYHUBOCTH TIPOIIEcca pac-
IIO3HABAaHMUs.

1. BBegeHnue

[IpenoTepalienue 1OpOKHO-TPAHCIOPTHBIX TPOUCIISCTBUH SBISIETCS OJHON M3 BasKHEHIINX
po0seM obOecIieueHusT TPAHCTIOPTHON 0€30ITacHOCTH. 3a TIOCIEIHUE TOABI Bce OOJIbIIIee BHUMA-
HUE yJenseTcs UHTeIUIeKTyanu3anuu TpancnopTHeix cpeacts (UTC), kak HHCTpYMEHTY MOBBI-
LIEHUS] KOHTPOJISL AOPOXKHOW 00CTaHOBKH. VHTEIeKTyanu3anus o0ecreunBaeT TpaHCIIOPTHOE
CPEACTBO YCTPOMCTBAMU aBTOMATU3ALMM C HCIIOJIb30BAaHHEM MEXATPOHUKH, UCKYCCTBEHHOI'O
WHTEJUIEKTa WM MYJbTHAT€HTHBIX CHUCTEM sl MOJNAEPKKH BoaWTeNs. MHTeIeKTyaan3anus
o0ecrieunBaeT pazIMyYHyl0 CTEICHb aBTOMATH3aLUU U UMEET IIHUPOKYI0 00JacTh MPUMEHEHHUS,
HauWHasl C YIPOILEHHs Mpolecca MapKOBKH M 3aKaHUYMBas MOJHOCTHIO aBTOMATHUECKOH €3/10M.
CymectBeHnoe nocronHctBo UTC mposBisieTcst npu UCTIONb30BaHUU TPAHCIIOPTHOTO CPEACTBA
JIOABMHU C HapylieHusiMu (QyHKIMH BocmpusTHs. Hanmpumep, BoguTensM, HE pa3indalolnIiM
L[BETA, OYECHH CIOKHO OPUEHTUPOBATHCS B TOPOACKOI 0OCTAaHOBKE C OTPOMHBIM KOJIMYECTBOM
pa3zHooOpa3HpIX 3HAKOB M cBetodopoB. UTC B TakoM ciydae MOXKeT 00eCrednBaTh TyOIsK
CUTHAJNOB TEKCTOM WM TonocoM. B Hactosmee Bpems MTC wgame Bcero mpumensercs B
PEKOMEHAATENBbHBIX U KOHTPOJIMPYIOIIMX LEJIAX, HO MHOT/Ia TAKHE CPEICTBA MOTYT HAIPSAMYIO
BMEIIMBATHCA B JICHCTBUS BOAUTEIIS, HAIPUMED, CHIKATh CKOPOCTh JBMKEHHSL. J{J1s1 TOTO 4TOOBI
JaHHBIE CPeACTBA (PYHKIHMOHMPOBAIM KOPPEKTHO, B COOTBETCTBHHU C IIPABUIIAMHU JIOPOXKHOI'O
JBIDKEHHS, UCIOJIB3YIOT P Pa3IMYHBIX JaTYMKOB, TAKUX KaK pagap, COHap, JIUaap U Ip.

BaXHBIM 3J1eMEHTOM pETyJIUPOBaHUS TOPOKHOTO ABWKECHUS SBIIsIIOTCS cBeTodopbl. MHOP-
MaITUs O COCTOSTHIH CBETO(Opa MOXKET OBITH MOy9eHA TOJIBKO C TIOMOIIBI0 MOy st poTodHKCa-
un. Pa3paboTka Takoro MOAYJIsl CONMPsKEHA CO MHOXKECTBOM TEXHUYECKUX TPYAHOCTEH, KOTO-
pble MOTYT 3HAUMTEIbHO HOBJIMATH Ha €ro HAAEKHOCTh. B yacTHoCcTH, Hanbosiee 3HaUNTENbHbI-
MU [IPoOJIeMaMU SIBISIFOTCS IEPCTIEKTUBHBIE UCKaXKEHUsI (POPMBI CBeTO(OPHBIX JIAMII, YACTHYHOE
UX MEPEeKPHITHE U IJIOXHUE NOroAHble yciaoBus. KauecTBo pacrno3HaBaHus! CUTHAIOB CBETO(QOPOB
BO MHOT'OM OIIpeleNseT HaJeKHOCTh TPAHCHOPTHBIX CPEACTB C CUCTEMaMHU MHTEIUIEKTyalIn3a-
UM, YTO 0COOCHHO XapaKTePHO IS TOPOJCKON 0OCTAaHOBKH.

OOwenprHATOW NPaKTHUKOW HpU OOHApyKEHUHU cBeTodopa SBISIETCS HPOLECC LBETOBON
cermenTanuu [ 1-8]. CermeHT npeacTasiseT coboil TpyIy MUKCeNel ¢ OHOPOJAHBIMU IIBETA-
Mu. JlaHHBIH crIOCO0 HpeaycMaTpUBaeT, 4TO CBETO(OPHl MMEIOT (PUKCHUPOBAHHBIN AHANa3oH
uBetoB. CBeToQopHas JaMIia XapakTeprU3yeTcsl SPKUMH U HACHIIIIEHHBIMU [IBETAMU JIJIs1 00JIeT-
YCHUSA BOCIIPUATUA BOAUTCIIIMU, OJHAKO B CUCTEMEC III/I(i)pOBOFO BOCHPHUATHUA IBETOBAA NCTCK-
LSl OYEHb YyBCTBUTEJIbHA K U3MEHEHUSIM OCBEIIEHUS, HAlIPUMEP, U3-3a MOTOAHBIX yCIOBHH.
KpOMe TOr'0o, pas3jiM4YHbIC JIaMIIbl MOT'YT IIPUBOAUTL K PAa3JIMYHBIM LBCTOBLIM BapUaluiM, YTO
00yCIIOBJIEHO 0OCOOCHHOCTSIMH (YHKIIMOHAJIBHOTO HcHoHeHHus. Takum oOpa3om, cama 1o cebe
OBE€TOBAsA ACTCKIUA HE SABIISICTCA CTa6I/IHBHLIM CII0coo0M 06Hapy>1<eH1/I${ U pacCliO3HaBaHUsA
cUrHaia csetogopa.

Kpome nigera, 10M0MHUTEIBHBIM TAPAMETPOM JUTS BBISIBICHUS HIIH HACHTU(UKALMH CBETO(DO-
pa ciyxuT popma cermenta [6-8]. HekoTopslie MeTO b IPUMEHSIOT 0000IIICHHOE TPeoOpa3oBa-
Hue Xada Ui reHeTHUECKUHA alNTOPUTM JUTS U3BJICUESHUS SJUTUIICOB Ha M300paKeHUH, KaK IIPEATIO-
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JaraeMbpIX CETMEHTOB CBETOQOPHOH Mamiibl. [10/1X0/bI, KOTOPBIE UCTIONB3YIOT OKPYTIIOCTE (Bop-
MBI, MOTYT He paboTaTh, e CBETO(OPHI YACTUYHO MEPEKPHITH IPYTUMU 00bEKTAMHU.

[Ipu BeIIENCHIH CErMEHTOB N300PaKEHUSI MOTYT BO3HUKHYTH HAPYIIEHUS (DOPM CBETSIIIUXCS
00BEKTOB M3-3a MpHUCyIero uM 3¢ dekra opeosa. B pesynbrare, paccessHue SpKOCTH IPUBOIUT K
OIMOOYHOMY YBEITHUYCHHUIO Pa3MEPOB CETMEHTOB. KpoMe TOro, B HEKOTOPBIX YCIOBHSIX OCBEIICH-
HOCTH Op€0JI 00bEKTa MPEIOCTABISET OOJBITE TTOJIe3HOW HHPOpMAaIH, YeM caM o0beKT. Takas
CUTyaIusi BO3HHMKACT IO MPUYMHE YACTUYHON 3aCBETKU MATPHUIBI KAMEPBI, UMCIOIICH y3KUU
JIMAIa30H SKCTIO3uInK. Ha prcyHKe npuBeieH IpuMep OIMIMO0YHOM CerMEHTAIHH.

O1mmnOKH LBETOBOI CETMEHTAIINN

[pornecc pacrno3HaBaHus TOJ| BIUSHUEM JIAHHOTO (PaKTOpPa MOXKET 3HAYHUTENLHO MOTEPSTh
YCTOWYHBOCTD MPY PA3TUIHON OCBEIICHHOCTH.

Lenvio uccnedosanus SBISETCS YCOBEPLICHCTBOBAHME CYIIECTBYIOIEIO METO/AA paclo3Ha-
BaHMS CUTHAJIA cBeTo(dopa JuTst HCKITIoueHus 3 dekTa opeosia mpu pacro3HaBaHUN CBETO(POPHBIX
CUTHAJIOB, YTO MO3BOJIUT MOBBICUTH YCTOHYHMBOCTE IIPOLIECCa PACIIO3HABAHUS B PA3IMYHBIX YCIIO-
BUSIX OCBEUICHHOCTH M, KaK CJICJICTBUE, YIIYUIIUTh HAJCKHOCThH IMEPEMEIICHUS] TPAHCIIOPTHBIX
CPEACTB.

2. O0mas cxema mpomecca pacno3HABaHHUS

Ilepen paccMoTpeHHEM MOIXO0I0B K HCKITIOUCHHIO 3 dekTa opeossa HaM HEOOXOIUMO HCCITe-
JoBaTh 00uIyto cxemy [3] pacriozHaBaHus curHaja cBeTogdopa. CucteMa pacro3HaBaHus ONEpH-
pyeT ¢ OUCKPETHBIMM KaJpaMH BHACONOTOKA M BKIIOYAeT B ce0s Ba KPYIHBIX MOIYJS —
oOHapyxeHHs cBetodopa U IBETOBOH Kinaccupukamuu. [Iporecc pacro3HaBaHHUS BKIIOYAET B
ce0st cleyIoIue 3Talbl:

1) koHBepTamus NMUKcenel n300paxeHns u3 IBeToBoro nmpocrpanctsa RGB B HSI;

2) mpeoOpazoBanue B OnHapHOe m300pakeHue. [lukcens OWHapHOTO M300pakeHUs OyAeT
YCTaHOBJICH B 1, TOJILKO €CJIM 3HAYEHUSI TOHA, HACHIIIEHHOCTH M HHTEHCUBHOCTH COOTBETCTBYIO-
HIEr0 MHUKCENsl HCXOJHOTO M300pakeHusi OyayT BXOJIUTH B 3aJaHHbIe WHTEPBaJbl. MIHTEpBabI
OTIPEIENISAIOTCS] KICXO/Sl U3 paclpeieieHus] IIBETOB TECTOBOI0 Habopa KaJpoB.;

3) mopdonornueckue omepanyu cyxenus (erosion) u pacmmpenus (dilation). B xadectse
CTPYKTYpPHUPYIOILIETO 3JIEMEHTa HCIIOJIb3yeTCsl MaTpulla pazmepom 3x3;
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4) cerMeHTanus U GUIBTpAIU 1O pa3Mepy cermMeHTa. CerMeHTH 00pa3yoTCs U3 TPYIIT
COCIMHEHHBIX MHUKCeJIel co 3HaueHueM 1. Jl1ig HaxoKIAEHUS CETMEHTa IMPUMEHSIETCS PEKyp-
CUBHBIN 00Xx0J nukcenel-coceneil. CEerMeHTBI, Y KOTOPBIX pa3Mep MPEBOCXOIUT 3aJaHHOE
IOPOroBOE 3HaUY€HHUE, yaauaoTcs. Ha 1aHHOM 3Tare npu pacro3HaBaHUU CUTHaIA cBeTodopa
B YCJIOBHSIX IJIOXOTO OCBELICHHsI, & TAKXE IPH HEYAOBJIETBOPUTEIbHBIX XapaKTEPUCTHUKAX
KaMepbl BO3HUKaeT Ipo0iieMa HMCKaKEHHsS W300paKeHHsI — BO3HMKHOBEHHUS OpeoJia, 4TO
TpeOyeT BHINOJHEHUS TOTIOTHUTENBHBIX Oollepanuii o 00paboTke U300paXKeHus;

5) ¢unprpanms cerMeHTOB (hopmbl. CerMeHTHI, y KOTOPBHIX (opMa HE COOTBETCTBYET
IUIUIICY, YAAJSIOTCS;

6) uBeToBasd knaccudukanus. g onpeaeneHns HBeTa UCIOIb3yloTca 3aBucuMocTd RGB
KOMIIOHEHT, BBIPa)KEHHbIE B (JOpME HECTPOTUX HEpPaBEHCTB. Eciin HU OTHO HEPABEHCTBO HE
BBINIOJIHSCTCS, TO CHCTEMa pPACIIO3HABAHMS CHUTHAJIU3UPYET 00 OTCYTCTBHH CBETO(QOPOB B
Kazipe.

B pa6ote [3] mokazaHo, 4yTO mpollecc pacro3HaBaHUs B peaJbHOM BpPEMEHH, IPUMEHH-
TeJIbHO K HAOOpy KaJpoB C TOYHO HACTPOCHHOHW SKCIO3MIMEH Kamephl, AaeT He MeHee 97%
To4HOCTU U 91% monHOTE. OgHAKO HE3HAYUTEIbHOE U3MEHEHUE MapaMeTpOB KaMephl WIH
6I)ICTpaH CMCHa YCJ'IOBI/Iﬁ OCBCHICHM BLI3BIBACT ITOABJICHHEC OINYTHMOI'O 4YMCJIa JIOKHBIX
cpabartpiBanuil. [Ipu 3TOM 3HaYEHNE TOYHOCTHU U MTOJIHOTHI paBHO 50 1 90% COOTBETCTBEHHO.

3. Hoaxox k umckiawdennio 3¢dexkra opeoaa

Jist uckiiroueHus 3¢ exra opeosa npeaiaraeTcs paciiupuTh 3Tam 4 nporecca pacno3Ha-
BaHUs CIeAYIOUIEH MpoLeaypoil:

1) ompenenenue o01IeH OCBEIIEHHOCTH CETMEHTA;

2) TOWCK U 3all0THEHHE 3aCBEYCHHBIX CETMEHTOB!

a — BBIJICJICHUE 3aCBEUCHHBIX TUKCEIEH;

0 — cermenTamus [3];

B — HaXO0XACHHUEC IIBETA COOTBETCTBHUA IMMOACCTMCHTOB,;
' — 3all0JTHEHHE [[BETOM 3aCBEUYCHHBIX T0JICETMEHTOB;

3) cermeHTanus 1o oneparopy Jlamnaca;

4) ynaneHue MoJcerMeHTa 00JacTU PacCesHUs.

Haxoxnenue o0meil 0CBELIEHHOCTH CETMEHTA BBIMIOJIHIETCS CIEAYIOLINM 00pa3zom:

L= Z I(x,y)/cs’ (1)

(x,y)e S

rae L, — o0mas OCBELIEHHOCTh CETMEHTa; S — MHOXXECTBO IUKCeJeH cermMeHTa; (X,y) —

KOOPJAMHATHI NUKCeNsd; I, ) — mHTeHcHBHOCTH mukcensa; Cy — pasMep CerMeHTa.
Jlanee, ecnu 3HaUeHUE OCBEIEHHOCTH YOBIETBOPSET YCIOBHIO:
L <Tr., 2)
3nech Tr, — 3aJlaHHOE IOPOIrOBOE 3HAUEHHUE, TO BBHINOJIHICTCS OIEPalUs CETMEHTALUU 110

omnepartopy Jlamraca. MiHade, BBITTOTHAECTCS OIEpaNMs IMOWCKA W 3aIOJIHCHUS 3aCBEUCHHBIX
CETMEHTOB.
Brinenenne 3acBeYeHHBIX TUKCEIIEH:

S, ={(x,y}| (x,y) € S,R(va) +G(X’y) +B(x’y> >Try ), 3)
rac Sd — MHOXXECTBO 3aCBCUCHHBIX HHKCCJ'ICIZ; (X,y) — KOOpAHMHATHI ITUKCCJIA CCTMCHTA, R(X’y)
— KpaCHasd KOMIIOHCHTAa LBCTa ITHKCCJIA, G(X v) — 3CJICHAasA KOMIIOHCHTA, B(X’y) — CHHIA

KOMIIOHEeHTa; Tr,, — IOpOroBO€ 3HaUYEHUE.

Ha nanHOM 5Tamne BBINONHAETCS MpoLEeAypa CerMEHTaluH, onucaHHas B pabore [3], B
pe3yabTaTe KOTOPOH ONpeNestoTCs MOACErMEHTHl S, , LEHTpPHI mojacerMeHToB (X, Y,) U
neHTp cermeHTa ((Xg,Yy) -

HaxoxxJeHue uBeTa NpoU3BOJUTCS CIEAYIOIUM 00pa3oM:

Va = (Xsd -Xs: Yy _Ys) > 4)
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View =(x-Xgy-Ys), (5)

71 jep—— jep—— S

U'(x,y) =CO0s (Vsd */‘Vsd‘*‘\](x,y) ) > (6)
Sea = {(Xa Y) | (X, Y) € Ssd’“(x,y) <Tresp} (7)
Ru= 2 Ry,/Cy, ®)

(x,y)e S
Gy= 2 Guy/Cu, 9)

(x.y)es
re V,, — BEKTOp MEXJy HEHTPOM MOJICEIMEHTa M LEHTPOM CEerMeHTa; Vi, — BEKTOp

MEXKIy IMHUKCEJIEM IBETa U LEHTPOM CETMEHTa; o — YIOJI MEKAY dTHUMH BEKTOpaMH; S, -

MHOECTBO IUKcesel nsera; Tr., — HOPOroBoe 3HAUYEHHUE, ONpeesiomee 001acTb BOKPYT

MmoACCrMecHTa, OTKyJda 6yI[€T HU3BJICKATBCA LIBCT, (R,GsB)sd — KOMIIOHCHTHI IOBE€Ta IMOACCI-

MEHTA.

ITocne HaxOXKIEHUS I[BETA BCE OCNbIe MUKCENH B MOJACETMEHTE 3aMOTHIIOTCS DTHM IBE-
TOM W TOCJIETHUH Tepe/laeTCs OCTANBHBIM dTalaM METOJla Paclio3HaBaHUS KaK OOBIYHBIN
CEeTrMEHT.

Jlist cerMeHTanuu 00NAacTH paccessHUsS UCToJNib3yeTcsi oneparop Jlaruaca cieayromero
BUIA:

*

“«
—_—
=
=
~—

|
Ju—

|
o]
Ju—

(10)

Ilonydennble 3HaYEHNS HHTEHCUBHOCTH MAKCENEH 3aTeM MPUBOIAATCS K OMHAPHOMY H300-
PaXKEHHUIO 110 CIEAYIOIIEMY YCIOBHIO!

0L, <Tg
Fow =1 L, >Tr, > (1)

rae P — nukcens 6unapHoro uzobpaxenus; Tr, — HOpOroBoe 3HaYEHHE.

JlanHOe OMHAapHOE M300pakKeHNUE CETMEHTA COJIEPKUT IPAHUIIBI ITOJICETMEHTOB, KOTOPHIC
3aTeM OTJEJISIIOTCS APYT OT JIpyra W IMepelaloTcs Kak OOBIYHBIE CErMEHTHI OCTAIbHBIM
JramaMm MeToja.

B koHIe ocTaBmIuiics MOJACETMEHT 00JACTH paccessHUs yAasieTcs:

S=S\=S,. (12)

Jliist olleHKH Tporiecca paclo3HaBaHMs UCIOJB30BANIACH METOJ/IMKA, OTUCAaHHAs B paboTe
[3].

MonuduuupoBaHHBIN MPOIIECC MTO3BOJISIET B CPEJHEM ITOBBICUTH TOYHOCTh PACIIO3HABAHUS
curHaina csetodopa Ha 15-20%.

BoiBOaBI

Y coBepieHCTBOBAH METO PACIIO3HABAHUS CHUTHAJIA CBEeTO(Opa MyTeM HCKIIOYECHUS (-
(hexTa opeorna, KOTOPHINA NCKaxaeT (opMy U pa3Mep CErMeHTOB n3o0paxkenus. /s ycrpane-
HUS opeosia 00beKTa MPOU3BOAUTCS 00Iast OLEHKA OCBEIICHHOCTH Kapa, KOoTopasl MO3BOJIs-
€T OTIPEICNINTh XapaKTep HCKAKEHNS — N3MEHEHHE 00JaCTH pacCesiHUs IPKOCTH FIIH 3aCBET-
Ka obnactu cBeToQOpHOU nammbl. s ycTpaHeHUs] 001acTH paccessHUsl MPUMEHSETCs TPo-
neaypa ¢uiasTpanuu mo omnepartopy Jlammaca. i 3amonHeHns 3acBeYeHHOM obOnmacTu cer-
MEHTa HCIOJIB3yeTCsl yCpeAHEeHHOE 3HAUCHHE I[BEeTa U3 0o0JacTH paccesiHus. B pesynbpraTe
YCUIIMBAETCS] yCTOMYMBOCTH MPOIlecca BETOBOI CETMEHTANNU, YTO MO3BOJIsIET 00Jiee TOUHO
pacro3HaBaTh CBETO(OPHI B YCIOBUAX Pa3IUYHON OCBEIIEHHOCTH.
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VJIK 629.391
B.B. BAPAHHUK, O.10. OTMAH LIAIA, A.B. XAXAHOBA
METOJ] PEKOHCTPYKIIH TPAHC®OPMAHT B JUATOHAJBHO-

HEPABHOMEPHOM BA3BUCE OCHOBAHHI HA OCHOBE
JAEKOJUPOBAHUNA HEPABHOMEPHBIX KOJOI'PAMM

DopMynupyOTCs TPEOOBAHMS OTHOCHTEIILHO PEKOHCTPYKIIMU 0a30BBIX KAJJPOB B YCIOBHUSX
obecrieueHnsT 3aJaHHOTO YPOBHS KOPPEKIMOHHBIX MPeoOpa3oBaHUil Al KOHTPOIUPYEMOCTH
HCKaXXCHUH TIPY PEKOHCTPYKINHY KaapoB P- u B-tuna. [IpoBoauTcs pazpaboTka MeTo1a peKOHCT-
pyKumu 6a30BBIX KaJpOB HAa OCHOBE IHArOHAJIHHO-HEPABHOMEPHOTO MO3UIIMOHHOTO IEKOIUPO-
BaHUs TPAHCPOPMAHT JUCKPETHOTO KOCHHYCHOTO TMpeodpazoBanuss. OCHOBHBIMU TEXHOJIOTH-
YECKUMHU 3TallaMHU SBJISIFOTCS: IEKOMIIO3ULIMS HEPABHOMEPHBIX KOJJOBBIX KOHCTPYKLMN KOMIIpEC-
CHOHHOTO TIPECTaBJICHUS UaroHaNeH TpaHC(HOPMAHTEI;, TUATOHAIEHO-HEPAaBHOMEPHOE MTO3H-
IIHOHHOE JIeKOITUPOBAHUE IS IEPEMEHHOT0 KOJIMYECTBA JIEMEHTOB AUaroHajiel TpanchopmMan-
ThL. M371araercs co3qanue TEXHOJIOTHH PEKOHCTPYKIIMU KOJOTPaMM, COJEP KAINX KOJOBBIE 3HA-
YCHUA IUarOHaJIbHBIX HEPABHOMECPHBIX YUCEJT. Texuosorus 6a3preTCﬂ Ha TaKuX dTalrax: J1€eKOM-
MTO3UIHA CITy>KeOHOU 1 MH(DOPMAIIOHHO YacTel KOJAOBOW KOHCTPYKITHH CKAaTOTO MPEICTABIIC-
HUS pparMeHTa 0a30BOr0 Kajpa C MOCIEAYIOIEH UX pa3METKON Ha KOIOBBIC KOHCTPYKIHU
OTJCTHHBIX IUArOHANCH; TEKOMIIO3UIHS HHPOPMAIIMOHHONW YaCTH KOIOBOI KOHCTPYKIIHHU ITyTEM
PasMETKn q)HKCPIpOBaHHOFO quciia KogorpaMm KOMIIAKTHOT'O ITPEACTABIICHUA ﬂHaFOHaHeﬁ TpaHC-
(dbopmMaHThI.

1. BBeaenue

[ToBbIeHNE KaUYECTBA U PACIIMPEHUE BUICONH(OPMAITMOHHBIX CEPBUCOB IPUBOIUT K POCTY
WHTEHCHBHOCTH BHeonoToka [1; 2], ciemcTBueM d4ero SBISETCS YBEIWUCHUE HATPy3KH Ha
TEJICKOMMYHHUKAITHOHHBIC CHCTEMBL. DTO IUKTYET HEOOXOIUMOCTh YMEHBIIICHUSI HHTEHCUBHOCTH
MOTOKA KaJIPOB B Mpoiiecce ux kommpeccuu [3 - 5]. 3mech KiltoueBasi COCTABIISIONIAs] HHTEHCUB-
HOCTH TIOTOKa OTPEIeIsIeTCs] MHTEHCHUBHOCTBIO KOZOBOTO MPEJICTABIICHHsT 0a30BOTO Kajapa. ITo
00yCIIOBJIEHO TEM, YTO 0a30BBIN KaJp SBJISETCS OMOPHBIM MO GOpMHUPOBaHHIO KaapoB P- u B-
tuma [4 — 6]. [loaTomy KauecTBO 6a30BOTO KaJipa B 3HAUUTEIHHON CTENICHH BIIMSET HA KA9€CTBO
BU3YaJIbHOTO BOCHPHSTHSL BCETO BHICONOTOKA. B CBSI3M C 3TUM aKkmyanbHas 3a0aua HAyuHo-
NPUKNAOHBIX UCCAe)06AHUIL 3aKITIOYACTCS B 00CCIICUCHUN PEKOHCTPYKIIMK 0a30BOT0 Kajpa ¢
3aJJaHHBIM YPOBHEM JIOCTOBEPHOCTH.
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Jns 06paboTku 0a30BOro Kajpa HCHONB3YEeTCs MPUHIUINAIBHO HOBBIH METOJ CHIKCHHUS
WHTCHCHBHOCTH €T0 KOJIOBOTO OTHCcaHus. MeToj 6a3upyercs Ha AMaroHaIbHO-HEPaBHOMEPHOM
MIO3UIIMOHHOM KOJIMPOBAaHUH TPAHC(POPMAHT B HEpaBHOBECHOM 0a3uce OCHOBaHUH. B To ke BpeMs
JUTST TAKOTO METOZa OTCYTCTBYET COOTBETCTBYIOIIMKA METOJ BoccTaHOoBNeHHs. OTcrona uess
UCCNe008anus COCTOUT B pa3pabOTKe METO/[a PEKOHCTPYKITMK 0a30BOTO KaJipa BHICOMIOTOKA Ha
OCHOBE HEpaBHOMEPHO-AMArOHAIBHOTO IEKOANPOBAHNSI.

2. PazpaboTka MeToAa PeKOHCTPYKIUM 0a30BOr0 KaJapa BHAEONOTOKA

B mpornecce paszxatus 6a30BbIX KaApOB HEOOXOAUMO YUUTHIBATh TPEOOBAHHSI OTHOCHTEIBEHO
ux (hOpMHUPOBaHMS C 33IaHHBIM YPOBHEM KOPPEKIIMOHHBIX IPpeoOpazoBaHmii. ITO 0OecIednBaeT
KOHTPOJIMPYEMOCTh MCKa)KEHHH MPH PEKOHCTPYKUMH KaapoB P- m B-tuma. [ns storo meron
BOCCTaHOBJIEHUSI 0a30BbIX KaJpOB IOJDKEH 00J1a1aTh CIeLyIONMMH BO3MOKHOCTSIMH yUUTHIBATh
TEXHOJIOTMYECKHE OCOOCHHOCTH IPOLIECCa CHIKEHUSI MHTEHCUBHOCTH OMTOBOT0 IIOTOKA 110 0a30-
BOMY KaJIpy, a UMEHHO [5]:

1) TparchopmupBoanre pparMeHTOB N300paKeHNI Ha OCHOBE IBYMEPHOTO JUCKPETHOTO KO-
CHHYCHOT'O IpeoOpa3oBaHus;

2) ompezeneHne KOJOBBIX 3HAUEHUH A TUaroHaneld TpaHcpopMaHT B HEPAaBHOMEPHOM He-
PaBHOBECHOM MO3UIIMOHHOM 0Oazuce;

3) mocTpoeHue KOJOorpaMM HEpaBHOMEPHOH JJIMHBL, COJIEpKAIIUX 3HAUSHUE KOJIa IUArOHAIIb-
HO-HEpaBHOMEPHBIX ITO3ULIOHHBIX YHCEL.

B cBs13u ¢ 3TUM mpejuiaraeTcsi OpraHu30BHIBATh MPOLIECC BOCCTAHOBJICHHUS 0a30BBIX KaJIpOB
Ha OCHOBE:

a) 0ecrorpenrHoCTHOTO BOCCTAHOBIICHHUSI MACCHBOB CITYKeOHBIX TAHHBIX: 0a3znca [)! OCHOBa-
Huil [IHIT uncen u MmaTpul 7 3HaKoB;

0) 1EKOMITO3ULINH HEPAaBHOMEPHBIX KOJIOBBIX KOHCTPYKLUH KOMIIPECCHOHHOTO ITPECTaBICHHS
JIraroHajei TpancGopMaHTHI,

B) BBITIOJIHEHHS B3aMMOOOPaTHBIX IPe00pa30BaHUil HA OCHOBE U3BECTHOH CITy>KeOHOI HHGOP-
Mallly, BKJIIOYAIOLINX B ce0sl:

- CTATUCTHYECKOE JIEKOANPOBAaHHE HU3KOUACTOTHOH DC-KOMITOHEHTHI;

- IaroHaJIbHO-HEPaBHOMEPHOE MO3UIMOHHOE JCKOJUPOBAHHE IS IEPEMEHHOTO KOJIMYECTBA
3JIEMEHTOB JMaroHasel TpaHC(HOPMAHTHI;

- oOpaTHOE AByMEpHOE TUCKPETHOE KOCUHYCHOE Mpeodpa3oBaHue ¢ KOPPEKLUUEH KOMIIOHEHT
TpaHC(OPMAHT Pa3MEPHOCTHIO NX N .

PaccmoTpum 0cobeHHOCTH 3TamoB.

BoccraHoBnenue ciryeOHBIX JTAHHBIX. B COOTBETCTBHM ¢ OCOOCHHOCTSIMH TIpoliecca obpa-
00TKH 0a30BBIX KaJIpOB CIIy>KEOHBIMU JaHHBIMU SIBIISTIOTCSL:

1) 6asuc D' ocHoBanMii, KOTOPBIiA 33/1a€T HEPABHOBECHOE TMATOHAIILHO-HEPABHOMEPHOE M10-
3ULUOHHOE IPOCTPAaHCTBO TpaHchopmanTsl. MHopMays o 3HAUSHNAX OCHOBaAaHUI dé JaroHa-
nieit TpaHcopMaHT UCTIONB3YETCS HA TAKKX ATarax MpoLecca BOCCTAHOBIICHHS:

— pa3MeTKa KOJIOBOI'0 IT0TOKa 0a30BOro Kajpa Ha KOJOBbIE KOHCTPYKLMH TPaHC(HOPMAHT C
NOCJIeaYIOUIeH UX pa3MEeTKON Ha KOJOBbIE KOHCTPYKLMH OTAEIbHBIX AUaroHael (pUCYHOK);

— ¢opMUpOBaHHE HEPABHOMEPHBIX AHaroHayedl TpaHCPOPMaHT Ha OCHOBE AMArOHAIbHO-HE-
PaBHOMEPHOT'O O3UIIMOHHOTO JEKOANPOBAHMS;

2) matpuibl Z 3HaKoB KoMnoHeHT Tpancdopmantsl JKI1. lannas undopmanust Heooxoauma
JUTSL OTIpeJIeNICHUs] 3HaKa KOMIIOHEHTHI TPAaHC(OPMAHTHL, T.€. TOIY4YeHHs TAKOTO MPEICTaBICHUS

tpancopmant Y', mis kotoporo BemonHserca oopatHoe JKII. MaTpHipl 3HAKOB BXOIAT B
COCTaB KOMITAKTHOTO TPEJCTABICHUS B BUAE KOJAOTpaMM, C(OOPMHUPOBAHHBIX JIJIsi OHOMEPHBIX
CTPYKTYPHBIX YHCEL.

PexoHCTpyKIIMS KOIOTpaMM, coepskamux kKoxoswle 3HaueHus JIHII gncen (cM. pucyHOK).
Jlist aToro TpeOyeTcs: BRINOIHUTE TAKUE ATAIIBI:

1) BHayaJe MPOBECTH JEKOMIIO3HIIHNIO CITY>KeOHOM 1 HH(DOPMAITMOHHON YaCTeH KOTOBOM KOHCT-
PYKIIMH CXKATOTO MPEJICTABICHUS TEKYIEro (hparmMeHTa 6a30BOro Kaapa;
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2) 1mocye 3TOTO MPOBECTH ICKOMIIO3UIINIO WH()OPMAITMOHHON JaCTH KOJOBON KOHCTPYKIIHH
MyTeM pa3MeTKU (PUKCUPOBAHHOTO YUCIIA KOJIOTPAaMM KOMITAKTHOTO MPEICTABICHHS THArOHAICH
TpaHC(OPMAaHTEHI.

Peanm3arust mepBoro sTama 3aKiI09aeTcs B ONpPeIeNIeHUH UTHHBI CITy>KeOHON 9acTH KOJIOBOU
KOHCTPYKITUHM (pparMeHTa 0a30BOr0O Kajpa. 3/1eCh YYUTHIBAIOTCS TaKUE 0COOEHHOCTH TMOCTpPOE-
HHE KOJOBBIX CJIOB CITy)KeOHOM yacT (CM. PHCYHOK):

— KOJIMYECTBO Pa3psIOB Ha PE/ICTABICHUE WH(POPMAITUY O IMHEHHOM pa3Mepe n ¢pparMeHra
0a30BOTO Kajpa;

- KOZIOBOE MIPEJICTABJICHNE I MATPHIIBI 3HAKOB (hopMHpyeTCs KaK AJIs TBOMIHOM ITOCIIEI0BA-
TEIBHOCTH (PUKCUPOBAHHOM JTTMHBI. DTO MO3BOJISET YCTAHOBUTH JITMHY KOJIOBOTO CJIOBA MATPHIIBI
3HAKOB;

- KOJIMYECTBO Pa3ps/IOB Ha MPEJICTABICHUE 3HAYCHUSI 1l1ara KBaHTU3aluu R sBisieTcs mocro-
STHHOM BEJIMYMHOM.

Kooosas kxoncmpykyus ¢ppazmenma 6a306020 kaopa

A
CiyxeOHast 4aCTh KOJIOBOW KOHCTPYKIIUU NHudopmaiioHHas 4acTh KOJO0BOI KOHCTPYKIMH
(parmenTa (pparmenTa
. _
-
Yposenw Komosoe [Tar Pa3mep
¢paevenma  |npexncraBneHne|kBaHTH3aMY, | (parmeHra
04306020 Marpuus! Z R 0a30BOr0
Kaopa 3HAKOB Kagpa, N X n
Koooepammy ona xomnaxkmmnozo
npeocmagieHus mpancopmanmol
\ 4 A 4
Vposenwv CrnyxebOHast NHdopmanroHHas cocTaBisomas KoI0BOH
MpaHchopmanmel COCTaBJIAIOMIAs KOHCTPYKLUH
KOJIOBOW KOHCTPYKIIUH TpaHCHOPMAHTHI
TpaHCc(HOPMAHTHI
/
Koooepanma V, dozparma vaz
A \
! o
ngopmamms o 6asuce D' ocropanmii B Konosas Konosoe Kozosoe
HEPaBHOBECHOM HEPaBHOMEPHO- MOCTIE/IOBA- snaverne B, 3HAYCHHE
2
JOAAroHaJIbHOM ITO3UI[MOHHOM TCJIBHOCTD JJISL 25 EV o IS
. b . s =3
MPOCTPAHCTBE, DC-KOMIOHEHTHI <
. JIMAarOHAITH . (v, —2)-i
D! — {d( ! d( } 1 -u
[EREERS RIS TpaHCHOPMAHTHI
JIMArOHAIIA
TpaHchopMAaHTRI

CprKTypHO-(l)yHKHI/IOHaHLHaH CcXeMa rpounecca BOCCTaHOBJICHUA (1)pal"M€HTa 6a30BOro Kaapa
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Brienenne KomuaecTBa pa3psoB Ha MPECTABICHUE CITY)KEOHOW YacTH MO3BOJISET YCTAHO-
BUTh HAYAJIBHYIO TIO3UITUI0 WHGOPMAIIMOHHOHN YaCTH KOJIOBON KOHCTPYKIIMHU (hparMeHTa 6a30BOro
Kajpa.

HNuadopmanronHas 4acTh KOAOBOW KOHCTPYKIHH (pparMeHTa 0a30BOT0 Kaapa IMpeaCcTaBiseT
co00i1 KoIOrpamMMy JUIS KOMIIAKTHOTO TPEJCTaBlIeHUsT TpaHC(hopMaHThL. Takas Kojorpamma
COJZIEPIKHUT CITykeOHYI0 1 HH(popManmoHHyT0 YacT. [loaToMy mporecc 1eKoMIo3uiiny HHpopma-
IUOHHOW YaCTH MOAPA3yMEBACT Pa3METKY COOTBETCTBYIOIICH YaCTH KOJOBON KOHCTPYKIIMU Ha
cirykeOHyT0 M HTH(POPMAIIOHHBIE COCTABIISIONINE (CM. PUCYHOK).

CryxebHast 9acTh KOJOTpaMMBbI popMHUpYyeTcs Ha 0a3e KOOBBIX MOJIeH, coaepKamux HH}op-

Maruio o 6azuce D' ocHoBaHMI B HEPaBHOBECHOM HEPABHOMEPHO-IUATOHAIBHOM MO3HIHOHHOM
IPOCTPAHCTBE (CM. PHCYHOK). KosTiuecTBO OCHOBaHMI TOCTOSIHHO M 3aBHCHT OT pa3Mepa TPaHC-
¢opmanThl crexyomum obpasom: vV, —2 =2n—3. D10 no3soiseT GopMUpOBaTh HA UX MPEJ-

CTaBIICHHE KOJIOBBIC CIIOBA PABHOMEPHOM JIJIHEL.
HNuadopmanronHas 9acTh KOJOBOW KOHCTPYKITUH TpaHC(HOPMAHTEI BKIIIOYAET B ¢e€0s CIIEMYIO-
1€ COCTABJIAIOIINE:

1) konoBoe cnoBo V, Ha ckaroe npezctasienue DC-koMnonenThl. Ero juimna onpenensercs
Ha 0a3e UCI0JIb30BaHUs CTATUYECKUX TaOJIMLl, KOTOPbIE U3BECTHBI KaK Ha Iepe/latollei, Tak U Ha
MPUEMHOM CTOpOHAX;

2) HEpaBHOMEPHBIE T10 JUTUHE KOJOTPaMMbl V. , HECYIIHE HHPOPMAIIUIO O KOJOBBIX 3HAYECHHUAX

’
E &n; JUaroHaJIbHO-HEPABHOMCPHBIX ITO3UIITMOHHBIX YHCEII. KonnuecTtBo Vi TaKUX KOOOoIrpaMm
e

(ukcupoBaHo U onpesenserTcsa Kak v, =V, —2=2n-3.

Paccmotpum mpouecc Boiaenenus kogorpamm JIHII uncen. JlauHbli mpoliecc peaau3yeTcs
Ha OCHOBE WH(pOpMaITiH o0 0a3rce OCHOBAHHM C MCTIOBE30BAHUEM CJIEIYIOITHX 3TAIIOB:

a) BBIYMCIICHUE HAKOIUIEHHOTO MPOU3BEACHHS d';é OCHOBAHUH JUIs TeKyIeH & -1 AuaroHanu
TpancpopmanTel. KomuecTBo N 5IEMEHTOB B JUATOHAIM ONPEIEISETCS HA OCHOBE COOTHO-
INCHUA

S, —> &<n;
e = n, =2n-¢§, > &2n+l; (1

! ’
0) HAXOXKICHNE KONUYCCTBA () ¢, Pa3PsIOB HA NMPEJCTABICHHE KOJOBOrO 3HAYCHHS F .,
?e S

s §-ro JIHIT uucna, t.e. o &-il anaronanu tpancdopMaHThl. I 9TOro HCHONIB3yeTCs
COOTHOLICHUE!

Q... =[log,(d{" ~D)]+1 (6ur).

’
JlaHHOE BEIPQXKCHHE TTO3BOJIACT ONMPEICITUTE KOTHYECTBO () -, Pa3psIOB HA MPE/ICTABICHAE

KOZOTPaMM JUIsi BCeX AuaroHained tpancpopmantsl, rae £ =1, v —-2=1,2n-3.
IMocne 5TOrO OpraHuU3yeTcs MEepexo]] Ha TPETHiA JTall MPOIecca PEKOHCTPYKIIMHA 0a30BOTO
!

KajJpa, CBS3AHHOIO C JCKOJMPOBAHMEM KOJOBBIX 3HAYeHMA E ., . [l sToro BHayaue mo
M3BECTHOMY IMOPSIAKOBOMY HOMEpY & IHaroHald TPaHC(OPMAHTHI ONPENEISeTCS KOJINIECTBO

N CONEPKAIIUXCS B HEll 5IEMEHTOB. 3/1eCh HCIIONB3YETCs COOTHOLICHUE (1). danee Ha BTOpOM

oTalec OpraHu3yeTcsa BOCCTAHOBJICHUC 3HAUYCHHUH 2JIEMEHTOB I[PI&I‘OHEUICFI, Ha4duWHasg ¢ €€ Ha4Yallb-
HBIX 3JICMCHTOB. HaHHLIﬁ 3Tal OPraHu3ycCTCsa C UCIIOJIb30BAHUEM BBIACJICHHOI'O B KOJOIrpaMMe
’

V%_, KOOOBOT'O 3HAYCHUA E &n, Ha OCHOBC COOTHOIICHUA AJIA MOJYUCHHUA JICMCHTOB AUaroOHaJlb-
HO-HCPaBHOMEPHBIX ITO3MITUOHHBIX YUCEII, 4 UMEHHO!

45



1) IJId Ciiy4das, Korja JJjisi HOMCpa JUuaroHajid BBIMMOJIHACTCA YCIOBUC E_. <n , TO n& :E_. n:

E 23 E 23 ' —_—
1-1 Id =0,&-1, E<n;
r&—1-1 ’ ré—1-1 ) T ’ é s =n;
dé dé' d&

YI+1:,§—1 = [

2) s ciydasi, KOrja JUls HOMepa JIMaroHajM BBINOJNHSETCS HepaBeHCTBO & > n+1, To
!
=2n — &. Torna 3Ha4eHHE KOza E c2n_¢ OHPEACISCTCS KaK:
’ !

E eon-¢ Ecom-c S
y@*n+1+‘f,ﬂ*f = [ d!2n—§fr ] - [ d2n R ] ]d§9 T = 0, 2n— (2, é >n+l.
3

B 000011eHHOI 3anucy TaHHBIC COOTHOIIICHUS OYIyT UMETh CISAYIOUIIA BU:

E &8 E 3 '
- d., —>n=0&¢&<n;
g g ] n=0&¢
YI+r+n(§—n), E-1-n(&-n) = o ot
E ¢on-¢ Ecm-¢ -4
_ d , =1& & > n+ 1,
e g g1 el

Ecnu tpeOyeTrcs ueronb30BaTh yIPOMIEHHYIO CXEMY aITOPUTMHYECKOTO IIPOIiecca AeKOIUpPo-
Banus koaoB JIHIT yucen, To ucnons3yeTcs ciaeayromas (bopMyna:

!

B E En, E &,
YI+t+asign(1+sign((x—l)), E—t—asign(1+sign(a—1)) [dIZn —E&-1 ] - [dr dzn E-1 ] &;
I, >a>1;

sign(a—1) =4 0, > a =1;
-1, >0<0,

rjie n — IMHEHHBINA pa3mep TpaHC(POPMaHThI; N, — 1uikHa U1 & - IHaroHau TpaHc(hOpMaHThI;

ng—1-1 o
d'é : — BecoBoi ko duument ms T -ro aemenra &-ro JAHII uncna.
!

HaHHLIﬁ OTall 3aKaHYUBACTC MOCJIC ICKOAUPOBAHUA KOJOBOI'O0 3HAYCHUA E Vim2n, .

[Tocnmeayromue 3Tambl mporecca BOCCTAHOBICHHUS (parMeHTa 0a30BOTO Kajpa COCTOST B
00paTHOM TpaHC(HOPMUPOBAHUH U BOCIIPOU3BEICHUH (PparMEeHTOB I HCXOAHOM [IBETOBOK MO/Ie-
JIY TIPEICTaBIICHUSI.

3. BniBoabl

1. ChopmynupoBaHbI TpeOOBaHUS OTHOCUTEIHHO PEKOHCTPYKITUH 0a30BBIX KaIPOB B YCIIOBH-
X o0ecrevyeHus 3aJaHHOTO YPOBHS KOPPEKIIMOHHBIX MPeo0pa3oBaHuil AJsi KOHTPOJIUPYEMOCTH
HCKa)XCHUM P PEKOHCTPYKIMU KaapoB P- u B-tumos.

2. Pa3zpaboTan MeTol pEKOHCTPYKIMU 0a30BBIX KaJpPOB HA OCHOBE AMAroHaJIbHO-HEPABHO-
MEPHOTO MO3UIXOHHOTO JIEKOIUPOBAHNUS TPAHC(POPMAHT AUCKPETHOTO KOCHHYCHOTO IIPeo0pazo-
BaHUA. OTIMYNUTENbHPIMH TEXHOJIOTUIECKUMH dTAlaMHt SIBJISTFOTCS:

1) mexoMMo3uIKsi HEPABHOMEPHBIX KOJIOBBIX KOHCTPYKIIMH KOMIIPECCHOHHOTO MPE/ICTaBICHHUS
nuaroHajnei TpancopMaHTHI;

2) AnaroHanbHO-HEPAaBHOMEPHOE MO3UIIOHHOE JEKOANPOBAHHUE JIsl IEPEMEHHOTO KOJIMIECTBa
3JIEMEHTOB IHarOHaIe! TpaHCPOPMAHTHI; 00paTHOE IBYMEPHOE TNCKPETHOE KOCHHYCHOE IPeos-
pa3oBaHue ¢ KOPPEKINe KOMIIOHEHT TPaHC(POPMAHT.
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3. Co3maHa TeXHOJIOTHS PEKOHCTPYKITUH KOAOTPaMM, CoaeprKanux KomoBeie 3HadeHus JJHIT
yycel. J{s 3TOro BBIMOJHAIOTCS TAKUE 3TAIbL:

1) nekomno3unus ciry:keOHOW 1 MHPOPMAIMOHHON YacTeil KOJOBOH KOHCTPYKLUH C3KaTOTO
MIPENCTaBIeHN TEeKyllero (parmMeHTa 0a30BOT0O Kajapa C IMOCIEAyIOIIed MX pa3MEeTKON Ha
KOJIOBbI€ KOHCTPYKIUH OTAEIbHBIX AHAarOHaNe;

2) pexoMIo3uNrs HHPOPMAIIMOHHOM YaCTH KOJJOBOM KOHCTPYKIIUH ITyTeM pa3MeTKH (PUKCHUPO-
BAaHHOTO YHCJa KOJAOTPaMM KOMIIAKTHOTO MPEICTaBICHUS TUaroHanel Tpanc(hOpMaHTHI.

Hayunas HOBHU3HA pPe3yJIbTaTOB UCCIEI0BAaHUN.

1. BriepBrie co3/iaHa TEXHOIOTHS PEKOHCTPYKIINH KOJOTPAMM, COAEPKAIINX KOJAOBEIE 3HaUe-
Hus JIHIT urcen Ha OoCHOBE JCKOMITO3UIIUH CITY)KeOHON M MH()OPMAIIMOHHON YacTeil KOJIOBOU
KOHCTPYKITUH C)KaTOTO TPEJCTABIICHUS TeKyImiero (gparmenra 6azoBoro xaapa. B ormmmume ot
JPYTUX TEXHOJIOTHI MPOBOAMTCS pa3METKa KOJIOBOTO MOTOKa 0a30BOro Kaapa Ha KOZOBBIC
KOHCTPYKITH TPaHC(HOPMAHT € MOCIETYIOMEeH HX pa3METKOHN Ha KOJOBBIE KOHCTPYKITUH OT/IETb-
HBIX JaroHaJed ¢ UCTIONb30BaHHEeM HH(OPMAIMK O 3HAYEHUSIX OCHOBaHUHI U (PMKCHPOBAHHOTO
KOJINYECTBa KOJAOrpaMM. JTO MO3BOJISIET O€3 MoTeph HHPOPMALIMN YCTAHOBUTH KOJIOTPAMMBI TI0
Ha3HAYEHUIO COMIeprKaIeics B HUX HHPOpMaIInH.

2. BriepBbie moctpoeHa 00001IeHHas TEXHOJIOTHS IPSIMOT'0 M 00paTHOTO KOJOBBIX peoOpazo-
BaHWI AuWaroHasei 0e3 ydera alprHOpHON MH(pOpPMAINH O €€ JJIMHE U TOPSAKOBOM HOMEpE B
TpaHcpopMmaHTe. B oTiHune OT CylecTBYIOIUX MOJX0/I0B YUUTHIBAETCS CUMMETPHS CTPYKTYP-
HBIX CBOWCTB TpaHC(HOPMAHTHI OTHOCHUTENEHO HANOOJBINEH AMaroHad, U (POPMUPOBAHUE TSI Hee
JUarOHATbHO-HEPABHOMEPHBIX MMO3UITUOHHBIX YHCEN. DTO TIO3BOJISIET YIIPOCTUTH ATOPUTMHYEC-
KM€ peaTu3aliy MPOLECCOB KOJUPOBAHUS U JEKOIUPOBAHHUS.

Cnucok aurepatypst: 1. Onughep B.I". KomnbrotepHsie ceTd. [IpUHITUITBL, TEXHOIOTHH, TIPOTOKOJBL: Y 4eOHUK
Ui By30B. 3-¢ w31 / B.I'. Omudep, H.A. Omuadep. CII6.: [Turep, 2006. 958 c. 2. Gonzales R.C. Digital image
processing / R.C. Gonzales, R.E. Woods. - Prentice Inc. Upper Saddle River, New Jersey 2002. 779 p. 3. Lee
S.Y. Temporally coherent video matting/S.Y. Lee, J.C. Yoon, L.K. Lee // Graphical Models 72. 2010. P. 25 — 33.
4. Kpacunvruuxos H.H. lludpoast 06paboTka m3o0paxenuii. M.: By3oBckas kaura, 2011. 320 c. 5. bapannux
B.B. KopnpoBanue TpaHC(hOPMHUPOBAHHBIX H300pakeHUH B HHHOKOMMYHHUKAIIMOHHBIX cucTtemax / B.B. ba-
pannuk, B.I1. TTomsikos. X.: XYTIC, 2010. 234 c. 6. Barannik V. Method Of Encoding Transformant Uolsha Is
In Systems Air Monitoring Of Earth / V. Barannik, A. Yakovenko, A. Krasnorutkiy // Lviv-Slavsko, Ukraine,
Lviv Polytechnic National University, International Conference TCSET 2009, Modern problems of radio
engineering, telecommunications and computer science, February 19 —23,2009. P. 381-383.
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YK 57.087.1
H.JI. BOEPOBA

OBOCHOBAHHME HNCHOJB30OBAHUA KOMIIJIEKCA
JUATHOCTHYECKUX METOJIUK IJIdA OHEHKH
INICUXOPU3NOJIOI'NYECKOI'O COCTOAHUSA YEJOBEKA

[IpuBoauTcst MaTeMaTH4IECKOE 000CHOBAaHHE BEIOOPA HECKOIBKUX METOOB VIS TICUXO(H3HU-
OJIOTHYIECKON JUarHOCTHKY OpTaHU3Ma deloBeka. [IpoBoauTes aHamus 1 0TOOp AMarHOCTHIEC-
KHX METO/IUK JUIsl HCCIIEI0BAHMS IICUXO(QHU3HOJIOTMIECKOTO COCTOSTHUS YelloBeka. [laeTcs kpaTkast
XapaKTepHCTHKA BBIOPaHHBIX METOANK U OIIMCHIBAIOTCSI KOJIMUECTBEHHBIE KPUTEPHH, TI03BOJISIO-
IIMe XapaKTepPU30BaTh C PA3JIMYHBIX CTOPOH TeKyllee ()YHKIMOHAIFHOE COCTOSIHIE LIEHTPAIBbHOM
HEPBHOW CHCTEMBI YeJIOBEeKa: (QYHKIIMOHAJIBHBIN YPOBEHb CHCTEMBI, YCTOMYMBOCTD PEAKIHH U
YPOBEHb (PYHKIIMOHAIBHBIX BO3MOKHOCTEH.

1. BBeaenue

[ToBenenue yenoBeka B CIOXKHBIX IKCTPEMAaIbHBIX CUTYaLUSAX ONPENENIIeTCs ero MCUX0I0TH-
YECKUM COCTOSHHEM WM TOTOBHOCTHIO K MPHUHATHIO PEIIEHUS W aJAeKBATHBIM AercTBusM. s
CHIDKEHHS BO3MOXKHOCTH TIPOSIBIICHUS OITHOOYHBIX NEHCTBHI YeToBeKa HEOOX0AMMO OpPTaHu30-
BBIBaTh OOyUY€HHE, TPCHUPOBKH, PA3BHBAIOIIUE OBICTPOTY MBINUICHUS, MOJICKAa3bIBAIOIIUE, KAK
WCTIONB30BaTh MPEKHUH OMBIT IJIS YCIEIIHOTO MPHUHATHS PEIIeHHus, Ul MepeBoa NeHCTBHMA
paboTHHUKA Ha YPOBEHb CTEPEOTHIIOB, a TAKXKE (POPMHUPYIOIINE CIIOCOOHOCTH K TPOTHO3UPOBAHUIO.
Kpowme sToro, Hy>kHO IPOBOIUTE PO ECCHOHATBHEII 0TOOD, a TAKIKE COOTBETCTBUE TICHXO(H3H-
OJIOTHYECKHX BO3MOXXHOCTEH UeoBeKa ycinoBusaM Tpyaa. [IpodeccronanbHbli MCUX0TOTHIeCKUi
0TOOp paboTHUKOB M000W chepbl AATENIFHOCTH CTABUT 3a/ady BBISBUTH JIOJEH, Y KOTOPBIX
mporiecc o0ydeHus JaeT MaKCUMAaIbHBINA 3(()eKT Ipu MUHIMAIIEHOM BpeMeHn oOydenus. I1po-
(eccroHaIbHASI MPUTOTHOCTH OMPENEIIICTCS MOI0KHUTEINbHON MOTHBALIMEH K JaHHOH CIeIHalb-
HOCTH; BRICOKHM TIOPOT'OM OIIYIIEHHUS OTIACHOCTH; OBICTPOTOM peakIny Ha IKCTPEMATbHBIE CUTY-
aluy; XOPOIIUM TIa30MEPOM; YCTOMUYMBOCTBIO, KOHIICHTPALUEeH U pacipeeieHueM BHUMAaHUS,;
HOPMAaJIBHBIM COCTOSTHHUEM JABUTATEIHHOTO aIlliapara; BEICOKOW MPOITYCKHOW CIIOCOOHOCTHIO aHa-
nu3atopos[1].

[TosToMy mporiecchl MpoeCCHOHATBLHOTO CTAHOBIICHUSI U YIIPABJICHUS MPOQECCHOHANBHON
NeSTeNHOCTRI0 TIepCcoHaNa TPeOyIOT CHEeIMaNbHBIX 3HAHUH M YMEHUI B 00JIaCTH BBISBICHHS
NCUXO0(HU3NOTOTHUECKUX MEXaHU3MOB OINTHMAJIBHOTO OOECIIEYECHUS! TPYAOBBIX (QYHKIHUH. DTO
JieTaeT BO3MOYKHBIM CBOEBPEMEHHO OIPEIEUTh CTENEeHb MPodecCHOHAEHOW MPUTOTHOCTH Ye-
JIOBEKa K KOHKPETHOMY BHIy JESTEIbHOCTH MTOCPEICTBOM BCECTOPOHHETO U3YUYECHHUS €Tr0 JTHYHO-
CTH: M3YYCHHS YPOBHS COOTBETCTBUS (PU3MUECKUX KAYE€CTB U ICUXO(PU3NOTIOTHIECKUX 0COOCHHO-
CTe WMHOMBUAA K MpoQecCHOHANBHEIM TpeboBaHUSM. B HacTosImee BpeMs Ui W3YYCHUS U
KOHTPOJIS ICUXO(PHU3NOTOTHUECKIX 0COOEHHOCTEH HHTUBHIA BCE OOJIbIIIE M OOJTBIIIE MPUBICKAIOT
TeXHUYECKHE CpelcTBa, B yacTHocTh OBM. Ho Bce paspaboTaHHBIE TEXHHYECKHE CPEICTBA,
KaK MPaBHJIO, IPEAONAraoT BeIIauy 3aKkio4eHus o ncuxopuznonorudeckoM coctossaun ([1DC)
YeJI0BEKa Ha OCHOBAHUM TECTUPOBAHUS IO OAHOU METOIUKE[2].

L]envio pabOTHI ABISIETCS TEOPETUUECKOE 0OOCHOBAHHUE MPUMEHEHHSI KOMIUIEKCHOH METOAH-
KW TUarHOCTHYECKUX UCCIIE0BAHUN MICUXOPU3NOIOTHIECKAX TTOKa3aTeNIeH, TOBBILIAOIIEH J0C-
TOBEPHOCTH PE3YIBTHPYIOIMINX 3aKIIFOUYEHUI O COCTOSHIH YeTIOBEKa.

2. OGocHOBaHHNE HMCHOJL30BAHUA KOMILIEKCA JHATHOCTHYECKHX METOAMK IJIf
OIlEHKN NCUXO(U3UOJOTHIECKOT0 COCTOSTHUSI 4YeJIOBEeKa

Hanum dpopmanuzanuto noustusa [1OC opranusma yenoseka. PaccMoTpimM pa3nudHble ICUXo-
(PU3NOIOTUYECKUE COCTOSHUS OPTaHM3Ma, KOTOPhIE UMEIOT CBOW HO30JIOTHUECKHIE SJIHUIIBI («00-
pa3bl»). Kaxxnoe u3 coctostHuil MOXKET OBITH OITMCAHO MHOTUMH CIIOCOOaMU, IPUHAIICKALIMMH K
pa3HbIM 00J1aCTSIM YeJIoBeUSCKUX 3HaHuH [3]. KoHeuHOe MHOKECTBO COCTOSIHUI 0003HAYNM A =
{Al, Ay, As,.., Ap )
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[Ipenrmoioskum, 4To IS ONPEACICHUS HEKOTOPOro MCUXO(PU3NOIOTHICCKOT0 COCTOSHUS A;
(i=1,2,3,...,n) ucronk3yroTcss m MeTooB AuarHoctuk. [lycte D = {D,D,,Ds,...,Dy,} - 00beau-
HEHHE STUX METOJIOB B MHOXecTBO. CymecTByeT k AMana3oHOB BEUYMH, UCIIONB3YEMbIX IS
HU3MEPEeHNUN Kaxxoro u3 coctosHus A; (1= 1,2,3,...,n). Bce nmeromuecs nuama3onsl 00beTHHAM B
MHoO)kecTBOo B={B1,B,,B3,...,Bi}.

CrnemoBatenbHO, kaxnoe u3 [IOC opranmsma A; (i = 1,2,3,...,n) MOKHO 0XapaKTepHU30BaTh C
IIOMOILLIO PA3JIMYHBIX METOIO0B AMarHocTuku Dj (j= 1,2,3,...,T), KaX bl U3 KOTOPBIX HCHOIIb3YET
onpezeleHHbIe Tuana3onsl napamerpos B (1= 1,2,3,....k) .

Tak kak MHOXkecTBO MeTon0B auarHocTuku D = {D;,D,,Ds...,.Dm} o0pa3yer MHOXKeCTBO
HECOBMECTHBIX COOBITHI, TO HCXOJl M3 TEOPUU BEPOSATHOCTEU, €r0 MOXHO TPEJCTaBUTH B
CJICTyIOIIEM BHUJIE:

k
Zp(Di):l,Di-Dj =0,1#j;1,j=1,2,3,.m_ (1)
i=1

[Mcuxodusnonoruueckoe COCTOSTHAE Aj, ITOIy4aeMOe C TTIOMOIIBI0 KOHKPETHOTO METO/Ia J1ar-

HOoCTHKH Dj ¢ MCIoNb30BaHKEM ONpPEEIEHHBIX quana3soHos napamerpos By (1= 1,2,3,... k), 060-

3HAYHM:

k
A, =A;-D;-B,+A,;-D;-B,+..+A,;-D;-B, =) A,-D, B, @)

1=1
ITycTh aj— KONUYECTBEHHAs COCTABIAIOIIAs OLIEHKU NCHXO(PHU3UOIOTUYECKOTO COCTOSHHS A
T0JTy4€HHas P AUarHoCTUKe MeTofoM Dj , a d; =1, eciti MCToIb3yeTCs IPH AUarHOCTUKE METO
D; u d; =0, ecnu npyu auarHocTHKe He UCnojb3yercss Meron D;. Toraa ncuxodusnonorudyeckoe
COCTOAHHME a*j, IOIy4aeMoe C IOMOWIBI0 BCEX NMPHUMEHSEMBIX METONOB AMArHOCTUKU D

(5=1,2,3,...,m) ¢ UCIIOJIL30BaHKEM ONpeac/IeHHbIX TapaMeTpoB By (1=1,2,3,... k), 0003HaunM:

m k k
a? =(ZZaidJB1)/ZB1. 3)

=1 1=l
Jlnist onpeIeIeHHOr0 METO/1a IMarHocTHKU Dj MHOXkecTBO mapameTpos By (1= 1,2,3,... k) Taxke
SIBJISICTCS TIOJTHOM CHCTEMOW HECOBMECTUMBIX COOBITHI:

k
Z_llp(Bi):l,Bi ‘B, =0,i#j;i,j=123,.k (4)

OnpenenuM BEpOSATHOCTh JUATHOCTUKH TICUXO(PU3NOIOTUIECKOTO COCTOSHUS A HCXOJS U3
TOT0, 9TO BBEIOOP METOAOB IWArHOCTHKH PAaBHOBEPOSITEH M BHIOOp IMapaMeTpoB MPH KaxIO0M U3
HUX TaKXe paBHOBeposiTeH. [lony4yaeM yCIOBHYIO BEPOSTHOCTb, T.€. BEPOATHOCTh OOHAPYKCHUS
o0pa3a COCTOSTHHSA ITPH KOHKPETHON JUArHOCTHKE, NCTIOJIh3ys PABHOBEPOSITHOCTH BBIOOpA METO/1a
JIMArHOCTUKH, TEOPEMBI CII0KECHHUS U YMHOKEHHSI BEPOSITHOCTEH U (POPMYITy ITOJTHOM BEPOSTHOCTH:

k
P(A;) =p(A; ’Dj’Bl +A, ’Dj’B2+---+Ai 'Dj ‘By) =p(A; ’Dj)‘P(;Bl):

(5)
p(A, ‘D))= P(Dj)'P(Ai/Dj) = p(Ai/Dj)

BeposiTHOCTD THarHOCTUKH MCUXO(U3HOIOTHIECKOTO COCTOSHHS YelIOBeKa C TIOMOIIBIO HC-
MOJIb3YEMBIX METOJIMK M JUAITa30HOB MapaMeTpoB (cpeaHee apu(MeTU4ecKoe YCIOBHBIX BEpO-
STHOCTEH) OynaeT:

p(A)=p(A;-D,-B,+A,;-D,-B,+...+A,;-D,-B, +A,-D,-B, +A,-D,-B, +...+
+A,-D,-B, +...+A,-D_-B,+A,-D_-B,+...+A,-D_-B,)=
=p(A, -D1+Ai-D2+...+Ai-Dm):Zp(Dj)-p(Ai/Dj):p(‘—J)
m

j=1
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Onucanue NCUxo(pU3N0IOTHIECKOr0 COCTOSHHS YeI0BEKa MOXKET HE COBIIAAAaTh C COCTOSHH-
€M, TIOJy4aeMbIM C TOMOIIBI) OJHOTO METOJIa UATHOCTHKH, YTO MPHBOJUT K ONIMOKaM B
JIMATHOCTUKE COCTOSIHUS. VICTOIb3ys HECKOJILKO METOJIOB AMATHOCTUKHU IICUXO0()U3HOIOTTUECKO-
I'0 COCTOSIHUS YeJIOBEKA, MOYKHO M30€3KaTh THX OLINOOK.

[ponecc nmpuHATHS pelieHus (AMArHOCTUKY IICUXO0(QU3HOIOT -
YECKOr0 COCTOSIHMSI 4€JIOBEKAa) MOXKET OBITh IPEJCTABIICH JIOTH-
YECKOM CXeMOH (PUCYHOK), Ha KOTOPOU OMPE/ICIICHO BPEeMsI BBITIO-

HEHHS U3MEPEHUM ¥ COCTOSHHS Y€JIOBEKa.
CneposarenbHo, 11 TouHoi oneHkn I1MC yenoBeka HEOOXO-
JIMMO HMCIOJIB30BaTh HECKOILKO METONOB MHAarHOCTHKU. CoBIaje-
HUE Pe3yJIbTATOB PabOThl HECKOJIBKHX TUATHOCTHUECKUX CPEJICTB,
D J (OYHKIIMOHHPYIOIIUX B OJJHOM IIPOTPaMMHO-aIapaTHOM KOMILICK-
ce, YBEIMYHBACT JIOCTOBEPHOCTh MOJIYYaeMBIX PE3YJIbTATOB IO

OIIEHKE COCTOSTHHS.

T

At w3 3. Boifop MeTOAMK
A\ /B\ A /B'\ Br100p MeTonuk, KOTOphle ObUIN MCIIONIB30BaHbI It 00cIen0-

OO0mas cxema poBeACHUS BaHUs, OOYCIIOBJICH JUArHOCTHYECKUMHU BO3MOXKHOCTSIMH METO-
JUArHOCTHKYU ICHXO(hU3UONOTH- JIOB, UX 0€30MaCHOCTHI0 U KOM(OPTHOCTHIO OMEPATOPOB, a TAKKE
YECKOTr0 COCTOSHUS OpPraHu3Ma MaJlbIM BpEMEHEM, TpeOyeMbIM Ha IpoBeneHHe n3MepeHui. s

CIoBCKa OIIEHKH (PYHKIIMOHAIBHOTO COCTOSTHHSA LIEHTPaTLHON HEPBHOI cHC-
teMmbl (ITHC) Opumn momoOpaHs! cleayIone METOUKH.

Memoouxa “Ilpocmas 3pumenvho-momopuas peaxyus’. TIpoctas 3pUTEIHLHO-MOTOPHAS
peaknus (II3MP) — 310 seMeHTapHBINM BUA TPOU3BOIBHON PEaKINK YeI0BEKa Ha 3PUTEIBHBII
ctuMyi. OHa COCTOMT U3 JABYX IIOCJIEAOBATEIbHBIX KOMIIOHEHTOB: CEHCOPHOTO (JIATEHTHOTO)
nepuoaa U MOTOPHOTO IEpHOa.

IIpocTas 3puTEeTPHO-MOTOPHAS PEAKLIKS JIEKHUT B OCHOBE APYTHX IIeJIEHANPABICHHBIX IPHUCIIO-
COOUTENIbHBIX PEAKIIMI YeIOBEKa, MO3TOMY Ha OCHOBaHMHM MoKasareis ckopoctu [I3MP moxHO
cZIeaTh BBIBOJ O BPEMEHHBIX MapaMeTpax 0ojiee CIO0KHBIX COCTABISIOMINX MTOBEICHHS YeloBe-
ka. Kpome Toro, ckopocTh mpocToil 3pUTeTbHO-MOTOPHOM peaKIMU MO3BOJISET OLEHUTh MHTET-
panbHble xapaktepucTukn [THC uenoBeka, Tak Kak IpU €€ pealn3allid 3a[ciCTBOBaHBI Kak
OCHOBHBIE aHAJIN3ATOPHBIE CUCTEMBI YEIOBEKa (3pUTEIbHAS M KHHECTETHUECKAs), TaK U OIpee-
JIEHHBIE OTIEIBI TOJIOBHOTO MO3Ta M HUCXO/ISIIIAE HEPBHBIE My TH[4].

Onenka pe3ynpTaToB 1o Metoauke “IIpocras 3pUTEIbHO-MOTOpHAS PEAKIMS NPU HATUYUU
HOPMAJIBHOTO pacIipe/ie]IeHns MPOU3BOANTCS HA OCHOBAHUY CPETHETO 3HAUEHUSI BPEMEHHU peak-
MU U CTaHAAPTHOTO OTKJIOHEHHA. CpeqHee 3HaueHHE OTpakaeT CPENHIO cKkopocTh [I3MP,
XapaKTepHYIO ISl JAHHOTO MHAMBHJIA: YeM MEHbIIIE CpeiHee 3HaUYeHHEe BPEMEHU PEeaKIiuy, TeM
BBIIIIE CKOPOCTH pearupoBanus. CTaHJapTHOE OTKIOHEHUE SIBIISIETCS IMOKa3aTelleM CTaOUIbHOC-
TH CEHCOMOTOPHOI'O pEarupoBaHMs: Ye€M MEHbILE CTaHIapTHOE OTKJIOHEHHE, TeM Oosee cra-
OWJIBHOM SBJIIETCSI CKOPOCTH CEHCOMOTOPHOM PEaKIHH.

s momydeHus: HanOoJiee MOMHOM MH(OPMAIMK O CBOMCTBAaX M COCTOSHMM LIEHTPAJIbHON
HEpPBHON CHUCTEMBI Ha OCHOBAaHWHU DPE3YyJIbTATOB IO JAHHOM METOAMKE MOXKHO HCIIONb30BaTh
JONOJTHUTEbHBIE OKa3aTelt, B YacTHOCTH Kputepun T.J1. JlockyToBo# 1 k03¢ GULIMEHT TOYHOC-
TN YHnmmia.

Jlnist monryyeHust Takoi HH(pOpMaIMy MCIONB3YIOTCS TPH KOJTMYECTBEHHBIX KPHTEPUSL, TO3BOJIS-
IOLIME XapaKTePH30BaTh C Pa3IMYHBIX CTOPOH TeKyllee (YHKIHMOHAIBHOE COCTOSHUE LICHTPaJb-
HOUW HEpPBHOM CHCTEMBI: €€ (DYHKIIMOHAILHBIN YPOBEHb, YCTOMYHBOCTh PEAKIINH U YPOBEHb (D YHKIIU-
OHaJIbHBIX BO3MOKHOCTEH[ S].

[epBsiii kpuTepwii — GyHKIIMOHATBHBIH ypoBeHb cucTeMbl (OY C). Ero BennunHa onpenenseT-
csl, TJIABHBIM 00pa3oM, aOCOIOTHBIM 3HAYEHUEM BPEMEHHU PEaKlMi U OTpaXKaeT TeKyliee QyHK-
uuoHansHoe coctosiune LIHC, crenens pa3BUTHA yTOMIICHHS O] BIUSHUEM (PaKTOPOB OKPYKAaro-
el Ccpebl.

Bropotii kputepuii — ycroitunBocTth peakunu (YP). Bennunna 3toro nokasaTens TeM Ooble,
YeM MEHBITIE BapuaOeI,HOCTh 3HAUCHU BPEMEHH ITPOCTOM ABUTATEILHOM peakiuu. [IockoabKy
pa3HooOpasue 3HaueHUI BpeMEHH PeaKiuii SIBISIETCs MPOSBICHUSIMH HENPEPBIBHBIX (DIYKTyaIHi
cocrosaua IITHC, noka3zarens YP paccMmarpuBaeTcs Kak KpUTEpUH YCTOWYMBOCTH COCTOSHUS
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ITHC. CnenmoBarensHO, 4eM BBINIC TTOKazatenb YP, Tem ycroifunmBee, cTaOMIbHEE TEKyIee
¢ynkumonansHoe coctostare LTHC.

Tpetwuii Kputepuii — ypoBeHb QyHKIHOHATIBHBIX Bo3MoxHOcTel (Y DB). On Haubonee moaHo
xapakrepusyeT coctostaue [ITHC u 1mo3BojiseT CyauTh O €€ CrocoOHocTH c(HOpPMHUPOBATH U
JOCTaTOYHO J0JT0 yIEPKUBATh COOTBETCTBYIOIIEE (PYHKIIMOHAIEHOE COCTOSHHE.

Ornenka pyHKITMOHAIHHOTO YPOBHS CUCTEMBI BBITHCIISETCS 10 (popMymam:

OYC =In1/Tygy - AT 5[c]. (7)
Ornenka yCToﬁthocm peakumuu:
YP=InP,, /AT s[c™'] . (8)
OreHKa ypOBHS (PYHKIIMOHAIBHBIX BO3MOYKHOCTEHH:
Y®B =InP, /AT, 5 - Ts[c™], )

rae Tyogq — BpeMs peaklyuM, COOTBETCTBYIOMIEE NMUKY THCTOrpaMMbI(Haubosee BEPOATHOMY
3HAauYeHUI0); PMakc — BEepOSATHOCTH(YACTOTA) MOSBICHUS 3HAYCHUS, PABHOTO MO/Ie(aMILTUTYAa

moasl); AT, . — auanazon Bpemenu peakuuii Ha yposHe 0,5PMaxc .
0,5 p p yp

Ha ocHOBaHMM MMeOIIET0Cs SKCIEPUMEHTAIFHOTO MaTepraa AJs anfapaTHON pealn3aun
METO/1a IIOJTyYeHHI [6] cenyone TpaHnYHbIe 3HaUeHUs KpUTEpHeB (PyHKIMOHATBHOTO COCTOS-
aust [THC mist 310pOBBIX HCTIBITYEMBIX (Ta0IHIa):

(yHKUMOHATTBHBIN YpOBEHB CUCTEMBI = 4,2-5,5;

YCTOWYUBOCTH peakiuit = 1,0-2,8;

ypOBeHb PYHKIIMOHAIBHBIX BO3MOXKHOCTEH = 2,7-4,8.

CoCTOsIHHE CUCTEMBI oVC VP YOB

Bricokuii ypoBeHb 4.9-5,5 2,1-2,8 3,9-4,8
Cpennuii ypoBeHb 4,5-4,8 1,5-2,0 3,1-3,8
Huskuit ypoBeHb 42-4.4 1,0-1,4 2,7-3,0

DTO0 UCCIIEIOBAaHNE OYCHb BaXKHO JIJISI HHTETPAILHOM OLIEHKHU 3/I0POBbS YEIOBEKa, OCOOCHHO
CIIOPTCMEHOB U JIUI KCTPEMAIbHBIX BHJIOB JICSATEIBHOCTH, TOABEPTAIONIMXCS BO3JICHCTBUIO
Ype3MEepHBIX U (PU3MUYECKUX, H TICHXO0IMOIIMOHAIIEHBIX HArpy30K. J[Jis BKIIFOUEHUS Pe3yIbTaToB
TECTa 3pUTEITHLHO-MOTOPHON PEaKIMH B UTOTOBBIH MPOTOKOJ KOMILIEKCHOTO 00CIIeIOBAHHS BbI-
YHCIICHHBIC 3HAYCHUSI KPUTEPUCB IIEPECUNUTHIBAIOTCS B MIPOICHTAX.

Koaddunment TouHOCTH YHIIILIA BBISIBIISIET COOTHOIICHUE OMIMOOK U MPABUIIBHBIX PEAKIUHA 1
BBIYHCIIsIETCS 110 hopmyte:

N+P
rae N — uuciio usmepeHuii (MpeIbsIBICHHBIX CHTHANORB); R — KOJTMYECTBO MPABUIIBHBIX HAKATHIA;
P — xonmmuecTBO OIMOOK.

UeMm MeEHbINE JaHHBIM TOKa3aTellb, TEM BHINIEC CTENICHh TOYHOCTH BBIMOJIHCHUS 3aJ[aHUM.
[Moka3zarenab TOYHOCTH CBUJICTEILCTBYET O CTEIIEHU CBOICTBA YCTOHYMBOCTU BHUMAaHHs, 00YyC-
JIOBJICHHOT'O B CBOIO OUEPE]lb CHJIOW M YPABHOBEIIICHHOCTHEO HEPBHBIX IPOIIECCOB.

Memoouxa “Peaxyusi na osudicywyuticsi 0ovexm”. Peakius Ha IBKYIIANRCS 0OBEKT IMpe-
CTaBJISIET COOOM pa3HOBHIHOCTH CIIOKHOW CEHCOMOTOPHOM PEAKITHH, T.€. TAKOW PEaKIi, KoTopas
MMOMHMO CEHCOPHOTO U MOTOPHOTO TIEPUOJIOB BKITIOYACT IMEPHO]] OTHOCHTEIBHO CIOXKHON 00pa-
OOTKM CEHCOPHOTO CUTHAJIA IICHTPATHLHOW HEPBHOM CUCTEMOM.

Memoouxa “Peaxyus pasnuuenus”. Peakuus pa3nudeHus SBISETCS PA3HOBUIHOCTBIO CIIOXK-
HOI CEHCOMOTOPHOM peakuy. B oTinuune oT npocToil peakuuu, peakuys pa3inieHUs OCyIIeCTB-
JISICTCSI Ha OJMH OIPENEICHHBIN CTUMYI U3 HECKOJIBKUX Pa3HOOOPa3HBIX CTHMYJIOB. IloaToMy
poIecc 00pabOTKU CEHCOPHOH MH(OPMAIIMK IIEHTPAIBHON HEPBHOWM CUCTEMON MPOUCXOTUT HE
TOJIBKO 110 PUHIIAITY HATWYHS THO0 OTCYTCTBUS CUTHAIA, HO U TI0 IPUHIIUITY pa3IMICHUS CUTHA-
JIOB, 0TOOpA CUTHAJIOB OIIPEICICHHOTO [IBETa M3 O0IIETO UX YKCIia U (POPMHUPOBAHUS PEAKIIMH Ha
3alaHHBINA BUJ] CUTHAJA. B cBs31 ¢ OoItee CII0KHBIM IporieccoM 06paboTKi ceHCOopHOU nH(popMa-
IIUU [ICHTPAJILHOW HEPBHOM CHCTEMOW CKOPOCTh PEaKIUU Pa3IUUCHUS MCHBIIE, YEM CKOPOCTh
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MIPOCTON PEaKIny, T.e. BpeMs, 3aTpadyeHHOE Ha OCYIIECTBICHHE PEaKlUH pa3nuydeHws, OOIbIIe,
YeM Ha OCYIIECTBICHUE MPOCTON peakuuu [6].

4. 3akiaouyeHnune

O06ocHOBaH (opMaTU30BAHHEIHN MTOXO0.T K OTICHKE IICHXO(MHU3HOIOTHISCKOTO COCTOSTHHS IEII0-
BEKa C HCIIOJIb30BAaHHEM BEPOSITHOCTHBIX METOJOB, B YaCTHOCTH BEKTOPHOTO aHAlU3a, YTO
MO3BOJISIET CHU3UTH YPOBEHb OLIMOOK pa3padaThiBaeMOil CUCTEMBI TUATHOCTUKH 32 CYET YBEIH-
YEeHUs] KOJIMYECTBA METO/OB JMATHOCTHKHA. B KauecTBe OCHOBHBIX KPHUTEPHEB, BIHSIONUX Ha
BBIOOP METOAMKHU TECTUPOBAHHMS, PEITI0KEHBI CIICAYIONINE: HEMHBa3UBHOCTh, IOPTATUBHOCTD U
BO3MOXXHOCTh aBTOHOMHO# pabOThI, BpeMs 1 MECTO 00CIIe/IOBaHUs, BO3ZMOXHOCTb TIPOBEJICHUS
o0ce10BaHMsl TPEHEPOM, HHCTPYKTOPOM HJIM BPauoM, a TaKKe MpPEICTABICHUE Pe3yJIbTaToOB B
JOCTYITHOM BHJIE JIJISI CTICIIUATIICTA PA3THYHON KBATA(DUKAIHH.

Hcnonb3yst KOMIUTEKC METOJIUK, MOYKHO PelaTh IMUPOKUI CIIEKTP HAYYHBIX U MPAKTHUECKUX
3aJa4 B 00J1aCTH 00ILEro U MPpo¢ecCHOHAEHOTO 00pa30BaHusl, BOCHHOH CIYXKObI, (PU3KYIBTYpHI U
CIIOpTA, COITUATTLHOTO 00CITY)KUBAHUSL.

Cnucok aurepatypsl: 1. Konanes B./. Koppekiys GpyHKIIMOHAIEHOTO COCTOSHHS OPraHU3Ma JIETYHKOB-
MHCTPYKTOPOB aBUAIIMOHHBIX YUWIJIHI B IMIEPHOJT HHTEHCUBHBIX moneToB / B.M. Komanes, B.A. Eropos //
Boenno-menumuackmii xypHait. 1988. Ne 10. C. 54-56. 2. Hopoanckas @.A. MOHUTOPUHT 3T0POBBS U
(yHKIMOHAbHAS HOATOTOBIEHHOCTh BHICOKOKBATH()UIMPOBAHHBIX CIIOPTCMEHOB B IIpoLiecce yIeOHO-Tpe-
HHPOBOYHOH pabOTHI M cCOpeBHOBaTENbHOM nestensHocTH / @.A. Mopaanckas, M.C. FOxunnesa. M.: Cosertc-
kuii cnopt, 2006. 184 c. 3. lwenuunovui b.H., [Janunun FO.M. YncneHHbIe METOBI B 9KCTPEMAaJIbHBIX 3aa4ax.
M.: Hayxka, 1975. 319 c. 4. Kopoaenxo L].I1. Ilcuxopu3nonorus 4eaoBeKa B IKCTPEMAIBHBIX YCIOBHSX /
I[.IT. Koponenko. JI.: Menuiuna, 1978. 272 c. 5. Odepsiues b.C. MeTomukn n3MepeHus GyHKIIMOHATHHOTO
cocrostaust yenoseka / b.C. Onmepsiines // DkcriepuMeHTaIbHAS U IPUKIAIHAS ICHX0J0THs. [IcHxmnueckue
cocrosiams / [Tox pea. A.A.Kpsuiora. JI., 1981. C. 30-38. 6. Tuckow A.P. Nocturnal growth hormone secretory
dynamics are altered after resistance exercise: deconvolution analysis of 12-hour immunofunctional and
immunoreactive isoforms / A.P. Tuckow // American Journal of Physiology. Regulatory, Integrative and
Comparative Physiology. 2006. Vol. 291, N 6. P. 1749-1755.
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YK 378.147
HA. BOHJAPEHKO

HOJACUCTEMA KOHTPOJISI 3HAHUM 110 TEME
«[IPOTPAMMUPOBAHUE HA SA3BIKE DELPHI. PABOTA
C 3AIIUCAMMN»

OnUCHIBAIOTCS Pe3yIbTAThl pa3pabOTKH MPOTPAMMHOTO M MHPOPMAITMOHHOTO obecrede-
HUS TIOJICUCTEMBI KOHTPOJIS 3HaHUH 110 TeMe «[IporpammupoBanue Ha si3bike Delphi. PaboTa ¢
3anucsaMuy». [IpuBoasSTCS pe3ysbTaThl TECTUPOBAHMUS [TOJICHCTEMBI KOHTPOJIS 3HAHUH, KOTOPHIE
MIOKa3bIBAIOT, YTO pa3pabdOTaHHbIH POrpaMMHBIM IPOIYKT pab0oTaeT B COOTBETCTBUH C TEXHHU-
YeCcKUM 3aJaHueM. [loka3bIBaroTCsl MpuMepsl pabOThl MPOTrPaMMBbl, JEMOHCTPHPYIOIIUE KOp-
PEKTHOCTH ee (YHKIIMOHMPOBAaHUs. JTa IOACHUCTEMAa MOXET OBITh MCIOJIb30BaHa B yueOHOM
HpoLecce sl OlIePaTHBHOTO KOHTPOJIsS 3HAHHUH CTY/ICHTOB Kak aBTOHOMHO, TaK U B COCTaBe Oosiee
TOTTHOM crucTeMBl. [IpoBoauTCS 3KCIIEpUMEHTANTBHAS ITPOBEpKa 3PP EKTUBHOCTH HCTIOIB30BAHNUS
9TOM paszpabotku. [IpoBepka moaTBepANIIa IPABUIBHOCTD THITOTE3bI HCCIICAOBAHUS.

1. BBenenue. B nocneaame roasl METOABI aBTOMATU3MPOBAHHOTO KOHTPOJIS 3HAHUHA CTYICH-
TOB TIOJIy4aloT Bce Oouiblliee pacrnpocTpaHeHue. Takoil MeTon KOHTPOJs 3HAaHWKH HE MOXKET
NPETeHJ0BaTh HA OOBEKTUBHYIO U BCEOOBEMITIONIYIO OLIEHKY 3HaHUH cTyaeHToB. OH HUKOTa HE
3aMEHHUT Takue (POpPMbI KOHTPOJISL, IPU KOTOPHIX BBISABIIETCA TBOPUYECKOE BOCIPHUITUE 3HAHUM,
CIOCOOHOCTH CTYJCHTOB CaMOCTOSITENIEHO MBICIUTh U (DOPMYJIMPOBATH OTBETHI HA MOCTABIICH-
HbI€ BOIIPOCHI, YMEHUE IPUMEHATH [10JIyYeHHbIE 3HAaHNUS Ha NIPAKTHKE (CEMUHApBbI, 00CYKICHHUS,
NPaKTUUECKUE 3aHATHSA, J1a0opaTopHble PabOThI, 3a4eThl, IK3aMEHBI).

TecTupoBaHHe MOXKET NPUMEHSTHCA B y4eOHOM IpoLecCe AJIS OINEPaTUBHOIO KOHTPOJIS
CTYZAEHTOB, «Tpy00il» OLIEHKH YCBOCHUS IOJIyYCHHBIX 3HAHUHI U Ja)ke KaK KOCBEHHBIM CIIOCO0
3aKperieHs MPOHAeHHOro MaTepuana. TakuM oOpa3om, METOI KOHTPOJIS 3HAHUN € MOMOIIBIO
TECTHPOBAHMS SIBIISIETCS BECbMa aKTyaJabHbIM. HeT cOMHeHuH, 4YTo U B HanbHeHIeM oH Oyaer
MOJy4aTh Bce OOJIbIEe pacpocTpaHeHHE (COBMECTHO C IPYTUMH popMaMu KOHTPOJIS).

Co3maHue cucTeM TECTUPOBAHUS €CTECTBEHHBIM O0Opa3oM paclafaeTcsl Ha JIBE OCHOBHBIE
3agaun: 1) pa3paboTKa COOTBETCTBYIOUIETO MPOrPaMMHOTO o0ecrieueHus; 2) pazpadoTka Habo-
pa BOIIPOCOB 1 BAPHAHTOB OTBETOB K HUM (MH(POpPMAIIOHHOTO obecniederns). OT mpero1aBaTes
3aBUCHUT, OyIIET JIM TECT COAEPKATh JOCTATOYHOE KOJIMUECTBO BOIIPOCOB, HACKOJIBKO «IIPaBIOIIO-
JI00HOY» c(hOpMyYITMPOBAaHEI BAPUAHTHI OTBETOB.

Pabora mocBsiena pemennto AByX 3a7a4 — pa3paboTKe MporpaMMHOTO M HHPOPMAITIOHHOTO
o0ecrieyeHus MOJICUCTEMBI KOHTpOJIsl 3HaHui 1o teme «[IporpamMmmupoBanue Ha si3pike Delphi.
Pabora ¢ 3anucsammn».

2. OcHoBHoOe coep:kanue. Kak yxxe 0TMeuanoch, MOJCUCTEMA KOHTPOJIS 3HAHUM COCTOUT
U3 JIBYX COCTABJISIONIUX — MPOrPaMMHOT0 1 HH(pOpMaIMOHHOTO obecriedeHus. K kaxmoit u3 aTux
COCTaBIISIIOIINX MOTYT OBITH TPEIbSBICHBI omnpeaeneHHble TpeboBanus [1]. Ilpexxme Bcero,
NpOrpaMMHOE 00ECTIEYCHUE TOICUCTEMBI KOHTPOJIS 3HAHUH JJOJKHO UCKITFOUUTH BO3MOXHOCTb,
KOTJa CTYACHT MOXXET MPOCTO «MEXaHUYECKH» 3alIOMHUTH, KAKUE HOMEpa BapUAHTOB OTBETOB
SABJIAIOTCSA MPAaBUJIbHBIMU. qTO6I)I HUCKIIIOYUTH TAKYI0 BO3MOXKHOCTbH, IOJCHCTEMa KOHTPOJIA
3HAHUM P KXKIOM HOBOM 3aITyCKE TE€CTa JI0JKHA MIPeiaraTh BAPHAHTHI OTBETOB K BOIPOCAM B
ciydaitHoMm nopsake. Eme mydmne Oyner, ecnd ¥ BOOpochl OyAyT KasKAblil pa3 MOSBISATHCS B
cIydaiiHOM mopsake. B aTom ciryuae ydamiemycs MpHIeTCs 3alIOMUHATD B COJICP>KaHUE BOIPO-
ca, U cofiep KaHue MPaBUIBHOIO OTBETA K HEMY, UTO YK€ CaMo I0 cebe CIIoCOOCTBYET coaepKa-
TEJILHOMY YCBOCHHUIO MaTepHaa.

IIporpamMMHOe oOecriedeHne NOJHKHO aBaTh CTYAEHTY BO3MOXKHOCTH BO3BPAILATHCS K YK€
IIPOMEHHBIM BOIIPOCAM.

Craenyromum TpeOOBaHHEM K IPOTPAMMHOMY 00€CIIEUEHHIO TTOICUCTEMbI KOHTPOJISI 3HAHHUN
ABJSIETCS POBEPKA TOTO, YTO CTYACHT MOJHOCTBIO OTBETWJI HA BCE BOINPOCH TecTa. MHaue
BO3MOKHO INOJIYUCHHE MOJI0KUTEITBHOMN OIICHKH, B TO BPEM KaK OTCYTCTBHUC OTBCTOB Ha KaKHC-
100 BOIPOCHI CBHIACTEILCTBYET O HAJIMYMM y YYallerocs npoOenoB B 3HAHHMAX IO 3aJaHHON
TeMme.
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Becpbma BakHBIM TpeOOBaHHEM K MPOrPAMMHOMY OOECTICUCHHIO SIBJISETCS BO3MOXKHOCTB
MPETOAaBaTeNIO 0 OKOHYAHUU TECTUPOBAHUS MTPOCMOTPETh, KAKUE UMCHHO BapPHAHTHI OTBETOB
BBIOMpAJT CTyICHT. BO-TIepPBBIX, 3TO MO3BOJISAET BHISIBUTh THIIMYHBIC OIIUOKU, KOTOPBIC CBSI3aHbBI
CO CJIOXHOCTBIO MaTephalia WM C HEJOCTaTKaMH B INpeTnofaBaHWH. BO-BTOPHIX, pe3ysIbTaThl
TECTUPOBAHUS TMOJIE3HO OOCYAUTH CO CTYJICHTaMH, YTOOBI MMOMOYb MM Pa3o0paThCsi B CBOUX
OoImMOKax | JydIlle yCBOUTh MaTepHall.

OCHOBHBIM TpeOOBaHUEM K HHPOPMAITMOHHOMY OOSCIICUCHUIO SBISCTCS HAJTUUUE JOCTATOY-
HOTO KOJHMYECTBA BOIPOCOB IO 3aJaHHON TeMe. DTO He0OXOMUMO HJsl TOTO, YTOOBI CHHU3HTH
BEPOATHOCTH CITyYaifHOTO MOJTyYEHUS MOJIOKUTENBHOM OIIEHKN U MOBBICUTH TOYHOCTD M OOBEK-
TUBHOCTh DPE3YyJIbTaTOB TECTHPOBAHHSA. MOXHO YTBEPXkIaTh, YTO MHHUMAJIbHOE KOJHUYECTBO
BOIIPOCOB B TeCTe JOJDKHO OBITH B JIBa pa3a Ooublie, 4eM MaKCHMaJbHBIH 0ajul, TT0 KOTOpOMY
OIICHUBAIOTCS 3HAHUS (HANpUMEpP, NPU MATHOAUTLHOW CHUCTEME B TECTE JOJKHO OBITh Kak
MHUHUMYM JIECATh BOIPOCOB, Tipu 12-0anmnpHOl cucteme — 24 Bompoca).

[To 3TOM ke MpUYKMHE MOKET OBITh BHIJIBUHYTO TPeOOBAaHUE K KOJMYCCTBY BAPHAHTOB OTBE-
TOB. ONTUMAJILHOE KOJIMYSCTBO BAPUAHTOB OTBETOB Ha KaXKIBIH BOIIPOC COCTABISET OT 4 10 6.
MeHbIree KOJIMYECTBO BAPUAHTOB ITOBBIMIAET BEPOSTHOCTH CITyIaifHOTO YTaIbIBAHHS PABUIIBHO-
ro OTBeTa, OOJIbIIee — 3aTPYIHACT CTYACHTY PAaBUILHOE OCMBICICHHUE COJICPKAHUS BApUAHTOB
otBeToB. O0s3aTeNbHBIM TPEOOBAaHNEM K OIHOOYHBIM BapHaHTaM OTBETOB SIBISIETCA MX «IIPaB-
J01oJ00HOCTE». OTBETHI AOMKHBI OBITH CHOPMYIUPOBAHBI TAKMM 00pa3oM, YTOOBI CTYIEHT HE
MOT YHCTO JIOTHYECKAMH YMO3AKIIOYEHUSIMHA OTOPOCHUTH SIBHO HEMOJXOSIINE BapuaHThl. OHH
JOTDKHBI OBITH «TIOXO0XUMID) Ha MTPABUIBHBIN OTBET.

BrionHe MOHSTHBIM TPeOOBAaHUEM SIBJISICTCS IOJIHOTA TECTA, T.€. BOMPOCHI JIOJDKHBI 10 BO3-
MOKHOCTH OXBaThIBaTh BECh MaTepHal MO 3aJaHHOUN TeMe.

Takum 00pa3oM, B pe3ysIbTaTe MPOBEICHHOI0 aHAJIN3a MOYKHO C(HOPMYJTUPOBATH CIICIYIOIINC
obmre TpeOoBaHUs K MOACHCTEME KOHTPOIIS 3HAHUH, KOTOPhIE HEOOXOANMO YIUTHIBATE TIPH €€
paspabotke [2] :

— TpeOOBaHUs K IPOrPaMMHOMY 00ECIICUCHHUIO:

1) mporpamMmMa nomkHa 0OecTIeYNBATh MOSBICHUE BAPHAHTOB OTBETA HA KAXKIBIA BOMPOC B
CIIy4aiiHOM TIOpsiike. BOPOCH U BapUAHTHI OTBETOB K HUM JIOJDKHBI TIOSIBIIATHCS B CITy4aiHOM
MOPSITIKE;

2) naBaTh BO3MOYKHOCTh CTYJIEHTY BO3BpAaIIaThCs K YK€ NPOHICHHBIM BOMPOCAM W IPU
HEO0OXOIMMOCTH U3MEHATH BRIOOP BapHaHTa OTBETA;

3) obecneunBaTh TpeOOBaHKWE OTBETA HA BCE BOMIPOCHI TECTA;

4) mporpamMma JI0JDKHA JJaBaTh BO3MOXKHOCTh MPEMOIaBaTel0 MOCIe OKOHYAHUS TECTUPOBA-
HUS IPOCMOTPETh, KaKHe BapUAHTHl OTBETOB BEIOMpPAII CTY/ICHT;

—TpeboBaHus K MH(POPMAIIMOHHOMY 00€CIICUCHUIO:

1) Tect AOKEH coAepKaTh OCTATOYHOE KOJIMYECTBO BOMPOCOB (KaK MHHHMYM B JBa pa3a
0oJibllle, YeM MaKCUMAaJIbHBIN 0alli);

2) BOIIPOCHI TE€CTA JAOJDKHBI HAN0OJIEe TIOJTHO OXBATHIBATh BCIO TEMY;

3) TSt KaXI0TO BOTIPOCaA JIOJDKHO OBITh HE MEHEE YEThHIPEX BAPUAHTOB OTBETA;

4) BapuaHTHI OTBETOB JIOJKHBI BBITIISAECTD «IIPaBAONOIO0HBIMID.

[IpoBeneHHBIN aHATN3 TIOKA3aJI, 9YTO BOBMOYKHBI, KAK MUHHMYM, JIBa TIOJX0/1a K OpraHu3aIiH
naHHBIX. [Ipy mepBOM MOAXOJE AaHHBIC TecTa (BOIPOCHI, BAPHAHTHI OTBETOB, HH(OPMAIIHS O
MPaBUILHBIX OTBETaX) XPAaHATCA B HMCXOTHOM Kojae mporpammbl. OCHOBHOE MPEUMYIIECTBO
3/1€Ch COCTOUT B TOM, YTO 3TH JIaHHBIC IMOJHOCTBHIO 3alIMIIEHBI OT BHEIIHEIO «U3YUYCHHS», B
pe3yJbpTaTte KOTOPOTO MOKHO OBLIO OBl MONyYUTh UH(DOPMAIMIO O MpaBWIBHBIX oTBeTaX. CTy-
JICHT pabOTaeT TOIBKO C OJHUM HCIIOHAEMBIM (aitioM (.exe) 6e3 KaKuX-JIM00 JTOTIOTHUTEIBHBIX
naHHBIX. ['JIaBHBIM HEAOCTATOK TAKOro IMOJAXO0Ja 3aKJII0YaeTCsl B TOM, YTO ISl M3MECHCHHS
MMEIONIETOCS TECTa WIX pa3paboTKH HOBOTO HEOOXOAMMO HMETh HCXOIHBIA TEKCT POTPaMMBI H
YMETh BHOCUTh B HETO HEOOXOIMMbIC H3MEHEHHUSI.

Bropoii moaxon npemycMaTpuBaeT XpaHeHHE JaHHBIX TECTAa BO BHEMIHUX (haiinax. OCHOBHOE
MPEUMYIIECTBO TaKOTO TOJX0Aa COCTOUT B YHUBEPCAIHLHOCTU MPOTPAMMHOTO OOECIeUeHUS.
OnuH pa3 OTKOMITWIIMPOBAHHASI [TPOTpaMMa MOXKET UCIIONB30BAThCS KaK OCHOBA JUIS JIIOOOTO
Tecta. Pa3zpabaThiBaeTcss U M3MEHSETCS TOJIHKO MH(POPMAIIMOHHOE OOECIeueHNe, KOTOPOE MO-
KET TOTOBUTHCS C TIOMOIIBIO0 OOBIYHBIX TEKCTOBBIX peAakTOpoB. OAHAKO B 3TOW YHHBEPCAIBHO-
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CTH 3aKJTIOYAETCsI U OCHOBHOW HeJlocTaToK. Eciy BHelHNE JaHHBIE OCTABUThL B HCXOJHOM BUJIE,
TO OHH MOT'YT OBITB JIETKO IIPOYUTAHBI U JIETKO MOXKET OBITh MOJy4eHa HH(OpMALUs O MPaBHIIb-
HBIX O0TBeTax. UTOOBI 3TOro n30exarth, JaHHbIE HEOOXOAUMO «IIU(PPOBATHY (KOAUPOBATH), @ ITO
BBI3BIBAET HEOOXOIMMOCTD JIOTIOJIHUTEIHHOTO IPOrPAMMHOTO 00eCTICUEHHS.

B nanHoit pabote BbIOpaHbI CIIEAYIOIIUE MapaMeTpbl NPOrPaMMHOTO M WH(OPMALMOHHOTO
obecrieueHus:

— JIaHHBIEC TECTa XPAHATCS B UCXOJHOM KOJI€ MPOTPaMMBI;

— Tect paccunrtad Ha 10 BOmpocos;

— K K&XJI0MY BOIPOCY Tpeajiaraercs 4 BapuaHTa OTBETA, TOJILKO OJIMH M3 KOTOPHIX SBJISICT-
Csl TIPaBUJIBHBIM;

— TporpaMma paccurTaHa Ha OIEHKY MO 5-0aJUThHOHN CHCTEeME;

— TporpamMmMa Bcerja NpeabsBISCT BapHAHTHI OTBETOB B CIIy4ailHOM MOpPSAKE (BOMPOCHI
CJICZIYIOT B OJTHOM M TOM K€ MOPSIJIKE);

— TporpamMmMa NpeaycMaTpUBaeT MEePEeXOAbl OT OJHOIO K BOMPOCa K JIPYroMy B JIFOOOM
HaIpaBJIeHH! (OT MEPBOTO K MOCICTHEMY MM HA000POT) C BO3MOXKHOCTBIO H3MEHEHHIA BBIOOpa
BapuaHTa OTBETA.

Pa3paboTtka nmporpaMmmMHOTro odecriedeHust ocyuiecTsieHa B cpeae Delphi.

B kadecTBe qManoroBOro OKHa MOJCUCTEMbI KOHTPOJIS 3HAHWI ObLIa pa3paboTaHa Clieayro-
miast popma (puc. 1).

abioTa c 3anMCAMM

f" . Label2
(" Label3
('“ Labeld
(" Label5

- Label3

Mpege g sonpoc | - Cneaytowmil sonpoc o B awa oueHka

Puc. 1. JluanoroBoe 0KHO MOACUCTEMBI KOHTPOJIS 3HAHUHA

Haznauenue snemeHnToB ynpasieHus cienytoniee. Metka Labell ucnonssyercs amst otoopa-
KeHHs1 Tekymiero Bormpoca. Metku Label2 — Label5 conmepxart 4ersipe BapuaHTa OTBETa Ha
Tekymui Borpoc. MeTku Label6 — Label8 ciyxat mist oToOpaskeHHs 3ar0JIOBKOB YacTeil OKHA
(magnucu «Bompocy, «BapuanTsl oTBeTOB» 1 Bam otBet»). B meTke Label9 Oynet oroOpaxaTsb-
Cs1 BRIOpaHHBIA yJaITuMCs BAPHAHT OTBETA. DJIeMeHTHI yripaBieHus RadioButton1 — RadioButton4
MO3BOJIAIOT CTYACHTY YKa3aTh BHIOpaHHBIM BapuaHT oTBeTa. [Ipu pa3zpaboTke nporpaMmmbl ObUTH
BbIOpaHa cleaymlomas CTPYKTypa NaHHbIX. [Ipexxne Bcero, ObUIM ONpEeAENeHbI CIENyHOIUE
ro0anbpHBIC IEpEMEHHBIC:

1) cTpoxoBbIii MaccuB Vopros, coiepsKaluii BOIIPOCH TECTa M BAPUAHTHI OTBETOB Ha KA IbIH
BOIIPOC (HIKE TPUBEICH (DparMeHT OIMCAHMISI MacCHBa):

var

Vopros:array[1..50] of string=
(‘ Yro Takoe «3amuck» B s3pike Delphi? ©,
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‘OTO CcTpyKTypa HaHHBIX, KOTOpass COCTOMT M3 OTIEJIbHbIX MMEHOBaHHBIX +
> KOMIIOHEHT Pa3INYHOro TUMa’,

‘9T0 CHHOHUM THIIA CAMBOJILHON CTPOKH,

‘DT0 CTPYKTypa JaHHBIX, Comepxarias Habop (MacCHUB) CHUMBOJIBHBIX CTPOK’,

‘OTo cmeunwanbHas CTPYKTypa, B KOTOPYIO HEOOXOAMMO MOMEIAaTh AaHHbIE +

‘ Iepen uX 3amuchio B haiin’,

‘Uro Takoe mosst 3anucu?

‘OT0 MIMEHOBaHHbBIE KOMIIOHEHTHI Pa3JINYHOr0 THIIA, U3 KOTOPBIX COCTOUT 3aIlUCh’,

‘910 0COOBIE JOTIOTHUTENHHBIC TaHHBIE, KOTOPbIE OMHICHIBAIOT CTPYKTYPY 3aIHCH

OTOT MacCHB MOCTPOEH CIEAYIOMNM 00pa3oM. [1epBblil aieMeHT MaccuBa CONEPKHUT EPBBIN
Bompoc. B cienyrommx 4eTbipex aneMeHTax (co 2-To 1o 5-i) copepikarcs BapuaHTHl OTBETa Ha
3TOT Bompoc. Jlanee uaeT BTOpOH BOIPOC, a B YETHIPEX CIEIYIOMIMX 32 HUM 3JIEMEHTaxX COAep-
KaTCsl BapUAHThI OTBETAa K HEMY M. T. A. Takum o0pa3oM, BeCbh MacCcuB pa30UBaeTCs Ha IPYIIIBI
O TSITh AJIEMEHTOB, B TIEPBOM U3 KOTOPBIX COJIEPKHUTCS BOIIPOC, B UETHIPEX CIECIYIONINX 32 HUM
SIIEMEHTaX —BapHaHTHl OTBETA K HEMY;

2) CTPOKOBBII MaccuB Prav, comepskamiuii mpaBriIbHBIE OTBETHI:

Prav: array [1..10] of string =

(‘OT0 CcTpyKTypa AAHHBIX, KOTOpasi COCTOMT M3 OTIAEIbHBIX MMEHOBAaHHBIX +
> KOMIIOHEHT Pa3JIM4yHOro THUma’,

‘OT0 MIMEHOBaHHbBIE KOMIIOHEHTHI Pa3JINYHOr0 THIIA, U3 KOTOPBIX COCTOUT 3aIUCh’,

‘B paznene type’,

‘record, end’,

3) crpokoBsIil MaccuB Otvet, B KOTOPBIN B Ipoliecce padoThl OYAyT 3aHOCHTHCS BEIOpaHHBIE
y4aluMcsi BApHAHTBI OTBETOB!

Otvet: array[1..10] of string=(*",”",”’,”’,””,””,””,””,””,”);

4) nenouncieHHas nepemerHas NV, KoTopas B mporecce paboTsl OyAeT coaep:kaTb HOMED
TEKyIIEero Bompoca:

NV:integer;

5) Taxke ObUT OOBSIBIICH HOBBIM THII, ONMUCHIBAIOIININ IEIOUUCICHHBI MacCHB U3 YETHIPEX
qHCel:

type

AR4 = array [1..4] of integer;

Hcxons n3 ocHOBHBIX TpeOOBaHWI K MPOrpaMMHOMY OOECTeYeHHUI0, ObUTH pa3paboTaHbI
mpoueaypsl: Rand4 (var RA:AR4), ShowVopros.

B paGore BrinonHeHo nporpammupoBanue coostiii FormCreate, Button1Click, Button2Click,
Button3Click.

Brimonnena taxoke pa3padoTka nHGOpMaMOHHOTO obecneueHus. [ IpuBeieH moaHbIi CIucok
BOIIPOCOB TECTa W BapHaHThl OTBETOB K HHMM. B pe3ynbTrare MpOBEICHHOTO HCCIEAOBAHUS
pa3paboTaHo MporpaMMHOE U HH(POPMALMOHHOE 00eCTIeYeHUE B COOTBETCTBUH C BBIABUHYTHIMU
paHee TpeOOBaHHUSIMU.

Pazpaborannas Delphi-nporpamma riMeeT npocToil 1 OHATHBINH HHTEpdeiic. Bes pabora ¢
MPOTrPaMMOi OCYLIECTBIISIETCS TOIBKO P MOMOILM MBIIIH.

[Tocne 3armycka mporpamMMbl Ha 3KpaHe MOSBIISETCS AUAJIOr0BOE OKHO MPOTPAMMBI C IEPBBIM
BONPOCOM TecTa. BapuaHTBl OTBETOB MPUBEICHBI B CIy4allHOM MOpsAAkKe (T.e. MPH APYTHX
3aImycKax MporpaMMbl IOPSAOK OTBETOB OyneT Apyrum ) (puc.2).

B 3aronoBke okHa oToOpakaeTcsi HazBaHWe TecTa. Huke — HOMep TEKyIEero BONpoOca.
[IpaBunbHBINA (110 MHEHHUIO Y4Yallerocs) BapHaHT OTBETAa yKa3bIBACTCS IyTEM Ha)KaTus JIEBOH
KJIABHIIEH MBINIH B OEJIOM KPYKOUKE, PACIIOIOKEHHOM BO3JIe BEIOPaHHOTO OTBeTa. BEIOpaHHBIN
BapHaHT O0TOOpaXkaeTcs B HIDKHEH JyacTH okHa (moiie «Bam otBet») (puc. 3).

B HWHell yacTW OKHa HaxoAATCA JBE KHONKM ¢ HaanucsaiMu «llpeapiaymuid Bompoc» u
«Crnenyroummii Bompoc». C MOMOIIBIO 3TUX KHOMOK CTYIEHT MOXKET MEPEeHTH K CIeIyloleMy
BONPOCY MU BEPHYTHCS K MPEABITYLIINM (HAIpUMEp, YTOOBI U3MEHUTDH BEIOOP BApHAHTA OTBETA).

Korma Bce Bonmpockl mpoitAeHBI, TIOSBIIETCS ClIeayomee coodmenue (puc. 4).
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I PabioTa C 3anMCAaMM EE] I PabioTa C 3anMCAaMM EE]

BONPOC N1 BONPOC N1
Yo Takoe e3sMMch: B Asbike Delphi? Yo Takoe e3sMMch: B Asbike Delphi?
BAPMAHTH OTBETOB BAPMAHTH OTBETOB
(" 3T0 CTPYKTYPA BAHHEIX, KOTOPEA COCTOMT W3 OTAENEHEX HMEHOESHHBIX (¥ 3T0 CTPYKTYPA BAHHEIX, KOTOPEA COCTOMT W3 OTAENEHEX HMEHOESHHBIX
KOMMOHEHT PagsiMHOra THNE KOMMOHEHT PagsiMHOra THNE
" 3To CTPYKTYPA BaHHEIX, COAEPHAWAR HAGOP [MACCHE] CUMBONEHBE CTROK " 3To CTPYKTYPA BaHHEIX, COAEPHAWAR HAGOP [MACCHE] CUMBONEHBE CTROK
(" 3To CneuHansHan CTPYKTYPA, B KOTOPYKD HEOGHOAMMO NOMELATE AaHHEIE (" 3To CneuHansHan CTPYKTYPA, B KOTOPYKD HEOGHOAMMO NOMELATE AaHHEIE
MEQEA, WY SAMNWCERN B daiin MEQEA, WY SAMNWCERN B daiin
" 3T0 CHHOHMM THME CHMEDIEHORM CTROKM " 3T0 CHHOHMM THME CHMEDIEHORM CTROKM
BAWl OTBET BAWl OTBET
370 CTPYKTYPE ABHHEIX, KOTOPAA COCTOWT M3 OTAEABHEIX HMEHOEAHHBIX KOMIOHEHT
PASAHYHOrD THNE
MpeabEywmi sonpoc | " neayowmd Bonpoc | MpeabEywmi sonpoc | Creqyowmi Eonpoc |
Puc. 2. OtobpaxkeHne mepBoro Bonpoca Puc. 3. Boi6op BapuaHTa oTBeTa

TECTa IOCJIC 3aITyCKa IporpaMmbl

Testzap

BOMNPOCEl MCHEPNAHE]
YTofbl Y3HATE PESYNETAT TECTHPOBAHMA, HAaXMMTE KHoMKY «<Bawa oueHikas

Puc. 4. CooO1ieHne o ToM, 4TO BCe BOIIPOCHI HCUEPIIaHbI

B HmxHel yacTy 0kHA NOSBISIETCS KHOMKA «Ballia oreHkay.

Jo Toro, kak HaXkaTh Ha 3Ty KHOIMKY JUIS TIONyYEHHs pe3yibTaTa TeCTHpPOBaHUS (T.€. OIEHKH),
CTYJICHT MOXKET €Il pa3 MPOCMOTPETh CBOIM BHIOOP BApHAHTOB OTBETOB IO BCEM BOMNPOCAM H, MPU
HE00XOMMOCTH, U3MEHUTS ero. [lociie HaxkaTus Ha KHOTIKY «Barlia OlieHKay y)ke HUYEro Hellb3s Oy ieT
W3MEHUTb.

Ecnu Ha kako-nmmu0o Borpoc He ObUT BEIOpaH BapHaHT OTBETa (BOIPOC OBbLT MPOITYIIEH), 00 3TOM
OyzmeT BBIIaHO COOTBETCTBYIOIIEE COOOIIEHIE M BOIPOC OYIET BHOBH NPETBSIBIICH IS OTBETA (PHC. 5).

Testzap

HET OTBETA HA BOMPOC M5

Puc. 5. Coobuienne o ToM, 94TO Ha OTIpeIeNICHHBII BOIPOC He OBbLIT JaH OTBET

Korpma na Bce Bompochl OyayT IaHbl OTBETHI, OYOYT BBIAAHBI PE3YNbTaThl TECTHPOBAHUS,
KOTOpbIE JOJDKHBI OBITH NpenbsiBICHBI NMpernoaaBatento (1o Haxatus kHonmku OK) (puc. 6).
[Tocne naxarus kHonku OK nponcxoanT OKOHYATEIbHbIN BHIXO/ U3 IPOrPaMMBbl (OKHO 3aKpbIBa-

eTcs).

PE3¥NETATHI TECTIMPOBAHIMA:
Ecero sonpaocos: 10
MNpaguneEHEr: OTEETOE: 7
OueHka: 4

Puc. 6. Pe3ynbTaThl TECTHPOBAHUS
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[TonpoGHee pe3yIbTaThl TECTUPOBAHUSA MOXKHO ITPOCMOTPETH B TeKCTOBOM (aitiie ResTest.txt,
KOTOPBIN CO3/IaETCS B TOH K€ MaIKe, U3 KOTOPOil ObLT MPOU3BECH 3aITyCK MporpaMMbl. B HeM ¢
MTOMOIIIbIO JIFOOOTO TEKCTOBOTO pelakTopa (Hampumep, BIIOKHOTa) MOXXKHO HPOCMOTPETh BCE
BOTIPOCHI X BRIOpaHHBIE BAPUAHTHI OTBETOB, & TAK)KE YBUJETh, KAKWE U3 HUX OBUIH IPAaBUIHHBIMH,
a Kakue — olmmbouHbIMU (puc. 7).

B ResTest.txt - BrokHoT E]@

tafin Opagka Qopmat Bua  Cnpaska

Bonpoc Nil. MTo Takoe «2anwce» B A2bke Delphi? A
BeOpaH OTEET: 3TO CNeuManeHas CTPyKTypPa, B KOTORYD HEoOx0AMMO MOMELATE LAHHEE
nNeped, Wx 2ANWCH0 B daln

OlWMEH.A!

BonpoC M2, MTO Takoe MNoAA 2andcK?

BupaH OTEET: 3TO WMEHOEAHHEIE KOMMOHEHTH PAIAMUYHOrD TMOa, W3 KOTORBX COCTOMT
FanMce

3TO MNPABWNEHHIA OTEET

Bonpoc Me3. rae ofvAENASTCA THA FanWoK?
BefipaH oTeeT: B pazgens begin
CWKWEKA!

Bonpoc Nel. Kakue KAOYEeEBbE CAOBA WMCNOABIWOTCA ANA OBLABAEHMA THNZ 2anMcK?
BefipaH oTeeT: with, do
CLIME KA !

Bonpoc M5, rae obbAENADTCA NepeMedHHee TWNa Fanyce?
BHﬁpaH OTEET: B pazfpens war
3TO MNPABMNBHLIA OTEBET

Bonpoc MG, MOMeT AW noneMd 3andck BeTe MAaccWE Gk CMPOBEaHHOMD pa3mepa?
BeifipaH oTEET: Ja
3T NPABMMBHLIA COTEBET

Puc. 7. IIpocMOTp pe3ysIbTaTOB TECTUPOBAHUS B TEKCTOBOM (haiiie (pparmMeHT)

Hayunas nosuszna. PazpaboTana u mpoTeCTUPOBaHA MOACHCTEMA KOHTPOJISI 3HAHUH 10 TeMe
«IIporpammupoBanue Ha s3bike Delphi. Pabora ¢ 3ammcsvmy». [loacucrema ymoBIeTBOPSET
OCHOBHBIM TPEOOBaHUSM, MPEIBSIBISEMbIM K MPOTPAMMHOMY M WH(GOPMAIMOHHOMY OobOecriede-
HHUIO ISl TAKUX CACTEM.

B pesynbrare npojenanHoi paboThl ObLI IPOBEACH aHAIU3 O0IIUX TPpeOOBaHUM, BBIIBUTac-
MBIX K IIOJICCTEMaM KOHTPOJIsl 3HAHUH, pa3pad0TaHO COOTBETCTBYIOIIEE IPOTPAMMHOE U HH(OP-
MaIMOHHOE 00ECIICUCHIE MIJIS TIOICHCTEMBI KOHTPOJIS 3HaHWH 1o TeMe «lIporpammupoBanye Ha
si3pike Delphi. Pabora ¢ 3anucsimuy. [lokazansl mpuMepsl pabOThI IPOTPaMMBI, IEMOHCTPUPYIO-
TTHe KOPPEKTHOCTD €€ PYHKIIMOHNPOBAHUS.

Pa3zpaboranHas nmojacucreMa MOXKET OBITh HCIIOJIB30BaHA B YY4EOHOM IIpoOIecce JIsl orepa-
THBHOTO KOHTPOJIS 3HAHWH CTYICHTOB KaK aBTOHOMHO, TaK ¥ B COCTaBe 0oJiee IMOTHOW CUCTEMBI.
Cnucoxk autepartypsbl: 1.5ondapenxo M.A. TadopMaliifini TEXHOJIOTIT Ta MpOrpaMyBaHHS y CEPEIOBHIINI

Delphi. X.: ®JIIT Anexcanaposa K.M., 2014. 536 c. 2. bonodapenxo M.A. TlporpamyBaHHS y cepeaOBHIIT
Delphi. X.: «biznec [npopm», 2010. 704 c.

Tlocmynuna 6 peoxoaneeuio 12.03.2014

Bonnapenko Huxonaii AnapeeBnd, KaH/I. TEXH. HayK, mpodeccop, YKpauHcKas HHKEHEPHO-
negarorndeckas Axanemus. Hayunelie mHTEpechl: ”HGOPMAIIMOHHBIE TEXHOJIIOTHU M IPOESKTHPO-
BaHHWE TEXHUUECKUX cucTeM. Anpec: Ykpauna, 61000, Xaprkos, yi. Kioukosekas, 195, kB. 44,
Tem. 7 195001.

58



VK 658:512.011:681.326:519.713

BAGHDADI AMMAR AWNI ABBAS (BAI'XJJAHAU AMMAP ABHU ABBAC),
B.U. XAXAHOB, E.U. JINTBHHOBA

METOJbI AHAJIN3A U JUATHOCTHUPOBAHUSI LIUP®POBBIX
YCTPOVICTB (AHAJIMTUYECKHM OB30P)

PaccMaTpHuBarOTCS OCHOBHBIC HAIPABICHUSI TEXHOJIOTHII POSKTUPOBAHUS, BATUIALUNA U
obecrieueHns kadecTBa (quality assurance) ccTeM Ha KpUCTAIUIaX U B TaKeTaX KPUCTAIIIOB.

BBenenue

Lenb — ananuTHYECKU 0030p KBAHTOBBIX METOJIOB BBIYHCIICHUH, TEXHOJIOTUI TECTUPOBAHHUS
Y IMarHOCTUPOBaHMA N(POBBIX CHCTEM Ha KPHCTAIIaX IPH MX MIPOSKTHPOBAHUH U BepHU(UKAIINH,
OpMEHTHPOBAHHBIHN Ha MOBBIIIIEHNE OBICTPOAEHCTBISI IPOTPAMMHBIX H allllapaTHBIX CPEJCTB aHa-
nu3a TU(QPOBBIX YCTPOUCTB, a TAKKE CYyLIECTBEHHOE YBEJIIMUEHUE BBIX0/1a TOAHOMN MPOAYKINH U
yMEHbIIIEHHE BPEMEHH €€ BBIX0/a Ha PHIHOK MUKPO3JIEKTPOHHUKH.

3agaun: 1) OcoOeHHOCTH KIIACCHYECKHUX M KBAHTOBBIX BbIunciieHui. 2) [Toctpoenne Mmoaenei
A(POBBIX CUCTEM. 3) MoaenupoBaHue NCIIPABHOTO MTOBEAEHUS UG poBoH cucteM. 4) Monenu-
poBaHue HencnpaBHOCTEH (P POBOIL crcTeMbl. 5) ['enepanus TecToB. 6) MeToAbI AMArHOCTHPO-
BaHMs HeucnpaBHocTei. 7) [locTpoenne kyOMTHBIX MoaeIel HU(POBBIX CUCTEM.

McTouHMKY: KITacCHYeCKYe M KBAaHTOBBIE BRIUUCIeHMs [ 1-20]; kBaHTOBBIE BeHTHH [6, 15, 27];
BUJBI HewcnpaBHocTel mudpoBbix cxem [28-32, 36, 40-44]; reneparus tectoB [36, 37, 45];
MoienrpoBanue nupoBbix cucteM [28-35, 38, 39]; TeXHOJIOTHM TECTUPOBAHUS K TUATHOCTUPOBA-
HUS CUCTEM Ha Kpuctamiax [28-34, 36-39].

1. Knaccnyeckuii M KBAaHTOBBI OMT MHpopManun

Kitaccuueckuil 1 KBaHTOBBIN KOMIBIOTEPHI ONEPUPYIOT YUCIaMu. JIBOMYHAs CUCTEMA CUHC-
JICHHSl KJIACCHUYECKOTO KOMITBIOTEpA OCHOBBIBAETCS Ha HUCIMOJIb30BaHHMU IBYX yucen: 0 u 1.
KonmuectBo mH(bopMaruu, xpaHsamieecss B OAHONH JABOWYHON sueiike, paBHO 1 Outy. B mByx
JMIBOMYHBIX sSYeHKaX XpaHHUTCA 2 OuTa MHQPOPMAINH, KOTOPbIE MOTYT COCTABIIATH CIIEAYIOIIHE
komOunanuu: 00, 01, 10, 11. B peructpe, cocTosIIeM U3 N JBOUYHBIX SYECK, XPAHUTCSA N OUT
WH(pOpMAINH, KOJIMIECTBO KOMOMHAIMI BO3MOYKHBIX 3HAYEHUI KOTOPHIX PaBHO 2" .

B kBantoBom kommsioTepe [1-20] uadopmanus takke MOXKET ObITh NMPEICTABICHA B BUC
MBOMYHBIX urcell. OgHako B suciike, Ha3pIBAEMOM KBAHTOBBIM OMTOM (KyOWTOM), MOXKET Xpa-
HHUTHCS HE OJJHA U3 ABYX LU(p ABonuHoro curcienus (0 mwim 1), a omHOBpeMeHHO 00e 3T Hu(pbl
[1,2]. Hampumep, B ABYX KyOUTax MOTYT XpaHUThCSI OAHOBpeMeHHO 4 nBonyHbIx uncna 00, 01, 10,
11. B n kyOuTax MOTYT XpaHUTHCSI OJTHOBPEMEHHO 2" JTBOMYHBIX YHCEN JUTHHBI n. KyOuTsl MOTYyT
OBITH CBSA3aHBI APYT C APYroM (3ayTaHbl): K3MEHEHHE OJHOTO U3 HUX NPUBOIUT K U3MEHEHUSM
npyrux. COBOKYITHOCTh 3aIlyTaHHBIX KyOHTOB IIPENCTaBISIET COOOM 3arlOIHEHHBIH KBAaHTOBBIH
PETUCTpP, KOTOPBIH MOXKET HE TOJIBKO HAXOIUTHCS BO BCEBO3MOKHBIX KOMOMHAILUAX COCTABIISIO-
IIMX €ro OUTOB, HO M PeajI30BbIBATh BCEBO3MOXKHBIE 3aBUCHMOCTH MeX Ty HUMH [2]. B mpomecce
BBIYUCIICHUH Ha KBAHTOBOM KOMITBIOTEPE OJHOBPEMEHHO 00padaThIBarOTCsl Bce OMTHI KBAHTOBO-
ro peructpa (MMeeT MECTO KBAHTOBBIM TapalIeIA3M ).

B mporiecce BbUnCIeHNH KBaHTOBBIE KOMITHIOTEPHI BBITTOMHSIOT JIOTHYECKUE OTIEPAIIH HaJl
KBaHTOBBIMU COCTOSTHHSIMU IyTEM YHUTApHBIX NpeoOpa3oBaHMi, HE HAPYIIAIOUINX KBAHTOBBIC
CYTIEPTIO3HIINH, B COOTBETCTBUH C aNTOPUTMOM [3]:

1) 3amuch (MOATOTOBKA, MHULMATN3AIINS) HAYaJIbHOTO COCTOSIHUS;

2) BerarcieHue (YHATapHbIE TPeoOpa3oBaHMs HauaIbHBIX COCTOSIHUN);

3) BBIBOJ pe3ynbTaTa (M3MEpeHue, MPOSUPOBAHNUE KOHEYHOTO COCTOSIHUS).

Knaccnueckunit KOMITBIOTEp onepupyeT OUTaMu — OyJIeBBIMU IEPEMEHHBIMU, TPUHUMAIOLTIMHU
3rHadeHus 0 u 1 — u Ha FOOOM dTare BBHIYHCICHUH B KaXKIOM OUTE XPAaHSTCA OIpPEEICHHBIC
3HAYEHUsI, UCTIONB3YeMbIe ISl BBIUMCIeHHA. Ha mepBoM oSTame BBIYMCICHUN B KaKIBIA OWUT
3aMMCHIBAIOTCS HCXOHBIE JaHHbIE —oTpeneneHnble 3HadeHus (0 wm 1).
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KBaHTOBBII KOMITBIOTEP OTIEPUPYET COCTOSHUSIMHU KBAHTOBOT'O perucTpa. JlaHHsie B mporecce
BBIYHCJICHHUH MPE/ICTABISAIOT COO0M KBAHTOBYIO HH()OPMAIINIO, KOTOPAs IO OKOHYAHUU BHIYHCITH-
TEJNBHOTO Tpolecca nNpeoOpas3yercss B KIACCHYECKYIO IMyTEM M3MEPEHUS! KOHEUHOTO COCTOSHHSA
KBaHTOBOTO PETUCTPa. BEIMTpHIIT 10 OBICTPOIEHCTBUIO B KBAHTOBBIX AITOPUTMAX JOCTUTAETCA
3a Cué€T TOTO, YTO PH MPUMEHEHNH OTHON KBAaHTOBOM OTNEpaiuy O0JIBIIOE KOJIMIECTBO KO3 uiu-
€HTOB CYNepIIO3UINH KBAHTOBEIX COCTOSHUIA, KOTOPBIE B BUPTYAIBbHOI (hopMe CoteprKaT KIIacCH-
4ecKyI0 HHPOPMALUIO, TPeo0pazyeTcsi 0JHOBPEMEHHO (KBaHTOBBIN MapajieNiu3M).

2 KBaHTOBBIE BEHTHJIH

2.1. Ilpocmoie keanmosvie senmuau. 110 aHaIOTHN ¢ OOBIYHBIM DIICKTPOHHBIM ITH(POBBIM
KOMITBIOTEPOM BEHTHIIb KBAHTOBOW BBIYMCIMTENBHON CUCTEMBI MOXKET 00padaThiBaTh OJUH WIN
HECKOJIbKO KyOmToB [6, 15]. KBaHTOBasi cucremMa WMeeT BXOJHBIE W BBIXOIHBIE COCTOSHHUS,
orpeensieMble (3a7jaBaeMble) OJHIM MM HECKOMBKUMHU KyOontamu. Cuctema rmpeodpasyeT ux B
COOTBETCTBHHU C aKCHOMaMH KBaHTOBOW MexaHUKH. COCTOSHHSI KBAHTOBOM CHCTEMBI Ipeodpasy-
FOTCA C TTIOMOIIBIO YHUTAPHBIX, 00paTUMBIX (MHBEPTHUPYIOLINXCS) orepaTopoB. CiemoBaTeNnbHO,
KBaHTOBbIC BEHTUJIN TOJKHBI UMETh OAMHAKOBOE KOJIMYECTBO BXOAHBIX U BEIXOIHBIX KyOUTOB.

[IpocToii KBAaHTOBBIM BEHTWIH A, TPe0OPa3yIOUINi OANH BXOHON KyOUT B OJTMH BBIXOJIHOM,
MIpe/ICTaBlIeH Ha puc. 1.

Iy = A =

Puc. 1. KBaHTOBBINM BEHTHIIb

31eck mpejnoiaraeTcs, YTo B KBAHTOBOM BEHTHJIC TIOTOK MH()OPMAIMU HAIIPABJICH CIIEBa
HaIpaBo, MMO3TOMY CTPENKH Ha puc. 1 He moka3aHsl. JJlaHHOe yrporierne rpaduvaecKoro mpes-
CTaBJICHUSI KBAaHTOBOT'O BEHTHJIS CTAjJO BO3MOXKHBIM OJyiarojapst ToMy (pakTy, 4TO KBaHTOBBIC
BEHTHIIN TPE00Pa3yIoT KyOUTHI C TOMOIIBIO YHUTAPHBIX 00paTHMBIX OnepaTopoB. B aTom cirydae
rpaduyeckoe mpeAcTaBIeHIE JOTHYECKUX BEHTHJIEH, Mpeo0pa3yomux KIacCHIecKue OUTHI B
AJIEKTPOHHOM IU(YPOBOM KOMIIBIOTEPE, HE SBISCTCS yIOOHBIM ISl KBAHTOBBIX BEHTIICH.

2 o V- o
Hapuc. 1 | >, |4 >€C” —xy6urs;; A:C > — C ? — yHuTapHSIil TMHEHHBII 0GpaTHMbIi
orepartop. Y 100HO UCTIONIF30BaTh MATPUYHOE [IPECTABIICHUE KBAHTOBBIX BEHTUIICH:

a b
c d)

e 1 KyouToB |y > =0 | 0> +B|1>, | x> =7|0> + 6|1 >, nuakoropeix A |y > =]y >,
CIIPABEIUBO:

A =

a b)a) (v
c d\B) |58/ (1)
[Ipumep kBanTOBOrO BeHTIWIsI NOT, 3a1aBaeMoro yHUTapHOM MaTpuLei:
X:(o 1)
10/
Hetpynno 3ameTnts, 4TO B 3TOM ciy4ae BelpaxkeHnue (1) mpeoOpasyercs Kk BUAY:
X(@|0>+B|1>)=B|0>+a|]l>.
Hpyrumu cinoBamu, BeHTHIb NOT npezacraiser coO0i nepekiIrouaTesb MEKAY COCTOSHUSI-
mu 0> u [1>.
Jlpyroii npuMep KBaHTOBBIX BEHTHJICH, ONMCHIBAEMbIX YHUTAPHBIMU MaTPULIAMU:

0 - 10
=i o) “o 1)
KOTOpBIC HeﬁCTByIOT Ha ,I[aHHBIﬁ Ky6I/IT B COOTBCCTBHUU C BBIPAKCHUAMMU:
Y(a|0>+B|1>)=—1(-B|]0>+a|]l>),
Z(a|0>+B|I>)=a|0>-B|1>.
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X, Y u Z nazpiBatoT Matpuniamu [laynu.
Bentune Anamapa oCymIiecTBISET caMOOOpaTuMylo ornepaunio (GOpMHUPOBAHUS CYNEPIIO3U-
IIUY COCTOSHUH U OTIpefessieTcsl yHUTapHOM MaTpuei [6, 15]:

1 1
CripaBeiTUBO CIIEYIONIee BhIpaKEHHE
X?=Y2=7*=H?=1,
KOTOPOE 03HAYAET, YTO Kax bl BeHTWIb X,Y,Z u H onpeaenseTcs: ¢ moMoIIblo KOpHS KBaapat-
HOTO €MHUYHON MAaTPUIIBI K COOTBETCTBYIOIIETO KBAHTOBOTO BEHTHIIA 1.

2.2. Mnoeokybumnvie keanmosvie éeHmuiu. B MHOTOKYOUTHOM BEHTHIIC JIOJDKHO OBITH
OJIMHAKOBOE KOJIMYECTBO KyOUTOB Ha BXOJIE M BhIXOAC [6].

JIByXKyOUTHBIC BEHTHIIM COOTBETCTBYIOT OIEpAIUSIM ITOBOPOTa B TMIILOEPTOBOM MPOCTPaH-
CTBE JIBYX B3aWMOJICHCTBYIONINX KYyOHUTOB, KOTOpbIE HE MOTYT OBITh MpPEJCTABICHLI B BHJIC
MPSIMOTO TIPOU3BEICHUS HE3aBUCUMBIX OJJHOKYOUTOBBIX orieparuii [ 15].

OCHOBHBIM JIBYXKYOHTOBBIM BEHTHJIEM SIBIISIETCS OOPATHMBIH KOHTPOIUPYEMbIH HHBEPTOP
wm omeparop «koHTponmpyemoe HE» (CNOT) ¢ nByms BXOIHBIMH M ABYMS BBIXOJIHBIMH
KyOutamu (puc. 2), KOTOPBIH ()YHKIIMOHUPYET B COOTBETCTBUH C BHIPAKECHUSMHU:

[00>—|00>, |01>>|01>,
[10> (11>, |11>]10>.

el s

Puc. 2. Koutponmupyemoe HE
Korma |y>=[|0>, To |y>@|y>=|yx>; ana |y>=|1> cnopaBeaauso

lw>® |y >=X]yx>.
Bentmie CNOT onmchIBaeTcst MaTpUIICH:

1 0 0 0o o
01 0 OfB|_|B
0 0 0 1|vyl| [8&],
0 01 OAd Y

rae |y>=o|0>+B|1>,|x>=7]|0>+06|1>.
KyOuT |\y> sBIsSETCS KOHTPOJIUPYIOIIUM, KYOUT |(> — KOHTpOIUPYEMBIM, HaJl KOTOPBHIM

npousBoautcs onepanus NOT mpu ycioBun, 4To nepBblif KyOUT HAXOAUTCS B COCTOSHUN |1>.

JByXKyOHUTOBBII orepaTop oOMeHa cocTosHUSIMUA KyoutoB SWAP MoxxeT ObITh pean3oBaH
IMyTeM TIoclieoBaTeNIbHOTO BRITONTHEHMSI Tpex omepanuii CNOT (puc. 3) [15] u onuckBaeTcs
MaTpULIeii:

1 0 0 O
0 01 0
SWAP = 01 0 0
0 0 0 1
A la> NOT [2a®b> = |b>
SWAP=
B: |b> — NOT NOT — [3a@2b> = |a>
la®@b>

Puc. 3. Onreparop SWAP
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Tpexkyourorsiii BeHTwb Toddomu (CCNOT) npencraBieH Ha puc. 4 U COACPIKHUT JBa
yhnpaBisiiomux Kyoura A u B, a takxke oauH ynpasnsemsiii C.

A: |a> |a=
B: |b> — |b>
CCNOT=
C:|c> —{ NOT |— [¢'> =]anb®c>

Puc. 4. Beatims Toddomm

Bentunpe Toddonu omuceiBaercs Marpuieid 8x8 B 0asucHbIXx coctosuusx |0,0,0>, 0,0,1>,
|0,1,0>,1,0,0>,]0,1,1>,]1,0,1>,|1,1,0>, |1,1,1>:

CCNOT =

S OO O OO -
S oo oo~ O
S o oo~ OO
S OO~ O OO
SO = OO OO
O —m O OO OO
—_—o OO O o oo
_0 O O O oo

000 O0O0O 0

JlaHHas onepanust MOXKET OBITh TAK)KE PEaTM30BaHa B BUJIE IISTH IBYXKYOUTOBBIX OIEpaIuii.
N-OuTHBIH 0000 EeHHBI BEHTHIIb Todpdoan OMHUCBHIBAETCS Kak

(k,ky,. k) = (kKo (kKo 00k ) @k, ) [20]. Bentuns NOT sBisieTcst 4acTHBIM CTyda-

em BeHTHIs Toddonu, ans kotoporo n=1, BeHTiins CNOT —yacTHBIM cilydaeMm, Koraa n=2.
Pacmmpennstit n+1-6utHeiii Bentins Toddonu (extended Toffoli gate, ETG) ¢ nByms ynpas-

JsI€MBIMU JIMHUAMH (04,0, ) T0Ka3aH Ha puc. 5. ETG numeer Bxoanoi Bektop (k. ks,...k, ., K, 1)

W BBIXOJAHOH  BEKTOP  (01,05,.., 04,0,,), TAe 0=k ama j=1,(n-1),

o, =k, ko, k, @k, 0,4 =k, ks, ko @k, . IlepBeie n-1 6GUTOB sABIAIOTCS YII-
PABIISIONINMH, TIOCTIEAHUE ABA OMTa — YIIPABISCMBIMH.

k;

—— o=k
Kk, —— D3=k3
—

k;

— 05=k:

kn1—¢— 0p1=kn

ke 5 opkoloks. ke B ke
kp1—%— o=k ki Bk

Puc. 5. n+1-6utHbi BeHTHIH TOoddhomm

3. Buabl gedexTon

IMoax0/161 K MOJICITUPOBAHUIO HEUCTIPABHOCTEH, IMAarHOCTHPOBAHHUIO, TECTHPOBAHHUIO U 00ecIie-
YEHUIO OTKA30yCTOMYMBOCTH IHU(POBBIX CXEM MMEIOT Ba)KHOE 3HAUEHHUE JIS CO3AaHUS Ha/ICK-
uHeix m3penuit [40]. C pa3zsutiem VLSI TeXHOTOTHH CYIIECTBEHHO YBEIHYMIOCH KOJIHYECTBO
KOMITOHEHTOB, pa3MellacMbIX Ha OJJHOM KpHCTaJlle, W, KaK pe3yJbTaT — BO3POCNA CTEleHb
WHTETrpalyy U KOJTMYECTBO HEUCIIPABHOCTEH.

B mporniecce mpoektupoBanus 1HGPOBOro U3aeNnsi HeOOXOAUMO MEPHOTUIECKU TPOBEPSITH
(myTeM TecTUpOBaHHMs) KOPPEKTHOCTh (DYHKIIMOHUPOBAHMS CXEMBI M OTCYTCTBHE HEHCIIPaBHOC-
TeH, a TakkKe 00ECTeYnTh KOPPEKTHYIO PabOTy CXEMBI B CIIydyae MOSBICHUS HEHCIPABHOCTEH
(oTKazoycToiuMBOCTS) [36].
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ITon HenCPaBHOCTHIO CXEMBI HOHUMAOT (pr3ndeckuil AeeKT OTHOTO MM 00JIee KOMIIOHEH-
TOB [28, 29, 32]. PaznuyaroT mocTOsIHHBIE U HEPETYIApHbIe HencnpaBHocTH. [locTossHHBIE (3keCT-
KH€) HEeHCIPaBHOCTH MOTYT OBITh CIIECTBHEM pa3pylleHUsl WM U3HOca KOMIOHeHTa. Hepery-
TspHBIC (MATKHE) Me(DEKTHI MTPOSBIIIOTCS B OTIPEIeIICHHBIC TTPOMEKYTKH BPEMEHH U MOTYT OBITh
KpaTKOBpeMEeHHBIMH (transient) u nepemeskaromumucs (intermittent) [40-44].

HewncmpaBHOCTH MOTYT OBITH JIOTHYECKHMH H ITapaMeTpUIecKUMH. Jlorndeckas Hewcmpas-
HOCTb U3MEHsET OyNieBy GYHKIUIO, KOTOpas peanusyercs cxemoil. [lapamerpudeckas — u3MeHs-
eT 3HaYCHHE IapaMeTpa cXeMbl (TOK, HampspkeHue). K mapamerpudeckuM nedekrtaM OTHOCST
HEUCTIPABHOCTHU 3aJIEP’KKH, CBSI3aHHBIE C PAa3MYHBIM BPEMEHEM ITPOXOXICHUS CHUTHAJIA Yepe3
JIOTUYECKHUE BEHTHIIN, YTO MPUBOJIUT K TOHKAM (COCTSA3aHUSAM) CUTHAJIOB [46].

MogenmupoBanue OOJBIIOT0 KOIHMYecTBa (GU3HUSCKUX Ae(hEeKTOB MOYKET OBITh OCHOBAaHO Ha
MCTIOJIb30BaHUM OHOM MOJIEH JIOTHUECKOM HEUCTIPABHOCTH, YTO MI03BOJISIET CYIIIECTBEHHO YMEHb-
IIUTH CJI0XHOCTH MOJIETUPOBaHUS. MOIeTh TOTHIEeCKONH HEMCTIPABHOCTH HE 3aBUCUT OT TEXHOJIIO-
UM UMIUIEMEHTAIMY TPOEKTa, a TECThI, pa3paboTaHHbIe 11 00HApYKEHHS JOTHYECKON HEHCI-
PaBHOCTH, MOTYT IPUMEHSATHLCS TAKKE U JJIs BBISBICHUS (PU3NICCKUX JCEKTOR.

Mopens ToTHYeCKOH HEUCITPABHOCTH MOKET OBITh SIBHOW WM HEesIBHOU. SIBHast Moens Hewc-
MIPaBHOCTH OIpeJeNsieT MPOCTPAHCTBO HEUCIIPaBHOCTEH, B KOTOPOM KaKJash HEHCIPaBHOCTh
MOJKET OBITh WICHTU(DHUIIPOBAHA, 2 HEUCIIPABHOCTH, TOJIeKAIINE aHATN3y, MOTYT OBITH SIBHO
onMcaHbl. SIBHast MOJEIb HEMCIPABHOCTU MPAKTHYECKH NMPUMEHUMA, €CIIM €€ pa3MEpPHOCTh He
SBIISIETCS CIIMITKOM Oonbiroii. HesiBHass Monensr OMHUCHIBaeT MPOCTPAHCTBO HEHCIPABHOCTEH
MyTEM COBOKYITHOHM MACHTHU(HUKAIIMN HEUCIIPABHOCTEH OIIPE/IEIIEHHOTO THITAa X XapaKTePUCTHUIEC-
KMMH NTpU3HaKaMu. MoienrpoBaHre HeMCIpaBHOCTEH TECHO CBSI3aHO C MOJIEJIMPOBAHUEM CUCTe-
MbI. HencmpaBHOCTH, ompefenseMble B COUYETAHHH CO CTPYKTYPHOW MOJENBIO, OTHOCSTCS K
CTPYKTYPHBIM HEUCIIPABHOCTSIM, MPOSIBIISIIONIUMCS B U3MEHEHUU CTPYKTYPHI MEXCOCTUHEHUN
KOMIIOHEHTOB. DYHKIIMOHAIIFHBIC HEUCIIPABHOCTH OMPEENIIOTCS B COUYETAHNHN C (DYHKITHOHAb-
HOH Mozenbio. Hanpumep, QpyHKIMOHATbHAS HEUCTIPABHOCTH MOKET MPOSIBIATHCS B U3BMEHEHUHU
TaOJIUIBl UCTUHHOCTU KOMITOHEHTA Win nckaxenuu RTL onepanuu.

Krnaccer HencnipaBHocTelt. CyIecTByeT TpH Kiacca JJOTHUECKUX HEMCIIPABHOCTEH: KOHCTAHT-
Has (stuck-at-fault), MmoctukoBas (bridging fault) u HeucnipaBHOCTB 3a1eprkku (delay fault).

Hawnbonee pacripocTpaHeHHas MOET> KOHCTAHTHON HEUCTIPABHOCTH — OJJMHOYHASI KOHCTAHT-
Has HeucnpaBHOCTh. CYIIHOCTh MOJIENH 3aKII0YAaeTCA B TOM, YTO HEMCIIPABHOCTh JIOTHYECKOTO
BEHTHWJI TIPUBOANT K «3alumnaHuio» jorudeckoro 0 (koncranta 0, s-a-0) wmm mormveckoi 1
(xoHcTanTa 1, s-a-1) Ha OJTHOM U3 €r0 BXOJIOB WJIA BEIXOJIOB [42, 44].

Mopnens KOHCTAaHTHOM HEMCIPABHOCTH TAKXK€ MCIIONB3YEeTCs JIs MPEACTABICHHS KPaTHBIX
HeucnpaBHoOcTel B cxeme. [Ipu aToM mpennonaraercs, 4to O6oiee, 4eM Ha OJHOW JTMHHUA CXEMBI
UMeeTCsl KOHCTaHTHasi HeHCIpaBHOCTh s-a-0 uin s-a-1. J{pyrumu ciioBaMu, COBOKYITHOCTh KOH-
CTaHTHBIX HEUCIPABHOCTEW CYIIECTBYET B CXeME B OJHO W TO XK€ Bpems. Pa3HOBHIHOCTHIO
KpaTHON HEUCTIPABHOCTH ABJISIETCS OJJHOHAIIPABIIEHHA HEUCIIPABHOCTh — KOTIa BCE KOHCTUTYEH-
THI (COCTABIIAIONINE YaCcTH) HEUCTIPABHOCTHU IPEJICTABISIIOT co0oii s-a-0 miu s-a-1, HO He 00e
OJTHOBPEMEHHO.

Mojens KOHCTaHTHOM HEHCIIPABHOCTH He siBsieTcs 3 dexruHoi npu moaenuposanu CBUC
(Very Large Scale Integrated, VLSI), moctpoennsix mo CMOS texHonorun. HencripaBHOCTH B
CMOS cxemax He 00s13aTeIbHO MPEACTABISIOT cO0OW Jormyeckue NeeKThl, KOTOPhIEe MOTYT
OBITH OMHCaHBI MOJAEIHI0 KOHCTAaHTHOUM HenuctpaBHOCTH. [edextst CMOS-cxem oToOpakatorcs
TaKXe MOJICISIMU yCTOWYHMBBIX 00pbIBOB TpaH3ucTopos SOP (stuck-open) u ycTOHUMBBIX 3aMBblI-
kaHui Tpan3ucTopoB SON (stuck-on) [42].

MocTHKOBBIE HEUCIIPABHOCTH THIIA «KOPOTKOE 3aMBIKAaHHE» MPEICTABISIOT COO0 MOCTOSH-
HBIE Je(EeKThl, KOTOPHIE HE MOTYT OBITh CMOJIEIMPOBAHBI KOHCTAHTHON HeWcnpaBHOCTHIO. Ko-
POTKOE 3aMbIKaHHE BO3HUKAET, KOT/A JIBE WK 00Jiee CUTHAIBHBIX JIMHUIM CXEMBI SJICKTPUISCKU
CBSI3aHBI JIPYT C IPYroM. MOCTHKOBBIE HEHCIIPABHOCTH BEHTHIIBHOTO YPOBHS KJIACCU(PHUIMPYIOTCS
CIeAyIomuM 00pa3oM: BXOJHbBIE — BBI3BaHBI KOPOTKUM 3aMBIKAHHEM BXOJOB JIOTHUECKOTO 3JIe-
MEHTa, HEUCIIPABHOCTH THUIIA O0PaTHOW CBS3M — BHI3BAHBI 3aMBIKAHUEM BXOJHON M BBIXOJHOU
JVHUH, a TaK)Ke HEWCIIPaBHOCTU 0e3 0OpaTHOM CBSI3M, KOTOPbIE HE OTHOCSTCS K TIEPBBIM JIBYM
TUnam. B Teopun MozienupoBaHus MOCTUKOBBIX HEUCIIPABHOCTEH JIEIaeTCs MPEANOI0KEHUE, UTO
BEPOATHOCTH 3aMBIKaHMA O0JIee NBYX JIMHUH SBISETCS HU3KOH 1 JIOTUKA MEKCOESTMHEHHUH peau-
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3yeTcs B BUJE CBs3eil. MOCTHKOBas HEMCIIPABHOCTD B TIOJIOXHUTEIHHON JIOTHKE BOSHUKAET B TOM
cilydae, KOrja ee MOBeAcHHE omuchbiBaeTcs NpoBogHbIM AND (0 siBisieTcss TOMHHAHTHBIM
JIOTHYECKUM 3Hau€HHEM), U B OTPHLATEIBHOH JIOTMKE - KOTJa €€ MOBEICHUE OMHUCHIBACTCS
npoBoHEIM OR (1 sBIIIETCS TOMUHAHTHBIM JIOTHUIECKUM 3HAYCHHUCM ).

HewucnpaBnoctu 3amepxku [41, 43]. HeGonpioe xommuecTBo ne(eKTOB, KOTOPHIE MOTYT
BBI3BATh PAa3pPbIBBI U KOPOTKHE 3aMBIKAHUS B CXeMe, NMEIOT JOCTATOYHO BBICOKYIO BEPOATHOCTD
MOSIBJICHUSI U3-3a HAJIMYMS OTKJIOHEHHH MapameTpoB MPOU3BOACTBEHHOrO mmporecca. JedexTs
MOTYT TaK)Ke IPUBOJANTH K HAPYIICHUSIM BPEMEHHBIX TTapaMETPOB CXeMbI 0€3 H3MEHEHHS JIOTUKH
ee paboThI: 3amepkka mepekioueHus curaaia u3 0 B 1, u Hao6opoT. CymiecTByeT 1Ba BHIA
HEHMCIIPaBHOCTEH 3aJepKKH: HEUCIPABHOCTh 3aJCPKKH BEHTWIISI M HEHCIPABHOCTH 3alIEPIKKU
MyTd. 3a/iep’KKa BEHTHIIS UCHOJIB3YeTCs JUIS MOIEIUPOBaHUS AeEeKTOB, MPH KOTOPHIX BpEeMS
MPOXOKICHUSI CUTHAJa 4epe3 BEHTHJIb MPEBBIIACT HpeAesbHO-IomycTiMoe. JaHHas Moaens
MOXKET OBITh HCIIONIb30BaHA TOJBKO IS M3OJUPOBAHHBIX, HE TPAHCTIOPTHPYEMBIX AE(EKTOB,
HaTpUMep, HECKOJIBKO MalbIX 3aJepxeK. MoJenp 3alepKKU IMyTH MOXKET ObITh HCIIOIb30BaHa
KaK JUIs U30JIMPOBAaHHBIX, TaK U AJISl TpaHCIOPTUPYeMbIX AedekToB. [Ipu 3ToM npeamnonaraeTcs,
YTO HEWCIPABHOCTh TMPOSBISIETCS B CITydae, eCH 3a/epKKa PaclpoCTpaHEHUs] CHTHANA BIIOJb
JIMHUYU CXEMBI [TPEBBIIIAET AOMYCTUMOE 3HaUEHHE.

KpaTtkoBpeMeHHBIE U TTepeMeKarolIrecss HeNCIIPaBHOCTH PACCMATPUBAIOTCS KaK BpeMEHHbBIE
nedextbl. OCHOBHAsI 4acTh HEHMCIPAaBHOCTEH HU(POBBIX CXEM BBI3BAHA UMEHHO BPEMEHHBIMU
nedexkTaMu, KOTOphIE XapaKTepPU3yIOTCS CIIOKHOCTBIO BEISBICHUS W ycTpaHeHHs. Kpatkope-
MEHHBIE Ie(DEKTHI SBIAIOTCS HETIOBTOPSIOIUMHUCS U BBI3BIBAIOTCS, KaK MMPABWIIO, (DIYKTYaIHsIMH
HaTpsHKEHUS TUTAHKSI WK BO3/ICHCTBHEM PaJallMOHHOTO n3ny4eHusi. OHHU SABISIOTCS OCHOBHON
MPUYUHON OTKa3a 3JIEMEHTOB MAMSTH CHCTEM Ha KpUCTAIIIax.

[Nepemerxatommecs: HEUCTIPABHOCTH MOTYT MOSIBIISITHCS B pe3yJIbTaTe HAPYLICHHUS MEKCOe -
HEHU, TPUMEHEHUS JePeKTHBIX KOMIIOHEHTOB, BO3/ICHCTBUS BHEITHUX (aKTOPOB (TEMIepaTypa,
BJI&KHOCTh, BHOpaLusi) WM OBITH CIIEACTBMEM OLIMOOK IpoekTupoBaHus. [lepemexaromuecs
HEHMCIIPABHOCTH BO3HUKAIOT CIIyYallHBIM 00pa30M U MOJEIUPYIOTCS C TOMOIIBIO BEPOSTHOCTHBIX
MeTo10B (MapKOoBCKHE MOJIEIH).

4. T'eHepauusi TeCTOB

HenpepsiBHOE COBEPIIEHCTBOBAHUE TEXHOJIOI M IPOEKTUPOBAHUS U POHU3BOICTBA LIUPPOBBIX
W3AEIUH IPUBOANT K YBEJIMUEHHIO INIOTHOCTH KOMIIOHOBKH U CJIOKHOCTU YCTPOHCTB, TOCTIKEHNE
HEOOXOIMMOTO YPOBHS HaJIe)KHOCTH KOTOPBIX O0ecrevynBaeTcs TeCTUpoBaHueM. Jliist permeHus
3aJa4d TECTUPOBAHUS COBPEMEHHBIX CBEPXCIIOXKHBIX 3JEKTPOHHBIX YCTPOWCTB HEOOXOIUMBI
HOBBIE, OoJice 3 (hEeKTUBHBIC METOJBI TOCTPOCHUs TecToB [47-52]. TIpou3BOJACTBO CHCTEM Ha
KpHucTayuiax (system-on-chip, SoC) ¢ ucronbp30BaHHEM TEXHOJIOTHH IITyOoKoro cyomukpona (Deep
Submicron, DSM) mno3BoiisieT CHU3UTH 3aTpaThl Ha MPOU3BOJCTBO, HO TPU 3TOM CTOUMOCTD
TECTHPOBAHUSI OCTACTCS HEM3MEHHOW M TpEeACTaBIsieT COOOH 3HAYUTENBHYIO 4YacTh OOmIeH
CTOMMOCTH MPOEKTA. Y MEHBIIHUTD 3aTPaThl HA TECTUPOBAHHUE U3IENHS MOKHO ITyTEM OBTOPHOT'O
WCTIONB30BaHMs OJIOKOB MHTEJUIEKTyanbHOW coOctBeHHOCTH (IP cores), a Takxke pa3paboTku
MoJene 1 MeTo10B TeCTUpoBaHUsA SOC Ha BEICOKOM YpoBHE nepapxuu [53]. BeicokoypoBHEBEIE
MOJTYJIH CHCTEMBI Ha KPHCTAJUIE OTMCHIBAIOTCS B TEPMUHAX TIOBEICHUS (PYHKIIMOHATHHBIX KOMITO-
HEHTOB, YTO HE MO3BOJISIET MCIIOIB30BATh I UX TECTUPOBAHUS TOTOBBIE TEXHUUECKUE PELICHUS
BEHTHJILHOTO YpoBHs. Kitaccnueckas Moesnb 0IMHOYHOM KOHCTAaHTHOM HencnpaBHOCTH (stuck-at
fault), npencrapmnsonas BHyTpeHHHE JIOTUYECKUE BEHTHIIH WA UX MEKCOSANHEHNUS, HE IPUMEHH-
Ma JJIsl UCTIOJIb30BaHMS HAa CUCTEMHOM YpoBHE. CTPYKTYPHOE BHICOKOYPOBHEBOE TECTUPOBAHUE
HE MOXKET OBITh BBITIOJIHEHO C UCIIOJIb30BAHUEM TOTOBBIX TECTOBBIX PEIIEHHIH, TOCKOIILKY reHepa-
LS TECTa BBINIOJHAETCS MOCJE CTPYKTYPHOTO CHHTe3a. Peanusanus TeCTUPOBAaHUS 3aBUCHUT OT
TEXHOJIOTHH M3roToBIeHUS SOC U U3MEHSIETCS B IIPOIIECCE YKU3HEHHOTO ITUKITa m3aeus [36].

Jinst obecriedeHus: BO3MOKHOCTH MHOTOKPATHOTO MCIIOJb30BAHUS TECTOB B HOBBIX ITPOEKTAaX
HEO0XOIMMO pa3paboTaTh TaKyl0 MOJEIb HEUCIPABHOCTH, KOTOPAs SIBJISETCS HE3aBUCHMOW OT
peanu3anuu cucteMsl Ha Kpuctaiuie. CienyeT Takke HaliTu OTBETHI Ha Bonpochl: 1) Moxer nu
TECT, MOCTPOCHHBIN Ha 0a3e GYyHKUHMOHAIBHONW MOJENH HEUCTIPABHOCTHU, OBITHh 3)()EKTUBHO HC-
0JIb30BaH JJIs HEMOKPhIBAEMBIX TECTOM (usnueckux aedexror? 2) Kak apdexkTuBHOCTD TecTa
3aBUCHUT OT CHUHTE3UPYEMOH CTPYKTYpBI? DTH BOMPOCHI SBIISIOTCS BAXKHBIMU HE TOJIBKO C TOUKU
3peHHs] IOBTOPHOT'O MCIONB30BAaHHS TECTOB, HO TaKKe M3-3a2 TOTO, YTO MPOTPaMMHBIC MOAYJIN
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MOT'YT OBITh CHHTE3UPOBAHBI C IOMOIIBIO CYIIECTBYIOIINX CHCTEM aBTOMATH3HPOBAaHHOTO MPO-
EKTHUPOBAaHUS U COXpaHeHHl B OnbnuoTtekax [P mogyneit.

s ycnemHoro NpoeKTUPOBaHUs ¥ TPOU3BOJACTBA U3ETIHsI HEOOXOAUMBI METOIOJIOTHSI TEC-
THPOBAHMS U MOJIENIN HEHCIIPABHOCTEH, KOTOPBIE 00€CIIEYNBAIOT BHICOKOYPOBHEBYIO BAJIUIAIINIO
mpoekTa [36].

HedexT-oprueHTHpOBaHHOE TECTHPOBAHNE, OCHOBAHHOE Ha T€HEPALIH TECTOB HA TPAH3UCTOP-
HOM YPOBHE 1 HCIIOJIb30BaHIK TOKOBBIX Moaenel (IDDQ), ahekTnBHO MpuMeHseTCs! B TEXHOJO-
ru# rayookoro cyomukpona. IDDQ meTox TecTupoBaHusSI OCHOBaH Ha H3MEPEHNH TOKA U XOPOIIIO
paboTaer, Kor/ia CpeHUi TOK CXEMBI C HEHCTIPABHOCTHIO OOJIBINE, YeM TOK HCIPABHOTO YCTPOH-
ctBa [37]. dedexr-opueHTHpOBaHHOE TECTUPOBAHNE HAYMHACTCS MOCTIE pealn3alliy dTara pas-
MeIeHus u TpaccupoBkH (place and route) (puc. 6) [36].

CyIIHOCTBIO KOHCTAHTHON MOJIENTH HEUCIIPABHOCTEH SIBIsIETCS aOCTpaKIUs PeaIbHOTO Je(eK-
Ta. MoJens SBISETCS OCHOBOM JUI aBTOMaTHYECKON TeHEpaIiii TECTOBBIX HA00POB U (hopMHPO-
BaHUS aJITOPUTMOB MOZCITMPOBAHUS HEUCTIPABHOCTEW. Y CTIOBUEM IOCTHXKEHUSI BBICOKOTO YPOBHS
MOKPBITHS HEHCIIPABHOCTEH SBIISIETCS TO, YTO TECT AOJDKEH TPAHCIIOPTUPOBATH HEKOTOPOE KOHK-
peTHOE 3HaueHne (3HaueHUs) B JeeKTHYI0 001acTh OT yIpaBIsIeMbIX TOYEK BBOJA U Jajiee 110
Ha6HIOILaeMI)IX BbIXOJO0B B LECIAX 06Hapy>1<eH1/1;1 HCHUCIIPABHOI'O NOBCACHMUA. I[aHHaﬂ MOACIb
Haubouee 3¢ eKTHBHA U TECTUPOBaHUS Ha KpucTaie (post-silicon testing). ['enepanus TectoB
JJIA KOHCTAaHTHBIX HCHCHpaBHOCTeﬁ BBITIOJIHACTCA IEPEA pasMCIICHUEM U TpaCCI/IpOBKOI‘/'I IMPOCKTa
(puc. 6). TecTsl U1 KOHCTAaHTHBIX HEUCIIPABHOCTEHN MOKPHIBAIOT peajbHbIE e(EKTHI TOOJIOTHI
TOJIEKO MPUMHTHBHBIX BEHTHJIEH. B 3TOM ciydae ToBOpAT 0 reHepaIiy TECTOB, HE 3aBHUCSIIUX OT
TOTOJIOT MU KPUCTAIIA.

Description levels

System, Register Gate Layout Testing
Transfer

Activities

Design pr’—f=—>

Defect-based

Stuck-at-based

L4

Description-based (realization- independent)

¥

Description-independent

Y

The test generation

Puc. 6. I'eneparnust TecTOB B IpoLieCCe MPOESKTUPOBAHUS

M3BecTHBI HECKOJBKO MOAXOA0B K FeHEepaIlliil TECTOBBIX HAOOPOB HA YPOBHE PETHCTPOBBIX
nepenad (Register Transfer Level, RTL) [36]: ucnons3oBanme MBOWYIHBIX JAEPEBHEB PEIICHUM,
BhIsBJIeHUE UcKakeHul B RTL onvicannu cxeMbl, 00beIUHEHHUE CTATHYSCKOTO aHAIN3a C CUMYJISI-
1ueil. bOMbIIMHCTBO U3 HAX MTO3BOJISIOT T€HEPUPOBATH TECTOBBIE MOCIIEA0BATENHHOCTH YOBIIET-
BOPUTEJIBHOTO KauecTBa, COBMeCcTUMbIe co cpenctBamMu ATPG BeHTWIIBHOTO ypoBHS. [ TaBHBIM
MIPEUMYIIECTBOM TECTUpOBaHUA ycTpoiictBa Ha RTL ypoBHe sBieTcs TO, YTO pa3sMEPHOCTh
OIMCaHUs CXEMBI 37I6Ch HAMHOTO MCHBIIIE, UeM Ha JIOTHYeCKoM ypoBHe. [Ipu renepanuu TecToB
Ha YPOBHE PETHCTPOBBIX Tepeaad Habop TECTOBBIX MOCIIEIOBATSILHOCTEH CO37aeTCs A BCEX
BO3MOJKHBIX peaIN3aliii, © MOXXHO TOBOPUTH O T€HEPAIINH TECTOB, HE 3aBUCSIINX OT IMILIEMEH-
Tanuy. 3ajiaya TeHepalud TECTOB MOJXKET BBIMOJIHATHCS MapajlIeIbHO C CUHTE30M CXEMBbI Ha
BEHTHIIEHOM YPOBHE (CM. BEpXHIOIO YacTh PHC. 7).

I'eneparust TECTOB HA CUCTEMHOM YPOBHE 3aBUCHUT OT UCIIOIb3yEMON MOJIEIH HEUCITPABHOC-
Teil. B 3TOM ciydyae HE TONBKO peann3anys, HO ¥ CHHTE3UPYEeMOe TMTOBEACHYECKOe OMMMCaHNe HEe
M3BECTHBI. 3ajjadya TeHepaliil TECTOB B ATOM cilydae SBIsieTcs Ooyiee CIIOKHOW, HO MOXKET
pemaTbes OTHOBPEMEHHO ¢ (hOPMUPOBAHUEM CHHTE3UPYEMOTO OTMCAHUS U CHHTE30M CXEMBI Ha
BEHTHJIEHOM ypoBHe (cM. puc. 7) [36].
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[Tepen oTmpaBKoOi MPOEKTA B MPOU3BOACTBO HEOOXOIUMO CHOPMHUPOBATH TECTOBBIC HAOOPHI.
Bepudukanus ycTpoiicTBa mpearnoaraeT 3amyck TECTOBOM MporpamMMbl Ha paboueil Monenu
KpHUcTaia. TecTepsl SBIAIOTCS AOPOTrOCTOALIMMH KOMIIOHEHTAMH M MOTYT HCIIOJIB30BAaThCS B
Te4YeHHeE UTUTEIHHOT0 BpeMeHH. Hauano pa3paboTku TECTOB B KOHIIE MTPOIECCA TPOSKTHPOBAHHS
3HAUYMUTENILHO YBEJIMYMBAET BPEeMs BBIX0J1a U3/IeUs Ha PIHOK. Eciiu ncmone3yercst MeTomo0morus
MIPOEKTUPOBAHMUS CBEPXY BHH3, TO CHCTEMHAs MOJENb M3eNHs Ha KpucTaie GOpMHUpPYyeTCs B
caMoM Hauajie Ipolecca MPOSKTUPOBAHHS U MOXKET OBITh HCIOJIb30BaHa MPH pa3paboTKe TeCTo-
BO# mporpammebl. Takum 00pa3oM, HHKEHEP-TECTHPOBIINK MOXKET CTaTh YIACTHUKOM IpoIiecca
MIPOEKTUPOBAHMS HA PAHHUX CTA/IUSAX U HUCTIOIB30BATh BUPTYAILHBINA IPOTOTHIT YCTPONUCTBA B BUJIE
CHUCTEMHOH MOAeNH. JTO MO3BOJHUT CYLIECTBEHHO YMEHBIIUTH BPEMs MPOEKTHPOBAHUS H CTO-
MMOCTD U3JIEIHSI.

MeTopmonorusi MPOEKTUPOBAHUS CBEPXY BHU3 OPHUECHTHUPOBAaHA Ha aBTOMATHUYECKHH CHUHTE3a
CITUCKA COSTMHEHUN BEHTIUIFHOTO YPOBHS C HCIOJIB30BAHMEM ITOBEJICHUECKOTO OMHCAHUS WIIH
cUcTeMHOU MoJienu. Bpems BeIXoaa u31enus Ha peIHOK (time-to-market) 3aBHCHT OT ITUTENILHO-
CTH IIPOLIEYPHI JIOTHIECKOT O CUHTE3a, MPOAOJKUTEIILHOCTH TECTOMPUTOAHOTO MPOSKTHPOBAHUS
1 TeHepanu TectoB (cM. puc. 7). Tecronmpurogroe mpoeKTUPOBaHUE M TEHEpAINHs TECTOB Ha
OCHOBE CHCTEMHOM MOJENH MO3BOJUT COKPATUTh BPEMs BbIXOAA Ha PHIHOK [36, 45]. Ananu3
TECTOBOTO IOKPHITHS Ha BEHTHIIFHOM YPOBHE HE SIBJISIETCS BPEMA3aTPATHOM MPOIEAYPOH U JaeT
BO3MOXKHOCTb YMEHBIIHUTD JJIMHY TECTOBBIX MOCIEA0BATEILHOCTEH, MOTYYSHHBIX HA CHCTEMHOM
YpOBHE.

Systern- o) DFT and Test
. ate-level £s
rodel mode] i
Time-T o-Market

*
&

Crate-level Test
Symthesis model suppleraent on
Gate-lewvel
raodel
System- Faul
level ault coverage
model analysis
Test
supplement on
Systern-lewel
rnodel
DFT and Test Test
generation seduences

Puc. 7. Bpems time-to-market Ha pa3THIHBIX dTaNax MpoIecca MPOSKTUPOBAHMS

['enepanust TeCTOB HA CUCTEMHOM YPOBHE HE MOXKET rapantupoBath 100% MOKpBITHE HEUCTI-
paBHOCTEN BEHTHUJILHOTO YPOBHS I KaXK/10M BO3MOXHON UMIUIEMeHTalnu. GopMUpoOBaHUE TeC-
TOBBIX IMOCJICJIOBATEILHOCTEH HEOOXOUMO BBIMOJIHATH Mapalie]IbHO Ha CUCTEMHOM U Ha BEH-
THJIHHOM YPOBHSX, ITOCKOJIBKY BEPOSITHOCTh T€HEpAIlMH TECTOB I TPYTHOOOHAPYKUBAEMBIX
HEUCTPABHOCTEW MOXET OBITh PA3JIMYHON Ha KaXKJIOM YPOBHE OITUCAHMSI.
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5. Moaean GyHKIMOHAJIBLHBLIX HEHUCIPABHOCTEH

Bce Goiee mmpoxoe UCnob30BaHue IPOrpaMMHO-aINaPATHBIX CUCTEM B KPUTHUECKUX MPH-
JIOKEHUSIX TIPUBEJIO K MOBBIILIEHUIO 3HAUMMOCTH BEpUPHUKALIMU U TECTUPOBAHHS POTPAMMHBIX U
anmapatHbeIX MoxyJel. B HacTosimee Bpemsi cymiecTByeT psf pobiaeM BepuuKaluy, CBsI3aH-
HBIX C BBICOKOM CJIOHOCTBIO MPOrPaMMHO-aNIIapaTHBIX MPHIOKEHUN U UX TE€TEPOTeHHON CTPYK-
Typoit [35, 48-53]. CromMoCTh BepH(HUKAIINI CUCTEMbI yBEITUYHIIACH A0 TaKOW CTENEeHH, YTO
MHOTJIa JaKe TIPEBBIIIAET CTOUMOCTH MpoeKkTa. @opManbHbIe METOIbI BEpUPUKALIMH TTO3BOJISIOT
NpOBEPUTH (HYHKIMOHATBHOCTH C IIOMOIIBIO (POpMalIbHBIX METOAOB (MIPOBEPKa MOJIENIEH, IPOBEP-
Ka 3KBHBAJEHTHOCTH, aBTOMAaTHYECKOE JO0KA3aTeNbCTBO TeopeM). [l ynpaBieHHUs CI0XKHOC-
TBIO 331241 BepUUKALMU PEATIOAKESHBI METO/IbI, OCHOBAHHBIC HA CUMYJISLIMH (3MYJISIINH ) OTIHCa-
HUS CHCTEMBI 33JaHHON BXOQHOM MOCIEI0BAaTEIBHOCTBIO.

OyHKIMOHATIbHBIE HEHCIIPABHOCTH UCKAKAIOT IPOCTPAHCTBO COCTOSIHUH ITM(POBOTO M3AETIHSA,
TpeicTaBIeHHoe crierudukanueil. JleexT mpoeKTHpoBaHUs MPEICTABIAET COOOH HETPaBUIb-
HYIO JIeTallb MPOEKTa, CPOPMHUPOBAHHYIO pa3paboTInKoM. [ledeKThl MPOeKTUPOBAHUS SIBISIOTCS
CIIEZICTBHEM JINOO CHHTAKCHYECKUX (CEMaHTHYECKHX) OMIMOOK B OMHCAHUM YCTPOHCTBA, JIMOO
(yHIaMeHTaNbHOIO HEIOHNMAaHUS (PYHKIIMOHAIbHOCTH, OIIMCAHHOW MPOEKTHON CIeU(HUKALIUEH.
KonnuectBo moreHIMa bHBIX Ae()EKTOB MPOCKTUPOBAHUS MOMKET OBITH CIIMIIKOM OOJBLINM,
YTOOBI C HUMH MOXXHO OBLTO OOPOTHCS aBTOMAaTHYECKH MM BPYYHYIO, IIO3TOMY HEOOXOIUMO
NPUMEHSATH CIIOCOOBI YMEHBIIEHHUS CIIOKHOCTH MpOoeKTa 0e3 yuiepoa Al TOYHOCTH Pe3yIbTaTOB.
Moenb MPOeKTHOH HEMCIPaBHOCTH OMUCHIBAET TOBEACHUE HEKOTOPOT'O MHOYKECTBA JIEEKTOB
npoeKTHpoBaHUsL. MoJens (yHKIMOHAIbHONW HEMCIIPABHOCTH OITUCHIBACT (PU3NIECKHE U IPOEKT-
HbIe 1e()EKTHI anmapaTHBIX U IPOrpaMMHBIX MoAyiel. Moaenb QyHKIIHOHATEHON HEUCTIPABHOCTH
MOJKHO OIEHUTHh TOYHOCTHIO MOZEITUPOBAHUS IPOEKTHBIX 1e(heKTOB 1 3PHEKTHBHOCTHIO (KOJH-
YeCTBOM OOHAPY)KMBAEMbBIX HEUCTIPABHOCTEU CXEMBI).

BonpmIMHCTBO anmapaTHBIX CUCTEM pa3pabaThIBAIOTCS HA OCHOBE METOAOJIOTUH IPOEKTUPO-
BaHMS CBEPXY BHHU3, KOTOpasi HAYMHAETCS C MMOBEJCHYECKOTO OIHMCaHus cucTeMbl. Kak pesyinb-
TaT, OOJILIIMHCTBO MOJIeNel PYHKIIMOHALHBIX HEMCIIPAaBHOCTEH SBIISIOTCS MOJICIISIMU TTOBEICH-
YECKOT'0 MM aJITOPUTMHUYECKOTO YpoBHS. CyIIecTBYIOMNE MOJENH (YHKIIMOHAIBHBIX HEUCTIPaB-
HOCTEH MOTYT OBITh KIIACCH()UITUPOBAHBI TTO CTHIIIO MOBEJCHYECKOTO OMMCAHUS, HA KOTOPOM OHU
6asupyrorcsi. CuCTeMHOE MOBEIEHHE OMUCHIBACTCS Ha sS3bIKax mporpamMMupoBanus (System C)
win onmucanus anmapatypsl (VHDL, Verilog) u npeoOpasyercsi Bo BHyTpeHHHI (opMmaT ams
WCTIOJIb30BAHNS B ITPOLIECCE CUMYJISIIIH.

5.1. Texcmogvie (cemanmuueckue) mooenu HeucnpagHocmeti. TekcToBas (ceMaHTHUYEC-
Kas) MOJIENTb HEMCIIPABHOCTEW MPUMEHSIETC IJIs NCXOAHOTO TEKCTOBOTO TOBEEHUYECKOTO OIH-
canus npoekrta [38]. [Ipocreiimeiil TEKCTOBOM MOJAEINBIO SBISIETCS METPUKA MOKPBITUSI HHCTPYK-
1yl (statement coverage metric), UCIOJb3yeMasl IPH TECTUPOBAHUN MPOTPAMMHOI0O oOecreye-
HUSI, KOTOpas CBSA3BIBACT MOTCHUUAJBHYIO OIIMOKY C KaXKJIOW CTPOKOH Koxa u TpedyeT, YToObl
KQX]IbII onepaTop MOBEICHYECKOr0 OMMCAHMS BBIMIOJHAJICA BO BpeMs TecTupoBanus [38]. Ota
MoJIeNib He O4eHb 3(P(eKTHBHA, TTOCKOIBKY KOJMYECTBO BO3MOXKHBIX HEHCIIPABHOCTEH PaBHO
YHCITy CTPOK Koja. OrpaHMYeHrEe TOYHOCTH MOKPBITUS MHCTPYKLUH MO3BOJISIET B COUETAHUH C
JPYTUMH MOJETISIMA HEUCTIPABHOCTEH MOBBICUTH 3P PEKTUBHOCTH TECTUPOBAHHSI.

Psn moneneit GpyHKIMOHANBHBIX HEMCIIPABHOCTEH 6a3upyloTcs Ha 00xoe myTei rpada noro-
koB ynpasnenus (Control-Data Flow Graph, CDFG), onucbiBaromero noseaeHue cuctemsl [38].
Pannrne monenmu HencnpaBHocTeit CDFG 0CHOBBIBAIMCH HA TIOKPHITHU BETBEU U myTeit rpada.
[lokpeiTHE BeTBEW mpenmnonaraeT, YTO MHOXKECTBO BcexX mpoBepsieMbix myteil rpada CDFG
OXBAaTBIBAET JIBAa HAIIPABIICHHUS pean3allii BceX OMHApHBIX yciaoBuid. [IoKkppITHE BETBEH MIMPOKO
UCIIOJIB3YyEeTCs IIPY TECTUPOBAHUH ITPOrPaMMHOTO H allllapaTHOTr0 00ecneueH s, OAHAKO PUMEHE-
HUE TOJBKO JAaHHON MOJIETN HE MO3BOJISET MOTYYUTh TOJTHYIO TaPaHTHIO KOPPEKTHOCTH KOAA.

MeTpuka HOKPBITHS ITyTel sBisieTcs: 6onee 3 PEeKTUBHOM 110 CPABHEHUIO C METPUKOM MTOKPHI-
THS BETBEH, IOCKOJIBKY OHA OTpa)kaeT KOJUYECTBO MyTel rpada notokos ynpasnenus. [Ipeamno-
Jaraercs, 4To Ie(EeKT CBsI3aH C HEKOTOPBIM IyTeM rpada MOTOKOB yIPaBICHHS U, CIIC0BATEIb-
HO, [T TAPaHTHUPOBAHHOT'O OOHAPYKEHUsI BCEX HEUCIPABHOCTEH OJIKHBI OBITH BHITIOJTHEHBI BCE
IYTH NOTOKa ynpasieHus. KonudecTBo myTeil ylpaBieHUs MOKET ObITh OECKOHEUHBIM, €CIIU
rpa¢ CDFG conepxurt nuki. [Tostomy Metpuka 00xoaa myTei MOXeT ObITh OTpaHHuYeHA TMHON
nyTtH. [lockonbky oO1iee 4nciio myTeil I0ToKa ynpaBjIeHHsI pacTeT IKCIIOHEHLUAIBHO C KOJIUYe-
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CTBOM YCJIOBHBIX OII€PaTOPOB, MOKHO BBIOpPATh IIOAMHOKECTBO BCEX ITyTel [I0TOKA YIIPABIICHHUS,
HEOO0XOIMMOE U TOCTATOYHOE JUIA TecTUpoBaHHA. OJHUM W3 KPUTEPUEB BHIOOPA MYTH MOXKET
ObITh Oa3uCHBIM HaOOp MyTeH WM MOAMHOXKECTBO IyTeH, KOTOpHIE JIMHEHHO-HE3aBUCUMBI U
MOTYT 00pa30BbIBaTh JIIO0OH Apyrow myTh. IIpu TecTupoBaHMU NOTOKOB IAHHBIX IOSBJIICHUE
Ka)X/1011 MepeMeHHOi paccMaTprBaeTcs TM00 Kak OMMCaHue IIEPEMEHHOH, JIN0O0 Kak ee UCIIOIb30-
Banue. [Ipu BeIOOpe myTH paccMaTpUBarOTCs TaKHe, KOTOPbIE CBA3BIBAIOT OIPEAEICHUE Iepe-
MEHHOMH ¢ ee mpuMeHeHneM. Kputepun TecTupoBaHUs NOTOKOB TaK)Ke MPUMEHSIOTCS JIs TPOBEp-
K1 ITOBEJICHYECKOT0 ONMCAHUS allllapaTHBIX MOIYJIEH.

BonpmmHCTBO MOAEnelt HencpaBHOCTEH rpada MOTOKOB YIIPaBIEHHU pacCMaTPUBAIOT ITyTH
0e3 orpaHr4eHus 3HaUCHUH IEPEMEHHBIX M CUTHAIOB. B MPOTHBOMOI0KHOCTD UM CYIIECTBYIOT
MOJIEJIN HEUCHPABHOCTEH, OPUEHTHPOBAHHBIC HA IIE€PEMEHHBIC/CUTHANIBI, KOTOPhIE BKIIIOYAIOT
OoJiee )KECTKHE OTpaHMYCHUS HA BEJIMUMHY CHTHANIA B LENAX OOHApY:KEHHsI HEUCIPaBHOCTEH.
MeToaunka aHanu3a JOMEHA IPU TECTUPOBAHUU IIPOTPAMMHOI0 00eCeueHHs paccCMaTpUBaeT He
TOJIBKO IIyTh IIOTOKA YIPABJIECHNUS, HO U 3HAUYEHUsI IEPEMEHHBIX U CUTHAJIOB BO BPEMsI BHIIIOTHEHUSI.
JlomeH mpeacTaBisieT coOO0H MOAMHOKECTBO MPOCTPAHCTBA BXOAHBIX 3JIEMEHTOB MPOTPaMMBI, B
KOTOPOM KaXKJIbIi 3JIEMEHT aKTUBU3UPYET BBIIIOJHEHNE IPOTrPaMMBI [10 HEKOTOpoMy IyTH. Heuc-
MIPaBHOCTh JOMEHA BbI3bIBAET BHIIIOJHEHHUE NPOTPAMMBI, CJIEJCTBHEM KOTOPOTO SIBJISETCS Iepe-
XOJ B HENPABWIBbHYIO 0071acTb. JlaHHBIH METOJ MOXKET OBITh TaK)KE NMPUMEHEH JAJIsl TECTUPOBa-
HUS anmapaTHOTO 00ecreYeHusl.

MHorue Moesiu HeucIpaBHOCTeH rpad)a MOTOKOB yIIPaBISHUS COLEPKaT TPeOOBAHUS K aKTH-
BH3ALlMM HEUCIIPABHOCTEH HE3aBHCUMO OT 3Ha4eHHs HaOmogaeMocTu. i ycTpaHeHHs 3TOro
HeJ0CTaTKa MpeAIoKeHbI MOBEAeHYECKNE MOIETTH HEMCIIPaBHOCTEN, TPUMEHUMBIE JJIs1 TECTUPO-
BaHusa software m hardware mogmyneit. I[lonxom OCCOM ([38] Gasupyercs Ha JOOaBICHHUU
HEUCIPAaBHOCTEN, HA3bIBAEMBIX TETaMH, K KaKJIOMY OIpEAETICHUIO IEPEMEHHOMN, MPeICTaBIIsIO-
LIMX MOJIOKUTEIBHOE WM OTPULATEIEHOE CMELICHHE OT NPaBUJIBHOIO 3HAUYEHHsI CUTHANA. 3HAK
OIIMOKY N3BECTEH, HO BEJIMYMHA — HET. AHAIIN3 HA0JIF01aeMOCTH BJIOJIb ITYTH ITOTOKA YIIPaBJICHUS
JieNlaeTCsl BEPOSITHOCTHO, C HWCIOJIb30BAHUEM alreOpanvecKuX CBOMCTB OMepaluii u JaHHBIX
MoJenupoBaHus. Ter OyOeT pacnpoCTpaHITHCSA C MOMOIIBIO MOBEACHUYECKOW ONepanyy, eciu
OyayT BBITIONHEHBI JiBa YCJIOBHSL: 1) COBMAAET 3HAK; 2) IPyrue BXOABI B MPOIECCE BHITOTHEHUS
oIlepaly He KOHTpOIUpYyroTcs. Pa3paboTan Takxke TOYHBIM METO ONpeAeIeHUs] HAOI0aaeMoc-
TH, B KOTOPOM KOHCTaHTHasi HEHCIIPABHOCTH BBOJUTCS HA BHYTPEHHUX NIEPEMEHHBIX, U €€ PacIIpo-
CTpaHeHue oOecreunBaeTcs MoBeaeHneM o0bekTa. IlockonbKy aHanu3 HaOMIOAAEMOCTH SIBIIA-
€TCsl TOYHBIM, BBIYMCIUTENbHAS CIOXKHOCTh IPH 3TOM BO3pacTaer.

5.2. Mymayuonnvie mooenu neucnpagnocmen. MyTallUOHHOE TECTUPOBAHUE OCHOBAHO HA
HCKYCCTBEHHOM BHECEHHMH HEHCIPABHOCTEH B KOJ MPOTPaMMBbl U IIPUMEHSETCS AJIs1 TECTUPOBa-
HUS IPOTPAMMHOTO 1 anmapartHoro obecriedenunit [38]. OcHOBHas ujes 3aKII0YaeTCs] B UMHTAIIN
TUIMYHBIX OIIMOOK MPOTPaMMHUCTA U CO3JaHUHU CIIELUAIBHBIX TECTOB ISl UX BBISIBICHHS (TECTOB,
KOTOpBIe ObI 0OHAPYKUBAITM HEHCIIPABHOCTH, €CITM OBl OHH MPUCYTCTBOBaNM). HencnpaBHOCTH
BBOJISATCS] B OPUTMHAJIBHYIO IIPOTPaMMy M CO3JAeTCsl MHOTO HEHCIIPABHBIX BEPCUH MPOTrPAMMBI.
Kaxnas n3 HUX comepXuT ogHy OmuOKy. OmuOouHbIe MPOrpaMMbl Ha3bIBAIOTCA MYyTaHTaMU
OpPUTHHAJBHOM MporpaMMel. L{enpio reHepaliui TeCTOB ABJSETCA pa3rpaHHueHHe OPUTHHATIEHOU
MIPOrpaMMBI U BceX €€ MyTaHTOB. OpHUTHHANIBbHAS IPOTPAMMa M BCE €€ MyTallUU TECTUPYIOTCS Ha
OTHOM M TOM ke Habope TectoB. Ecnu Ha sTomM Habope MOATBEpIKIACTCS MPAaBHIBLHOCTH
MPOTPaMMBI M BBISIBJISIFOTCS BCE OIIMOKH B ITPOTpaMMax-MyTaHTaX, TO OPUTHHAIBHAS [IPOrpaMma
0OBsIBIISICTCS TIPAaBUIILHON. ECIIM B HEKOTOPHIX MyTaHTaxX He ObLUIM BBISBICHBI BCE OIIUOKH, TO
TECTOBBI HA0Op CUMTAIOT HE TMOJHBIM, M OH MOMJIEKHUT aopadorke. HabGop MyTammoHHBIX
oneparopoB s3pika VHDL BkiouaeT M3MEHEHHs CIEAYIOUINX OOBEKTOB: apudpmMeTHueckue
OTIepaTOPhI, OTPEIeNIEHNE U M3MEHEHHE aOCONMIOTHOTO 3HAUYEHHUS U KOHCTAHTHI, JIOTHYECKHUE OTIe-
PaTophl, peNIALMOHHBIE OTIEPAaTOPH, N0OaBIEHHE YHAPHOTO oneparopa. Kaxaslii oneparop mnpen-
CTaBIIAET ONpeAeNIEHHBIN KJIacC HeUCIpaBHOCTeH. Bce BO3MOXKHBIE U3MEHEHHSI B IPOTpaMMe He
MOTYT paccMaTpUBAThCS U3-32 UX HETIOMEPHO OOJBIIOro KojaudecTBa. Vi3aMeHeHus: MOTyT OBITh
OrpaHUuYEHBI IO MPUEMIIEMOT0 Ha0opa Ha OCHOBE IBYX TUMOTe3: 3P QEKT CLHEIUICHUS U KOMIICTEHT-
HBIH porpaMMucT. DG QEeKT CrerIeHns IIIacuT, YTO CI0KHBIE HeHCIIPAaBHOCTH MOTYT COYETaThCS C
MPOCTHIMH HEUCTIPABHOCTSIMHU, TAKMM 00Opa3oM, TECTOBBIH HabOp, KOTOPBIA 0OHApYKUBAET BCE
IpoCThIe OMIMOKM B IporpaMme, OyaeT oOHapyKHMBaTh TaKKe M CIOKHBIE HEHUCIPABHOCTH.
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I'mnoTtesa «KOMIETEHTHBIH IPOTPAMMHUCT» YTBEPIKIAET, YTO KOMIIETEHTHBIN MTPOrPaMMHUCT CTpe-
MUTCS TUCATh POTPAMMBI, KOTOPBIC MPAKTUUECKH SIBJITFOTCS MPABUIIBHBIMU. JIpyriuMu ClIoBaMH,
porpaMmma, HalucaHHasi KOMIIETeHTHBIM IIPOTPAMMUCTOM, MOXKET ObITh HEMIPABUIILHOW, HO OHA
OyZeT OTiMYaThCs OT MPABIIFHONW BEPCUM OTHOCHTEIHHO MPOCTHIMU omnOKkamu. Hemoctatkom
MYTAaIMOHHBIX MOJICIICH SBIISETCS JIOKAIBHBIN XapakTep MyTallui, 4TO OrpaHUYMBAET IIPUMEHE-
HUE MOJIeJIeH TSl oTMcaHus 0OJIBITOTO Habopa 1epEKTOB MPOSKTHPOBAHUS.

5.3. Mooenu neucnpasrocmeti xkoneunozo asmomama. Koneunsie aBromatsl (KA) sBis-
FOTCS KITACCHYECKHUM CITOCOOOM OIMCaHUS OBEIEHH TOCIEIOBATEIFHOCTHBIX CXEM, U JIJIST HUX
ompenenaeHsl MoAeIn HencrpaBHocTe# [38]. Hambomnee pacmpocTpaHeHHOH SBISETCS MOIEITH
TIOKPBITHSI COCTOSIHUH, OCHOBaHHAsI Ha TPSOOBAHUW TOKPBITHS BCEX BO3MOXKHBIX COCTOSIHHNA U
BBITIOJTHEHHUS BCEX BO3MOXKHBIX MIEPEXO0/I0B B mporiecce TectupoBanus. Jledextst KA He BRIBOAAT
€ro 3a MPOCTPAHCTBO COCTOSHUH, 3ajaHHOe crienudukanueii. [Ipobiema ucmnoap30BaHus MOZE-
Jiell HEUCIIPABHOCTEW KOHEYHOr0 aBTOMATA 3aKJII0YAETCsl B BBICOKOM CII0KHOCTHU PELICHHUS 3a1a-
YM TECTUPOBAHUS, KOTOpas 00yclloBIieHa OONBLION pa3MEepHOCTHIO MPOCTPAHCTBA COCTOSIHUHN
TUTIOBOM BBIYMCIUTEILHOU CUCTEMEI. PellieHneM yka3aHHOM po0OJIeMbl MOXKET OBITh BBISBIICHHE
MTOJIMHOKECTBA COCTOSTHUH KOHEYHOTO aBTOMAaTa, MMEIOIIMX peIIarollee 3HaueHUe IS ero
KOpPpPEKTHOro (hyHKIMOHUpoBaHus. Mojenu pacumpeHHoro koneunoro apromata (Extended Finite
State Machine, EFSM) n mammmnast kortposs (Extracted Control Flow Machine, ECFM) no3Bos-
0T YMEHBIINTh KOHEYHBIA aBTOMAT IIyTEM €ro Pa3feleHHs] Ha NPOCTPAHCTBO COCTOSIHUM U
MIPOCTPAHCTBO JaHHBIX. Y MEHBIIIEHHBI KOHEYHBII aBTOMAT TeHEPUPYETCS IyTeM MPOeIHpOBa-
HUSl OPUTHHAIHHOTO KOHEYHOTO aBTOMaTa Ha MHOJKECTBO COCTOSHUM, HMEIOIUX HanOOJbIIee
3HAYEHUE JJIS poliecca BAIUAAINH.

6. Mogenb HCHPAaBHOIO NOBeJeHHS] 00beKTa

Mopens 00beKTa AHarHOCTUPOBAHUS — 3TO COBOKYITHOCT T€TEPOT€HHBIX KOMIIOHEHTOB, B3a-
MMOCBSI3aHHBIX BO BPEMEHH U IIPOCTPAHCTBE, C 33/IaHHOM aICKBATHOCTHIO OMUCKHIBAIONITUX HEKO-
TOPBIA TIpOIecC WK SBICHHE. MOJeTh MOXKET OBITh IPEICTaBICHA B aHAJTUTHYECKOW, TaOImd-
HOM, BEKTOPHOH, TpaduyuecKoi Wi Apyroit hopme 1 3a7aHa B IBHOM WIJIM HESIBHOM BHJE [28, 29,
32].

SIBHas Mojenb 00BEKTa NUATHOCTHPOBAHMS COCTOMT M3 ONMCAHWN €ro MCIPaBHOW M BCEX
HEUCTIPaBHBIX MOAU(UKaIHiA. HessBHAsS MOIENb CONEPIKUT ONMHUCaHNE UCTIPABHOTO 00BEKTa, MOJIe-
71 eTo (PU3HUYECKUX HEUCTIPABHOCTEH 1 IIPaBMIIA TTOTyYeHHS 10 HUM BCE HEMCIIPABHBIX MOTU(HKA-
Ui 00beKTa. YHUBEPCAIbHONH MaTEeMaTHYECKON MOJIEIIbI0 O0BEKTA TMarHOCTUPOBAHHUS SIBJISCT-
cs Tabmmna ¢pyskumii HeucripaBHoctel (TOH). Kaxmoe HencnpaBHOE cocTOsTHIE 00BEKTa TUar-
HOCTHPOBAHUS COOTBETCTBYET OJTHON HEUCIIPABHOCTH (OAMHOYHOM WIIM KPaTHOW) U3 3aJaHHOTO
kiacca HeucnpaBHocTei. Hemocratkom TOH sBasroTcs ee 6onpime pasmepsl. Moaens AHUCK-
PETHOH CHCTEMBI MOXKET OBITh NPEJCTABIICHA B BHJIC TAOJMIIbI HCTUHHOCTH, JIOTHYSCKON CETH,
aNbTEepPHATHBHOTO rpada, SKBUBAJCHTHON HOPMaJIbHOW QOPMBI MpeICTaBlIeHHs OYyIeBbIX (QYHK-
U, TaOIHIIBI IEPEX0/I0B-BBIX0/I0B MHOTOTAKTHOH cXeMbl. BEIOOp MOjienn BIuseT Ha TIIyOuHY U
TPYIOEMKOCTh TIpoIlecca TUarHOCTHPOBAHIS.

7. Jlornyeckoe MoaeIHPOBaHHUE

Jlorndyeckoe MoEIMPOBAHKE SBISIETCS POPMOH BepH()UKALTMOHHOTO TECTUPOBAHHS MPOEKTA C
UCIIOJIb30BaHUEM MOJICTH TPOCKTUPYEMOH cUCcTeMbl. Ha BXOJ Moaenw MomaroTcsi BXOHBIE
CTHMYJIbI, BBINOJIHSIETCA MMOCTPOCHUE M aHAIW3 BPEMEHHBIX AMArpaMM AJisl BHEIIHUX BXOJOB,
BBIX0/IOB CX€MBbI 1 BHYTPEHHUX JTUHUH [35].

Bepudukanus npoexta o3BoJsieT IPOBEPUTH (Y YHKIMOHAIBHBIE PEKUMBI OTHOCUTENIBHO CIie-
mudukanuu. [IpoBepka ocymecTBisieTcsl HA KaXI0W CTaIuy NpeoOpa3oBaHus MOAETH OT CHC-
TEMHOTO YPOBHS JIO YPOBHSI UIMIICMEHTAIIMU TIPOEKTa B KPUCTAJUI ITyTEM CPAaBHEHHUS Pe3yJibTa-
TOB, MOJyYEHHBIX B MPOLECCE MOACIUPOBAHUS, H STAIOHHBIX PE3YJIbTATOB, MPEIYCMOTPEHHBIX
crierpdUKaIye.

3agauu, peuraeMble B mpolecce Joruueckoro Moaenuposanus: 1. IlpoBepka npaBuiabHOCTH
(dhyHKIIMOHUpOBaHus HUGPOoBOH cxeMbl. 2. MccnemoBanne BpeMEHHBIX [TapaMeTPOB CXeMbI (ObIC-
TPOJCHUCTBHE, BPEMS BBIITOJTHCHHS OICpAIlvii, TaKTOBas actoTa). OOHApyKEHUE COCTSI3AHHM,
PHUCKOB c00s1, aHanu3 3a1epikek. 3. OnTUMu3anus NIPOeKTHBIX pemeHuid. 4. ['enepanus BpemMeH-
HBIX nuarpamM. 5. ['eHepanmsi TECTOBBIX TOCIIeIOBaTEIbHOCTEH. 6. MomeTnpoBanne HEUCTIPaB-
HOCTEH.

69



Jiis BeprduKayuy IpoeKTa HeOOX0 MM IIPOTOTHUI YCTPOUCTBA, (PYHKIIHOHUPYIOIIKHI Ha 3a1aH-
HoOH paboueil 4acToTe, OJJHAKO CO3AaHUE MPOTOTHUIIA ABISIETCS JOPOTOCTOSIIUM U TPYIOEMKUM
nporneccoM. 3aMeHa NpOTOTUIIA TPOrPAMMHON MOJIENBIO Ha3bIBaeTCsl cuMysanuei. Bepuduka-
L(s1 IPOEKTA € UCIIOJIb30BAaHUEM CUMYJISITOPA MMEET CIIeIyOIe IPEUMYIeCTBa:

— IpOBEpKa OIMOOYHBIX YCIOBHH (HarIpuMep, KOH(QINKTHI HIMH);

— BO3MOXXHOCTb M3MEHEHHS 3aJ€PXKEK B MOJEIM JUIl NMPOBEPKH TI'PAHUYHBIX BPEMEHHBIX
napaMeTpoB;

— IIPOBEpKa 3a/1aBaeMbIX I10JIb30BATEIEM 3HAUEHUH ITapaMeTPOB CXEMBI;

— BO3MOJKHOCTb Hadajia MOJIEJIMPOBAHUS CXEMBI Ha JIFOOOM 3TaIe IIPOEKTHPOBAHMUS;

— TOYHBIH KOHTPOJIb TAMMUHIa aCHHXPOHHBIX COOBITHH (HalIpuMep, IpephIBaHMi);

— BO3MOJKHOCTh (DOPMHUpPOBAHUS aBTOMATU3UPOBAHHOTO TECTOBOI'O OKPYKECHUSI MOAEIHpYe-
MOW cxeMbl, ucrnonb3oBanne RTL Moxaenu i ympapieHHs W HaOMIOIEHHS 3a MOBEICHHEM
CXEMBI B IIPOLIECCE MOJEIUPOBAHHUS.

TexHONOTHK UCIIONB30BAHUS alIapaTHOTO MPOTOTHITUPOBaHUs ¢ moMomIbio PLD nmeroT psin
CYIIECTBEHHBIX MPEUMYIIECTB M0 CPABHEHHUIO C MPOTPAMMHBIM CHMYJISITOPOM: OBICTpOIeHiCTBHE
1 BO3MOXKHOCTb KOPPEKLIUH IIPOEKTa.

MeToabl TOTHYECKOT0 MOJEITUPOBAHUS MOKHO KJIACCU(PHULIUPOBATH MO CIEAYIONINM pU3HAa-
KaM: 1) B 3aBUCHUMOCTH OT CIIOCO0a ydeTa BPEMEHHU PaclpOCTPAHEHUS! CUTHAIa — CHHXPOHHbBIE
(6e3 yuera 3asepKEK B JJIEMEHTaX CXEMbl) U aCHHXPOHHBIE (C y4eTOM 3aJepiek); 2) B
3aBUCHUMOCTH OT CIIOCO0a MPEACTaBJICHHs] CUTHAJIOB — JIBOMYHbIE M1 MHOTO3HAuHbIE (TPOUYHBIE,
MATU3HAYHEIE); 3) 110 CIOCO0yY OpraHU3auy PadOTHI IPOTPAMMBbI —KOMITHIISITABHBIE U HHTEPIIPE-
TAaTUBHBIC, 4) B 3aBUCHUMOCTH OT OpraHu3anuu O4C€pPCAHOCTH MOACIUPOBAHUA — IMOLIAIOBBIC U
COOBITHHHBIE.

CUHXpOHHOE MOJICTTMPOBAaHKE IPEAHA3HAUCHO IS aHAJIM3a IEPEXO0/HBIX MPOILIECCOB B IU(PO-
BBIX YCTPOMCTBaX BEHTHJIBHOTO M (PYHKIMOHAJIBHOI'O YPOBHEH ONMCaHHs Ha OCHOBE MOJENeH
AIIEMEHTOB, MPECTABICHHBIX HX JIOTHYECKMMHU (QYHKIUSMH Oe3 ydera 3alep>KeK cHUrHaioB. B
mpouccce MOoACIMPOBAHUA BhIYUCIAIOT 3HAYCHUS CUTHAJIOB Ha BbIXOAaX JIOTHYCCKUX 3JICMCHTOB
CXEMBI 10 3aJaHHbIM BXOJIHBIM cUrHanam. IIpu sTom npezamonaraercs, 4To BpeMs CyILIECTBOBa-
HUS TIEPEXOTHOTO MpoIlecca HAMHOTO OOJIbIIIE HOMHHAIBHOW 3allepKKu cXeMbl. CHHXpPOHHOE
MoJenupoBaHue Hanbosee 3h(HEKTUBHO NCHONb3YeTCs Ul aHaIn3a padOThl KOMOMHAIIMOHHBIX
CXEM B YCTaHOBMBIIEMCsI pekuMe. Pe3ybTaT MOJeTUpOBaHUs B 3TOM cllydae Hanboliee TOUHO
COOTBETCTBYET PEAIbLHOMY PEXHMY paOboThl ycTpoicTBa. K MeTogaM CHHXPOHHOIO MOAEIHPO-
BaHUs OTHOCAT:

—Mero]1 Diixenpoeprepa, MpeJHa3HauYeHHBIN JJIs1 CHHXPOHHOT'O aHaJIi3a MePEeX0/HbIX MPoIIec-
COB B IM(POBBIX YCTPOHCTBAX BEHTHIILHOTO YPOBHSI OIICAHMUS;

— MHOTO3HaYHOE CHHXPOHHOE MOJICTUPOBaHUE, MTO3BOJISIOIIEE OOHAPYKUBATh BCE PeabHbIC
COCTSI3aHMS B CXeMe. DTOT METOA MHOTJA yKa3bIBaeT Ha JIOKHBIE COCTA3aHUS, YTO MPUBOAMUT K
JIOTIOJTHUTENLHBIM 3aTpaTaM IPH JJOTHYECKON BEpUPHUKAIINN TUPPOBBIX CUCTEM.

Pemennem yka3zaHHOM BbIIIE TPOOJIEMBI SBJISIFOTCS. AaCHHXPOHHBIE METOIBI aHAIN3a U(PPOBBIX
cxeM. Mx pa3HooOpa3ue ompenenseTcss 3HaYHOCTbIO andaBuTa MOAEIUPOBAHUS U CTETICHBIO
aJICKBaTHOCTH MOJIEJIEH MO peaNbHbIM BPEMEHHBIM ITapaMeTpaM.

ACHHXPOHHOE MOJICTTUPOBAaHHIE IPUMEHSIETCA 1JIs aHaJIM3a IEPEXOTHBIX IIPOIIECCOB B JIOTHYEC-
KHUX CX€MaXx € y4€TOM BPEMCHH PACIPOCTPAHCHHA CUTHAJIOB B DJICMCHTAX U COCAMHUTCIIbHBIX
Hersix cxembl. Kaxplii KOMIIOHEHT CXEMbl XapaKTepU3yeTcsl HEKOTOPOil CpeHel 3al1epKKOM,
3HA4YCHHEC KOTOpOfI MOXET UBMCHATHCA B 3aBUCHUMOCTH OT pPEXKHUMa pa6OTLI KOMIIOHCHTA, KOMOH-
Halliv BXOJAHBIX CUTHAJIOB, TEMIICPATYPHI, OTKJIOHEHHH B TEXHOJIOTHUH U3TrOTOBJIEHHS.

K meronam acMHXpOHHOT'O MOJIETUPOBAHUS OTHOCSIT:

— A -TpOMYHOE MOJICTUPOBAHNE, KOTOPOE YCTPAHSIET HETOCTATKU JBOMUYHOTO AaCUHXPOHHOTO U
TPOUYHOTO CHHXPOHHOT'O METOJIOB;

— ACHHXPOHHOE TPOMYHOE MOJEIUPOBAHKUE C HAPACTAIOIIEH HEOMPEeAeIeHHOCThIO, KOTOPOE
YCTpaHSET JETEPMUHI3M B MOJIEIHHOHN 33/IepKKE KOMITIOHEHTA CXEMBI, 3aKIII09asi ee B HEKOTO-
pbIii HHTEpBAJL.
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8. MoaenupoBaHue HeUcCHpaBHOCTeil

CyILHOCTh MOAETIMPOBAHUS HEUCIPABHOCTEH COCTOUT B ONPEIEICHUN BIMSAHUS OJHOTO WIN
HECKOJIBKHX JIe()eKTOB Ha COCTOSHUS JIMHUK 00bEKTa MPHU MMO1a4€ TECTOBBIX MOCIEI0BATEIBHOC-
teit [39, 54]. MeTo bl MOIETMPOBAHNS HEUCITPABHOCTEH MOKHO KITACCH(HUITUPOBATE CIIETYIOITAM
00pa3oM: OJMHOYHOE, TapaJlIeIbHOE, IelyKTUBHOE, KyOMUECKOe U COBMECTHOE MOJICIIMPOBAHHE.

OpnuHOYHOE MOZETMPOBAaHNE HEMCIPABHOCTEW 0a3upyeTcs Ha BHECEHWH OJHOW OJTMHOYHON
KOHCTAHTHOM HEMCIIPAaBHOCTH SKBUIIOTEHIIMATBHOM TMHUM B cxeMy. [IpH mogaye TecToBBIX Moce-
JIOBATEbHOCTEH BBITIOMHSIETCS aHAIH3 IPOSIBJICHHUSI HEUCIIPABHOCTH Ha BHEITHUX BBIXOJaX O0BEKTa
JUarHOCTUPOBaHMs. MeTox OpueHTHPOBaH Ha 00PabOTKY CXEM HEpEerncTPOBOIO YPOBHS M HE
TpeOyeT 3HaYUTENbHBIX BPEMEHHBIX 3aTpar.

[TapannensHOEe MOIETHUPOBaHNE HEUCIIPABHOCTEH OCHOBBIBAECTCA Ha MCIIOJIB30BAHNN MAalllUH-
HBIX KOMaH]I apauieIbHOH 00pabOTKH CIIOB (PErHCTPOB): JOTHUECKOE CIIOKECHUE, YMHOKEHHE,
uHBepcus, uckimovaromee NI, Merog 0THOCUTCS K KOMIWIITUBHOMY MOJAEIUPOBAHUIO, I10-
CKOJIBKY TIOBEJICHHE MPHUMUTHUBOB CXEMBI OMMCBIBAETCS C TIOMOILBIO AITOPUTMHYECKHX S3BIKOB
WM acceMOnepoB. B mporecce MoaennpoBaHusi OAHOBPEMEHHO BBITIONHSIETCS aHanu3 P Heuct-
paBHOCTEH Ha BXOOHOM Habope, rae P — pa3psaHOCTP MAaIIMHHOTO CJIOBA, JOCTYIHOTO IS
napamiensHoi 06pabotku. K HegocTaTkam MeToja OTHOCAT CJIOKHOCTD IPOSKTUPOBAHHS MOJIE-
JIei ¥ UX OPHEHTALNIO HA KOHKPETHYIO BEIUNCIINTENbHYIO I1aTdpMy. beicTpoeiicTBie MeTona B
P pa3 Bbllle 0IMHOYHOTO MOJCTUPOBAaHUSI HeWcNpaBHOCTEH. Mes mapannensHOH oOpaboTku
OMHAPHOTO BEKTOPA C TIOMOIIBIO TOJBKO JIOTHIECKUX ONEPALlUii MOXKET OBITh UCTIOJIB30BaHA JJIs
CYIIECTBEHHOTO YBEINYEHHS CKOPOCTH MOJIECTUPOBAHMS.

JdenykTrBHOE MOJIEIMPOBaHNE HEUCIIPABHOCTEH 3aKII0YAETCsl B OAHOBPEMEHHOM 00paboTke
BCEX OJMHOYHBIX KOHCTAHTHBIX HEUCIPABHOCTEW CXEMBI HAa OJJHOM BXOJIHOM HaOOpe M BbLAEIC-
HHUH TIPH 5TOM MOJJMHOKECTBA MPOBEpsieMbIX Ae(ekToB. MeToa OpueHTHPOBaH Ha BEHTHIIBHBIN
YpOBEHb OIHCAHHS MOJENH MpoeKTHpyeMmoro oowsekra B 6asuce U-UJIN-HE. HeobxonumocTts
HOJIY4EHHUs] aHATUTHYECKUX (HOPMYI Ui KaXXZOro TUIA MIPUMUTHBHOTO 3JIEMEHTA U OOJbIINE
3aTpaThbl MaMsITH JJI XpPaHEHHs CTIMCKOB HEUMCIPABHOCTEH YCIOKHAIOT IPAaKTUYECKYIO peann3a-
U0 METOAA.

B coBMecTHOM (KOHKYPEHTHOM) MOJIETTUPOBAHNHM, KaK U B IETYKTUBHOM, BBISBIIIOTCS Cpa3y
BCE MPOBEpsieMble HEUCIPABHOCTH MJISl JAHHOT'O BXOAHOTO Habopa. MeTon OpHEeHTHpPOBaH Ha
00paboTKy pa3NMUYHBIX TUIIOB MOJENICH CXeM, HEUCIIPABHOCTEH, 3aep>KEK U CUTHANIOB. B oTin-
YKe OT JIEAYKTUBHOTO METO/a, TAe NePEKThl MOJCIUPYIOTCS HESIBHO, KOHKYPEHTHBIH aIrOpUTM
aHAJM3HUPYET SIBHO UCTIPABHYIO paboTy U T€ HEMCIIPABHOCTH, KOTOPBIE MOAU(DUIIMPYIOT COCTOSIHUS
BXOJOB MJIM BBIXOJIOB CXEMbI, YTO HCIIOJIB3YIOT 3(1)(I)CKTI/IBHBIG MOACIHN 2JIEMCHTOB, TAKHUEC KakK
TaOMUYHBIE U (PYHKIMIOHATBHBIE.

JenykTuBHO-TIapaiuIeIbHOE MOACTHPOBAHUE HEUCTIPABHOCTEH IIM(POBLIX CUCTEM OCHOBBIBA-
€TCsl Ha IPUMEHEHNH IPEUMYIIECTB IEAYKTUBHOTO U apajlIeIbHOIO arOpuTMOB [39] 1 mo3Bo-
JISIET 3a OAHY UTEpaurio 0opaboTKH MOAETUPYEMOH CXEMBI BBISIBUTH BCE HEUCTIPABHOCTH, ITPOBE-
pAEMEBIC Ha TCCT-BEKTOPEC. MeTOI[ IMMO3BOJISICT CYIICCTBEHHO ITOBBICUTH 651CTpOI[GI71CTBPIC MOJ€C-
JUPOBaHUS OJMHOYHBIX KOHCTAHTHBIX HEMCIIPABHOCTEH ISl OLICHKH KaueCTBa CHHTE3UPYEMBIX
TECTOB HU(PPOBBIX CUCTEM, UMILIeMeHTHpYeMBbIX B [IJIVC, copepkaniunx MUIITHOHBI BEHTHIICH.

9. MeToabl TMATHOCTMPOBAHMSA HEHCIPABHOCTEH

3ajagyaMy TEXHUYECKOTO TUarHOCTUPOBAHUS SIBIIIIOTCSA: ONPEEIEeHHE TEXHUUECKOTO COCTOSI-
HUsI 00BEKTa, TIOUCK MECTa W ONpejelieHne NMPUYUH 0TKa3a. TexHHYecKoe COCTOSIHUE 00heKTa
ONpEAEIAETCS ¢ MOMOILBIO CHEUAIBHOW TECTOBOM MOCIENOBATENIBHOCTH BXOIHBIX BO3ICH-
cTBHA. MeTozpl pOpMUPOBaHMS TECTOBBIX MTOCIIEIOBATEIEHOCTEH ISl TUATHOCTUPOBAHUSI HEHMC-
IPaBHOCTEH MOXKHO YCJIOBHO Pa3/i€UTh HAa HECKOJIBKO TUIIOB.

1. Pa3nenenue, HCMOIB30BaHUE IEPEBBEB PELLICHUN — 3aKJIFOUAETCS] B MOJICITMPOBAHNN TOBE-
JICHUS NCTIPAaBHON CHCTEMBI U cHcTeM ¢ N 3apaHee OnpeaeIeHHBIMHA HeucTpaBHOCTAMU. OTKIINK
KaXXI0¥ W3 HUX Ha BXOJHOE BO3JeiicTBUe mpuMensietcs it hopmuposanus (N+1) cucrem. [lpu
3TOM JOJI’KHBI BBIIOJIHATHCS YCIIOBUA:

— HCIIpaBHAs cHCTEMa JOJKHA OBITH OBICTPO OTAENICHA OT HEUCIIPABHBIX (BBISBICHHE HEHCII-
paBHOCTEH);
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— BCE CHCTEMBI SBJISIOTCS OJHO3HAYHO MACHTH(UINPYEMBIMH (pa3iNuUMbIMHI) (BBISIBICHUE
HEHCIIPABHOCTEH 1 OTIpeIeIIEHIE UX MECTOIOI0KEHUS ).

PesyneTupytoiee pasaeneHue Win NOCTPOSHNE IEPEBA PELIEHUH ONpeaesieT TMarHocTHIecC-
KYI0 TECTOBYIO IIOCJIEZI0BATEILHOCTD, KOTOPAs! [I03BOJISIET OAHO3HAYHO ONPEAETIUTh IPUHAICK-
HOCTB TeCTHpyeMol cucteMbl oHo# u3 (N+1) xaTeropuid.

J171s1 moncKa HeHCIPABHOCTH IIPUMEHSIOT II0CTIE0BATENbHBIN, KOMOMHAIIMOHHBIHN U I10CIIE0Ba-
TeNbHO-KOMOMHAMOHHBINA MeTo b1, [locieoBaTenbHBII METO 3aKII0YAETCsl B TAKOM ITOCTpOe-
HHUHM IIPOLETyPhl IIOMCKA HEUCIPABHOCTEH, IPH KOTOPOM MH(OPMAIHUA O COCTOSIHUU OTAEIbHBIX
TECTHPYEMBIX CHCTEM BBOAUTCS U JIOTHUECKH 00pabaThIBaeTCs MocieaoBaTeabHo. Peannzanus
METO/Ia 3aKJII0YAeTCsl B OCHOBHOM B ONPEJEICHNH 0YepeTHOCTH KOHTpois. [Iporpamma noucka
IIPY 3TOM MOXeET OBITh K€CTKOW nmin ruOkoil. JKecTkast mporpamma npenycMaTpuBaeT HaJIn4nue
3apaHee onpeeIeHHON OCIe0BaTeILHOCTH KOHTpoJIst. [Ipu ruOKoii mporpamMmMe cosiepKanue u
HOPSIIOK IOCIENYIOIIMX MPOBEPOK 3aBUCST OT MPENbIAyIIMX pe3yiabTaroB. KomMOnHannOHHBIN
METOJ 3aKII0YaeTcsl B TOM, YTO Ha BXOJ| TECTHPYEMOH CHCTEMBI MOJAeTcs (PUKCUPOBAHHBIN
Habop TecToB. [lnarno3 popMupyeTcst TOIBKO MOCIE TOT0, KaKk OyIyT MOJyYeHbl OTKIUKHU Ha BCe
TECTOBBIE BO3ICHCTBUS.

2. AKTHBH3a1MA OJTHOMEPHOTO MyTH. JJaHHBIA METO/] OCHOBBIBAETCS HAa BBEJCHUH U3BECTHOM
HEHCIIPABHOCTH B CXEMY U €€ TPAHCIIOPTUPOBAHUH HA OJUH U3 IEPBUYHBIX BHIXOJIOB 110 AKTUBU3H-
poBanHOMY TyTH. [Ipu 3TOM M1060€ M3MEHEHNE JIOTHUECKOTO 3HAYEeHHsI B MECTE HEUCTIPAaBHOCTH
NPUBOAUT K M3MEHEHHUIO 3HA4YCHHS HA COOTBETCTBYIOLIEM MNEPBUYHOM BhIxoze. OmnucaHHas
MpoIeAypa HOCHUT Ha3BaHUe MpsiMOi ¢a3el. OOpaTHas (ha3a 3aKiIFoUaeTCs B ONpeesieHuH 3Hade-
HUH IPYTUX MEPBUYHBIX BXOJOB M BBIXOJIOB, TAKUX, YTOOBI 3aJaHHAsI HEUCTIPABHOCTH MPOSIBIIS-
Jlach Ha IEPBUYHOM BbIXoJe. MeTon mpocT 1 yao0eH B NCHOIb30BaHUH, OJHAKO B CXEME MOTYT
CYIIECTBOBATH HEUCTIPABHOCTH, JJIsl IPOBEPKH KOTOPHIX HEOOXO0AUMO aKTHBU3UPOBATH HECKOJIb-
KO TyTe (B CiTy4ae HaIWYHs CXOSIINXCS PA3BETBICHHH).

3. Mcnionp3oBanue Ta0IUIBI (PYHKITUH HEUCIPABHOCTEH M TaOJIUIIBI HeHcTIpaBHOCTEH. Tabnuna
($yHKUUI HEHCITPaBHOCTEH SABIISIETCS CIIEUaTBHOM (hOpMOH MpecTaBIeHNUS TOBEJCHUS 00 BEKTa
IUarHOCTHPOBAHMS B UCTIPAaBHOM M HEUCIIPABHOM COCTOSIHUSAX. Ta0nniia HencrpaBHOCTEH CBA3BI-
BaeT HabOp TECTOB W MpoBepsieMble UMH HeHcnpaBHOCTH. OrpaHMueHHEM JAaHHOTO METOna
SIBJISIETCS. PA3MEPHOCTh YKa3aHHBIX TaOJIHII.

4. Meton OyseBbIX NMPOM3BOAHBIX. byleBa mpou3BoiHAs ONpeaeNseTcsl IyTeM BbITIOIHEHUS
onepaunu OR Hax nByMs OyneBbIMU QYHKIHUSIMU, IPEICTABISIOIINMHI UCIIPABHBINA 1 HEUCTIPAB-
HBId 00BeKkT. Ecnm OyieBa mpowsBojaHas paBHA 1, cUMTaeTCs, YTO MPOSBISETCS OMIMOKA W
OTIpe/IeNIsieTCsl COOTBETCTBYIONIAs] TECTOBAs MOCJIeN0BaTeNbHOCTh. TecToBble HAOOPHI Ompese-
JSIIOTCA ITyTeM (OopMHUPOBaHUs OyJIeBON IPOU3BOAHOM 17151 KasKJ0H HEMCIIPABHOCTH.

5. MeToJ1 3KBHBaJICHTHOM HOpMaITbHOI ()OPMBI OCHOBAH Ha MPeICTaBICHUH 0y1eBOi QyHKIIMN
B BUJI€ 9KBUBAJICHTHON HOpMaJIbHON ()OPMBI, ONHMCHIBAIOIICH KOHKPETHYIO PEaTH3alUI0 CXEMBI.
OKBHBaJICHTHAass HOpMajbHas (OpMa MOXET ObITh BBIYKCIICHA METOJIOM TOJCTAHOBKH, C TOH
pasHHLEeH, 9TO H30BITOUHBIE TEPMBI HE HCKITIOYAIOTCS, TAK KAK OHU XapaKTepPU3YIOT KOHKPETHYIO
pEATH3ALHIO0 CXEMBI.

JIBonyHOE MOJIETMPOBAHNE WIIH IMYJISLNA KBAHTOBBIX CXEM Ha KJIACCHUECKHUX KOMITbIOTepax
HE OTPa)kacT BCEX CBOMCTB KBAHTOBBIX CXEM. OMYJIALUSA KBAHTOBBIX KOMIIOHEHTOB Ha KJIaCCH-
YeCKHUX KOMIIBIOTEPAX HE JaeT CYIIECTBEHHBIX PEe3yJbTaTOB IO YBEIWYCHUIO OBICTPOICHCTBUA
[21-25]. B T0 ke Bpems MOJeTupOBaHNe HU(PPOBBIX KIACCHUECKUX CXEM Ha OCHOBE HCIIOIb30Ba-
HUS OT/EIBHBIX CBOWCTB KyOUTa MOXXET 00OTaTUTh «OEIHBIE» ANTOPUTMBI KIIACCHYECKHX Ma-
mmH. Hanpumep, cymiecTByer eme He pelieHHas npobieMa, K KOTOPOH MOXKHO MOJCTYIHUTHCS:
KaK 3a OJMH TaKkT MPOMOJEIIMPOBATh 2 B CTENIEHM N BXOJHBIX HA0Opa, MOAaHHBIX Ha HU(PPOBYIO
CXeMy, €CITH 3TH HaOOPHI MPEICTABICHBI OJJHUM JTBONYHBIM BEKTOPOM-KyOHUTOM?

10. 3axkaouyeHnue

Takum 006pa3om, aHATH3 COBPEMEHHBIX PRIHOYHBIX TEXHOJIOTUN CUHTE3a, aHAJIH3a, TECTUPOBa-
HUSI, TUATHOCTHPOBAHUSI M BOCCTAHOBIICHHUS PA00TOCTIOCOOHOCTH IIU(POBBIX CHCTEM Ha KPUCTAI-
JIaX, ONMMCAHHBIA B MIEPBOM pasJienie, JaeT OCHOBaHHS C(HOPMYIUPOBATh aKTyalIbHBIC Ha PHIHKE
JNIEKTPOHHBIX TEXHOJIOTHH TeHIeHIiH B 001actu Design and Test, cymHOCTh KOTPBIX 3aKiTi04a-
€TCS B CO3JITaHUM KyOUTHBIX CTPYKTYP JaHHBIX M «KBAaHTOBBIX» METOJIOB MOJICITHPOBAHHUS, BEPH-
(uKaIum, TUarHOCTUPOBAHMSI ¥ BOCCTAHOBIICHUS padOTOCIIOCOOHOCTH, UHTETPUPOBAHHBIX B MH(]-
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PacCTPYKTYpy CEpBUCHOTO OOCITY)KHBAHHUS MPOTPAMMHO-ANIIAPATHBIX KOMIIOHEHTOB IH(PPOBBIX
CHUCTEM Ha KPHUCTAJUIaX B IEIIAX MMOBBIIICHHUS KAYSCTBA U3/ICIMI WIIN BBIXO0JIA TOJHOM MPOAYKIIUN
HA OCHOBE YMCHBIIICHNSI BDEMEHH PEMOHTA 32 CUET YBEJIIMYCHHUS alllapaTHOW CTOMMOCTH BBIYHUC-
JIUTENBHBIX IIPOEKTOB.

OcCHOBHasi WHHOBAIIMOHHAS WS KBAHTOBBIX WJIM KyOMTHBIX BBIYUCIICHUH 3aKIHOYAaCTCS B
nepexo/ie OT BEIYUCIUTEIBHBIX MPOLEAYP HaJl OalT-0TIepaH oM, OTIPEIEIISIONIM B TUCKPETHOM
MIPOCTPAHCTBE OJHO TOYCUHOE PEIICHNE, K KBAHTOBBIM TapajlIeIbHBIM MPOLIeccaM HaJl KyOuT-
OTIEPAHIOM, OJTHOBPEMEHHO (OPMHUPYIONINM OysieaH pemeHnid. OyHKIHS e eCTh TOBBIICHHE
KadyecTBa MUPPOBBIX U3JCIUIA 32 CUET CO3JaHus MHQPACTPYKTYPHI, BKIIOYAIONICH TEXHOIOTHU
JIMaTHOCTHPOBAHUS U PEMOHTA JC(PEKTHBIX KOMIIOHCHTOB ITU(POBOM CHCTEMbI Ha KpucTayuie L,
MUHHUMU3AIHS BPEMEHH BOCCTaHOBJICHHUS paboTocriocooHocTr T 3a cyer mporpaMMHO-amapar-
Hoii n30bITouHOCTH H nHdpactpykTypst SoC:

E:HLJJD=mm%a,yr+Hn

Y=(1-P)%;
L=1-YI® =1 q-pyn-b),
S a
T=(1-k)><H ‘H= H ’
H® + H? H® + H?

rae L — maBepcHas mepeMeHHas BBIX01a TOTHOM MPOAYKIINH Y, 3aBUCSIIAS OT TECTOPUTOHOCTH
npoekta k, BeposTHOCTH P cymiecTBoBaHMs Ne()eKTHBIX OJIOKOB M YHCIIa HEOOHAPYKCHHBIX
HEUCTpaBHOCTEH n. Bpems TecTHpoBaHUS W TUATHOCTHPOBAHUS 3aBUCHUT OT TECTOMPHUTOIHOCTH
apXUTEKTYPHI k, yMHOXKEHHOM Ha YKCIIO MPUMHUTUBOB, JCJICHHOE Ha 00111ee KOJTUYECTBO JIOTHYEC-
KHX IPUMUTHUBOB TpoekTa. HeyHKknoHampHas N30BITOYHOCTD TSI PEMOHTA YCTPOMCTBA 3aBH-
CHUT OT CIIO’)KHOCTH HH(PPACTPYKTYPHI, JEICHHON Ha alTapaTHYIO CII0KHOCTD IIPOEKTA.

Cnucok aurteparypsr: 1. [Jynauii B.A. KBantoBas napopmaius, KyOUTHl 1 KBaHTOBBIE anroputMbl / C.A.
Jymumii, B.B. Kanamankos, E.A. Macnos // Bicauk XapkiBcbkoro yHiBepcutety. 2005. Ne657. C. 99-104. 2.
Hunvcen M. KBaHTOBBIC BEIUMCIICHHS M KBaHTOBas nHpopManyst / M. Hunbcen, . Yanr. ITep. ¢ aarir. M.: Mup
2006. 824 c. 3. bexman HU.H. Jlexunu o uapopmMaTrke // DneKTpoHHBIH pecypc http://www.twirpx.com/file/
602601/ 4. Benenti G., Casati G., Strini G. Principles of Quantum Computation and Information. Volume 1:
Basic Concepts. World Scientific. 2004. 256 p. 5. Vedral V., Plenio M.B. Basics of Quantum Computation.
1998. 28 p. DnekrponHsIii pecypc: arXiv:quant-ph/9802065 v1 25 Feb 1998 http://www.tfp.uni-karlsruhe.de/
~cuevas/Lehre/SS04/9802065.pdf. 6. Rosinger E.E. Basics of Quantum Computation ( Part 1 ). 2004. 87 p.
DnekTpoHHBIH pecypce: arXiv:quant-ph/0407064 v1 8 Jul 2004 http://chaos.swarthmore.edu/courses/TSG/
2004d.pdf 7. Stenholm S., Suominen K.-A. Quantum approach to informatics. A John Wiley & Sons, Inc.,
Publication. 2005. 249 p. 8. Imai Hiroshi, Hayashi Masahito. Quantum Computation and Information. From
Theory to Experiment. Springer. 2006. 234 p. 9. Nielsen M.A., Chuang I.L. Quantum Computation and
Quantum Information. Cambridge University Press. 2010. 710 p. 10. Mikio Nakahara. Quantum computing:
an overview // Mathematical Aspects of Quantum Computing. 2007. 53 p. http://www.worldscibooks.com/
physics/6851.html 11. Whitney M.G. Practical Fault Tolerance for Quantum Circuits. A dissertation submitted
in partial satisfaction of the requirements for the degree of Doctor of Philosophy in Computer Science in the
Graduate Division of the University of California, Berkeley. 2009. 206 p. 12. DiVincenzo D.P. The Physical
Implementation of Quantum Computation // IBM T.J. Watson Research Center, Yorktown Heights, NY 10598
USA. 9 p. Dmekrponnslii pecypce: arXiv:quant-ph/0002077 v3 13 Apr 2000. http://www.unifiedfieldtheories.com/
0002077_DiVincenzo Phys Imp.pdf 13. Svore K. M., Terhal B.M., DiVincenzo D.P. Local Fault-Tolerant
Quantum Computation // Dnektpounsiii pecypc: arXiv:quant-ph/0410047v2 6 Jun 2005. http://
research.microsoft.com/pubs/143764/local2005.pdf 14. beiimcon I". lllaru B HarpaBIeHUH SKOJIOTUH pazyMa
/T betitcon. M.: KomKunwura. 2005. 248 c. 15. Baiues K.A. KBaHTOBbIE KOMITBIOTEPBI: HAICHK/BI U PEATEHOCTh
/ K.A.Bamues, A.A Kokun. Wxesck: PXJI. 2001. 352 c. 16. Feinstein D.D.Y. Computer-Aided-Design Methods
for Emerging Quantum Computing Technologies / D.D.Y. Feinstein. BiblioLabslII. 2011. 184 p. 17. Hayes J.P.
Testing for Missing-Gate Faults in Reversible Circuits / John P. Hayes, Ilia Polian, Bernd Becker // Proc. Asian
Test Symposium. Taiwain. November, 2004. 18. Mamwowrun 1. B. KBantoBbIe KiieTouHbIe aBTOMAaThI / 11.B.
MartonikuH // Dnexktponnsiit Hayunbii xkypHan « MICCJIEJJOBAHO B POCCHI». 2011. C. 367-392. Dnekrt-
pounHbIii pecypc http://zhurnal.ape.relarn.ru/articles/2011/029.pdf 19. Feinstein D.Y. Partially Redundant
Logic Detection Using Symbolic Equivalence Checking in Reversible and Irreversible Logic Circuits /D.Y.
Feinstein, M.A. Thornton, D.M. Miller // Design, Automation and Test in Europe, DATE *08. 2008. P. 1378 —

73



1381. 20. Nayeem N.M. Online Fault Detection in Reversible Logic / N.M. Nayeem, J.E. Rice // Defect and
Fault Tolerance in VLSI and Nanotechnology Systems (DFT). 2011. P.426-434. 27. Golubitsky O. A Study of
Optimal 4-bit Reversible Toffoli Circuits and Their Synthesis / O. Golubitsky, D. Maslov // IEEE Transactions
on Computers. 2011. P. 1-14. 28. Ocnoswr Texunueckoii quarHoctuku / [Toxa. pen. I1.IT.ITapxomenko. M.:
Oueprust. 1976. 460c. 29. [lapxomenko I1.11. OcHOBBI TeXHUYIECKON AUarHOCTUKH (ONTUMU3aIKs alrOPUTMOB
JarHOCTHUPOBaHus, armmapatypHsie cpeactsa) / ILII. ITapxomenko, E.C. Coromons. I[Tox pex. IT.I1. [Tapxo-
menko. M.: Dreprus. 1981. 320 c. 31. Novak O. Handbook of testing electronic systems / O. Novak,
E. Gramatova, R.Ubar. Czech University Publishing House. 2005. 402 p. 32. Asmomamu3sayus AarHOCTUPO-
BaHMs AIIEKTPOHHBIX ycTpoiicTs/ FO.B.Mansimenko u ap./ [lox pexa. B.I1.Humynnca. M.: DHeproaroMunsaar,
1986.216¢. 35. Xaxanoe B.H., Xaxanoea 1.B., Jlumeunoea E. /., I'y3e O.A. IIpoexTnpoBanue 1 BepupuKaums
uudpoBeix cucteM Ha kpuctamax. Verilog & System Verilog: Xapekos. HoBoe cioBo. 2010. 528c. 36.
DnekTpoHHBIA pecypc: http://www.scrigroup.com/limba/engleza/92/The-Design-Flow-and-Fault-
Mode51775.php 37. Auoproxun A.H. TapannenpHas reaeparius tectoB st MOII-cTpyKTyp Ha nepekiroya-
tenpHOM ypoBHe / A.M. Aunproxun // Haykosi npami JoaHTY. Cepis “ladopmaruka, kibepHeTHKa Ta
obuncmoBaibHa TexHika™, 2010. Bur. 11(164). C. 75-78. 38. Harris 1. G. Hardware-Software Covalidation: Fault
Models and Test Generation / Ian G. Harris // Design and Test of Computers. Vol. 20, Num. 4. July-August
2003. 12 p. DnekTpoHHEI#H pecypc: http://www.ics.uci.edu/~harris/pubdir/hldvt0 1hwsw.pdf 39. Cemeney
B.B., Xaxanoea U.B., Xaxanoe B.U. IlpoextupoBanue nu)poBhIX CHCTEM C HCIOIb30BaHueM si3bika VHDL.
XapbkoB: XHYP3. 2003. 492 c. 40. Haoearcnocmsb Texundeckux cucteM / [lox pen. . A.Ymakosa. M.: 1985.
512 c. 41. Stanisavijevi M. Reliability of Nanoscale Circuits and Systems / M. Stanisavljevi, M. Schmid, Y.
Leblebici. Springer. 2011. 240 p. 42. Fan X. Fault diagnosis of VLSI designs: cell internal faults and volume
diagnosis throughput / Xiaoxin Fan // PhD (Doctor of Philosophy) thesis, University of lowa. 2012. 134 p. 43.
Pomeranz I. Transition Path Delay Faults: A New Path Delay Fault Model for Small and Large Delay Defects
/1. Pomeranz, S.M. Reddy // IEEE Transactions on Very Large Scale Integration (VLSI) Systems. 2008. Vol.16,
No.1.P.98-107. 44. Pomeranz I. Selection of a Fault Model for Fault Diagnosis Based on Unique Responses
/1. Pomeranz, S.M. Reddy // IEEE Transactions on Very Large Scale Integration (VLSI) Systems. —2010.—
Vol.18, No.11. P. 1533-1543. 45. Vanitha K. Implementation of an integrated FPGA based automatic test
equipment and test generation for digital circuits / K. Vanitha, C.A. Sathiya Moorthy // Intern. Conf. on
Information Communication and Embedded Systems (ICICES). 2013. P. 741-746. 46. Niemann H. Fault
tolerant control based on active fault diagnosis / H. Niemann // Proceedings of the 2005 American Control
Conference. 2005.Vol. 3. P. 2224-2229. 47. Abramovici M. BIST-Based Delay-Fault Testing in FPGAs/Miron
Abramovici, Charles E. Stroud // Journal of Electronic Testing: Theory & Applications. 2003. Vol. 19, No. 5. P.
549-558. 48. Ulbricht M. A new hierarchical built-in self-test with on-chip diagnosis for VLIW processors /
Markus Ulbricht, Mario Scholzel, Tobias Koal, Heinrich Theodor Vierhaus // Design and Diagnostics of
Electronic Circuits & Systems (DDECS). April 2011. P.143-146. 49. Elm M. BISD: Scan-based Built-In self-
diagnosis / M. Elm, H.-J. Wunderlich // Design, Automation & Test in Europe Conference & Exhibition
(DATE). March 2010. P. 1243-1248. 50. Huang Yu-Jen. A built-in self-test scheme for the post-bond test of
TSVsin3D ICs/ Yu-Jen Huang, Jin-Fu Li, Ji-Jan Chen, Ding-Ming Kwai, Yung-Fa Chou, Cheng-Wen Wu //
VLSI Test Symposium (VTS). May 2011. P.20-25. 51. Shianling Wu. Logic BIST Architecture Using Staggered
Launch-on-Shift for Testing Designs Containing Asynchronous Clock Domains / Wu Shianling, Laung-
Terng Wang, Yu Lizhen, H. Furukawa, Wen Xiaoqing, W.-B. Jone, N.A. Touba, Zhao Feifei, Liu Jinsong,
Hao-Jan Chao, Li Fangfang, Jiang Zhigang // Defect and Fault Tolerance in VLSI Systems (DFT). Oct. 2010.
P.358-366.52. Da Silva F. The Core Test Wrapper Handbook. Rationale and Application of IEEE Std. 1500™
/ F. Da Silva, T. McLaurin, T. Waayers. Springer. 2006. XXIX. 276 p. 53. Marinissen E.J. Guest Editors’
Introduction: The Status of IEEE Std 1500 / E.J. Marinissen, Yervant Zorian // IEEE Design & Test of
Computers. 2009. No26(1). P.6-7. 54. Elm M. Scan Chain Organization for Embedded Diagnosis /M. Elm, H.-
J. Wunderlich // Design, Automation and Test in Europe, DATE *08. 2008. P. 468—473.

Hocmynuna 6 peoxonnezuro 11.03.2014

Baghdadi Ammar Awni Abbas, acniupanT kadenpst AIIBT XHYPD. Hayunsie nntepecs!: mpoex-
TUPOBAHKE U TECTUPOBAHKE BHIUUCIUTEIBHBIX CUCTEM. Azipec: YkpauHa, 61166, XapbkoB, mp.
Jlenwuna, 14, emn. +380 57 70-21-326. E-mail: hahanov@kture.kharkov.ua.

Xaxano Bragumup UBanoBuy, nexan paxymnstera KUY XHYPD, 1-p TexH. Hayk, mpodeccop
kadenpsr ATIIBT XHYPD. IEEE Senior Member. IEEE Computer Society Golden Core Member.
HayuHble MHTEpECHI: TPOSKTHPOBAHUE U TECTHPOBAHUE BEIYMCINTEIBHBIX CUCTEM, CETEH U IPO-
rpaMMHBIX IIPOAYKTOB. Y BJIeYeHUs: 6ackeT00i1, GyTdo1, TeHHHC, TOPHBIE JILDKU. Anpec: YKpau-
Ha, 61166, Xapekos, nip. JIenuHa, 14, Ten. +380 57 70-21-326. E-mail: hahanov(@kture kharkov.ua.

JlutBunoBa EBrenusi UBanoBua, [IEEE Member, n-p TexH. Hayk, mpodeccop kadenpst AIIBT
XHVYPD. Hayunsie HHTEpECHL: IPOSKTUPOBAHNE M TECTHPOBAaHUE IU(POBBIX CICTEM H CEeTeil Ha
Kpuctamax. Anpec: Ykpauna, 61166, Xapbkos, nip. Jleanna, 14, ten. +380 57 70-21-421. E-mail:
kiu@kture kharkov.ua.

74



PE®EPATHU

YK 004

Kpocmiardopmue nporpamHe 3a6e3nedeHHsI B TEXHOJIOTIi OyaiBe1bHUX MaTepiaJjiB / [.A. Mixees,
H.JI. Cizosa// ACY Ta npunaau aBromatrky, 2014. Burm. 166. C. 4-8.

PosristHyTO pHKIIaA peatizaiii MPUHINITIB KPOCTIAaTGOPMEHOCTI IPOTpaMHOTo 3a0e3MeUeHHS IS PO-
EKTyBaHHSI OETOHY — OCHOBHOI'O KOHCTPYKIiiHOTO MaTepiany. Cinabka ¢opmanizanis 6116110CTi po3B’si3yBa-
HHX 33/1a4, cel(igyHi YMOBH BUKOPHCTAHHS iHYOPMALIIHUX pecypciB B IPEIMETHIN rary3i cTaau BU3HA-
YabHUM (DAKTOPOM ISl PO3POOKH IHTENIEKTYa IbHOI CHCTEMH Y BUTIIA/I KPOCILIAT(GOPMHOT KOMIT I0TEPHOT
NporpamMu.

Kiro4ogi ciioBa: iHTeNeKTyallbHa cucTeMa, KpocuiarhOpMHICTh, iHTepdeiic, MpoeKTyBaHHs OETOHY.

I1. 6. Bibmiorp.: 4 Ha3Bw.

UDC 004

Cross-platform software in technology of building materials / I.A. Mikheev, N.D. Sizova /Management
Information System and Devices. 2014. N 166. P. 4-8.

The article is devoted to an embodiment of the principles of cross-platform as an example of software for
the mix design of concrete - the main structural material. Weak formalization of the most solved problems, the
specific conditions of use of information resources in the subject area have become a determining factor for
the development of intelligent system as a cross-platform computer program.

Keywords: intelligent system, cross-platform interface, concrete technology.

Fig. 6. Ref.: 4 items.

YK 681.5:004.234

IopiBHsIBEHA OL[iHKA IIBUIKO/II pericTpiB-KOMNaKTOPiB CHHXPOHHOTO Ta aCHHXpOHHOro THHIB /JI. B.
Jlapuyenko, B.B.Bapemna, b./1. Jlapuenko, I'. M. Makapenko // ACY Ta npmiaau aromatuky. 2014. Bur. 166.
C.9-14.

PosrisHyTa CTpyKTYpa i (YHKIIIOHYBaHHS Pi3HUX THIIIB PETICTPiB ABIHKOBUX KOJIB, IO MAIOTh, KPiM
(yHKLIT 3cyBY KOAY, T0JAaTKOBY (QYHKIIIF0 KOMIIpecii OAMHUIB KOJ0BOT KoMOiHamii 0e3 BTpaTH iX KiNbKOCTI.
IIpoanamnizoBaHO KUIBKICTh TaKTiB, HEOOXITHUX JUII KOMIIPECii KOMIB y Pi3HUX pPeTicTpax — KOMIIAKTOpax, Ta
BUKOHAHE iX HOPiBHSHHI.

Tabm.1. L. 3. bibmiorp.: 6 Ha3B.

UDC 681.5:004.234

Comparative evaluation of the performance of registers for compression codes synchronous and
asynchronous types /L. V. Larchenko, V.V.Varetsa, B.D. Larchenko, A. N. Makarenko // Management
Information System and Devices. 2014. N 166. P. 9-14.

In the article the structure and functioning of the different types of binary shift registers, which have, in
addition to the basic function, shift code, additional compression function units of code combinations
without losing their number are considered. Analyzed the number of clock cycles required for compression
codes in a variety of shift registers.

Tab.1. Fig. 3. Ref.: 6 items.

YK 658.52.011.56

Junamiune nporpamyBaHHs 1Js1 3a1a4i komiBostkepa / C.A. Kanuenan, M.B. Koctukosa // ACY ta
nputaau aBTomatuku. 2014. Bur. 166. C. 15 —20.

Buxiaziena TeXHOJIOT s 3aCTOCYBAaHHS METOTY JMHAMITHOTO TIPOTPaMyBaHHS JJIs PIllICHHS 3312491 KOMiBO-
spKepa. [lana omiHKa TpyJOMICTKOCTI anropuTMy i BUMor 1o mam’sati EOM.

Tab6n. 2. In. 1. bibmiorp.: 2 Ha3Bw.

UDC658.52.011.56

Dynamic programming for travelling salesman problem/S.A. Kantsedal, M.V. Kostikova // Management
Information System and Devices. 2014. N 166. P. 15—-20.

Technology of dynamic programming method application to solve travelling salesman problem is described.

Algorithm labor intensiveness and requirements to computer memory are evaluated.
Tab. 2. Fig. 1. Ref.: 2 items.
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VK 621.382:62-1/-9(045)

IIpoexTyBanns jgoriko-apudmernunux npuctpois / O.C. Menshuk, B.O. Kozapesuu, B.YO. Pomantok //
ABTOMaTH30BaHI CHCTEMHM YIpaBliHHS Ta mpwianau asromatuku. 2014. Bum. 166. C. 21-26.

PeanizoBaHO KOMIT FOTEPHE ITPOEKTYBAHHS HAHOCJIEKTPOHHHUX CXEM Ha KBAHTOBUX Ma)KOPUTAPHUX KOMIIO-
HEHTaxX. 3apornoHOBaHO METO M IMOOYIOBH JIOTiKO-apr(PMETUIHUX 00UHCITIOBATIHFHUX IPUCTPOIB KOMOIHAII-
1fHOTO THIY, SIKi peai3yloTh MPaKTHYHO OBHY CHCTEMY JIOTIYHUX (YHKIIIH K y Ma)KOPUTApPHOMY, TaK i B
OyneBoMy Oazucax.

L. 10. bubnmorp.: 5 Ha3B.

UDC 621.382:62-1/-9(045)

Nanoelectronic Devices with Programmable Structures / O. S. Melnyk, V. O. Kozarevych, V. Y.
Romanyuk // Management Information System and Devices. 2014. N 166. P. 21-26.

Realized computer designing nanoelectronic circuits based on quantum majority components. Proposed
method of constructing the logic-arithmetic computing devices of combination type, that realised an almost

complete system of logical functions as in the majority and in a boolean bases.
Fig. 10. Ref.: 5 items.

YK 004.89

BukopucTanHs aJanTHBHUX OHTOJIOTIH B 3a1a4i kBasipedepyBanHs TekcTOBUX J0KyMeHTIB/ T.I. Uepna
// ACY Ta npwianu aproMatuku. 2014. Bum. 166. C. 27 —32.

Po3pobneno metox kBazipedepyBaHHs TSKCTOBHUX JJOKYMEHTIB Ha OCHOBI 3BaxkyBaHHst Mipu TF-IDF Bara-
MH B2XKJIUBOCTI €JIEMEHTIB OHTOJIOTI{ MPEeAMETHOT 00JIacTi, 0 SKO1 HAJNICKUTh TEKCTOBUH ITOKYMEHT, IO
kBazipedepyerhes. i 1IbOro 3apoNOHOBAaHO 3BAXKYBATH TEPMiHHM Ta 3B’ SI3KU MPEIMETHOT 00J1aCTi B MEKax
onroorii. Po3pobieHo BimoBigHe MaTeMaTHdHE Ta MporpaMHe 3abe3nedeHns. [loOynoBanunii Ha OCHOBI
TaKoTO ITiIX0/Ty KBazipedepaT 1oKa3as 3310BIIbHY SKICTb.

Inn. 1. Bibmiorp.: 10 Ha3B.

UDC004.89

The use of adaptive ontologies in problems text documents summarization/ T. Cherna / Management
Information System and Devices. 2014. N 166. P. 27-32.

The method summarization text documents based on weighting measure TF-IDF weights of importance of
elements of the domain ontology to which the text document, which summarization. For this proposed
weighted terms and relationships within the domain ontology. Designed by mathematical and software. Built

summary showed satisfactory quality on the basis of this approach.
Fig. 1. Ref.: 10 items.

YK 544.636

MopnenioBaHHS Npolecy Po3psiAy nepe3apsKyBaHHX JxKepeJ eHeprii 3 mocTiiiHoio noty:xHicTio / ©.B.
®omoscrkuii // ACY Ta npwiaau aBromatuku. 2014. Bum. 166. C. 32 —37.

Po3BrHYTO 3arasibHUIM MIIX1/1 10 ONTHCY POOOTH SIK JUKEPEIT )KUBJIEHHSI, III0 MAIOTh BUCOKY €HEPTOEMHICTD —
aKyMYJISATOPIB, TaK 1 JPKEPEN 3 BUCOKOIO MTUTOMOIO MOTYXHICTIO — KOHJICHCATOPIB 1 CyNepKOHeHCcaTopiB. B
paMKax poTJIsTHYTO1 MOJIENi OTpUMaHi aHAIITHYHI 3aJIeKHOCTI MiXK ITMTOMOIO €HEPTi€I0 Ta TUTOMOIO TTOTYKH-
ICTIO JUT1 OCHOBHUX KJIACiB Iepe3aps/KyBaHNX JPKEPeIT )KUBICHHS. BcTaHOBIEHO 3B’ 30K MiX ITapaMeTpamH,
1110 OIMCYIOTh HAKONMYYyBay €JIeKTPUYHOI eHeprii, Ta Horo rpaHMYHOIO ITMTOMOIO HOTYKHICTIO.

1. 2. Bibmiorp.: 9 Ha3B.

UDC 544.636

Modelling of discharge process for rechargeable energy sources with sustained power / F.V. Fomovskii
// Management Information System and Devices. 2014. N 166. P. 32-37.

The necessity in high efficient rechargeable energy sources having sustained power is a reason for
creation of hybrid energy sources. In the article the approach for description of operation both the energy
sources with high high specific energy (batteries) and high specific power (capacitors and supercapacitors)
was developed. For principal types of rechargeable energy sources the analytical dependences between
specific energy and specific power has been obtained in framework of the model. The relation between
parameters of energy storage devices and their maximal specific power has been established.

Fig. 2. Ref.: 9 items.
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YK 004.931

BuxnwuyenHs egeKkTy opeosia NpH cerMeHTanii 300pakeHHs 115 po3NiZHABAHHA cBiTI10OpHHUX
curnajiis / C.®. Yanwuii, A.O. [lemuenko // ACY ta npunanu aBroMatuku. 2014. Bum. 166. C. 38-42.

Po3mnizHaBaHHS CBITIO(GOPHUX CUTHAJIB € BAXJIMBOIO YACTUHOIO BCE OB MOMYJISIPHUX iHTEIEKTY-
albHUX CHCTEM aBTOMOOiNsA. IcHye psg mpoOiem, MoB’s3aHUX 3 BHABICHHSAM cBiTi0(dopiB. Edext
opeoJia BUKJIMKAaEe HEKOPEKTHI 3MiHM Y popMi cermMenTa cBiTiaodopa. [IpeacraBiaenuii miaxizs 10 BUKIO-
4yeHHS e(eKTy opeoJa 3a JOIOMOI 00 BUAAIIEHHS 00J1acTi pO3CilOBaHHS Ta 3alIOBHEHHS 3aCBIYCHOTO
cerMeHTa. 3aCTOCYBaHHS JAHOTO MiX0y JO3BOJISE MIABUIIUTH CTa01IbHICTh IPOLIECY PO3Ii3HABAHHS.

In. 1. bibmiorp.: 8 Ha3B.

UDC 004.931

Elimination of the halo effect during segmentation in traffic lights recognition / S.F. Chaliy, A.A.
Demchenko // Management Information System and Devises. 2014. N 166. P. 38-42.

Traffic lights recognition is an important part of the increasingly popular intelligent vehicle
systems. There are several problems related to the traffic light detection. The halo effect causes the
improper extension of the traffic light shape. In this work the method of elimination of the halo effect
is proposed. It uses extraction of the luminance scattering area and filling light damaged segments
thus improving the stability of the traffic light recognition process.

Fig. 1. Ref.: 8 items.

YK 629.391

MeToa peKOHCTPYKIii TpaHC(OPMAHT Y AiaroHaJbHO-HepiBHOMipHOMY 0a3uCi 0CHOB Ha OCHOBI
JleKolyBaHH s HepiBHOMipHuX Koxorpam / B.B. bapannik, O.10. Otman laxi, I'.B. Xaxanosa //ACY Ta
npwiaau aBromatukn. 2014, Bumn.166. C.42 —47.

CdopmynpoBaHi BUMOTH 100 PEKOHCTPYKIIiI 0a30BUX KaJApiB B yMOBax 3a0e3NeUeHH 3aaHOT0
PiBHSI KOPEKIITHUX MTEpEeTBOPEHb /I KOHTPOJIBOBAHOCTI CHOTBOPEHb IPU PEKOHCTPYKLii Kaapis P- Tta
B-tumny. IlpoBeneHa po3pobka MeTony peKOHCTPYyKIii 6a30BHX KaJpiB HAa OCHOBI JiaroHajabHO-He-
PiIBHOMIPHOTO MO3UIIHOTO EKOAYBaHHS TPAaHC(HOPMAHT JUCKPETHOTO KOCHHYCHOT'O ITEPETBOPEHHS.
BuknaneHo CTBOpEHHS TEXHOJIOT1] pEKOHCTPYKIIii KOZOTpaMm, 0 MiCTITh KOJOBI 3HAYCHHS J{iarOHaIb-
HUX HEPIBHOMIPHHUX YHUCEII.

In. 1. Bi6miorp.: 6 Ha3B.

VK 629.391

The reconstruction method of thansformants in the diagonally-unevenlybasis of bases, based on
unevenly codograms decoding / V. Barannik, O.Yo. Othman Shadi, A.V. Hahanova // Management
Information System and Devices. 2014. N 166. P.42-47.

Formulated the requirements for the reconstruction of basic frames, with assured a given level of
correctional transformation for controlled distortion in the reconstruction of P-type and B-type
frames. Carried out to develop a method of reconstruction of basic frames, based on bias of uneven
positional decoding transforms discrete cosine transform. Sets out to provide a technology of
reconstruction codified containing code values diagonal uneven numbers.

Fig. 1. Ref.: 6 items.

YIAK57.087.1

OOrpyHTyBaHHSl BHKOPHCTAHHS KOMILIEKCY iaTHOCTHYHHMX MeTOANK IS OHIHKH Ncuxogiziosnor-
iunoro crany jqionunu / H.JI. bo6posa //ACY ta npunanu aBromatuku. 2014. Bum.166. C. 48-52.

HaBeneno marematuune oOrpyHTYBaHHS OPMalli30BaHOTO MiAXOAY 0 OIMiHKHU Ncuxodiziomoriy-
HOT'O CTaHy JIIOJIMHU 3 BAKOPUCTAHHSIM IMOBIpHICHUX METO/IiB. 301JIbIIEHHS KITbKOCTI METOIIB JliarHOC-
THKHU O03BOJISIE 3HU3UTH PiBEHb MOMUIIOK pOo3poOII0OBaHO] cucTeMH NiarHOCTHKH. Omrcano BUOpaHi
JIIarHOCTHYHI METOJUKY IS JIOCIIDKEHHS MCUX0(i3i0J0TIYHOTO CTaHy JIOJIUHU 1 JaHa 1X KOPOTKa
XapakTepucTHKa. TakoX onucaHi KiIbKiCHI KPUTEPI, 110 JO3BOJISIOTH XapaKTEPU3yBaTH 3 Pi3HUX OOKIB
MOTOYHUH (QYHKI[IOHATBHUH CTaH HEHTPaAJIbHOI HEPBOBOI CUCTEMU IOJUHU: QyHKIIOHATLHUH PiBEHb
CUCTEMH, CTIHKICTh peaKiiii i piBeHb QYHKIIOHAIbHUX MOKIUBOCTEH.

Tabmn.1. In. 1. Bibaiorp.: 6 Ha3B.
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UDC57.087.1
Rationale using diagnostically complex methods for evaluation of human psychophysiological state / N.L.
Bobrova // Management Information System and Devices. 2014. N 166. P.48-52.

The article gives a mathematical justification of the formalized approach to assessing human
psychophysiological state using probabilistic methods. Increasing the number of diagnostic methods to
reduce the error rate of the developed system diagnostics. Describes the selected diagnostic methods for the
study of psychophysiological state and given them a brief description. Also describes the quantitative
criteria to characterize the various parties with the current functional state of the central nervous system: a
functional level of the system, the stability of the reaction and level of functionality.

Tab. 1. Fig. 1. Ref.: 6 items.

YIK378.147

IMincucrema KoHTPOJII0 3HAHB N0 TeMi «I[IporpamyBannst Ha moBi Delphi. Po6oTa i3 3anmmcamm» / M. A.
Bonpnapenko//ACY Ta npunaau aBromatuku. 2014. Bun.166. C. 53-58.

Po3pobiiena i mpoTecToBaHa mifcucTeMa KOHTPOJIIO 3HaHb 1o TeMi «[IporpamyBanns Ha MoBi Delphi.
Pob6ora i3 3ancammy. [Tigcrcrema 3a10BOJIBHSE OCHOBHIM BUMOTaM, IO TIPE IBIISIOTHCS 0 MPOTPaMHOTO
1 iHpopMaITiitHOTO 3a0e3MeueHHs T TaKuX cucTeM. [IpoBeieHnit aHai3 3araJIbHUX BUMOT, 1110 BUCYBAIOTHCSI
IO TiJICMCTEM KOHTPOJIIO 3HaHb, pO3p00IICHO BIAMOBIAHE ITporpaMHe i iHdopmartiiiae 3ade3nedenns. [Toka-
3aHi puKnaan podotu nporpamu. Po3pobiiena migcucrema Moxe OyTH BUKOPHCTaHa B HABYAJIBHOMY IIPO-
Lieci 71t OTIePaTHBHOTO KOHTPOJIIO 3HAHD CTY/ICHTIB SIK aBTOHOMHO, TaK 1y CKJIa/li IOBHIIIOI CHCTEMH.

. 7. Bibmiorp.: 2 Ha3BH.

UDC378.147

Subsystem of control of knowledges on the topic «Programming in language of Delphi. Work with
records» / N. A. Bondarenko// Management Information System and Devices. 2014. N 166. P.53-58.

Developed and tested subsystem of control of knowledges on the topic «Programming in language of
Delphi. Work with records». A subsystem satisfies the basic requirements, to produced to the programmatic
and informative providing for such systems. The analysis of general requirements, pulled out to the
subsystems of control of knowledges is conducted, the proper programmatic and informative providing is
developed. The examples of work of the program are rotined. The developed subsystem can be utillized in an
educational process for operative control of knowledges of students both autonomically and in composition
more complete system.

Fig. 7. Ref.: 2 items.

YK 658:512.011:681.326:519.713

MeToau aHAJTi3y Ta TiarHOCTYBaHHs HU(POBUX NPUCTPOIB (aHaTiTHUHMIA orJisin) / Baghdadi Ammar
Awni Abbas (barxaani Ammap ABHi A66ac), B.1. Xaxanos, €.1. JluteunoBa // ACY Ta npuiaan aBTOMAaTHKH.
2014. Bur. 166. C. 59-74.

Po3risHyTI OCHOBHI HamnpsIMKK TEXHOJIOTIH ITPOEKTYBaHHs, Bastiamii Ta 3ade3neyeHHs sKocTi (quality
assurance) CUCTeM Ha KPHCTaJIaX i B TaKeTaX KPUCTAIIB.

In. 7. Bibmiorp .: 54 Ha3Bw.

UDC658:512,011:681,326:519.713

Digital system analysis and diagnosis methods (analytical review) / Baghdadi Ammar Awni Abbas
(Abbas Baghdadi Ammar Avni), V.I. Hahanov, E.I. Litvinova // Management Information System and
Devices. 2014. N 166. P. 59-74.

The main areas of technology design, validation and quality assurance (quality assurance) systems on
chips and packages crystals have been cosidered.

Fig. 7. Ref.: 54 items.
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MNPABUJIA
odopMiIeHUs pyKOMHUceld JJIsi ABTOPOB HAYYHO-TEXHHYECKOTr0 COOPHHMKA

"ACY u npuoopvt aemomamuxu'’

®opmar crpanunsl — A4 (210x297Mm), mons: cBEpXy, clipaBa, ciieBa, cHuU3y — 30 M.
PenmaxTop: Pagemaker 6.0, 6,5 (MoxHo, HO HexenarensHo Word), rapautypa Times New Roman
Cyr, kerib — 11 myHKTOB, MexcTpouHoe paccrostane — 110 %, Ta0ynsmus — 5 MM.

O6wem pyxomucu — 10 10 c. (S3bIKK: pycCKUH, YKpauHCKUH, aHrnuickuii). Conep:kaHue
JOJDKHO OTPakaTh aKTyaJIbHOCTh UCCIIEOBaHMS, IOCTAHOBKY 3a/1a4H, 11€J1b, CYIIIHOCTh, HAY4HbIE
Y TIPaKTHYECKHE PE3yJIbTaThl, CPaBHEHHE C JYUIIUMH aHAJIOTaMH, BHIBOIBL.

CrpyKTypa pyKOIMCH: 3ar0oJI0BOK, aHHOTALMs, TEKCT, IUTEpaTypa, pedepar Ha yKpauHCKOM U
AHIJIMHACKOM SI3bIKaX, CBeJIcHHU 00 aBTOpax.

OBPA3EL] O®OPMJIEHHA

VJIK 519.713
H.0. ®AMUIIAA

HA3ZBAHHUE PYKOIIUCHU

Amnnorarms (a63air 5-10 cTpox, kerinb 10) moMerniaercs B Hadayie CTaTbu U COASPKUT UHDOP-
MaIIMIO O Pe3yNbTaTax OMUCAHHBIX UCCIIEIOBAHMIA.

OCHOBHOU TEKCT MOXHO pa3iesaTh Ha 2 U OoJiee MoIpa3AeiioB ¢ 3ar0JIOBKAMH, BBIJICIICHHBI-
MU MOJTY>KUPHBIM HIPUGTOM, POHYMEPOBAHHBIMY apaOCKUMU ITUpaMHu, KaK TOKa3aHO B CICIY-
101 CTpOKE.

1. Ha3sBanue pa3nesa

Pucynku n Tabautip! (4epHO-0embIe, KOHTPACTHBIC) TIOMEIIAIOTCS B TEKCT TOCIIE TIEPBOM CCHUTKH
B BHUJIE NEPEHOCUMBIX 00beKmMOo8 U pa3fieIbHO HyMEPYIOTCS, IPY HaJIM4IuK OoJiee OJHOTO PHUCYHKa
(Tabmuiipl ), apabckumu nudpamu. PUCYHOK COZIEPKUT OAPUCYHOUHYIO ICHTPUPOBAHHYO ITOIITHChH
(TexcToBas CTPOKa, pacIoJIO’KeHHAs BHE PUCYHKA, KeTiIh 10) o1 MinTFoCTpaIyei, Kak moka3aHo Ha

oW GENGENG
Tl

Puc. 1. I'pad ¢ xoHTypamu

TaOmu4HEIN 3ar0JI0BOK pacrojiaraeTcs CripaBa HaJl TaOHIleH, 9YTO WILTIOCTPUPYyeTCs Ta0ur. 1.
Penaxtopsr: CorelDraw, Table Editor i mp.

Tabmuua 1

Mari |12 ]3]4]5]6
@I(13) |12 [2]4 6|1

DopMyJibl HyMEPYIOTCS IPH HaJIMUUH CChUJIOK Ha HUX B PYKONHCH. PekoMeHayeMblil Kerib
¢dhopmynbpHOTO Habopa: OObIYHBIN (IepeMeHHast) — 11 MyHKTOB, KPYIHBIH HHAEKC — 8, METKUN
uHACKC (Hal- W TOMWHIEKC) — 8, KPYIHBIH CHMBOJ (OCHOBHOHM) — 12, Menkuii (MHIESKCHBIN)
MareMaTtudeckuid cumBou — 10:

o 1, ¢ =nk
i= j=
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dopmar mepeMeHHBIX (KeJIaTeIbHO HE KYPCHUBOM — 0€3 HaKJIOHA) B TEKCTE M (hopMmyliax
JIOJDKEH OBITh WICHTUYHBIM. B TeKcTe Haj- M MOAMHICKCH COCTaBIBIOT 70 % OT Keris, KOTOphIe
pEeKOMEHIyeTCs oImycKaTh (rmogHuMaTh) Ha 17 (33) % OTHOCUTENLHO OCHOBHOM CTPOKH.

CHIucoK TUTepatyphl (BKITIOYAET OMyOIMKOBaHHBIE HCTOYHHUKH, HA KOTOPHIC UMEIOTCS CCHLUTKH
B TEKCTE, 3aKIIOUCHHBIC B KBaJpATHBIC CKOOKHM) mevyaraercsi 0e3 OTCTyIa, Kerib 9 MyHKTOB.

OO6pa3zer; OkoHYaHHUS TEKCTa PYKOIMCH (JIUTepaTypa, CBeIeHus 00 aBTopax, pedepar) npen-
CTaBJICH HIDKE.

Cnucox murepatypsl: 1. @avunua M.0. Hazsanue kuuru. I'opox: Uspatensctso, 1900. 000 c. 2. Haszsanue
coopuuka / [ox pen. N.O. @amunus. 'opox: U3natensctio, 1900. 000 c. 3. @amunus U.O. Hazeanue cratbu /
/ Ha3zBanue xxypHana. Hazsanue cepun. 1997. T. 00, Ne 00. C. 00-00 .

Ilocmynuna 6 peoxoaneeuro 00.00.00

damuius, UMs, 0TYECTBO, yICHAsI CTENICHb, 3BaHKe, J0JDKHOCTh U MecTO paboThl. HayuHble
uHTEepechl. Apec, KOHTaKTHBIN Tene(oH.

Pedeparsl Ha yKpanHCKOM M aHTJTHCKOM SI3BIKAX:

V1K 000.000.00

Ha3ga crarTi ykpaincsko10 MoBoio / [Hiriamm. [Tpizsume // ACY ta npunagm asromaruku. 2000. Bur. 00. C.
000-000.

Texcr pedepary.

Ta6m. 00. L. 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.

HDCI[CT&BJ'ICHI/IC MaTepraioB

Pyxomucs, pedepart, cBeaenust 00 aBropax — B 0JHOM (ailine, noumenosannom amunue
nepgoeo asmopa, Ha nuckere 3,5 mroitma. TBepmas KOs MaTepraioB — IS TpaKaaH Y KpamHbl
— B OJIHOM DK3eMIUBIpE: PyKONKCh, NOJANUCAHHAs aBTOpaMH, pedepatsl, aKkT 3KCIIePTU3bI, BHE-
ITHSSL peleH3ns, MOJMUCaHHas JTOKTOPOM HayK, 3asBlieHHE Ha WM TJIaBHOTO peAaakTopa Co
CBeJIeHNsIMHA 00 aBTOpaX.

Anpec penakmun: YkpauHa, 61166, Xapskos, ip. Jlenuna, 14, XHYPO, komnara 321, remn. 70-
21-326, e-mails: ri@kture.kharkov.ua; hahanov@kture.kharkov.ua. http://www.ewdtest.com/ri

Tematuka crateli, myOIMKyeMbIX B COOPHHKE:

— KoMnbroTepHas UHXXEHEPUs

— Marematuueckoe MOJCIUpPOBAHUE

— OnTUMH3aIHS U IPOLIECCHI YITPABICHUS

— ABTOMaTH3a1Us NPOSKTUPOBAHUS U JUATHOCTUKA

— NuapopmanroHHble HHTENIEKTya IbHbIE CHCTEMBI

— IIpoexTpoBaHe WHTETPAIBHBIX CXEM U MHKPOCHCTEM
— KoMmproTepHBIE TEXHOJIOTUU B 00pa30BaHUU
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