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AHOTAILIA
3ybxo 1.A. Y nockoHalleHHsI MOJIeTieil 1 MeTOAY MiABHUILEHHS e()eKTUBHOCTI
KOMIIOHEHTIB (GyHKITIOHATIBHO-OP1EHTOBAHUX CHUCTEM CIIeIiaIbHOTO
pU3HAYEHHS

Hucepraitist Ha 3700yTTs HAYKOBOT'O CTYIEHs KaHAMJlaTa TEXHIYHUX HAyK
3a cnemianbHicTiO 05.13.05 «Komm’roTepHi CHCTEMH Ta KOMIIOHEHTHY». -
Yepkacbkuil 1ep:kaBHUN TEXHOJIOTTYHUHN YHIBepcuTeT, Yepkacu, 2019.

JluceprartiitHa poO60oTa NpUCBAYCHA 1IBUILICHHIO IIBUIKOI1i Ta HaIIMHOCTI
(YHKI[IOHATbHO-OPIEHTOBAHUX  KOMIT IOTEPHUX  CHCTEM  CHEUiaJIbHOTO
MPU3HAYEHHS UIIXOM 3aCTOCYBAHHS YJOCKOHAJICHHX MOJENEH 1 METOJIB MpH
noOy/10B1 CHeIiali30BaHUX MIPUCTPOIB NepepoOKu 1H(opMmarrii.

VY mepmioMy po3auTi MPOBEAEHO aHaMi3 ICHYIOUHMX CyYacHHUX MOJeNen
CTBOPEHHSI KOMIIOHEHTIB JJIi TMEPETBOPEHHsI KOMIB 1 (hOpMyBaHHS CHUTHAJIIB
ckianHoi ¢opmu. Bu3HayeHi iX OCHOBHI O3HAaKH, IO Jajl0 MOXJIMBICTh
po3poduTH cxeMy  kimacudikamii  CHeriagi3oBaHMX — OOYMCITIOBAYiB.
[TpoananizoBaHo Cy4acHi aKTyaJlbHi METO/IU IIPOEKTYBaHHS
0araToKOMITIOHEHTHUX MPUCTPOIB.

CdopMysibOBaHO OCHOBHI 3aBJAAHHS JAOCTIIXKEHHS: YIOCKOHAIUTH MOJIETh
NEPETBOPEHHS JIBITKOBOTO KOy B OJHOMOJISIpHI kKoau bapkepa; y10CKOHAIUTH
MoOJedb ~ OOuYMCIIOBaYa HAa  OCHOBI  KYCKOBO-JIIHIMHOI  ampoKCHUMAIlii;
YIOCKOHAJIUTU MOJIeNIb OOYMCITIOBaYa CIELIaIbHOIO MPU3HAYEHHS Ha OCHOBI
M(PO-aHATIOTOBUX TEPETBOPECHB; HAJATH IMOJAIBIIOTO PO3BUTKY METOIY
YIOCKOHAJICHHS MTPOCKTYBaHHS 0araTOKOMIIOHEHTHUX JUCKPETHUX MPUCTPOIB.

VY npyromy po3miii 3aponoHOBaHO MO/IEb IEPETBOPIOBAYA CIEI1aTbHOTO
NPU3HAYECHHSA 3 POLMINPEHOI0 (YHKIIIOHAIBHICTIO, 1110 IEPETBOPIOE ABIKOBHI KO
B OJIHOTIOJSIpHI KoJu bapkepa 1 HaBmaku, MOJE/Ib OOUYMCIIOBa4a Ha OCHOBI
KYCKOBO-JTIHIHHOT ampoKcHMallii Ta MoOJelIb OOYHCIIoBaYa CHEIIaIbHOTO
NPU3HAUYEHHS HA OCHOBI IIU(PPO-aHATIOTOBUX MEPETBOPEHbD.

[IpononyeTbesi 00pa3HO-3HAKOBA MOJIENb MIEPETBOPIOBaYa JIBINKOBOTO KOy B

OJHOMOJISIpHI KOoIu bapkepa 1 HaBmaku 3 PO3LMIMPEHUMU (PYHKIIOHATbHUMU
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MOxcTHBOCTAMA. MOro mepeBaramu € po3mmpeHi QyHKIIOHAIBH] MOMKIHBOCTI B 2
pa3u, a TaKkoX 3MEHIICHHWA 00’€M MaMm’ATi HE MEHII HIK B 2 pasu, 3aBISKU
BUKOPHCTAHHIO OJTHHX 1 THX )K€ 3HaUY€Hb KOPUTYIOUHUX KOHCTAHT.

BuxonanHs nBox (yHKIIH OJHUM MPHUCTPOEM Ta 3MEHIICHHN 00’€M
HEOOX1IHOT TaM’sTi, JIO3BOJISIE 3MEHIIUTH amapaTHy CKJIAAHICTh 1 3HU3UTH
BapTIiCTh MPUCTPOIO.

[IporoHyeThCsl  yAOCKOHAJEHAa MOJEiIb OOYHMCIIOBaYa CHELiabHOTO
MPU3HAYCHHSI Ha OCHOBI KYCKOBO-JIIHIMHOI anpokcumartii. [lIBuakicte pobotu
IPUCTPOIB 3aJICKUThH BiJl MEPEXiTHUX MPOLECIB, SIKI MOB’SA3aH1 3 4aCOM PO3PSILy
BY3JIOBUX €MHOCTEH. VY 3ampormoHOBaHOMY MPHUCTPoi po3psn emHocTi Gy
3MIHCHIOETBCS Yepe3 omip R, BIAKPUTOro TpaH3MCTOpa CKUAAHHS, skuii y 2-10°
pa3u MEHIINI HDK Yy TPOTOTHUIY, IO MPUBOIUTH 0 30UTBIICHHS MIBUIAKOMIIT
pO3psiy By3lia Ha 3 TIOPSIKH.

[IpomoHy€eThCS  yAOCKOHAJIEHAa MOJelbh OOYHMCIIOBaYa CHEMialbHOTO
OpU3HAUYEHHS Ha OCHOBI IU(PO-aHAJIOTOBUX TNIEPETBOPEHb, 3 IIUPOKUMU
(GyHKITIOHATBHUMH MOKJIMBOCTSIMU Ta MIJIBUIIICHOIO HAIAHICTIO.

dopMyBaHHS aHAJOTOBUX CUTHAIIB CKJIAJAHOI (hOpMH BiIOYyBa€ThCSA ab0 y
peXKHMI TIEPETBOPEHHS AHAJIOTOBUX BXIJHUX aprymMeHTiB, abo B pexXHUMIi
nepeTBOpeHHs HHUGPPOBUX KOIIB aprymMeHTy, abo B PEXUMI IEPETBOPEHHS
TPUBAJIOCTI 33JaHUX [TUPPOBUX IMITYIIBCIB.

OyHKIIIOHAIBHI  MOXJMBOCTI PO3MIMPEHI B 3 pa3d 3a paxyHOK
NEPETBOPEHHS YaCOBUX IHTEPBAJIB, aHAJOTOBUX a00 IMU(PPOBUX apTyMEHTIB B
aHAJIOTOBl CUTHAJIM CKJIAJAHOI (POPMHU OJHUM aHAJIOrOBUM OOYHMCIIIOBAaYeM Ha
OCHOBI KYCKOBO-JIIHIHHOI anpokcumallii, 1o 3MEHIIY€e arapaTHy CKJIAIHICTb,
KpiM TOro HaaifHicTh migsumyerhes B 10°..10% pasiB npu BUKOHAHHI B €JMHOMY
KpUCTAJII.

Y TpeTboMy pO3aiTi OTPUMAB MOAAIBIINA PO3BUTOK METO/I YIOCKOHAICHHS
NPOEKTyBaHHS 0araTOKOMITIOHEHTHUX JTUCKPETHUX MPUCTPOIB.

[lpukmagoM 0araTOKOMIIOHEHTHOTO TPHCTPOIO € CHCTEMHA IIjIaTa.

OcoOnuBICTIO METOAY € TMpOIeAypa BHSBICHHS TEHICHIIA MPOCKTYBAHHS
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CUCTEMHOI IUIaTH, 110 J03BOJISIE BUSBUTH HAMOLIBII €HEPro3aTpaTHi €JIeMEHTH,
JUIA X BJIOCKOHAJICHHS, 1 MIJIBUIIIEHHS HAIIMHOCTI CHCTEMH.

AJITOpUTM BUSIBJICHHS TEHJICHIIIM TPOEKTYBaHHS OCHOBHHX €JICMEHTIB
CHCTEMHOI IUIaTH 32 €HEPreTHYHUM MMOKa3HUKOM IIOJISITa€ B HACTYITHOMY: CTBOPHTH
0a3y ICHyIOYMX CUCTEMHHX IIIaT Ta OCHOBHUX IapaMeTpiB iXHIX 0a30BUX €JIEMEHTIB,
10 MalTh 3HAYHUKM BIUIMB HAa EKCIUTyaTalliiHy TEXHOJIOTIUHICTh, CHHTE3yBaTh
MaTeMaTHYHy MOZEb B3a€MO3B’SI3KIB BHU3HAYCHUX MapaMeTpiB; BU3HAYUTH BHT
MOJICTTFOBaHHSI Ta KpPHUTEpii SKOCTI; CTBOPUTH CIHCOK SIKICHUX XapaKTEePUCTUK;
pO3po0UTH YMOBHI KpUTepii Ta Hajmath iM (Pi3MYHOrO TIIyMadyeHHs; moOyayBaTu
3HAKOBY MOJIENIb 3aJIKHOCTEH MDK BHU3HAUEHHMMH YMOBHUMH KpPUTEPLSIMH B
0e3po3MIpHUX KOOpJMHATaX; IMPOBECTH aHai3 3HAKOBOI MOENi Ta BHU3HAYUTH
CUCTEMHI IUIaTH 3 EJIEMEHTaMH, SIKI MOXYTh TOTpeOyBaTh BIOCKOHAICHHS 3a
CHEPreTHYHUM ITOKa3HUKOM.

[Tpu BUKOpUCTaHHI €BPUCTHYHOTO METOTy BU3HAUCHHS YMOBHHUX KPUTEPIiB
Ta 1X (I3UYHOTO TIyMAau€HHsI CTBOPIOETHCS CUCTEMA KPUTEPI1abHUX PIBHSIHB Ha
OCHOBI 0€3pO3MIPHUX BEITUYHH.

Ha ix ocHoBi moOynoBaHi 3HaKOB1 MOJieNl B 0€3p03MIpHUX KOOpIUHATAX
JUTS IPUBEIEHUX CUCTEMHHUX TUIAT, [0 CTBOPIOE MOXKIIMBICTH MOPIBHITH TEXHIUHI
napamMeTpu OJHOYacHO Ta BHU3HAYUTHU Ti, IO BIIOOpa)xaroTh €JIEMEHTH, SKi
NOTEHLIHHO MOXYTh NOTPeOyBaTH BIOCKOHAJIEHHS 32 EHEPreTUYHUM
TOKa3HUKOM.

AHaji3 3HAKOBUX MOJENel J03BOJISIE BHUSBUTH TPYIH EJIEMEHTIB, SKi
NOTEHLIHHO MOXYTh NOTPeOyBaTH BIOCKOHAJIEHHS 3a CHEPreTUYHUM
TIOKa3HUKOM.

Meton [n03BOJIslE BU3HAYUTH TEHJACHLII BIOCKOHAJICHHS 3a SKUMU
JOLIUTEHO MOKPAIIUTH CUCTeMHI I1aTth. [IpocToTa i HAOYHICTh METOY A€ 3MOTY
BUSIBUTH HaWOUIbII €Hepro3aTpaTHI KOMIIOHEHTH CHUCTEMHOi IIIaTh (YHUIICET,
IPOLECOP), IS MMONEPEIHPKEHHS MOXKIIUBOCT1 BUXO/1Y 3 JIaJly €JI€MEHTIB.

VY yerBepTOMY PO3/iI1 HABEACHO PE3yJbTaTH PO3POOOK, armapaTHoro Ta

IpOrpaMHOro 3a0e3MeueHHs, M0 IPYHTYIOTbCS Ha pe3ysbTaTaX TEOPETUYHUX



JOCITIIKEHbB, SIKI OTpUMaHi B POOOTI.

Ha ocHOBI TeOpeTHYHUX TOCITIKEHD TSI BIIPOBAKCHHSI 3aIPOITOHOBAHUX
Mojielell Ta MeToAy IMOoOyAOBaHO JAOCHIIHY YCTaHOBKY JJi (PI3UYHOTO
MOJICNTIOBaHHS Ta Bepudikamii oO0YHCIIOBaYa CHEIadbHOTO TPU3HAYCHHS.
3anpomnoHoBaHa MPOOIEMHO-OPIEHTOBaHA CHUCTEMa JIO3BOJISIE 3 MiHIMAJIbHUMHU
BUTpaTaMy NEPEBIPUTH Tpale31aTHICTh 3aIIPOIIOHOBAHOTO O0YHCITIOBAYA.

Po3pobrmeno wmeTtomuky Bepudikallii 3ampoNOHOBAHOTO OOUYMCITIOBaYa
CIICLIaIbHOTO TMpH3HAYEHHs Ha ©0a3l JOCIHIJHOI YCTAaHOBKH, SIKa JI03BOJISE
NEPEeBIPUTH arnapaTypHy peai3alliio 00YHCIOBaya, 3a paXyHOK Bi3yati3allii.

HaykoBa HOBH3HA OTpUMaHUX pe3yJIbTaTIB:

1. VYmockoHalieHO MOJIEIb, IO IEPETBOPIOE IBIMKOBHUI KO B OJTHOTOJISIPHI
konu bapkepa. BiamiHHMMH = OCOOJIMBOCTSIMH  MOJENI €  PO3MIMPEH]
(GyHKITIOHATIBHI MOJKJIMBOCTI 332 PaXxyHOK 30UIBIICHHS KUIBKOCTI BUKOHYBaHHUX
byHKIIH B 2 pa3u NUBIXOM 1HTErpaiii QyHKIiT MepeTBOPEHHS OIHOMOJISIPHUX
koaiB bapkepa B JBIMKOBMI KOJ, a MpU BUKOHAHHI B €JUHOMY KpHCTall
HazilHicTs migsumyerses B 10°..10% pasis, a Takoxk MigBUIyeThCA HAmiHHICTH
(GYHKIIIOHYBaHHS 32 paXyHOK 3MEHILIEHHS alapaTHOI CKJIaHOCTI.

2. VYIOCKOHAJIEHO MOellb 00YHMCIIIOBaYa CIEI[iaIbHOTO TpU3HAUYEHHS Ha
OCHOBI KYCKOBO-JIIHIMHOI aIlpoKcUMallli CUTHAIIB yIpaBiiHHA. BiamiHHOIO
0COOJIMBICTIO MOJIENI € IMABUIIEHA MIBUIKO/IIA UIIXOM 30UIBIIEHHS IIBHIKOCTI
peanizanii QyHKIIii KepyBaHHS.

3. Orpumana moJajabIIAi PO3BUTOK MOJEIb OOYHCIIIOBAYA CHEIiaThHOTO
OpU3HAUYEHHS Ha OCHOBI IU(PO-aHAIOTOBUX TMEPETBOPEHb. BiIMIHHOIO
0COOJIMBICTIO MOJIENI € PO3MIHUPEHHS (PYHKITIOHATIBHUX MOMKJIMBOCTEN 32 paXyHOK
30UTBIIIEHHST KUTBKOCTI BUKOHYBaHMX (DYHKIIM B 3 pa3u 3a paxyHOK KyCKOBO-
JHIMHOT anmpOKCUMAIlii CUTHAIIB YIPaBJIiHHS CHEI1aIbHOTO MPU3HAYEHHS.

4. OtpuMaB MOAAIBIINN PO3BUTOK METOJ YIOCKOHAJIEHHS MPOCKTYBAHHS
0araTOKOMIOHEHTHUX JUCKPETHUX MPHUCTPOiB. BiH BKIIOYa€: CTBOPCHHS
y3arajbHEHOTO MAaTEMaTUYHOTO OINHUCY, [UIsl TOB’SI3yBaHHS  TEXHIYHHUX

napaMeTpiB, BUXOASIUM 3 XapaKTEPUCTUK IMpeIMeTa JOCHIKEHH; Bi3yalli3alliio
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3aJI)KHOCTEN TEXHIYHUX MapaMeTpiB B 0€3pO3MIpHUX KOOpPJAMHATAX Ha OCHOBI
YMOBHHX KPUTEpIiB; MPOBEACHHS aHaNi3y Bi3yani3oBaHUX AaHuX. OCOOIMBICTIO
METOJIy € BHSIBICHHS CHEPrONEpEeBAHTAKEHUX KOMIIOHEHTIB, IO 3a0e3redye
MIBUIIEHHS HAAIMHOCTI Ta 30UIBIICHHS Yacy eKCIuTyaTallli, MmomepemKeHHs
MOXJIMBOCTI BUXOJTy 3 JIaJy €JIEMEHTIB.

[IpakTHyHa WIHHICT, pE3yJbTATIB MOJATa€ B JOBEJACHHI OTPUMaHUX
HAYKOBHX PE3YJIbTATIB 10 KOHKPETHUX 1HKEHEPHUX PILICHb:

— MIJBUIIECHO MIBUJIKOJIK0 O0YHMCIIIOBaYa CICIIabHOTO MPU3HAYEHHS Ha
OCHOBI KYCKOBO-JIHIIHOi ~ampoKCHMMaIlli CHUTHATIB YHOPAaBIiHHSA MUIIXOM
301IbIIEHHS IBUAKOCTI peanizamii GyHKIIT KepyBaHHS 32 PAXyHOK 3MEHILIEHHS
yacy nepexigHux mnpouecis B 2-10° pasu;

— TIpY BUKOHAHHI 3aIIPONIOHOBAHUX MO/IEJIel 00UHCIIOBaYiB CIIeI1adbHOTO
IPU3HAYEHHS B €JMHOMY KPHMCTAJI, iX HaAiiHICTh migsumyerbes B 10°..10% pasis;

— Ha TACTaBl YJOCKOHAJEHOTO METOAY pPO3pOOJICHUN  anropuT™M
BUSIBJICHHS TEHJEHIIA TPOEKTYBaHHS OaraTOKOMIIOHEHTHUX JIUCKPETHUX
MIPUCTPOIB 32 OCHOBHUMH €JIEMEHTAMH, 110 JO3BOJISIE IMiIBUIIIUTH 1X HATIHHICTD;

— PO3po0JIEHO METOMMKY BepHu(iKallii mpare3qaTHOCTI 3aIpOITOHOBAHOTO
NEpeTBOPIOBaYa, sKa BKJIIOYAE€ CTBOPEHE QITOPUTMIYHE Ta MpOrpaMHe
3a0e3meueHHsl, 0 T03BOJIMIIO0 BUKOHATH CUHTE3 MMPUCTPOIB JOCIITHOI YCTAHOBKH
JUIS TOCIIJHKEHHS 3alpOINOHOBAHOTO IEPETBOPIOBAYa ILISXOM amapaTypHOTo
MOJICTFOBAHHSI.

HaykoBa # iH)XXEHEPHO-TEXHIYHA HOBHM3HA pPE3YJIbTAaTIB 1 IOCHIKEHb
HOIATBEP/UKYEThCSL MyOmikamisMu 1 mnaTeHTamu YKpainu. Teoperuuni Ta
MPaKTUYHI PE3yNbTaTh JOCIiKeHHs BrpoBamkeHi: Ha HBK «®oronmpunany (M.
UYepkacu) (akt BrpoBamkeras Big 15.03.14); B [HcTuTyTi eHepreTukn Akaaemii
Hayk MomnoBu (akt BrpoBakeHHs Big 16.12.2015); B8 TOB «Darkside» (m.
Uepkacu) (akt BropoBamkeHHs Big 25.01.18); y HaByaipbHOMY IIpoIleci
Yepkacbkoro Jep>KaBHOTO TEXHOJIOTIYHOTO YHIBEpCHUTETy Ha Kadeapi
POOOTOTEXHIKH Ta CHEI1ali30BAaHUX KOMIT FOTEPHUX CUCTEM (aKT BIPOBAIKCHHS

BiJ 28.03.2018).
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Kntouoei cnoea: o0GuMcnioBad CIELIaJbHOTO NPU3HAYEHHS, KYCKOBO-
JiHIAHA ampoKCHUMAIlisi, TTEPETBOPEHHSI KOJiB, 0araTOKOMIIOHEHTHI MPHUCTPOI,

YMOBHE MO/ICJIIOBaHHsI, Bepu(iKallis mpare31aTHoCTI.
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ABSTRACT

Zubko I.A. Improvement of models and method of increasing the
efficiency of components of functionally-oriented special purpose systems. —
Manuscript.

Thesis for a Ph. D degree by specialty 05.13.05 — computer systems and
components. — Cherkassy State Technological University, Ukraine, Cherkassy,
2019.

The work is devoted to the increase of speed and reliability of functionally-
oriented computer systems of special purpose.

The dissertation is devoted to increase of speed and reliability of
functionally-oriented computer systems of the special purpose by application of
the advanced models and methods at construction of specialized devices of
information processing.

In the first section, an analysis of existing modern models of component
creation for the transformation of codes and the formation of signals of complex
form. Their main features are determined, which made it possible to develop a
scheme for the classification of specialized calculators. Modern current methods
of designing multicomponent devices are analyzed.

The main objectives of the research are formulated: to improve the model
of transformation of binary code into unipolar Barker codes; to improve the model
of the calculator on the basis of piecewise linear approximation; to improve the
special purpose calculator model on the basis of digital-analog transformations;
to provide further development of the method of improving the design of multi-
component discrete devices.

The second section proposes a special purpose converter model with

expanded functionality that converts binary code into unipolar Barker codes and
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vice versa, a computational model based on piecewise linear approximation and
a special-purpose calculator model based on digital-to-analog transformations.

The figurative and sign model of the binary code converter is proposed in
unicarp Barker codes and vice versa with expanded functionality. Its advantages
are expanded functionality in 2 times, as well as a reduced memory size of at least
2 times, due to the use of the same values of corrective constants.

Performing two functions with one device and reducing the amount of
memory required reduces hardware complexity and reduces the cost of the device.

The advanced model of the special-purpose calculator is proposed on the
basis of piecewise linear approximation. The speed of the devices depends on the
transients that are associated with the time of the discharge of the nodal capacities.
In the proposed device, the discharge of the capacitance is carried out through the
resistance of the Rv open transistor, which is 2 - 10° times smaller than the
prototype, which leads to an increase in the discharge rate of the node by 3 orders
of magnitude.

The advanced model of the special-purpose calculator on the basis of
digital-analog transformations, with wide functional possibilities and high
reliability is offered.

Formation of analog signals of a complex form occurs either in the mode
of converting analog input arguments, either in the mode of converting digital
argument codes, or in the mode of converting the duration of the given digital
pulses.

Functional features are expanded 3 times by converting time slots, analog
or digital arguments into analog signals of complex form with one analogue
calculator based on piecewise linear approximation, which reduces hardware
complexity, in addition, reliability increases 10°..10* times when executed in a
single crystal

In the third section, the method for improving the design of multi-
component discrete devices has been further developed.

An example of a multicomponent device is a motherboard. A feature of the
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method is the procedure for identifying the design trends of the motherboard,

which allows you to identify the most energy-consuming elements, to improve
them, and increase the reliability of the system.

The algorithm for identifying the trends of designing the main elements of
the system board for the energy indicator is as follows: create a database of
existing motherboards and basic parameters of their basic elements that have a
significant impact on operational performance; to synthesize mathematical model
of interconnections of certain parameters; determine the type of modeling and
quality criteria; create a list of qualitative characteristics; develop conditional
criteria and give them a physical interpretation; to construct a sign model of
dependences between defined conditional criteria in dimensionless coordinates;
conduct analysis of the sign model and identify the system board with elements
that may require improvement in the energy performance.

When using the heuristic method for determining conditional criteria and
their physical interpretation, a system of criterion equations based on
dimensionless quantities is created.

Based on them, sign models are constructed in dimensionless coordinates
for reduced circuit boards, which makes it possible to compare technical
parameters simultaneously and to identify those that represent elements that
potentially may require improvement on the energy index.

An analysis of sign models allows us to identify groups of elements that
potentially may require improvements in energy performance.

The method allows you to identify the improvement trends by which it is
advisable to improve the system board. The simplicity and visibility of the method
makes it possible to identify the most energy-efficient components of the
motherboard (chipset, processor), to prevent the possibility of failure of the
elements.

The fourth section presents the results of developments, hardware and
software, based on the results of theoretical studies, which are obtained in the

work.
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On the basis of theoretical studies for the implementation of the proposed
models and method, a pilot plant for physical modeling and verification of a
special purpose calculator was constructed. The proposed problem-oriented
system allows you to check the performance of the proposed calculator with
minimal cost.

The method of verification of the proposed special-purpose calculator
based on the experimental setup is developed, which allows to check the hardware
implementation of the calculator, due to visualization.

Scientific novelty of the obtained results:

1. Improved model that converts binary code into unicarp Barker codes.
The distinguishing features of the model are expanded functionality by increasing
the number of executable functions by 2 times by integrating the function of
converting unipolar Barker codes into binary code, and when executed in a single
crystal, reliability increases by 103..104 times, as well as the reliability of
functioning increases due to reduction hardware complexity.

2. The special-purpose calculator model is improved on the basis of
piecewise-linear approximation of control signals. A distinctive feature of the
model is increased speed by increasing the speed of implementation of the control
function.

3. The development of a special-purpose calculator model based on digital-
to-analog conversions has been further developed. A distinctive feature of the
model is the expansion of functional capabilities by increasing the number of
executable functions by 3 times due to the piecewise linear approximation of
special purpose control signals.

4. The method for improving the design of multi-component discrete
devices has been further developed. It includes: the creation of a generalized
mathematical description, for linking the technical parameters, based on the
characteristics of the subject of the study; visualization of dependencies of
technical parameters in dimensionless coordinates on the basis of conditional

criteria; analysis of visual data. The feature of the method is the identification of
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overloaded components, which provides increased reliability and longer operating
time, preventing the possibility of failure of elements.

The practical value of the results is to prove the results obtained to specific
engineering decisions:

- the speed of the special-purpose calculator is increased on the basis of the
piecewise linear approximation of control signals by increasing the speed of the
control function realization by reducing the time of transient processes by 2 - 10°
times;

- when performing the proposed models of special purpose calculators in a
single crystal, their reliability increases 10°..10* times;

- on the basis of the advanced method the algorithm of detection of
tendencies of design of multicomponent digital devices based on the main
elements is developed, which allows to increase their reliability;

- a method for verifying the efficiency of the proposed converter, which
includes the algorithmic and software developed, has been developed, which
made it possible to perform the synthesis of devices of the experimental
installation for the investigation of the proposed converter through apparatus
simulation.

The scientific and engineering novelty of the results and researches is
confirmed by publications and patents of Ukraine. Theoretical and practical
results of the research are implemented: at the "Photoprilad" (Cherkasy)
(implementation act dated 15.03.14); at the Institute of Energy of the Academy of
Sciences of Moldova (implementation act dated 16.12.2015); in Darkside Ltd
(Cherkassy) (an act of implementation dated January 25, 18); in the educational
process of Cherkasy State Technological University at the Department of
Robotics and specialized computer systems (implementation act dated March 28,
2018).

Key words: special purpose calculator, piecewise linear approximation,
code conversion, multicomponent devices, conditional modeling, verification of

efficiency.
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BCTYII

AKTYaJIbHICTh TEMH.

AxrtyanbHicTh TemMu. [Ipm moOyZoBI HOBHUX CHCTEM CHELIABHOTO
NpPU3HAYEHHST Ha HHUX YacTO HAKJIalalOThCs OOMEXKEHHs, IIOB’A3aHl 3
00YHNCITIOBAIEHOIO TIOTYXHICTIO, 00’€éMaMu TIaM’SiTl, €HEPrOCTOKHWBAHHIM 1
HafiiHicTIO. [linBHIeHHs €PEeKTUBHOCTI KOMIIOHEHTIB TAKUX CHCTEM JIO3BOJISIE
OTpUMAaTH PILMIEHHS, M0 3a0e3MeuyloTh MIJBUIICHY IIBUIKOJII0, MOKpAIIEHY
eHeproeeKTUBHICTh, 3MEHIIIEHHSI KUTHKOCTI €JIEMEHTIB TaM’ STl 1 IiIBUIICHHS
HaJIIHHOCTI (DYHKI[IOHAJILHO-OPIEHTOBAHOI CUCTEMU B IyioMy. lle 3abe3neunts
IPOTrPECUBHUN PO3BUTOK YCiX Tany3ed, ne OyayTb BHUKOPHUCTOBYBATHChH TakKi
pIIICHHS.

[TutanHsAM po3p0OKK 0OUHCIIIOBAYIB CMEIIaIbHOTO MPU3HAYEHHS Ta CUCTEM
3 X BUKOPHUCTAaHHSM NpPHUCBSYEHA HU3Ka Ipalb, 30kpema B. /1. baiikoBa, A. B.
Bopeckoga, A. I. bop3enko, I. A. Iuuka, B. A. JIyxeupskoro, B. M. Jlykamenko,
C. A. lloneraesa, B. JI. [Ty3ankora, K. I'. CamodaiioBa, B. b. Cmosnosa, A. II.
CraxoBa, B. II. Tapacenka Ta iH., aje NWUTaHHS IIiJIBUIICHHS IIBUIKOIII,
eHEeproePeKTUBHOCTI Ta HAAIMHOCTI OOYKCIIIOBAYIB CHEIIAIbBHOTO MPU3HAYCHHS
3aCITyTOBYIOTH TOJATKOBUX JTOCIIIPKEHb.

Tomy Tema mucepTaiiHOTO IOCIIHKEHHS, MOB’s3aHa 3 YJOCKOHAJICHHS
METOJIB Ta MOACNEH s MIABHUIINCHHS €(EeKTUBHOCTI KOMIIOHEHTIB
(GYHKI[IOHaJTbHO-OPIEHTOBAHUX CHCTEM Ha OCHOBI IHTErpallii MepeTBOPIOBaYIB
iHQopMaiii  Jyis  30UIBIICHHS MIBUAKOMII, MIJABUIIEHHS HAIIAHOCTI Ta
C€HEepProePeKTUBHOCTI B  OOYHMCIIOBAYaxX CHEIIAJbHOIO IMPU3HAYEHHS, €

AKTYyaJIbHOIO.



23

3B'5130Kk po00OTH 3 HAYKOBHUMHM NMPOrpaMaMu, IJIAHAMM, TEMAMMU.

Hampsimox  nmociijokeHHs — aucepramii [OB'SI3aHUA 3 TeMaTHKAMU
p p

OO KETHUX HAyKOBO-JOCITTHUX pooiIT Uepkacbkoro JePKaBHOTO

TEXHOJIOT1YHOTO YHIBEPCUTETY:

«Metoau, mojmeni mpu 0OpoOIll IHTENEKTyalbHUX, 1H(QOpMAIIHUX
TEXHOJIOT1H JUIsi BUCOKOE(PEKTUBHUX OOYHMCIIIOBAIIBHUX Ta JIOKAJIBHUX
MiJICUCTEM YIPABIIHHA B MPOOJIEMHO-OPIEHTOBAHUX cucTteMax» (Ne
nepxpeectpaitii 0106U004501);

«Mopeni JIOKaJIbHUX nicucTeM KEepyBaHHS Ja3epHUM
BUMPOMIHIOBAHHSIM JJIS PIIICHHS TPAeKTOpPHUX 3a7ad Ha 0asi
TaOJUYHO-AUITOPUTMIYHUX  METOJIIB  amaparypHoOi  peamizaiii B
pOoOJIEMHO-OPIEHTOBAHUX CUCTEMAX» (Ne JepKpeecTpaii
0109U002739);

«Tabnu4HO-aNTOPUTMIYHI ~ METOIM, MOJENI  COMPOIECOPIB  Ta
KOMIIOHEHTIB B  MIKPOIIPOLIECOPHUX CHUCTEMaxX KepyBaHHS IS
CIeL1aII30BaHUX JIa3€PHUX TEXHOJOTTYHUX KOMILIEKCIBY (HOMEp
nepxasHoi peectpanii 0111U002934);

«ba30oBi  KOMIIOHEHTH MIKpPOTPOIICCOPHUX CHUCTEM  KepyBaHHs
Ja3epHUMH TEXHOJIOTIYHMMH KOMIUIEKCAMA Ha OCHOBI TaOJIHYHO-
QITOPUTMIYHUX METOMIB, MOJENIel Ta Teopili HEMOBHOI MOAIOHOCTI»

(Homep neprkaBHoi peectparii 0113U003345);

y SIKUX aBTOp OyB BUKOHABIIEM.
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Merta i 3aBIaHHA TOCTI’KEHHS.

MeToto AucCepTamifHOTO JOCHIDKEHHS € TMIABUINCHHS IIBUAKOMII Ta
HaJIIHHOCTI QYHKIIIOHATBHO-OPIEHTOBAHUX KOMIT FOTEPHUX CUCTEM CIEIIaIbHOTO
MPU3HAYEHHS TUIIXOM 3aCTOCYBAHHS YJOCKOHAJICHHX MOJENEH 1 METOJIB MpH
noOy/10B1 CHeIialli30BaHUX MIPUCTPOIB NepepoOKu 1H(popMmarrii.

JIJist MOCSITHEHHS TIOCTABJICHOT METH HEOOX1THO BUPIIMIUTH TaKi 3a7a4i:

— YIOCKOHAJUTH MOJIeJh TIEPETBOPEHHS JBIMKOBOTO KOAY B OJHOIOJISPHI
koqu bapkepa 11t po3mupeHHs ii PyHKIIOHATBHUX MOXKJIMBOCTEH;

— YIOCKOHAJUTH MOJETh OOYMCIIOBaYa Ha OCHOBI KYCKOBO-JIIHIMHOT
anpokcumanii s poOOTH B ymoBax OOMEXKEHb Ha 4Yac BHUKOHAHHS
onepartii;

— YIOCKOHAJUTH MOJENIb OOYHMCIIIOBAaYa CIHEIIahbHOTO TPHU3HAYEHHS Ha
OCHOBI IU(PO-aHATOTOBUX MEPETBOPEHB JJIs 3a0e3MeyYeHHs HaIiHOCTI
NpEeru3iiHOrO0  OOJaJHAHHS 3a MIHIMAJIBHOI KUIBKOCTI aKTUBHUX
CJICMCHTIB;

— PO3BUHYTH METOJI yJIOCKOHAJIEHHSI MPOEKTYBaHHSI 0araTOKOMIIOHEHTHHUX

JUCKPETHUX MPUCTPOIB I 30UTBIICHHS TPUBAIOCTI €KCIUTyaTallii.

06’exkm docnidrcennsn — iporiecu o0poOku iHDopmartii B pyHKITIOHATBHO-

OpPIEHTOBAHUX CHUCTEMAaX CIICIIaIbHOTO MPU3HAYCHHS.

Ilpeomem Oocnidrycenna — YIAOCKOHAJIEHHS MOJIENIEH Ta METOLY
M1JBUIICHHS €(DEKTUBHOCTI KOMITIOHEHTIB (PYHKIIIOHAIbHO-OPIEHTOBAHUX CUCTEM
CHEIIaIbHOTO TIPU3HAYEHHSI.

MeToau T0CTiKEHHSA

Jlis BupilIEHHS! MOCTaBJICHUX B JUCEpTaIlil 3aJad BHUKOPHUCTOBYBAJIHUCS

HaCTyr[Hi MCTOOU:
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- CHCTEMHOro aHamizy (s aHajaizy METOJIB Ta MOJEJEH CTBOPEHHS
creriagizoBaHuX 0OYUCITIOBAYIB),
- Bi3yamizauii (11 B110OpaXeHHsST OTPUMAHUX PE3yNbTaTiB), TAOJIUYHO-
aJTOPUTMIYHI (J71s1 BIATBOPEHHS (DYHKIIIH 0OUMCIIIOBAYIB),
- Teopli anropuTMmiB (A1 pO3pOOKH aITOPUTMIB);
- Teopii po3MipHOCTEHN (/I pO3paxyHKY KPUTEPIiB AKOCTI);
- Teopli anreOpu JIOTIKH (/17151 BU3HAUEHHS JIOT1KO-MaTeMaTUYHOI MOJIEJI1).
[Tpu cTBOpeHH! (13MYHOT MOAEI TOCIIKEHHSI KOMITIOHEHTa CIeLiaIbHOTO
NpPU3HAYCHHS BHUKOPHUCTaHI MeTOAu (YHKI[IOHAIBHOTO, CXEMOTEXHIYHOTO,
¢i13uuHOr0 MozemoBaHHs. [ Bepudikaiii 3ampornoHOBaHOTO MEPETBOPIOBaYa
CHEIIaIbHOTO TMPU3HAYCHHS BUKOPUCTAHO TEOPII0 EKCIIEPUMEHTY TpHu

MPOBEJICHHI €KCIIEPUMEHTAIBHUX J0CIIIKEHb.

HaykoBa HOBH3HA 0O/Iep:KAHUX pe3yabTaTiB.

B mporieci BupillleHHS MOCTaBJIEHUX 3aBJaHb aBTOPOM OTPUMAHO TaKi
HAyKOBI1 pe3yJIbTaTH:

— YIOCKOHAJeHO MOJENb IMEepeTBOpioBaya  JABIMKOBOTO KOAY B
OJTHOTIOJISIpHI KoJu bapkepa Ha OCHOBI KOPUTYIOUMX KOHCTAHT ILISIXOM
1HTerpanii B Hei (PYHKIIIT epeTBOPEHHS OJHONOJISIpHUX KoiB bapkepa
B JBIMKOBUH KOJ, 1[0 3abe3medye po3MHMpeHHS (YHKIIOHATBHUX
MOKJIMBOCTEH 3a paxyHOK OOEpPHEHOro IEPEeTBOPEHHS, a TaKOX
NiABUIICHHA HAIIHHOCTI (YHKI[IOHYBAaHHS 3a PAaXyHOK 3MEHIICHHS
arapaTHO1 CKJIaJIHOCTI;

— YIOCKOHAJICHO MOJIeJIb OOYHUCIIIOBaya CIELialbHOTO NPU3HAYCHHS Ha
OCHOBI KyCKOBO-JIIHINHOI anpoKCcUMallii CUTHAJIB YIPaBIIHHS HUIIXOM
30UTBIICHHST IIBUIKOCTI peanizaiili (QyHKIII KepyBaHHS 3a pPaxyHOK
3MEHIIICHHS 4acy MepeXiJHUX MPOIIeCiB, MO 3a0e3rneduye MmiaBUIICHHS
TOYHOCTI IPH YIPABIIIHHI TEXHOJIOTTYHUMHU IPOLECaMH;

- oTpuMaja MOJAJbIINNA PO3BUTOK MOJIENIb OOYMCIIIOBaYa CIEHIiaIbHOTO
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NpU3HAYCHHS Ha OCHOBI IHU(PO-aHAIOTOBUX TMEPETBOPEHb MUIIXOM
KyCKOBO-JIIHIHOT anpOKCHUMAIlii CUTHAJIIB YIIPaBIIHHS, 1110 320€311EeYHIIO
pO3MMpeHHsT  (PYHKIIOHAIBHUX MOMJIMBOCTEH OOUYMCIIOBaYa Ta
M1JIBUIIICHHS HAJIIMHOCT1 YIIPABJIIHHS TEXHOJIOTTYHUMHU MPOIIECAMM;

— OTPUMAaB MOJAJBIIUN PO3BUTOK METOJ yIOCKOHAJEHHS MPOSKTYBAHHS
0araTOKOMITIOHEHTHUX JHUCKPETHUX MPHUCTPOIB, MUISXOM BHSBICHHSA
CHEProNepeBaHTAKCHNX KOMIIOHEHTIB, IO 3a0e3nedye IiIBUIICHHS

HAJ1MHOCTI Ta 301IBIICHHS Yacy eKCILTyaTallli TakKuxX MPUCTPOIB.

[IpakTu4yHe 3HAYeHHSI OTPMMAHMX pe3yJIbTATIB.

[IpakTHyHa WIHHICT, peE3yJbTATIB MOJATa€ B JOBEJICHHI OTPUMaHUX
HAYKOBHX PE3YJIbTATIB 10 KOHKPETHUX 1HKEHEPHUX PILLICHb!

— Ha TMiACTaBl YJOCKOHAJEHOTO METOAY PO3pPOOJICHHH alropuT™M
BUSIBJICHHS CJIAOKOI AUISHKH HA CHUCTEMHINA I1aTl 3a 11 OCHOBHUMU
eJIEMEHTaMH, 1110 JO03BOJISIE MOMEPEAUTH MOXIIMBICTh BUXOAY 3 JIady
CJIEMEHTIB;

— PO3po0JIEHO METOUKY BepHu(iKallli mpare3qaTHOCTI 3aIpOIIOHOBAHOTO
NEpPEeTBOPIOBAYa, sIKa BKJIFOYAE€ CTBOPCHE AITOPUTMIYHE Ta MpPOTpamMHe
3a0e3MeyeHHs], 10 J03BOJWIO CHHTE3YBAaTH BIANOBIIHI MPUCTPOL IS
IIPOBEJICHHS arnapaTypHOTo MOJEIIOBAHHS;

— Ha TMiAcTaBl  PoO3poOJICHUX CTPYKTYpHHUX, (PYHKIIOHAJIBHUX Ta
OPUHLIUIIOBUX EJIEKTPUYHUX CXeM, MoOya0BaHO (DI3UUYHY MOJENb IS
amapaTypHOTO JOCIIHPKCHHS 3alpOTIOHOBAaHOTO MEpeTBOpIOBaya, IO
3a0€3MeUnsio  KOHTPOJb  KOPEKTHOCTI TEpPEeTBOPEHb Ha  eTalll

IPOEKTYBaHHS 1 MATBEPAWIIO Bepu(DiKallio Mpare31aTHOCTI.

HaykoBa # iHXEHEpHO-TEXHIYHAa HOBH3HA pE3yNbTaTIB 1 JOCTIIKEHb
HIATBEP/UKYEThCSL MyOdiKamisMU 1 mnareHTaMud Ykpainu. Teoperuuni Ta

MPaKTUYHI pe3yJIbTaTH JOCIIKEHHS BIIPOBAJIKEHI:
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- "Ha HBK «®ortonpunan» (M. Yepkacu) (aKkT BIPOBAKEHHS BIJ
15.03.14);

- B IHCTHTYTI eHepreTuku Axanemii Hayk MoJijioBU (aKT BIPOBAKEHHS
Big 16.12.2015);

- B TOB «Darkside» (m. Uepkacu) (axT BrpoBamkenHs Big 25.01.18);

-y HaBYaJIbHOMY Tiporieci YepkacbKoro AEpKaBHOTO TEXHOJIOTIYHOTO
yHIBEpCUTETy Ha Kadenpi poOOTOTEXHIKM Ta CHeliali30BaHUuX

KOMIT FOTEpHUX cHCTeM (aKkT BIpoBapkeHHs Bijx 28.03.2018).

Oco0ucruii BHeCOK 3100yBaya.

TeopeTuyuHi pe3yabTaT AUCEPTAIIHHOTO JOCIIIKEHHSI, III0 BUHOCATHCS Ha
3aXUCT, OTPUMaHl aBTOpPOM ocoOucTo. Pe3ynbTaTu NpUKIAAHOTO XapakTepy
OTpHUMaHI 3a y4acTIO aBTOpa CIJILHO 3 KosiekTUuBOM Kadeapu PCKC.

Y JpykoBaHHMX TMpailsx, OMYyOJIKOBaHUX Y CIIBaBTOPCTBI, aBTOPY
HaJIeKaTh:

[2] — cucTemaTu3allis Ta aHalli3 BU3HAYEHHUX KOPETyIOUUX KOHCTAHT;

[3] — BU3HAUYEHHS JUHAMIYHOTO PO3BUTKY CITIBIIPOIIECOPIB;

[4] — moOymoBaHa 00pa3HO-3HAKOBA MOJICNIb 3aJIEKHOCTEH OCHOBHUX
TEXHIYHUX [MapaMeTpiB CUCTEMHUX IIAT;

[5, 9, 13] — crBOpeHi peismiiiHI Mojem 3a MmapamMeTpaMu
MIKPOKOHTPOJIEPIB, CACTEMHHUX IIJIaT, JaTYHKIB,;

[6] — pO3paxyHOK EHEPreTUYHUX KPUTEPiiB OCHOBHHX KOMIIOHEHTIB
CUCTEMHUX IJIaT;

[7] — 3amporoHOBaHO MOJEIb CIUIalH-(QYHKIINA MO €KCIepUMEHTATIbHUX
JTaHuX 17151 ToOOyA0BH B 2-X KBaJIpaHTAaX;

[8] — mnpoBemeHo aHami3 cy4acHUX OaraToKpuTepialbHUX METO/IIB

IOCHIDKEHHS CKJIQJHUX MOOEIIEH;
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[10, 20-22] — 3anponoHoBaHo yaockoHaneHHs mozaem KJIA, mpoBeneHo
po3paxyHok mBuakoxaii moxaeni KJIA, mpoBeaeno iHdopmariiiHO-naTeHTHUN
MOTITYK;

[11] — 3amponoHOBaHa KOHIIENTyaJlbHa HAYKOBO-JOCIIHA MOJEIb s
Bepudikalii Mpare3gaTHOCTI  CHeliagi30BaHOro  0OaraTo(yHKIIOHAIBHOTO
00YHCITIOBAYA;

[14] — po3paxyHKH KpHUTEpiiB, IO BIANOBIJAIOTH OCHOBHUM TEXHIKO-
€KOHOMIYHUM IMOKa3HUKaM 00’ €KTIB JOCIIKEHHS,

[15] — 3ampomoHOBaHI OCHOBHI METOAM JJIsI BHU3HAYEHHS SIKICHUX
napaMeTpiB 00’ €KTY JOCTIKEHHS AJI aHAI3Y;

[16-19, 23] — BuUKOHaHI pPO3paxyHKW I IIJBUIICHHS HaAIHHOCTI,

MpOBEJICHO 1H(POpPMaIiTHO-TTATEHTHUM MOIIYK.

Anpo0aiisi pe3yabTaTiB JUCEPTALil.

OCHOBHI TIOJIO)KEHHSI JUCEPTAIINHOTO JOCTIHKEHHS TOMOBigaMCS 1
00rOBOPIOBAJIHCS HA MDKHAPOIHUX HAYKOBO-TEXHIYHUX Ta HAYKOBO-TTPAKTUIHUX
KOH(EpeHIIisIX:

1) XIV ~ Mezinarodni  védecko-praktickd  konference, (15.03-
22.03.2018, Praha)

2) XVI MexnayHapoaHa HaydHa mpakTHyHa KoHgpepeHuus (15-22 mapr
2018, Codus);

3) XIII international scientific and practical conference (January 30 —
February 7, 2018, Sheffield);

4) X mezinarodni védecko-prakticka konference (27.10-05.11.2014,
Praha);

5) VII mezinarodni védecko-prakticka konference (27.01.2011-
05.02.2011, Ilpara);

6) V Miedzynarodowej naukowi-praktycznej konferencji (7-15 grudnia
2009, Przemysl).
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Iyo6aikamii.

3a marepiasiaMu AucepTalii omyoaikoBaHo 23 npykoBaHi poOOTH, 3 HUX:
9 crareit (8 - y paxoBux HayKOBUX BUJAHHAX YKpaiHu, 1 - 3a KOpJAOHOM, 4 - y
NEPIOANYHUX BUAAHHAX, 110 BXOATh 10 MIKHAPOJHUX HAYKOMETPUUYHUX 0a3),
8 mareHTiB YKpainu (3 3 HUX - Ha BUHaXia), 6 T€3 JOMOBiACH Ha MIXKHAPOIHUX

KOH(EpeHLIIsIX.

Crpykrypa i 00car aucepraiii.

JHucepratiiiitHa po0OoTa CKJIaJa€ThCcsl 13 BCTYNYy, YOTHPHOX PO3JLIIB,
BHUCHOBKIB, CIIUCKY BUKOPHUCTAHUX JITEPATypHUX JKEPET 1 JOAATKIB. 3arajbHUMA
oOcsr qucepraii ckiagae 160 cTopiHOK, 13 HUX 125 CTOpIHOK OCHOBHOTO TEKCTY,
23 pucyHku, 6 Tabsuib, 3 1oaaTku 00csiroM 35 cTopiHOK. CIMCOK BUKOPUCTAHUX

JoKepes MICTUTh 172 HaliMeHyBaHHS.
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PO3JILI 1.
CYYACHUI CTAH ITPEAMETY JOCJIDKEHHS TA
®OPMYJIOBAHHS 3A1AY

VY nanomy po3zmii:

IPOaHaTi30BaHO OCHOBHI HANpsIMH BJIOCKOHAJICHHS Cy4YacHUX
MIEPETBOPIOBAYIB CIICIIAIBPHOTO PU3HAYCHHS, SIK1 BINTUBAIOTH HA X
e(heKTUBHICTb.

- MPOBEACHO  aHali3  ICHYHOYHUX  MOJEJIEeH  IepeTBOPIOBAYiB
CHEIIaJIbHOTO  MpPU3HAYEHHS Ta  JOCHIKeHO  cdepu  ix
3aCTOCYBaHHSI.

- BH3HAYEHI OCHOBHI O3HAaKM I[IE€PETBOPIOBAYIB  CIICIiaIbHOTO
MPU3HAYEHHS, 1110 J1aJI0 3MOT'Y PO3po0OUTH cXxeMy Kiacupikariii.

- TMpPOaHAII30BaHO OaraToKpuTepiaibHI METOJAM BHSBICHHS SKICHUX
napaMmeTpiB 00’€KTy JOCIIKEHHS, a caMe METOJl aHalli3y lepapXii
Ta METOJI Ha OCHOBI TeOp1i HETTOBHO1 MO1I0HOCTI Ta PO3MIPHOCTEH.

— BHSBIICHO HEAONIKM MpOaHaTi30BaHUX MOJENE: IMepeTBOproBaya

JBINKOBUX KOJIB B OJHOMOJISIPHI KOoau bapkepa, mpucToiB mis

BHUKOHAHHS 3371a4 alpOKCUMAIIii.

— TMPOBEJCHO OIIHKY OCOOJIMBOCTEW MOJEITIOBaHHS Ta Bepudikarlii

KOMIIOHEHTIB (PyHKIIIOHAIbHO-OPI€EHTOBAHUX CUCTEM.

1.1. HanpssMKM YJIOCKOHAJIEHHI CYYaCHHX IepeTBOPIBAaYiB

creniajbHOro NMPpU3HAYCHHSA

[Ipu po3poliii cyyacHUX TMEPETBOPIOBAUIB CIICLIAJBLHOTO MPU3HAYCHHS
MOBUHHI BPaxOBYBaTHUCh BUMOTH, fIKI OB’ A3aH1 3 4aCOM BUKOHAHHS 3aJlayi, 110
MOX€ BUKJIMKATH TEBHI TpyaHoili. Yepe3s oOMEXeHY MIBHUIKOIID CydacHUX
MIKpONIPOIIECOPHUX ~ CHUCTEM, BHHHUKA€ HEOOXIAHICTH y  BHUKOPUCTaHHI

CIeliaTi30BaHuX OOYHMCIIOBAYIB, SIKI MOXXYTh BHKOHYBAaTH I€BHI OOYHCIICHHS
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3HAYHO IIBU/IIE HIXK MIKPOMPOLECOPHI siapa MporpaMHUMH 3aco0amu. Tomy
QITOPUTMH 1 cTIOcOOU 00paxyHKY B TaKMX OOYHMCIIIOBaYaxX MOBUHHI BIATIOBIAATH
KOPCTKUM YaCOBUM BUMOTaM.

[lopsn 3 TuM, HEOOXIJHO BHUpINIYBAaTH 3a7adyy MaKCHUMAaJIbHOTO
CIIPOIIICHHST METO/IIB 1 aJITOPUTMIB 00paxyHKY. OCKUIBKH 3 KOXXHUM CIPOIIEHUM
JIOTIYHUM TIPUMITUBOM 3MEHIIYETHCS EHEProCIOKUBAHHA Ta 301IbIITYEThCS
HAAIMHICTD By371a. 3aBASKHA YOMY MOKHA OTPUMATU MPUCTPIM 3 ONTUMAILHUMHU
C€HEPrOoCIOKUBAHHAM 1 HAIIMHICTIO.

MikpormnpoiiecopHi CUCTEMH 3a3BMYail HE 3/1aTHI MPOTPaAMHUM MLUISIXOM
0e3 BHUKOPHCTAaHHS CIICIIai30BAHOTO OOYHMCIIOBaYa 3a0e3MeunTH HEOOX1THI
yacoBl oOMexeHHs. OCKIJIbKH B HUX OOpaxyHOK BiJIOYBA€ThCA 3a JIOMOMOI'OIO
po30UTTS 3amayl Ha HAWUOPOCTIII (PYHKII 1 MOJANIBIIOrO iX BHUKOHAHHS
ITepaTUBHUM MeETOJOM. JIOCHIJDKeHHS 1 BUpIIICHHS MHTaHb, TMOB’S3aHUX 3
MMIBUIIICHHAM MIPOYKTUBHOCTI Ta 00YHUCITFOBAJILHOL MOTY>KHOCTI
CHIBIIPOLIECOPIB, SIKI ICTOTHO PO3UIMPIOIOTH MOKIUBOCTI MIKpPOIPOLIECOPHUX
CHUCTEM, € aKTyaJIbHHUM 3aBJaHHSM. [5]

MoskHa BHUIUIMTH HACTYNHI NEpPCHEKTUBHI HAMPSMU YyIOCKOHAJICHHS
Cy4yaCHHX TEpETBOPIOBAUIiB CHEI[IAJIbHOTO TMPHU3HAYCHHS — PO3IMIMPEHHS
(GYHKITIOHATBHUX MOXKJIMBOCTEH, T1IBUILICHHS IIIBUIKO/III.

Posmmmpennss (QyHKLIOHAIBHUX MOXJIMBOCTEH came 1O €001 3HA4HO
niABUINYE €(EKTUBHICTh IEpETBOPIOBAYa CHEI[IaJIbHOTO TpU3HAYEHHA, a
3aBMIKHM 1HTErpamii po3MIMPEHUX MOXKJIMBOCTEH €IUHUN KpUCTal, HAIIHHICTh
M1BUIIYETHCS HA KIJIbKA MOPSAKIB.

[TigBumeHHs MIBUIKOII YacTO BiAOYBAa€ThCSA 3a PaxXyHOK 30UIbIICHHS
TAKTOBUX YacCTOT, IPU LIbOMY BHUHHKAIOTh PI3HOMAaHITHI MpoOJeMH MOB’sA3aHi 3
CHHXPOHI3AIIIEI0 Ta €HEPrOCMOKMWBAHHSAM, 1HIIUN CIOCIO po3mapalietoBaHHS
00poOku iHdopMariii. [IpoTe a1 aHaIOroBUX 0OYMCIIIOBAaYIB TaKi METOIM 4acTO
HE JOCTYIHI, TOMY HEOoOXiTHI Moaudikaiii CKIaJ0BUX €JIEMEHTIB, Ki OepyTh

ydqacTh y ¢opmyBaHHI 1HQopMallii Ha BHXOJl. TakuM YUHOM 3’SIBISETHCS
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MOJKJIMBICTh OTPHMMaHHSI 3HAYHOTO MPHUPOCTY IIBUAKOAII 0e3 HeoOX1THOCTI

BHECCHHSI 3HAYHUX 3MIHU B aJITOPUTM 00pOOKH iH(pOpMAITii.

1.2. IlopiBHsUIBHUI AaHAJI3 MeTOMIB /JIf BHUSBJICHHS SIKiICHHUX

napamMeTpiB creniajaizoBaHUX 004HMCJII0OBAYIB

IcHye Benmmka KUTBKICTHP METOIB, IO JO3BOJISIIOTH BUSBIISTH SKICHI
napaMeTpu MiAI0CTIAHUX 00’ €KTIB. [4]

Jlnsi BU3HAYEHHS HaAWKpamux TmapaMmeTpiB 00’€KkTa MOCTIIKCHHS B
Cy4acCHOCTI MIPEJICTaBIISIIOTh IHTEpeC:

- MeToj 0araToKpUTEepiaIbHOTO MOPIBHAHHS (METO aHATI3y iepapXiil);

- METOJ aHaIi3y Ha OCHOBI TEOPIi pO3MIPHOCTEH.

[Ipu3HaueHHs MeTOAy aHali3y l€papxiii - OIliHKa pIBHIB 1epapxii
BPaxOBYIOUM B3a€EMOJIII0 PI3HUX XapaKTEPUCTUK CHUCTEMH Ha OCHOBI PIIICHb
eKCIepTa.

Merton aHamizy iepapxiil moysira€ B HACTYITHOMY:

- CtBopeHHs iepapXii B3a€MOMIM 3 BUKOPUCTAHHSIM EBPUCTHYHHUX

METO/IIB.

- Po30uTTs Ha mapu i MOPIBHSHHS €JIEMEHTIB 1€papXii.

- YcyBaHHS HEY3TOPKEHOCTEH MaTPHIlh OMAPHUX TTOPIBHSIHB

(K110 11€ TTOTPIOHO).

- Maremarnuna 06po6ka iHhopmarii, IKy Hagae JoauHa (EKCIepT), s

OPUMHSTTA PIIICHHS.

[TorapHi MOpPiBHSAHHS — II€ MPOIIEC, NMPU SKOMY JIFOJUHA (EKCIEepT), 110
3MIACHIOE TIPUMHSATTS pillleHb, MOPIBHIOE BCl Mapu XapaKTEPUCTUK OO'€KTIB 3
MIEBHOTO CITMCKY 3a 33/IaHUMHU KPUTEPISIMH, BKa3YIOUH [I0Pa3y XapaKTEPUCTUKY
00'eKTa, SIKii HaJA€ThCS TIepeBara.

Pe3ynbraTé TakuxX MOPIBHSHb BHOCSTHCS y BIAMOBIAHI TaOMMIN (MAaTpHIlL
MONAapHUX TMOPIBHSAHB), 3TIHO SKUX TI3HIIIE BUKOHYIOThCS TMOTPiOHI

o0paxyHKH.
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VY naHoro MeToy MPUCYTHI HEAOJIKH, a caMe:

- BHUKOPHUCTAaHHS TaOJULb MOPIBHSIHb, IKMX 3HaYHA KUIbKICTh;

- TOPOIMOPIIHHICTh Yacy, 0 BUTPAYAEThCSI HA JAOCIIKEHHS, 1 KIJTLKOCTI

KPUTEPIiB 7151 HOPIBHSAHHS;
- 3HAYHWUH BIUIMB KUIBKOCTI O0’€KTIB MOCHIKEHHS Ha 4yac OOYHCIIECHb
Ta aHaI3Y;

3 HaBEJEHOTO BHUIIE BUJIHO, IO JIJISI OTPUMaHHS pe3yJbTaTiB, HEOOX1THO
BUTPATUTH Oarato 4acy Ha OOUYHCIICHHS.

Ha npoTtuBary mpoMy MeTOJ Ha OCHOBI TeOpli HEMOBHOI MOAIOHOCTI Ta
PO3MIpPHOCTEHN 03BOJIIE BUKOHYBATH MOPIBHSUIBHUHN aHAal3 BEIMKOI KUIBKOCTI
00’€KTIB 3a BEJIWYMHAMM IX BHU3HAYAJIBHUX IapaMeTpiB, TOOTO BIJCYTHS
HEOOX1/IHICTh 3MEHIICHHS YKCIa MapamMeTpiB Uil IPUCKOPEHHS JOCTIIKEHHS.

J10J1aTKOBOIO MEPEBAroI0 € MOKIIMBICTh MOOYI0BU 3HAKOBUX MOJIETEH i
00’€KTIB, 110 HE MAIOTh MaTEeMAaTUYHUX 3aJICKHOCTEH MK ITapaMeTpaMH.

Kpim Toro, Ha OCHOBI TI- TeOpeMH ISl LILOTO METOIY 3 SIBISE€THCS
MOXJIMBICTh TMOOYAYBaTH 3HAKOBY MOJIENb JUIsi OO’€KTIB, Y SKUX HEMae
MaTEMaTUYHOTO OIUCY MiX TapaMeTPaMHU.

[TocnioBHICTh AITOPUTMY HACTyMHA [4]:

1. CTBOpeHHs TmepeniKy BU3HAYAIBLHUX BEJIMYMH, SKI BIAMOBIIAIOTH

OCHOBHUM TEXHIYHHUM IMapamMeTpaM 00’ €KTY.

2. Bu3HaueHHs y3arajllbHEHOr0 MaTeMAaTHYHOTO OMUCY MIX MapaMeTpaMu

00’€KTy.

3. Bubip MeTo1y BUSHAUEHHS KPUTEPIiB MO10HOCTI.

4. CTBOpEHHS KPpUTEPIaTbHOIO PIBHSAHHS.

5. TloGymoBa 3HAKOBOT MOJIEI.

3HAYHOIO MEPEBAror0 IOT0 METO/Y € T€, 0 B Pe3yJIbTaTl AOCIIKEHHS
3’SBIIIETHCS MOJKJIMBICTh HAOYHO TIOKA3aTH IOAO SKUX IMapaMeTpiB Kparie

BCHOT'O ITPOBOJIUTH MPOLIETYPY BAOCKOHATICHHS JOCTIIKYBaHUX 00’ €KTIB.
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1.3. CneniasizoBaHi 004nca0OBayi Ta iX Kiacupikamis

[Ipu peamizaiii pi3HOMaHITHUX I1HHOBAI[IMHUX MPOEKTIB B IIHPOKOMY
CIIeKTp1 oOyacTelt BUPOOHMIITBA, TaKUX SK €HEpPreTHKa, O10JIOr1YHI HAyKU Ta
IHII  radxy3l dYacTo TOTpiOHE TMPOBEAEHHS OOYMCIIOBAIBHUX pOOIT, SKi
XapaKTepU3yrThCsl BEIMKUMH 00’€MaMU, CKJIAIHICTIO Ta TPYAOMICTKICTIO.
HeoOxiaHicTh BUKOHAHHS MOAI0HUX TPYJIOMICTKUX OOYMCIICHbB, K1 OJJHOYACHO
MOBUHHI MAaTH MPOCTY MPOIEAYPY BHUKJIMKY Ta IIBUIAKO BUKOHYBAaTHCh, CTaja
MPUYUHOIO TOSBH CHEIIali30BaHUX OOYMCIIIOBAYIB Ta 1X PO3BUTKY B PIZHUX
ramy3sx.

CrenianizoBani 0O4YMCIIOBaYl 37aTHI BUKOHYBAaTH CHEelM(IuHI omeparii
00pOoOKM JaHMX: MaTeMaTH4Hi; TpadidyHi; MEPETBOPEHHS KOJIB Ta 1HII, 3i
MBUIKICTIO, SKa Y COTHI pasiB Oulblia HDK 37aTHUA 3a0€3MeYuTH
MIKPOTMPOILIeCOp MIiCs PO30OUTTS 3ajiaul Ha HaWMpOoCTiIl (QYHKIIT 1 TOAATBIIOTO
iX BUKOHAHHS iTepaTUBHUM MeToAoM [1, 2].

BaxxnuBumu 3a1ayamu € 1iABUILEHHS MPOJYKTUBHOCTI, OOYHCIIOBAILHOT
MOTY)KHOCTI Ta ICTOTHE PO3IMIMUPEHHS (YHKIIOHAJBHUX  MOJKJIHMBOCTEH
MIKpOTIPOIIECOPHUX ~ CHUCTEM, 3aBISKH BUKOPUCTAHHIO  CHEIlali30BaHUX
00UMCIIIOBAYIB  TPU  pO3pOO0Ill  MPOOJIEMHO-OPIEHTOBAHUX  CHUCTEM, IO
BUPINIYIOTH 3374l MPY €KCTPEMaIbHUX YMOBax eKcCIuTyaTarii. Xo4a Ha pUHKY
OPUCYTHIN BENUKHM BHOIpP MIKPONPOLIECOPHUX CHUCTEM 3 PI3HOMAHITHUMHU
CIeliaTli30BaHUMHU OOYMCIIIOBaYaMH, X BUKOPHUCTAHHS B CHUCTEMaxX pPEaIbHOTO
4acy JIOCUTh OOMEXKEH1 depe3 HEAOCTAaTHIO MPOAYKTHUBHICTH ab0 (i) BHUCOKY
PO3CiIOBaHy MOTYXHICTb. [5]

CyyacHi  TEpCIEKTHUBHI  MIKPONPOIICCOPHI  CHUCTEMH  TOBHHHI
OpPIEHTYBAaTHUCh Ha IIMPOKE KOJIO 3a7a4, a TaKOX TO€IHYBaTH MPUHITUITN
YHIBEPCAIBHOCTI JUJII CYMICHOCTI 3 IHIIUMH CYYaCHHUMH CHCTEMaMu 1
criemiama3aiiii JJjis IBUIKOTO BUKOHAaHHS crerudiuaux (yHKIIA. BukoHaHHS
crieriamizoBaHuX (PYHKITIH JOIIBHO MTOKJIACTH Ha CIeliali30BaHi 00YMCIIIOBaYi,
K1 MOXYTh BHKOHYBATHCh SIK Ha OJIHOMY KpPHUCTall 3 MIKpOIPOIECOPHUM

AJIPOM, TaKk 1 B OKPEMOMY KOPITYCi.
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CremianizoBani 004YMCIIOBaYl MPU3HAYEHI MU BUKOHAHHS CKIIATHUX 1
TPUBAJIMX 3a YacoOM oOmepalid Ha amapatHoMmy piBHI. [lo Takux omeparii
BIIHOCSTBCS 3a1adi JjIsi poOOTH 31 CKJIQAHUMH MaTeMaTHYHUMU (DYHKIISIMHU,
oOpoOka Ta BuUBeACHHS TpadiyHUX  JIAHUX, [EPETBOPEHHS  KOJIIB.
Knacudikamiitna  cxema  3aCTOCYBaHHS  CyYacHUX  CIICIiaji30BaHUX

004YMCIIIOBAYIB MpeIcTaBIeHa Ha puc. 1.1.

OCHOBHI BUIM Ta CepH 3aCTOCYBAHHS CYIaCHHUX
CcIIeniaaizoBaHuX OOYUCIIIOBAYiB

Marematiani Ipadiuni IepeTBOproBadi Ko/IiB
Posmupenss | | |
MHOXHHU KOMaH]| DopmyBsaui 3aBaI0CTiliKi KOAU Y JIBiiiKoB1 y Hudpysanus
HIT mis pobotu 3 TPAHCUEHAECHTHUX JBIWKOBI Ta HaBIIAKH JIBIMIKOBO- TaHHUX,
IJIaBAIOYO0I0 KOMOIO (ynxuii JIECATKOBHH kpunrorpadis
MOJICKYJIApHa obunciroBaHa aHauni3 i 00poOka 300paxkens | | | ympTpa3BykoBa
JIMHaMiKa MareMaTHKa IiarHOCTHKA
KOMII IOTEpHUM | [ | okeaHorpadiuHi MAarHITHO-pE30HAHCHA l 1| oOoponHna
31D JOCITKEHHS ToMorpadist TEXHIKa
ceficmivna L[] IITY4HUH aJlanTHBHA IPOMEHEBA | | | (binancosi
DO3BiIKA iHTEJIeKT Tepanis po3paxyHKu
BieokoH(pepeHmii [ CIEIam30BaH1 rpagiyHe MOJIEIOBAaHHA ||
TepMiHAIH
cucTeMH rpadiqHOro rpadiku
MOHITOPHHTY
Xipyprist HelpoMepexi

Puc. 1.1 — Cdepu 3acTocyBaHHS CydacHHX CIEIiaTi30BaHUX 00YUCITIOBAYIB

k1o po3risgaTd MaTeMaTH4HI CrelliaigizoBaHl 0O0YHMCIIIOBadl, TO BOHU
SIBJISIIOTh  COOOI0 CXEMH ISl PO3IIMPEHHS MHOKWHU KOMaH]| ICHTPATBLHOTO
nporecopa. lle HEOOXigHO TOMY, IO LEHTPAIBHUN MPOIECOp 3a JOTOMOTOI0
CHEI[iali30BaHUX AJITOPUTMIB MOKE BUKOHYBATH CKJIQJHI MaTeMaTUYH1 onepariii
Ha 3pa30K MHOXCHHS, JUICHHS Ta TWIJHECEHHS JO0 CTEeneHs, aje MoaiOHi
AITOPUTMH  BHMAaraloTh CYTTEBHUX 3aTpaT IMpolecopHOro uyacy. Ilpuxman
BUKOHAHHS MHOXKCHHSI TIPEJCTaBICHO HAa puc. 1.2, mpoaHamI3yBaBIIU SKUI

MOXHa MMOOAYUTH, 110 MPOIECOP MYCUTh BUKOHATH 5 omepalliii 1ogaBanHs ta 10
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omepaiiii 3CyBy JHINE Jis BUKOHAHHS HAWMPOCTINIOI oreparii MHOXCHHS.
Tomy TpuBaiicTh apupMETUUHUX OIEpalliil, 3 ypaxyBaHHSIM TOTO, 110 MOBUHHI
BUKOHYBATHUCS TAaKOX 1 omeparlii poOdoTH 3 Iam’sTTI0, BBOJY/BHUBOAY, Ta iH.,

Oyze 3aiimaTtu 6arato yacy 1 BUKOPUCTOBYBATH BEJIMKY KUIbKICTh €HEPTIi.

Cymarop HCM | Perictp PrA | PericTp IIpHMITKH
PrB
0000000000 | 0000010100 | 10011} |II.c. HCM:=0: PrA:=LA : PrE:=|E|
+ - i,
0000010100 5=1;
0000010100 HCM:=HCM-+PrA,

+ — . — .
0000101000 | 9000101000 _133& PrA:=L1PrA; PrB:=R1PrB;
0000111100 HCM:=HCM-+Pra,;

+ — : — :

0001010000 __ltﬁl PrA:=L1PrA; PrB:=R1PrB;
0000000000 +5,-0;
0000111100 HCM:=HCM+0,

+ — - = -
0000000000 | £010100000 ___1@\_ PrA:=L1PrA; PrB:=R1PIB;
0000111100 HCM:=HCM-+0;

+ 0101000000 _i)| PrA:=L1PrA; PrB:=R1PrB,
0101000000 -0 —

174
0101111100 HCM:=HCM-+Pra

Puc. 1.2 — BukoHaHHSI MHOKEHHS Ha IBINKOBOMY CyMaTopi

Kpim Toro B mpukiaai He BpaxoBaHi 0COOJMBOCTI poOOTH 3 APOOOBUMU
guciaMu. OCKUIBKM BOHM TIPEJCTAaBICHI B TaM’ATi y BHUIJISAI YHCENT 3
IUTABAIOYOI0 KPAIKOI, Ha MPOILECOp JIsrae M0JaTKOBE HABAaHTAXCHHs depe3
HEOOX1/IHICTb 0OPOOKHU MAaHTHUCH 1 IOPSIIIKY.

BuxopucTtanHas MaTeMaTHYHUX CIEIiali30BaHUX OOYMCIIIOBAYiB JO3BOJISE
3HAYHO 3MCHIIWTH HaBaHTaxeHHs Ha [III mnpu BuKOHaHHI TpUBaIU
apu(pMEeTHYHHUX orepalliii Ta oneparii 3 MIaBa40 KOMOIO.

dopmyBaHHS TPAHCICHACHTHUX (DYHKIIIN € 1HILOK CKJIAIHOIO 1 TPUBAJIOO
uIsi Tiporiecopa omepairiero. [lobymoBa aeskux Takux (YHKIIH Ha OCHOBI
HaUTIPOCTIMUX apuMETUIHUX OTEpalliid MpoIecopa HaTO CKIAaHA, 1 B IETKUX

BUIIaJKaxX MOXE HE 3aJOBOJIBHATH B TOYHOCTI.
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OcHoBHOIO mpoOJIEMOIO peanizamii TpPaHCUEHACHTHUX (YHKIIA B
G pOBOMY MPUCTPOI € TXHS HEMEepPEePBHICTh. SIKIIO 3HAUEHHS MMEeBHOI PyHKLIT B
3aJlaHuX KOOPJAMHATaX MOpaxyBaTH JOCUTH JIETKO, TO JIJIsl aJleKBaTHOI OOy I0BU
1 00paxyHKy (DYHKITIOHAJIBHHUX 3aJKHOCTEH HEOOXITHO 3a0e3MEeUnTH BUCOKY
4acTOTY AMCKpETH3allii 3riiHo TeopemMu KoTenpbHUKOBA.

Ocob6nuBicTIO po0OTH TrpadiuHUX CIeliadi30BaHUX OOYHMCIIIOBAYIB €
pobota 3 300paxkeHHSAMH. AJTOPUTMH OOpOOKH 300paK€Hb € JIOCUTh
CKJIAJIHUMHU 1 MOXYTh 3HAYHO BIJIPI3HSATUCH B 3aJIEKHOCTI BiJI BUKOHYBaHO1
3agaui. Hanpukiman, npu poOOTi 31 CTATUYHUMH JBOBUMIPHUMH 300paKEHHSIMU
OCHOBHa po0O0Ta MOJSTae B TOMY, 100 yTpUMYyBaTH Ha JAUCIUIET 300pa>KeHHS 1 B
pasi HeoOxigHOCTI MoaudiKyBaTH Horo. 3agada JOCUTH IPOCTa 1 aJIrOPUTMU
BUKOPHUCTOBYBaHI Il MOOYJOBH CTaTHYHUX 300pa)K€Hb JIOCTYIHI JJist
BukoHaHHs LI, mpote mocCTiiHI MiIpaxyHKU 3MIHHU KOOPJWHAT 1 BIJCTEKEHHS
Mou(diKaIliil KOJbOPY TOUOK 3aiMar0Th 3HAYHUM BiJICOTOK MPOIIECOPHOTO Yacy.
ToMy BHKOpUCTaHHS CIEI1adi30BaHOrO OOYHCIIOBauYa 3HAYHO CIPOIIYE 1
MPUIIBUJIIITYE POOOTY 3 300paKCHHSIM.

JlocuTh 4acTO HEOOXITHO BUKOHYBATH MOJICITIOBAHHS TPUBUMIPHHX CIIEH,
AK CTaTUYHUX Tak 1 JuHaMmiyHuX. [lpu 1poMy CKJIaAHICTH OOYHCIICHB
30UIBIIYETHCSI 32 E€KCIOHEHTO, B 3alIeKHOCTI BIJ CKJIQJAHOCTI 1 3agaHol
netanizauii. Le moB’si3aHO 3 HEOOXITHICTIO MPALIOBATH HE 3 OKPEMUMH TOYKAMU
1 1X KOOpJAWHATaMH, a 3 TIOJITOHAMH, SKI SBJISIOTH CO0OI0 MHOXKUHH
TPUKYTHUKIB. CKIaJAHICTh aNTOPUTMIB MOJSTa€ B HEOOXIAHOCTI OOpOOKH He
JIUIIIE TOYOK, IO BiAOOpaKaroThCs HA AMCIUIET, aje i TPUBUMIPHUX KOOPJIUHAT
BEpIIMH KOXXHOTO 3 BUKOPHCTOBYBAaHHX TPUKYTHHUKIB, SKHX B CYYaCHHX
MOJIETISIX MOXKYTh OyTH MUIbHOHH. Takok 0OpaxoBYETHCS MOJOKEHHS KaMepu
BIJIHOCHO [JI0 300paXKeHHS, OCBITJICHHS 1 TIPOEKIls JaHOoi Mojenl Ha
JIBOBUMIPHUHN IucIUIel. Bel 00UMCIeHHS! BUKOHYIOTBCS JJIsI YHCEI 3 TIJIaBal0y0r0
komoro, Tomy LIII, mpu MonendroBaHHI JOCHTh MPOCTHX CLEH Oyne
3aBaHTAKCHUN MaKCHMAJIbHO, HABITh NMPU BUKOPUCTAHHI MOAYJS JJisi poOOTH 3

YUCJIaMH 3 I1IJIaBAIO4Y00 KOMOIO.
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[lepeTBOproBaui KO/AIB MpPU3HAYEH] AJI IEPETBOPEHHS OJHUX PI3HOBUAIB
mubpoBux KoAiB B 1HII. HeoOXigHICTh TakWx MEpeTBOPEHb B IU(GPOBUX
cUCTeMaxX TMoJiAra€ B TOMY, IO 4YacTO TEXHIYHO BWTIJHINIE 1 TOYHIIIE
BUKOHYBAaTH JEsIKI omeparii 3 JOIMOMOro KOJIB BIAMIHHUX BiJ 3BUYAMHOTO
NBi1MiKOBOrOo KOAy. Pi3HOBHAIB MOAIOHUX ITU(POBUX KOJIIB ICHYE IyXe€ BEJHUKa
KUIBKICTh, Y KOXHOTO 3 HHMX € 3HauyHI IepeBaru IpH 3aCTOCYBaHHI B THX
Tay3siX, JJIsl SIKUX BOHU pPO3pOOJIEHI.

CxkrnagHicTh MOOYA0BH EPETBOPIOBAYIB KOJIIB 3 JOMIOMOTOI0 CTaHAAPTHUX
MPOIIECOPHUX 3aco0iB, MOJSATa€E B HAAMIPHOCTI OOYHCICHb 1 CIOKWBAHHS
eHeprii, TaKoX 3 SIBJISETbCS HEOOXITHICTh HAMHMCAHHS MPOrPaMHOTO KOy IS
nepeTBopeHb. ToMy BHUKOPHUCTaHHS CIEllali30BaHUX OOYHUCIIOBAYIB IS
NEPETBOPEHHA KOMAIB € JIOIUIbHUM, OCKUIBKM B HHX TII€PETBOPEHUIN KOJ
3 SIBJSIETHCSI HA BUXOJI1 BiJIpaszy MICis MPUXOAY BXITHOTO KOAYy 0€3 BUKOHAHHS
CKJIaJIHOI MPOTPaMH 131 3HAYHOIO EKOHOMIEI) €HEeprii 1 yacy.

Sk BUAHO 3 aHAWI3y BHJIB CHEIlaTi30BaHUX OOYHUCIIIOBAYIB 1
MoxauBocTed  cydacHux LI, ©0e3  BUKOpUCTaHHS  CIeIliaji30BaHUX
o0YmCIIIOBaviB MOXKHaA OOIWTHCS, ajle Jajeko He B ycCiX 3ajadax, MpH IbOMY
CIIIBBIJIHOIIIEHHSI €HEPro- 1 4YacoBUX 3aTparT J0 MNPOJYKTUBHOCTI He Oyje

3HaxXOJUTHUCH B HpHﬁHHTHHX MCEXKax.

1.4. Moaeab nepeTBOpHBavYa ABIHKOBOIO KOAY B OJXHONOJSAPHI

000poOTHI KOAU

Bigomuii [1] mepeTBoproBau JIBIMKOBOr0 KOJAYy B OJHOIOJSPHI 00OPOTHI
koau (puc. 1.3), skuil mpu3HAYa€ThCSA Ui BUKOPUCTAHHS B 1H(OpMALIMHUX
O0YMCITIOBAIBHUX CHCTEMaxX, B JUCKPETHUX IE€PETBOPIOBaYax KOOPAMHAT, Y

cucteMax 3 (PyHKI[IOHATLHUMHM MEPETBOPIOBAYAMH JUCKPETHOI 1H(pOpMaITii.
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Puc. 1.3 — O6pa3no-3nakoBa Mojieib hopmyBada KoJiB bapkepa

[TepeTrBOproBau ABIMKOBOTO KOJY B OJHOMOJIIPHI 0OOPOTHI KOJU MICTUTH
pericTp BXOAY, NOCTIMHUN 3amaM'ssTOBYIOUHI MpUCTpiid, 6510k enemenTtiB ABO,
Kepylouuid Tpurep, KOMOIHAIIHHY CXeMy aJpecH, OJOK BEHTHJIIB, 1HBEpPTOP,
nudepeniirorounii Janior, 6ok MJIH-kmro4iB.

Haii6nmx4i aHanoru MaroTh OLIbILY CKJIAIHICTh (POPMYyBaHHS KIFOUOBUX
JBIMKOBMX KOMO1HAIIll OCIIIOBHOTO HA0OPy OJHOMOJISIPHUX OOOPOTHHUX KOJIIB
3 1 PO3PSIAHICTIO @00 HU3BKY HATIMHICTB.

[leperBoproBay JBIHKOBOTO KOy, IO BMIIIY€E PETICTP BXOAY, SKHUI
BUKOHAHUM Ha Tpurepax 3 IHQOpMalIHUMKM Ta JHYWIBHUMU BXOJaMH,
iH(popMaLiliHI BXOAM pEricTpa 3'€AHaHI 3 BXOAAMH NPUCTPOIO, MOCTIHHUI
3anaMm'stoByrounid npuctpid  (II3I1), Buxomu sxkoro 3'eaHaHl Yepe3 OJIOK
enemenTiB ABO 3 BiIMOBIAHUMU JIIYUIILHUMH BXOJaMHU PEricTpa BXOY, BUXOIH
SKOTO 3'€IHaHI 3 BHUXOJaMHU TMPHUCTPOI, KEPYIOUHMA BXiJ pericTtpa BXOMY

3'€IHaHUI 3 MPSMUM BUXOJIOM KEPYIOUOT0 TPUTepa, a IHBEPCHUM BUX1J TpUrepa
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3'eqHanuii 3 kepyrounMm BxoaoMm [I3I1, Bxim kepyrodoro tpurepa 3'eqHaHMI 3
MEPIIUM KEPYIOYUM BXOJ0M MPUCTPOTO, BXIJ «CKHU» PETICTpa BXOAY 3'€ THAHUI
3 BXOJOM IIPUCTPOIO «CKUA» [2].

Henonikom paHoro mnepeTrBoproBada € CKIAAHICTH (OPMYBaHHS st
KJIFOYOBOi  JIBIMKOBOi KOMOIHAIll MOCIIJIOBHOTO HA0OpPy  OJHOMOJISPHUX
000pOTHUX KOIB 3 1 po3psHicTio 3, 5.7, 11, 13.

B mozmeni miaBuiieHa HaAIWHICTh HUIIXOM JOJATKOBO BBEAEHOI KOIOBOT
muHA "BX11/BUxin", ska 3'€qHaHa 3 KOJOBUMH 1HGOPMAIIMHUMHU BXOJaMH
pericTpa BXOAy, Ta 3 Buxogamu 6s0ka MJIH-kiro4iB, BXOAH SIKOTO MITKIOYEHO
710 BIAMOBIAHUX BUXOMIB pericrpa BXOAY, a KEPYIOUUU BXiA MIAKIOYEHHUN J0
BUXOJy JU(DEPEHIIII0I0YOro JIaHIIOra, BX1J SKOTO IMIJAKIIOYEHUH 0 BHUXOIY
1HBEpPTOPA, BXIiJ] SIKOTO MIIKIIOUYEHUN 70 MPSIMOTO BUXOIy KEPYIOUOTO TPHUTEPa,
3a0€3MEeUCeHO 3MEHIICHHS KIJIbKOCTI KOHTAKTIB, 3yMOBJIEHY O0'€THAHHSAM IIIMH
BXOJIB Ta BHUXOIB, MO SKUM iHGOpMAIlS BXIJHA Ta BHUXIJHA 3'SBISETHCS
PO3AUTBHO Yy Yaci, 3aBISKH 3alPOTIOHOBAHOMY PIIICHHIO IS BCIX O3HAK, SKi
BKa3aH1 y yacTuH1 (OpMYJIM KOPUCHOT MOJICIII, 11O BIJIPI3HAETHCS, 1 BUSBIISIIOTH B
IpoIIeci B3aEMOJIIi XapaKTepHi iM BIJOMI BIIACTUBOCTI, 110 JTAaIOTh KOKEH 13 HUX
OKpeMO BiJioMHi mo3uTuBHUMN edekT (puc. 1.3).

ITepeTrBOproBau JABIMKOBOTO KOJY B OJHOMOJIIPHI 0OOPOTHI KOJU MICTUTh
perictp BXoay 1, BUKOHaHUW Ha Tpurepax 3 1H(QOpMaUIHHUMU Ta JIYWIBHUMU
BXoAaMu, iH(opMaliitHi Bxoau perictpa 1 3'enHaHl 3 BXOJaMHU IPHUCTPOIO,
nocrtiiHoro 3amam'stoByrouoro mnpuctporo (II3I1), a Buxoam 3'emnani 3
BIJIMOBITHUMH BXOJaMU KOMOIHAIIIHOI cXemu aapecu 2, OJIOK BEHTUIIB 3,
iH(dopMaIliitHl BXOJIU SKOrO 3'€IHaH1 3 BUXOJ0M KOMOIHAIIMHOI CXeMU aJpecH
2. a Woro Buxoau 3'eqHaHl 3 BimmosimHumu Bxomamu I13I1 4, Buxoau sikoro
3'enHaH1 yepe3 0ok enemMeHTiB ABO 5 3 BIANOBIIHUMM JIYMJIBHUMU BXOJdaMU
perictpa Bxoxay 1, kepyrwouuid BXim perictpa Bxoay | 3'eqHaHuil 3 mpsiMUM
BUXOJIOM KEpYyIOUOTOo Tpurepa 6, a IHBEPCHHM BUXIJ KEpyrodoro tpurepa 6
3'eqHanuil 3 kepyrouum BxojgoM 7 II3I1 4 Ta 3 103BOJISIIOUMM BXOAOM 8

KOMOIHAIIIHOT CXeMU ajpecu 2, BXiJ Kepyrdoro tpurepa 6 3'eqHaHud 3
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NEepIMM KepyrounM BxoaoM 9 mpuctporo. Kepyroui Bxoau 6510ka BEeHTWIIB 3
3'eHaH1 3 BIJNOBIIHUMHU BHUXOAAMH Kepyrouoro mnpuctporo 10, BXix sKOro
3'€lHaHUI 3 KEepylo4yuM BXOJOM 11 mpuCTpO0, BXIJ «CKHI» MPUCTPOIO
3'€eIHAHUM 3 BXOJAaMH «CKUI» perictpa Bxomy 1, kepyrodoro Ttpurepa 6.
Kepyrodoro npuctporo 10, kpiM Toro mpsMuii BuXia Tpurepa 6 3'eqHaHUN 3
BXOJIOM JIOJJaTKOBO BBEJIEHOTO 1HBepTOopa 12, BUXiA AKOTO MiAKIIOYEHHUH [0
BXOJy JAU(EPEHLIoYoro mnaHiora 13, BHXIJ AKOTO MAKIIOYEHUH 10
Kepyrodoro Bxoay 6;1oka MJIH-kmtouiB 14, iHpopmarliiiiHi BX0I4 SIKOTO 3'€/THaHI
3 BIMOBIIHUMHU BHXOJAaMH BXITHOTO perictpa 1, iHdopmariiiiHi BuXxoau 0oka
MJIH-kmrouiB 14 3'ennani 3 iHGopMaLiiHUMU BXOJAaMU BX1IHOTO perictpa 1 1€
«BXOZOM/BUX0JIOMY» MEPETBOPIOBAaYa ABIHKOBOIO KOJIy B OJTHONOJIAPHI KOJIH.
Jlana Mojenb 3aciIyroBy€ BJOCKOHQJICHHA B IUIaHI PO3IMIUPEHHS

(GYHKITIOHATBHUX MOXKJIMBOCTEH.

1.5. Cenexrop komOinanii GyHKIii 11 3a1a4 ANPOKCUMALIL

Binomuii cenexrop komOiHatii QyHKii 11 3aaay anpokcuMartii [3]. B
OCHOBI JIaHOi MOJIEJI IPUCTPIN 3 amapaTHUM 3a0€3MEUCHHIM IPOIECY CENEKIIii
KOMO1HaII HerepepBHUX (YHKIN 32 KPUTEPIEM SKOCTI iX 3aCTOCYBaHHS IS
3a/1a4 anmpoKCUMaIrii.

Y npuctpoi, skuii MICTUTH KOMYyTaTop, B SKOMY s mepebopy n!
nepectaBieHb (K = n) yci KOHTaKTH KOMyTaTopa 3aMKHEHi, a JJisi mepedopy
posmimens Aw, Ta cnomydens CX, - pos'emHano n-k KOHTaKTiB KOMyTaTopa,
MOYMHAIOUM 3 Tepuoro pospsay. Ilpuctpiii Mae 050k anpokcumailii, OJI0K
pO3paxyHKy 3HaYeHb MOJIHOMA alPOKCUMAIIii, 070K TOMyCTUMUX 3HAYCHB, OJIOK
MOPIBHSIHHS, OJIOK 3aJaHHS MMOYaTKOBOI 1H(pOpMaIlli, OJHOTUITHI OJIOKHM 3aJaHHS
dyHKwLil, 6nox hopmyBanHs (yHKLiH, Onok peectpauii. Horo mepumii BXin €
nepimuM  BUXOJOM OnOKy ampokcumanii. ['pyma BxomiB maHoro 050Ky
ampoKCHUMAIlii CKIAQAA€ThCA 3 BUXOMAIB KOXKHOTO OJHOTHITHOTO OJIOKY 3aJaHHS

¢ynkmiii. Ilepmri BXOAM KOXHOTO OAHOTHUIHOTO OJIOKY 3afaHHS (PYHKIIIHI
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miKIoUeni 1o Buxoxy 610Ky dopmysanHs QyHKuii. Moro BxomoM e mepumit
BUX1J OJIOKa 3a7aHHS TMOYATKOBOi iHdoOpMmarii, a ¥Oro Apyruil BUXIA
HiAKIIOYEHO J0 Bxoay KomyTtatopa. KokHuMH Jpyruid  BXiJ KOXKHOTO
OJTHOTHUITHOTO OJIOKY 3alaHHs (PYHKIIM MIAKIIOYEHO A0 KOXXHOTO OKPEMOTO
BUXOJy KomyTaTtopa. TpeTiii Buxin OJIOKY 3aJlaHHS MOYaTKOBOI i1H(opmairii
3'€THAHO 3 BXOJOM OJIOKY JOMYCTHMHX 3HA4YE€Hb. A WOTO BHXIJ MiIKIIOUYEHO J0
NEPIIOro BXOAY OJIOKY MOPIBHSAHHS. JpyruM BXOA0M OJIOKY MOPIBHSHHS € BUXI]
OJOKY pO3paxyHKy 3Ha4eHb MOJIIHOMA ampOKCHUMAIlii, BXOJIOM SIKOTO € IPYTHid
BUX11 OJIOKY arpokcumarii. Buxig 610Ky MOpiBHSHHS MiAKIIOUEHO S0 APYTrOro
BX0J1y OJIOKY peecTpartii.

Ha puc. 1.4 300paxkeHO CTPYKTYPHO - (PYHKIIIOHAJIBHY CXEMY MPUCTPOIO,
ne 6mok 1 3amaHHs MOYaTKOBOI 1H(pOpMaIli, KOMyTaTOp 2, OAHOTHUIIHI OJOKH 3
3afaHHsA QyHKIH, 070K 4 dhopmyBaHHS (PYHKIIIH, OJIOK 5 anmpokcumaiiii, 610k 6
pO3paxyHKy 3HA4eHb IMOJIIHOMY ampoKCcuUMallii, OJ0K 7 TOpIBHSHHS, OJOK 8

peecTpaiiii, 6710k 9 JOMyCTUMUX 3HAYCHD.

\ 4

y 3
\O

AN

[ 11

Benennsa mouaTkoBoi
1H(popmarii

Puc. 1.4 — Cenexrop koMmOiHamii QyHKINN A1 331249 allpOKCUMAITIi



43

Jlo O6nmoxy 1 BBoguThCs 1H(OpMarisi, sika HeoOxigHa y Omomi 4 s
dbopMyBaHHS TUCKPETHOI MHOKMHU BUXITHUX (QyHKLINA. 3 050Ky 4 iHQOpMariis
PO KOXKHY 3 QYHKIIIH HAAXOIUTh 10 OHOTUITHUX OJIOKIB 3 3amaHHs (QyHKITIH. 3
omoky 1 1o komyTtaropa 2 HaAXOAWUTH 1H(OpMAIS MPO KUIBKICTh (YHKIIN Ta
croci0 reHepyBaHHS KOMOIHaIiM (yHKIIIH, a caMe — CIOJIYyYeHHS, PO3MIIIECHHS
gy riepectaBieHHs. Jlo OI0Ky 9 BBOIATHCS AOMYCTHMI 3HAYEHHS PE3yJbTaTiB
anpoKcUMaIlii y KOHTPOJIbHUX TOYKaX.

Sk mpuKIa; poOOTH MPUCTPOIO MOKHA MPHUBECTH BUMAJO0K T€HEPYBaHHS
cnonyyeHb ¢yHkUin O0e3 moBropy. Hexail n - 3arampHe uucio GyHKIiH
D,,D,,...,D;,...,0, y MHOKMHI BUXITHUX (PYHKITIH, sIKi chopmoBaHi y Orori 4 Ta
nojaHl Ha BXOAWJ OAHOTHUNHUX OyokiB 3 3amaHHsa (yHkiid. Kpim toro, mo
KoMyTaTopa 2 3 00Ky 1 3amaHHs MOYaTKOBOI iH(OpMAIlli HATIANIIIO 3HAYCHHS
k<n - KiIBKICTh (DYHKIIIH y CIIOJYUYECHHSX, 110 TeHEPYIOThCA. Ko ais n = 13,
k=6 Ha BuUXOAl KOMyTaropa 2 OTpMMaHa KOMOIHaIlsl ABIMKOBUX 3MIHHUX
0110010011001, To 1e gae 3mMory HaaiciaaTu curHaay piBHA "1" 10 BIANOBIAHUX
osokiB 3. Illo, y cBOw0 uyepry, cTae I03BOJIOM Ha 3allydeHHS BIJIOBIIHHX
GbyHKIIH 10 BUKOHAHHS Ha iX OCHOBI (010K 5) omepartii anpokcumariii. OTxe B
IbOMY BHIIQJIKy Ha BXiJ OJOKy 5 ampokcumariii OyayTh mnogaHi ¢yHKIiT
D,,D3,D6, Do, Do, D13. Ha ix ocHOBI y Omomi 5 QopMmyeTbes BiANMOBIIHUM
noHOM. Y Onomi 6 3IIHCHIOETBCS PO3paXyHOK 3HAUCHb IIOJIHOMA Y
KOHTpOJIBHUX Toukax. Ll iHdopmarnis mnepenaerbcss a0 ONoky 7, 1€
MOPIBHIOIOTHCS OZIEpKaHl 3HAYEHHS IMOJIHOMA 3 33/JlaHUMU paHimie y 6o 9.
[Tpu mo3uTHBHOMY MOPIBHSAHHI 3 070Ky 7 10 OJOKa 8 MOAAETHCS CUTHAI PO
O3B peecTpariii 3 Onoka 5 BiAnoBigHOT KoMmOiHamii Qyskuiin. Ilpu
HEraTUBHOMY MOPIBHIHHI — peecTpallii He BiT0YBa€eThCS.

[Ipuctpiii 1ae MOXKIUBICTH JJIsI PI3HUX 3HAYE€HB N, k 3M1MCHUTH reHepaliio
yCi€i MHOXMHM KOMOIHAIIN HenepepBHUX (PYHKIIN, HampuKiIad, KOMOIHAIiH
KOOpJIMHATHUX (DYHKITIHA 171 pO3B'SI3Ky KpahoBOi 3amadi. A jani BUKOHATH

aHaji3 MUX KOMOIHAIM Ha SKICTh ampOKCHUMAIlll Ta BUJIUIUTH MIAMHOXHUHY,
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CJIEMEHTH SIKOT 3aJJOBOJIBHSIIOTH 3aJlaHMM YMOBaM arpOKCHMaIlii pO3B'si3aHHS
KpailoBoOi 3a1aui.

Henonikom noaioHoi Mozeni € pobora nuiie 3 nuppoBumMu gaHumMu 0e3
MO>KJIMBOCTI T'e€Hepallii CKJIaJHUX aHAJIOTOBUX KYCKOBO-JIIHIMHUX CUTHAIIIB.

Takoxx BITOMUN KYyCKOBO-JIIHIMHUN ampokcuMarop [6], IO MICTUTH
JKEpEso OMOPHUX HAmNpyr, Mepiia 1 Jpyra rpynd BUXOJAIB SKOTO MiTKIFOYEHI
BIJIMTOBITHO JI0 ONMOPHUX BXOJIIB OJIOKY KOMITApaTOpiB Ta iHGOPMAIIIHHUX BXO/IIB
nepioi  mepeMuKaIbHOI MaTpuili, 1HGOpMaliMHUN BXiJ ampoKcUMaropa
HIAKIIOYeHUH 10 1H()OPMaLiHOTO BXOQy OJIOKY KOMMIapaTopiB, MiAKIIOYEHOTO
BUXOJIaMH JI0 KEPYIOUUX BXOJIB TMEPIIOi MEPEMUKAIBLHOT MaTPHUII, BUXOH SKOI
3'elHaH1 3 BXOJaMHU IIiJICYMOBYIOUOI'O OIEpaIlifHOro MijJCHIOBada, Japyra i
TpeTs MepeMUKajIbHI MaTpPHULll, KEPYIOUl BXOAU SKUX MIAKIIOYEHI 10 BUXOIIB
0JIOKY KOMIIapaToOpiB, OIOPHI BXOJAM SKOro 3'€IHAaHI 3 BIANOBIIHUMHU
iHQopMaIITHUMKU BXOJaMU JPYroi MNEpPEeMUKAIBHOI MaTpPHIll, MHiIKIIOYEHOT
BUXOJIaMH JI0 1H(OpPMAIIMHUX BXOJIB OJOKY 3aBIAaHHS BaroBHX KOE(DIIIIEHTIB,
BUXOJIU SIKOTO MIJKIIIOYEH] 10 1HGOpMAIIHHUX BXOIB TPEThOi MEepPEeMUKATBHOT
MaTpPHIl, BUXOAH SKOI MIAKIIOUEHI 10 BXOIB MiJICYMOBYIOYOTO OMEPAIliifHOTO
NIJCUIIOBAaYa, BXOJAU KEPYBAHHS MEpUIOi, APYroi, TPEeThOi NEPEeMHUKAIbHUX
MaTpHllb MAKIOYEH] O MEePIIOro BUXOAY OJIOKY CHHXPOHI3allii, Ipyruil BUXija
AKOTO  MIJKIIOYEHUH 10 BXOIB 3allyCcKy IMEpIIoi, JApYyroi, TPeThOi
nepeMUKaIbHUX MaTpullb. KpiM TOro, mepeMukanbHa MaTpHIl MICTUTh N
KOMIpOK, B KOXKHIH 3 KX € KEPOBaHUIN TPAH3UCTOP, BUTIK SAKOTO MiIKIIOUECHUIN
70 CTOKY I1HBEPTOPHOIO HAaBaHTaXXyBaJbHOTO TpaH3ucTopa, 3aTtBopy MJII-
BapakTopa 1 3aTBOPY KEpPyIOUOro TPAH3UCTOPA, CTIK KEPOBAHOI'O TPAH3UCTOPA
MIKITIOYEHUN JT0 TITMHU HYJIHOBOTO MOTEHITIATY, a CTIK KEPYIOUOTO TPAH3UCTOPa
3’enqHanuit 3 3aTBopoM M/III - kiroya, a BUTIK 3’€IHAHUN 3 BUTOKOM 1 CTOKOM
M/II-BapakTopa 1 MiAKIOYEHUH 0 MEPIIOro BUXOMY OJIOKY CHHXPOHIi3allii,
BUXIJ] 3aIlyCKy SKOTO IMIJKIIOUYCHUA JI0 BHUTOKY 1 3aTBOPY IHBEPTOPHOTO
HaBaHTAXXyBaJbHOI'O TPAH3UCTOPA, 3aTBOP 1HBEPTOpA 3 €JHAHUM 3 BIAMOBITHUM

KEpPYIOUMM BXOJIOM MaTpHIli, CTIK IHBEPTOpa MIAKIIOUEHUN 10 HYJIbOBOI IIMHH,
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a Moro BUTIK MIJAKIIOUEHUHN 10 3aTBOPY KEPOBAHOTO TpaH3uCTOpa, BUTOK M/III-
xioya € j-m (1,..., J, ..., N) iHbopmaIitHuM BX0I0M MTePEMUKAITILHOT MAaTPHIIL, &
HOTO CTIK SIBJISIETHCS J-M BUXOJIOM IIEPEMUKATBLHOT MAaTPHIIL.

Henomnikom 1aHoro npucTporo € HU3bKa MIBUAKOIISA.

1.6. MoaeoBaHHsl Ta Bepudikanisi KOMIOHEHTIB (PYHKIIOHAJbHO-

OPi€EHTOBAHUX CUCTEM

Po3Butok ¢ynkiioHanbHo-opieHTOBaHUX cucteM (POC) noB’s3aHuil 3
IMOCTIMHMM MIABHINEHHAM IXHBOI CKJIAQJIHOCTI BHACIIIOK HEOOXI1IHOCTI
po3mupeHHs: (YHKIIOHATLHUX MOXIUBOCTEH. lle mocsiraeThest K TUIAXOM
MIJBUIICHHS PIBHSA IHTErpaiii MIKpONporpaMu Ha KpHUCTami, Tak 1
3aCTOCYBaHHSIM  BJIOCKOHQJICHHUX  apXITEKTYpHHX,  CTPYKTypHUX  Ta
AITOPUTMIYHUX BapiaHTiB peaniszaiii komnoHeHTiB POC.

Ha mpotuBary mporpaMHUM TMPOJyKTaM, BUIIPABICHHS MOMMIIOK B SKUX
MOPIBHAHO NPOCTE, Ne(EKTHU B ANTOPUTMAX POOOTH IHTErpaIbHUX CXEM Ha eTarl
TEeCTYBaHHS MPOOHUX MAapTIM HE MOXKYTh OyTH ycyHeHi. [ BupileHHs 3a1adi
3a0€3MeueHHs] KOPEKTHOCTI poboTn kommoHeHTiB POC Ha erami po3poOKu
3aCTOCOBYIOTH ~ PI3HOMaHITHI ~ 3aco0u  (QyHKIIOHANBHOI  Bepuixarii
nparne3aaTHOCTI, i 3a0e3nedyeHHs (PYHKI[IOHATBHOT HaIIMHOCTI.

['omoBHe mpu3HaueHHs (QyHKIIOHANIBHOT  Bepudikaiii mnepegdadae
CTBOPEHHSI KOMILIEKCY 3axO0JiB, Kl CIPSIMOBaHI Ha 3a0€3MeueHHs] KOPEKTHOCTI
MOJIeTi CUCTEMH, IO PO3podIIseThCs. B 1mboMy BUTAAKYy Ha MEPIIOMY IUIaHI
CTOITh BUSIBIICHHS Ta BUMPABICHHS MOMUJIOK JOMYIICHUX MPU MPOSKTYBaHHI.

o @yHkyionanvHoco mooentosanHs BKIIOUAETHCS SIKICHE MOJCIIOBAHHS
JUIs BUPIIICHHS] TUTaHHs Mpo Bepudikarliro mnpaie3aaTHocti komnoneHta @OC
Ha piBHI OJOKIB (PEricTpiB, JIYWIbHUKIB, €IEMEHTIB MaM'siTi, MPOrPaMOBAHUX
JIOTITYHUX MATPHIIb 1 T.11.).

OyHKIIi1 0J0KIB NTPU PYHKIIIOHAIBHOMY MOCIIOBaHHI KoMoHeHTa POC

OMHCYIOTHCS MOBaMH BHUCOKOTO piBHA. Haifwacrtime B SKOCTI TakuX MOB
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Buctynaiotb VHDL Ta Verilog, sxi € MoBaMu onucy anapatypu iHTETpaJbHUX
cxeM. Bonu € 0a3oBuMuM MOBamMHM mNpu po3poOIl amapaTrypd Cy4acHHUX
OoOYHMCITIOBAILHUX CHUCTEM. B y3aranbHeHOMYy BapiaHTi IX MOYKHa Ha3BaTH
MoBaMu onucy npoekty (MOII).

3 iX JOMOMOT0I0 PO3POOHUK OKPECIIIOE METY MPOCKTYBAHHS 1 BCTAHOBIIIOE
B3a€EMO3B'SI30K MK PO3POOHUKOM 1 BUPOOHUKOM KoMmoHeHTiB POC y dopwmi,
Ky 1HXEHep 3JaTHUM 3pO3yMITH 1 OMpAIfOBaTU. TakoX, MPOEKT HEOOX1THO
amantyBaTH Ajisg oOpoOku Ha kowmm 'torepi. Takum umHom MOII BukoHye
KOMYHIKaIiiH1 QyHKii MK po3pooHuKoM kKomnoHeHTiB ®OC, BUpOOHUKOM 1
KOMIT FOTEpOM, Il (PYHKIII € BaXXJIIMBUM IHCTPYMEHTOM SIK ISl TPOEKTYBaHHS,
TaxK 1 711 BUTOTOBJICHHS KoMIToHeHTiB DOC.

[Tpu po3pobui kommnoHeHTiB @OC Ha OCHOBI METOMOJOTII 3BEpPXy BHH3
PO3POOHHMK YacTO 3aCTOCOBYE ONHUC TIOBENIHKH TIPOEKTy Ha BEPXHBOMY
(bynkiioHanbHOMY) piBHI. CTBOPEHHMH OINKUC MOJCIIOETHCA 1 MPOXOJIUTH
Bepudikailito. Ko HEOOXiMHO MPOEKT MITUTHCA HAa CKIAJO0BI YaCTHUHH, IS
KOXKHOI 3 SIKUX BUKOHYEThCS MOJeItoBaHHs 1 Bepudikaiisa. IIpouec moainy i
MOJICTIIOBaHHSI MOJKE€ TMPOJOBXKYBAaTUCA JOTH, JOKH TMPOEKT He Oyne
JeTaai30BaHui /0 HEOOXITHOTro piBHA (TOOTO 110 BIAOMHX KOMIIOHEHTIB 1
€JIeMEHTIB), 10 OyJae JaBaTh J0CTaTHHO 1HGoOpMaIi sl PO3yMIHHS 1
POEKTYBaHHS BY3JiB HA OCHOBI X OMHUCY.

Omnuc xomnonenta ®OC abo Horo CkIagOBUX YaCTHH IMOBUHEH MiCTHUTH
HACTYIIHY MPOEKTHY 1H(hOpMaIIiio:

— crenu@ikalio BXiIHOTO 1 BUX1THOTO 1HTEP(EHCIB;

— 1H(dopMalio Mmpo CTPYKTYpPy HPOEKTOBAHOIO KOMIIOHEHTa (SIKi
OJIOKM MICTHTH MPOEKT 1 SIKUM YHHOM BOHU 3'€JTHaHI1);

— TIOBEJIHKOBY 1H(opMaIlito (SIK KOKEH OJIOK pearye y BiANOBIIb Ha
BX1JIHI CUTHAJIN);

— (izuuny iHGopMami0 mpo TpoeKT (pi3uyHI  TapaMeTpH,
TEXHOJIOTIYHI ~ JIOMYCKH, TEOMETPI0 KOMIIOHEHTIB, PO3MipH

obmacTeit 1 T.11.) Jist BIPOBAHKCHHS Y BUPOOHUIITBO;
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— 1H(opMaIlio Ipo TeCTU I MPOEKTY B IIUIOMY 1 JUIsl KOKHOI HOTro
CKJIQZOBOLI.

lepapxiuyHa CTpyKTypa KOMIIOHEHTIB MPOEKTY IMOJIATAE B TOMY, IO
KOMITOHEHT MOX€ OyTH PO3AUICHWN Ha YaCTHUHU, KOXKHA 3 SKUX BH3HAYCHA SIK
00'€KT IPOEKTYBaHHS HIXKYOTO PiBHA.

IToBeniHKOBI MOJEl YacTO MICTATH 1HGOPMAIlIIO PO YaCOBI MapameTpu
mpoekTy. Onuc 4acoBUX XapaKTEPUCTUK MPOCTHX CXEM MOXKE OyTH HaBEIACHHIA
OKpeMO BiJ omnucy Jorikd. s OuIbll CKIAAHUX CXEM, ONUC YaCOBUX
XapaKTePUCTHK HE MOXke OyTH BiIOKPEMIIEHUM BiJ] OMUCY JIOTIKH.

Bepudoikariist pyHKIIIOHATBHOTO PIBHS, YU (hYHKYIOHAIbHA 8epudikayisl, €
HaWBaXJIMBIIIMM €TarlOM IIPU CTBOPEHHI IPOEKTY BEPXHBOTO PIBHA 1€papXii.
OCKUIBKY € TUTBKHM 30BHINIHINA OMHC MPOEKTOBAHOTO KOMITOHEHTA 33 BXOJaMH 1
Buxogamu (Bumoru T3). Lleit eram m03BOJIsiE JOCUTH TMPOCTO CKOPETYBAaTH
NIPOEKT, BHUMPABUTH MOMWIKH, 33JaTH ONTUMAJbHY apXiTEKTypy KOMIIOHEHTa
dOC, mo 3a70BOJLHITHME BUMoOTaM 13.

Ha nmouaTtkoBux cramisax Bepudikaiii kommnoHeHT POC po3riasgaeThes K
“gopHa CKpUHBKA 1 PO3IJSAAETHCA JIMIIE KOPEKTHICTh BIIHOIIEHb MIXK
BXOJaMH 1 BUXOJaMHU. Y BHUIIAJIKy HEBIAMOBIIHOCTI BHUXiAHOI iH(opMalii
BUMOTaM, BIJIOYBa€TbCs JeTajizallis THUX YacTUH MPOEKTy, IO TIOBHHHI
BIJIMOBIJIATH 3a TEHEpaIlll0 HEKOPEKTHUX AaHWX Ha Buxofl. [licms moxamizarii
JDKEpeN IOMUJIOK TPOSKT BUITPABISIETHCS 1 3HOBY MPOBOAUTHCS (DYHKITIOHATIbHA
BepHUQIKalis.

Po3po6HuK MOXe MepexXoaUTH 1 Ha HUXKY1 PIBEHb 1€papXii 1 MPeACTaBIsATH
osioku kommnoHeHTiB POC y BUIIISIAL JOTIYHUX eleMeHTIB. [Ipu nmpoekTyBaHHI
aHanoroBux kKoMmnoHeHTiB @POC po3poOHUK NMEPEXOUTh Ha 111 OUTBII HU3bKUI
pIBEHb — HAaNiBOPOBIAHUKOBI €JIEMEHTH [JI IOTO 3aJy4daeTbCsl arapar
CXEeMOTEeXHIYHOTO MojentoBaHHs. [loTpiOHO BpaxoByBaTH, 1m0 (GYHKI[IOHATBHY
BepHU(QiKalliio HE MOKHAa BUKOPUCTOBYBATHU SIK aHAJTITUYHUN 1HCTPYMEHT, BOHA €
IPOIEAYPHUM arapaToM, 3a JOMOMOTOI0 SKOTO PO3POOHHK BUPIIIYE MPOOIEMY

KOPEKTHOCTI MPOEKTY.
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@OyHKIIOHATbHE MOJETIOBAHHS 1 BepU(iKallilo HalJyacTilie BUKOHYIOTh 3
JOTIOMOTOI0 TIPOTPaMHUX EeMYJIATOPiB (i3muHOTO cepenoBumia. IIpore Ttaki
CUMYJISILIIT HE 3aBXAM JAal0Th MOMKJIMBICTh OTPUMATU MOBHY 1H(OpMALO PO
NOBENIHKY NMpoekTy B peanpHuX ymoBax. CywacHi CPLD ta FPGA cucremu
JO3BOJISIIOTH MTPOBOJUTH MOJIETIOBAaHHS MAaKCUMAJIbHO HAOJIMKEHE 10 pEeaIbHUX
YMOB Ha Oy/Ib-sIKOMY PiBH1 OMKCY MPOEKTY UM KOT0 €JIEMEHTIB.

Ha puc. 1.5 300paxkeHO TOCHIAOBHICTh TMPOIECY  IMEPEBIPKU
npane3aaTHOCTI amaparypHoi peanizarii kommnoHeHTiB POC cheriagbHOro

IIPHU3HAYCHHS.

CTBOPHUTH 00pa3HO-3HAKOBY HAYKOBO-IOCIIAHY MOENb () YHKIIOHAIBHOT BepH(iKaIil
y

PO3POOHUTH aIrOPUTM TPOIEAYPH MOACITIOBAHHS Tl Bepu(ikallii amapaTypHoi peatizallii BU3BHAYEHOTO
koMmmonenta @OC

2

PO3pOOUTH METOIMKY (YHKITIOHATEHOT Bepr(DiKallii mpoIiecy NepeTBOPSHHS B 3aPOTIOHOBAHOMY
kommoHeHTiB @OC cremniaabHOr0 IpU3HAYEHHS

L2

nmoOymayBaTH Gi3HIHy HAYKOBO-IOCTiAHY MOJIeNb (PyHKIIOHATBHOT Bepudikallii Ta MpoBECTH
€KCTIEPUMEHT

Puc. 1.5 — IIpornec nepeBipku npare3aaTHOCTI arapaTypHoOi peaizaliii

komrnoHeHnTiB @OC creniaabHOro MpU3HAUYCHHS

[le mo3BONUTH MiABUINUTH 1H(OpMaliiiHy HaaiHICTE KOMIIOHEHTIB POC
CHEI[IaJIbHOTO  MPHU3HAYEHHS 33 PaxyHOK pO3pOOKM  METOAMKH  iX
¢dyHKIioHanbHOT BepuiKallii, a TaK0X J03BOJUTh CKOPOTHTU BUTPATH Yacy Ta
pecypciB, SK Ha MpoIlec MEPEeBIPKH Ipale3aaTHOCTI amapaTypHoOi peasizarii

koMiioHeHTiB @OC crerianbHOro Npru3HA4YEeHHS TaK 1 IX MPOEKTYBaHHS.
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1.7. @®opmyJ/il0oBaHHA 32124 OCTiIKEHHSA

B nucepramiitniii poOOTI Ha OCHOBI MPOBEJACHOTO CUCTEMHOI'O aHali3y

CTaHy JIOCIIIPKEHHS HeOOX1THO BUPIIIMTH HACTYITHI 3aadi:

YIOCKOHAJIUTU MOJEJIb MIEPETBOPEHHS ABIMKOBOTO KOAY B OJTHOMOJISPHI
koqu bapkepa st po3mupeHHs ii PyHKIIOHATBHUX MOXKJIMBOCTEH;
YIOCKOHAJIUTU MOJENIb OOYHCIIIoOBaYa Ha OCHOBI KYCKOBO-JIHIHHOI
anpokcumanii uisi poOoTH B yMOBax OOMEXEHb Ha 4Yac BUKOHAHHS
orepaiii;

YIOCKOHAJIUTU MOJETIh OOYHCIIIOBaYa CIELIadbHOIO NMPU3HAYCHHS Ha
OCHOBI IIU(PO-aHATOTOBUX MEPETBOPEHD /IJIs 3a0e3MeUeHHs HaIITHOCTI
NPEU3IMHOT0 O0JaJIHAaHHS 32 MIHIMQJIBHOI KIJTBKOCTI aKTHUBHUX
CJIEMEHTIB;

PO3BUHYTH METO/ YAOCKOHAJICHHS POEKTYBaHHS
0araTOKOMIIOHEHTHUX  JUCKPETHHX MPHUCTPOIB s  30UIBIICHHS

TPUBAJIOCTI €KCILTyaTarlii.
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BucHoBku no posainy 1

B posznin npoaHasnizoBaHO OCHOBHI HampsiMU BJIOCKOHAJICHHS Cy4acHUX
MEePETBOPIOBAYIB  CIEIMIALHOTO TPHU3HAYEHHS, SKI BIUIMBAIOTh Ha  iX
edexTuBHICTh. [IpoBeaeHO aHami3 ICHYHOYMX MOJEICH IepeTBOPIOBaYiB
CHEIiaIbHOTO MPU3HAYCHHS Ta JOCTIKEHO cdepu iX 3acTocyBaHHs. BusHaueHi
OCHOBHI O3HaKH MEPETBOPIOBAUIB CIICLIAJLHOTO MPU3HAYEHHS, 110 A0 3MOTY
po3poouTH cxemy Kiacudikarii.

[IpoananizoBaHo ABa GaraToKpUTEpialbHUX METOAM BHUSABIICHHS SIKICHUX
napaMeTpiB 00’ €KTy JOCTIKEHHS, a caMe METOJ aHalli3y lepapxiii Ta METoa Ha
OCHOBI TE€OPii PO3MIPHOCTEH.

[IpoananizoBaHo BiOMI MOJENi: MEPETBOpIOBaYa JABIMKOBUX KOJIB B
OJIHOTOJISApHI Koju bapkepa, mpuctoi uisi BUKOHAHHS 3ajad ampoKCHUMAIIii.
BussneH1 iX HEIOMIKH.

[IpoBeneHo OLIHKY OCOOJMBOCTEH MOJEIIOBaHHA Ta BepuQikalii
KOMIIOHEHTIB (DYHKIIIOHAJIbHO-OPIEHTOBAHUX CHUCTeM. HaBeneHo HeoOXigHy
IPOEKTHY 1H(OpMAIIIO, SIKy MOBHHEH MICTHUTH omuc KoMmmoHeHta POC abo
HOro CKJIQJOBHUX YaCTHUH. 3alpoOIlOHOBaHAa TMOCIAOBHICTh JIH JJII pO3POOKH
MeToauKku (yHKIIOHAIBHOI Bepudikaiii kommnoHeHTiB DOC cherniaabHOro

IMPHU3HAYCHHA.
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PO3JILI 2.
YIOCKOHAJIEHHSI MOJIEJIEN TIEPETBOPIOBAUIB
CHNELIAJBLHOTO MPU3HAYEHHS

VY po31iii 3anponoHOBaHO:
- MOIeih  TIEPETBOPIOBAYA  CICMIATLHOTO  TPU3HAYEHHS 3
PO3MIMPEHO0 (YHKITIOHABHICTIO, IO TMEPETBOPIOE JIBIWKOBUMN
KOJI B OJTHOTIOJISIpHI Ko bapkepa 1 HaBmakwu,
- Mozenb 00UYHCIIOBaYa Ha OCHOBI KyCKOBO-JIIHIHOI alipOKCHMAaIIii
CUTHAJIIB yIIPaBJIIHHS;
- MojJeNb OOYHMCIIOBaya CHEIiabHOTO IMPU3HAYECHHS HA OCHOBI

1 po-aHAIOTOBUX MTEPETBOPEHb.

2.1. BuxopucTaHHA TaO0JMYHO-JOTIYHOTO0 METOAY AaNnapaTypHoi
peasizamii 1Jf NiABUINEHHS HMIBUAKOAII Ta HAXIMHOCTI KOMIIOHEHTA

(PyHKIIOHATBHO-OPIEHTOBAHOI CUCTEMH

OCK1IbKM Cy4acHl KOMIT IOTEPHO-IHTETPOBaHI CHUCTEMH, HE 3aBXKIU
MalTh TOTYXHI OOYHCITIOBAJIbHI MOXJIMBOCTI, TOMY YacTO IOTPEOYIOTh
BUKOPHUCTAHHS CIICIIalli30BaHUX OOYMCITIOBAYIB, SIKI CIIPHUSIOTH MOKPAIICHHIO
XapakTepUCTUK oO04uciaeHb. BimoMi oOuucioBaydl  3acTOCOBYIOTH  a00
nporpaMHi 3acobu UIsl BIATBOPEHHS 3HA4eHb MNpeuu3iMHux (QyHKIH, ado
KIacuyHi TabIMuHI METOAM amapaTypHoi peanisamii. Ix Hemonikamu e
oOMexeHa MBUJKO/IA Ta MOTpebda y BeIMKUX 00’ eMax 1mam’sTi. 3aCTOCyBaHHS
TaOJIMYHO-ANTOPUTMIYHUX METO/IIB, JIO3BOJISIE BUKOPHCTOBYBAaTH TaOIUIl
Majioro 00’eMy, aje MNpU LBOMY BHUKOHYIOIOTHCA TpHUBaI apudmeTnyHi
omepaiii. BHKOpPUCTaHHA KOPTEXKHOTO  TaOJIUYHO-JIOTIYHOTO  METOIY
amaparypHoi peanizaiii [ 1] 3a0e3neuye miaBUIICHHAS MBUAKOIT 1 CKOPOUCHHS

amapaTypHHX 3aTparT, pu 30epekeHH1 MPEIU31HHOCTI.
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JUIs KOPEKTHOTO 3aCTOCYBaHHS KOPTEKHOTO TaOIWYHO-JIOTTYHOTO
METO/Ty anapaTypHoi peasizaiii HeoOX1JHO BUPIIIUTY HACTYITHI 3a1a4i:

- pO3pOOMTH  aITOPUTM BU3HAYCHHS 3HAYCHb KOPHUTYIOUHX
KOHCTAHT;

- CHUCTEMAaTHU3yBaTH 3HAYCHHS BXIJHMX Ta BUXIIHMX KOJIIB Ta
BIJIMOBITHUX KOPUTYIOYMX KOHCTAHT;

- po3pobutu  Mojenb  OararoyHKIIOHAJBLHOTO  TaOJIUYHO-
JIOT1YHOTO CHiBIpoOIlecopa.

ANTOPUTM BU3HAYCHHS KOPUTYIOYO1 KOHCTAHTH BKJIOUAE HACTYITHE:

1) 3a3Jajeriib  CKJIagaroThesl  TAaOMMII  BXIAHAX  KOMIB  Ta
BIJIMMOBIAHUX BUXIJTHUX KOJIIB;

2) KOMOiHaIii BXiIHOTO KOy Ta BIAMOBIHI BHUXIJHI KOIU
MIPE/ICTABIISIFOTHCS OJTHAKOBOIO PO3PSTHICTIO;

3)  xoau po30MBAIOTHCS HA BIAMOBIAHI IPYIU, HAPUKIIA, TETPAIH;

4)  KOpPUTyHOYl KOHCTAaHTH BH3HAUYAIOTHCA 3a JIOMIOMOTIOIO Olleparlii
XOR [2] BiAMOBIIHUX TE€TPaJ KOJOBUX MOCITIAOBHOCTEH 3a ITYHKTOM 3.

Hampuknan: Xi — Bxigawmii kox, FNi — BiANOBiAHWI HOMYy BUXITHUIN
KOJl, TOAI KOJI KOPWTYIOUMX KOHCTAaHT A; BHU3HAYAETHCS 3a JIOMOMOTOIO

omnepariii XOR anre6pu XKerankina 3rigHo popmynu

Xi @ FNiZ Ai, (2 1)

3 dopmymu (2.1) BumHO, mo 3aBAsku BiacTuBocTi omeparii XOR

BUXI1/IHA IBIMKOBAa KOJOBA IIOCJIIIOBHICTh BU3HAYAECTHCS K

FNi=A ® X, (2.2)

Sk mpukIaa HaBeJEHO Crelliaai3oBaHui 00UYUCITIOBAY, 110 TIEPETBOPIOE

koxu ['pest B MBIMKOBUI KOJ, MBIMKOBUN KO B KO ['pesi, OTHOMOJISIPHUN KOJT
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Bapkepa B ABIHKOBHI KO, 3aBaIOCTIMKANA KO y BIIMOBIIHI KOJIW 3HAYCHHS
¢yHKIil cuHyca, iX BIONOBIAHI BXIiJHI, BUXIJHI KOJIW Ta KOPHUTYIOUi

KOHCTaHTHU CUCTEMAaTH30BaHi1 1 mpuBeJieHi B Ta0u. 2.1. ta Tadm. 2.2

Tabomus 2.1.

BximHi 1 BUX1HI KOJM JIJ11 BUBHAUYCHHS BIIMOBIAHUX (yHKIIIH

3HaveHHs BXIIHUX 1 BUXITHUX KOJIIB
No 3HaueHHd Buxigui kogu
/1 | 3aBaJI0-CTIMKOTO | Y JABiMKOBIi cucteMi | JIBitikoBuii ko | Kox bapkepa
koxy ['pest quciaeHHs Ys=sin(x)
1 0001 1000 .0011 0010 0001 0000
2 0001 1001 .0011 0100 0001 0001
3 0001 1011 .0011 0110 0001 0010 00000110
4 0001 1010 .0011 1010 0001 0011
5 0001 1110 .0011 1110 0001 0100 0001 1101
6 0001 1111 .0011 1100 0001 0101
7 0001 1101 .0100 0000 0001 0110 0111 0010
8 0001 1100 .0100 0100 0001 0111
9 0001 0100 .0100 0110 0001 1000
10 0001 0101 .0100 1000 0001 1001
11 0001 0111 .0100 1010 0001 1010

Tadbmuis 2.2.

Kopuryroui KoHCTaHTH Il BU3HAYEHHS BIMOBIIHUX (DYHKITIH

3HavYeHHS KOPUTYIOUUX KOHCTAHT MO KOPTEXKax s
BIMOBIAHUX BX1JHUX KOJIB
Ne
n/a Asin(x) AF pest ABapKepa
Ais Aos Air Aor Aip Aop
1 0010 1010 | 0000 | 1000
2 0010 1101 0000 | 1000
3 0010 1101 0000 | 1001 0000 | 0101
4 0010 | 0000 | 0000 | 1001
5 0010 | 0000 | 0000 | 1010 | 0001 1000
6 0010 | 0011 0000 | 1010
7 0101 1101 0000 | 1011 0111 0101
8 0101 1000 | 0000 | 1011
9 0101 0010 | 0000 | 1100
10 0101 1101 0000 | 1100
11 0101 1101 0000 | 1101
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OOpa3Ho-3HAaKOBa  MOJENb  0araTOPyHKIIIOHAIBHOTO  TaOIMYHO-
JIOTIYHOTO CIIELiali30BaHOr0 OOYMCIIOBaya mpesicTaBieHa Ha puc. 2.1. Ii
0COOJIMBICTIO € 3/IaTHICTh BHUKOHYBaTH BCl IEPETBOPEHHS 3a JOIOMOIOIO

OJTHOT'O MaJIOPO3PSTHOTO YUCIOBOTO OJIOKY Tam’sITi.
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Pucynok 2.1 — O0Opa3Ho-3HaKoBa MOAEINb 6araTopyHKI10HATHHOTO

TaOJIUYHO-JIOTTYHOTO CITIBIIPOIIecopa

Hpouec BUABJICHHS OAHO3HAYHUX KOPUT'YIOUHX KOHCTaHT

Bi3yasIi30BaHO Ha ricrorpamax, 1o 300paxeHi Ha puc. 2.2.



66

13

12

11

10

(o]
Anec
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Pucynok 2.2 — I'icTorpaMu KiJbKOCTI OJJTHO3HAYHUX KOPUTYIOUUX KOHCTaHT

JUTSL 9YACTIOBOTO OJIOKY Iam’sTi

3 aHamizy puc. 2.2 BHUIHO, UI0 BHUKOPHUCTOBYIOThCS e 12
YOTUPUPO3PSTHUX KOJTOBUX KOMOIHAIIM I BIATBOPEHHS BiAMOBITHUX KOJIIB
pu KOPTEKHOMY TabiuuHo-noriyunomy Mmetoji (KTJIM), 3zamicte 16, sxi
HeoOXimHI mpH kiaacuuyHoMmy Tabmuunomy wmeroai (KTM) amapartyphoi
peaizarii.

[Ipu mpomy 3aranbHuii 00’€M uucioBOro Osoky mam’sti V., Npu

peamizaitii neperBoperHs koaiB KTM ckianae:

Vikrm = Z‘{I/l = 288 oir,

e 00’emMu mam’ STl

V1 — nns kony ['pes;
V, — 11 1BIHKOBOTO KOAY;
V3 — s 3HaueHb QyHKIIT sin(x);

V4 — nnsa xoniB bapkepa.
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Peanizanis neperBoproBaua Ha ocHoBi KTJIM amaparypnoi peainizariii
noTpedye o00’emy mam’ati Jume y Vigmy = 48 0IT ama 30epiraHHs
KOPUTYIOUMX KOHCTAHT.

Lle B 6 pa3iB menme Hixk mpu KTM peanizamii. OTxe, 3MEHIIYETbCS
HNOTY>KHICTh CHOXHBAHHA 32 pPAaxXyHOK 3MEHIICHHS KiIbKOCTI AKTUBHUX
KOMIIOHEHTIB, 1[0 TPUBOJIUTH 10 CKOPOUEHHS TETUIOBUAUICHHS 1, SIK HACIJIOK,

301IBIIIEHHS HAIUHOCTI.

2.2. IlinBumieHHsi 4Yacy HANpPANIOBAaHHA Ha BiAMOBY 4epe3
3MEHILEHHS KiJIbKOCTI 30BHIIHIX KOHTAKTHHUX BY3J1IB

0araropyHKIIOHAJBLHOIO NEPETBOPIOBAYA

Cnoci®6 miABUINEHHS 4Yacy HampallfoBaHHS Ha BIAMOBY uepe3
3MEHIIEHHS KIJbKOCTI 30BHIIIHIX KOHTAKTHUX BY3JIIB MMOKa3aHO Ha MPUKIAII
CHEI[iai30BaHOr0 OOYHMCIIOBAYa, 10 MEpPETBOPIOE€ Koau ['pes B NBiMKOBHIA
KOJI, BilikOoBUH Koa B Koj ['pes, ogqHomonsapuuii koj bapkepa B nBiKoBUi
KOJI, 3aBaJIOCTIMKNN KOJ| Y BIAMOBIIHI KOAW 3HAYEHHS QYHKIII CHHYyCA, SIKAW
npecTaBIeHui Ha puc. 2.1.

Jis  BBeAeHHS 1 BHBEIEHHsA 1HQoOpMaIii B MepeTBOpIOBavax
BUKOPHCTOBYIOTHCSI 30BHIIIHI KOHTAKTHI BY3JIM, KOXEH 3 SKHX MOXe
CKJIajatucs 3 cucteMu (i3MuHMX OO0’ €KTIB BHUIY: TEPMOKOMIIpECis —
IPOBITHUK — MIKpO3BapKa — BHBIJ KOPIYCY — 30BHIIIHS Mikpomaiika. Lle
pOOUTH 30BHINIHI KOHTAaKTHI BY3JIM OJHUMHM 3 HAWOUIbII HEHaIIMHUX
€JIEMEHTIB CUCTEMH.

Hexali KiTbKICTh BXIHMX Ta BIAMOBIIHUX BUXIAHUX PO3PSIIB IS
KOXHOTO Koy n=32 pospsiau. [lpu kmacuyHomy TabIMYHOMY METOJI JJIs
peai3zailii o1HOTO (HYHKIIIOHAJTLHOTO TMEePeTBOPIOBada HE0OX1qHO 32 BXITHUX

1 32 BUXIZHMUX 30BHINIHIX KOHTAKTHUX BY31IH. SIKIIO MOTPIOHO
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nepeTBoproBaTd 4 (QYHKII, TO MNpPH KIACHYHOMY TaOJIMYHOMY METOI
noTpiOHO (32+32)*4=256 30BHINIHIX KOHTAKTHUX BY3JIiB.

SIKII0 1HTEHCHUBHICTH BIIMOBH OJHOT'O 30BHINIHHOIO KOHTAKTHOTO
By371a JopiBHIOE A=107, To npu amapaTypHiii peamizaiii 4oTUPHOX (PYHKILiH

KJIACUYHUM TAOJIMYHAM METOJIOM 3arajbHa IHTEHCUBHICTH BIJIMOBH CKJIAJIAE:

Aani=256-107.

Takum ynHOM Yac HaNpaIfoBaHHS Ha BIIMOBY JIOPIBHIOE:

Tow=1/Aen=1/256-10°=390 ronun

Y CcBOWO uyepry mnpu TaOJWYHO-JOTIYHOMY METOAl amapaTypHOI
peainizaiii MUHA “BX1J/BUX1A~ 00’€IHAHI 3aBASKUA BBEACHOMY OJIOKY KIIIOYIB,
JUIS BUKOPUCTAHHS TUTbKU 32 30BHINIHIX KOHTAKTHUX BY3JIIB.

ToMy IHTEHCHBHICTH BIIMOBH OJIHOTO 3 30BHIIIHIX KOHTAKTHUX BY3IIiB
npu  TaOJUYHO-JIOTIYHOMY  METOJIl  amapaTypHoi  peamizamii  Oyje
JIOPIBHIOBATHU

Ami=32-107.

A HampalloBaHHs 4acy Ha BIIMOBY JOPIBHIOE:

Tow=1/An=1/32-10°=3125

OTxe yac HalpalfoBaHHs Ha BIAMOBY MPU TaOJIUYHO-JIOTTYHOMY

MeTo 1 30UTbIYETHCA Y Tors / Toxn =3125/390=8 pas3is.
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2.3. O0pa3Ho-3HaKOBa MO/IeJIb NEPEeTBOPIOBAaYa ABIHKOBOI0 KO1y B

oaHoOMoJsApHi koau bapkepa i HaBnaku

[IpononyeThcst 0Opa3HO-3HAKOBA MOJIEH MEPETBOPIOBaYa ABIIIKOBOTO
KOJly B OJIHOMOJSIpHI Koau bapkepa 1 HaBmaku (puc. 2.3) 3 pO3MIMPEHUMU

(GYHKI[IOHATbHUMHU MOXJIMBOCTSIMU.
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Pucynoxk 2.3 — IlepeTBoproBayu IBIHKOBOTO KOy B OJHOIIOJISIPHI 00OPOTHI
KOJIY 1 HaBIMaKH

[Ipu mpoekTyBaHHI TIEpeTBOPIOBaYa JBIHKOBOTO KOAY B OMHOMOJISAPHI
00OpOTHI KOAM Ta HAaBIAKW, HA PSAAY 3 TPAAULIAHUMHU €TanamMu po3poOKH
BKJTFOYAIOTHCS HACTYITHI:

- 3a3ga’ieriib CKJIAJA€ThCA TaOJMIl TEPETBOPEHHS BXIJIHOI JABINKOBOI
KOZIOBOi KOMOIHAIl Ta BIAMOBITHUX KOPUTYIOUMX KOHCTAHT A0 Hel, MO
skuM Oyayetbes [1311 ta rpymna enementiB ABO,;

- 3Ha4YeHHS KOJOBUX KOHCTAHT JJIi KOPEKTYBaHHS BiJIMOBITHOI JBIHKOBOI

KOJIOBOT IMOCTiJOBHOCTI BU3HAYAIOTHCS 3a hopmyrnoro (2.3)

A®B =4, (2.3)
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ne A — Bxigma komoBa mocmimoBHiCTH, B — BHXimHAa KOIOBa

IOCIIIIOBHICTh; 4,— KOpUTyIOUa KOHCTaHTA.
3 ¢opmymu (2.3) BUIHO, IO 3aBISKH BIACTHBOCTI OmMEparlii J0JaBaHHS II0

mod2 BUXi/IHa KO/I0BA MOCIiOBHICTh B, , BU3HAYa€THCS SK:

B =A®4, (2.4)

a 3BOpOTHA BX1JJHA KOJIOBA MOCII0BHICTh BIIOBIIHO:

A=4®B, (2.5)

BpaxoByroun, mo mms dopmyBaHHS A4, 5 BHKOPHCTOBYIOTHCS OJTHAKOBI

KoHCTaHTU 4, Ta MOpo3psaHe NEPETBOPEHHs (IMIATBEPIKYE aHali3 HOpMyI

(2.3-2.5)), Toa1 a5 3MEHIIEHHS 3araJIbHOTO 00'eMy MaM'siTi pEKOMEHIY€EThCS:

- To-mepie, BXiAHUW JBIMKOBHM KOJ Ta BHXIJIHHH KOJ IepeTBOproBaya
MPECTaBIATH OAHAKOBOIO PO3PSIHICTIO;

- TOo-JApyre, KOAW po30MBaTH HA BiANOBIIHI TeTpaau [1];

- KOHCTaHTH TPEACTABIATH  YOTUPHPO3PSATHUMHU  KOJAaMH, SKI €
pe3ynbTaTaMu JIOAaBaHHA TO mod BIAMOBIAHUX TETpam s 000X
3a3HAYEHUX KOJIOBUX MOCIIJOBHOCTEM.

[lepeBaroro mepeTBOprOBaya ABIKKOBOTO KOMY B OJHOMOJSPHI KOIU
bapkepa 1 HaBmaku B TOPIBHSAHHI 3 MPOTOTUIIOM € PO3IIUPEHHS
(GYHKITIOHATBHUX MOXKJIMBOCTEH B 2 pasu.

[Ipu ubomy, 3MeHIIyeThCs 00’€M MaMm’ATI HE MEHII HIX B 2 pasH,
3aBASKM BUKOPUCTAHHIO OJTHUX 1 TUX € 3HAYEHb KOPUTYIOUUX KOHCTAHT, 110
cnpusie 301IbIICHHIO MPOLEHTY BUXOAY NMPUJIATHUX KPUCTATIB 3 IUIACTUHU 1,

SK HACIIJOK, 3SMEHILIY€ThCsI COOIBAPTICTb.
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Hanpuxmnan, ans neperBopeHHs 16 po3psaHOoi BXiIHOI ABIHKOBOI
koa0Boi nocaigoBHocTi A — 0110 1010 1100 1011, mro po3dura Ha TeTpau

MOTPIOH1 KOPUTYHOY1 KOHCTAHTH HaBeJIeH1 B Ta0JI. 2.3.

Taomur 2.3.

Kopuryroui KOHCTaHTH JyIsl TOCTIMHOTO 3amam’ ITOBYIOUOI0 MIPUCTPOIO

Kon A Ko Aj Koo Aj Ko Ay
Terpaau 0110 1010 1100 1011
Ay A As A4
A; KoHCTaHTH 11g Bs 0110 1010 1100 1101
A;j KOHCTaHTH 111 Bs 0110 1010 1101 0110
A; KoHCTaHTH 111 B/ 0110 1010 1011 1001
A; koHCTaHTH 1018 B1g 0110 1101 1101 1001

A; koHCTaHTH 1019 B3 0111 0101 1111 1110

3aranpbHUN 00’€M TOCTIHHOIO 3aram’sITOBYOYOTro MpUCTporo Viap
CKJIAJIaE:
Visn = X3 V; = 40 Gir,
ne 00’emu nmam’at1 Vi — g Bs; Vo, — s Bs; Vs — moist B7; Vy — nia By Vs —
i Bys.
Hampuknan, moriuni QyHkIii (peanizoBadi Ha puc. 2.4) mis BUOIpKU

KOpUTI'YIOUHMX KOHCTAHT MAaTUMYTb BUI'JIA:

Ay = (X16 X15 X14 X13 X12 X11 X109 X9 Xg X7 Xg X5 X4 X3 X3 X1) N (X146 X15 X14 X13)
Ay = (X16 X15 X14 X13 X132 X171 X10 X9 Xg X7 Xg X5 X4 X3 X3 X1) A (X12 X171 X109 Xg)
Az = (X16 X15 X14 X13 X12 X171 X10 X9 Xg X7 Xg X5 X4 X3 X3 X1) A (Xg X7 Xg X5)

Ay = (X1 X15 X14 X13 X12 X11 X10 Xg Xg X7 Xg X5 X4 X3 X3 X1) A (X4 X3 X3 X1)
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3 puc. 2.4 BUIHO, 110 3aBASKMA BUKOPUCTAHHIO OJTHUX 1 THX € 3HAYCHb
KOPUTYIOUMX KOHCTAaHT MOXJIMBO 3MEHIIUTA O0’€M BHUKOPHCTOBYBAHOI
nam’sTi 10 MiHIMaJIbHUX 3Ha4eHb. OTXKe, KPIM PO3IIUPEHHS (DYHKIIIOHATIBHUX
MO>KJIMBOCTEH, MOJIEIb 3a0€31evy€e EKOHOMIIO ITaM ATi.

Takox HEOOX1THO BIAMITUTH 3MEHIIEHHS amapaTHOi CKJIATHOCTI, sSKe
JIOCATAETHCSI 32 PaXyHOK BUKOHAHHS OJHUM MPHUCTPOEM IBOX (PyHKIINH —
MIPSIMOTO 1 3BOPOTHOTO TIEPETBOPEHHSI.

Sk npukiag MOXXHAa HABECTH €KOHOMIKO KUTBKOCTI €JIEMEHTIB IaM ATi.
SIkmo HeoOxigHAa KUIBKICTH mam’ari ckiagae 40 OIT uis MepeTBOPEHHS
BXIJTHOi JBIMKOBOI KOJOBOi IMOCJIJOBHOCTI, TO TPHUCTPid T 3BOPOTHOTO
MepeTBOPEHHS TaKOX MOBUHEH OyJie MicTUTH 40 61T maM’aTi. AJie 32 paxyHOK
BUKOHAaHHS 000X (QyHKUIA OJHUM MPUCTPOEM HEMAae HEOOX1THOCTI
301IBIITYBAaTH KUIBKICTH ITaM’SITI.

3MEHIICHHS! KIJTBKOCTI aKTUBHUX €JIEMEHTIB TaKOX TPUBOIUTH [0
1BUIIEHHS HATIHHOCTI QyHKITIOHYBaHHS.

Takox, BiJOMO, III0 OCHOBHHMHM TMPUYMHAMH BIJIMOBHU MPUJIAJIB TIPU
30ipIii Ta YCTAaHOBII Ha JAPYKOBaHY IUIaTy JHUCKPETHHX EJIEMEHTIB €
HEJOCTaTHSI MeXaHIYHa MIIHICTh KOHTAKTIB, Maja ajare3is BHBOJIB 0
KOHTaKTHOI IUIONIAJIKK 1 OCTaHHBOI O MIJIOKKH, JIerpajaailii KOHTaKTHOTO
OTIOpY 4Yepe3 B3aeMHY Mu(]y3it0 METalliB 3 YTBOPEHHSIM iHTepMeTaaeBux (a3 1
MyCTOT, a00 MpUXOBaHUN TexHOJor1uHUM nedekt [20].

[HTEeHCUBHICTh BIAMOB A KOHTAKTHOTO By3ja MEpPEeTBOpIOBavYa MpH
TEXHOJIOTIUHiM peasizawii KOXHOro JUCKPETHOrO eJIeMeHTa mopisHioe 107 +
10, a mpu peanizanii B €IMHOMY KpUCTaJli IHTEHCUBHICTH BiZIMOB JJOPiBHIOE
108+ 107 [23].

[Ipu peanizarlii 3aponOHOBAHOIO MEPETBOPIOBAaYA B €IMHOMY KpUCTai
CHIBBIJIHOIIEHHSI CEPEIHBOTO 4Yacy O0e3BIIMOBHOI pOOOTH 3alpONOHOBAHOTO
neperBoproBava 7, rxsoxs (¢ T4 CEPEAHBOIO Yacy 0€3BIAMOBHOI poOOTH IpU

peaizalii Ha OCHOBI IUCKPETHUX €JeMEHTIB T, rixsors ;7 MA€ BUTIIAM:
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K. = T, o_TIIJKéOKE_IC (l/i./' )HﬂKgOKEJC _ j~i717mr(301</5ﬂ
fo ™ - (1/2 ) '
T, o_IJKsOKE_J] i JITIKeOKB _JT j_ITIKeOKE_IC
107* +<10°°
K, =—————~10°+10".
107 =10

Otxe 30inbIIyeThCST Ha 3—4 MOPSAKU cepeaHid 4dac Oe3BiAMOBHOI
po6otu, a, BIANOBIAHO, 1 HAAIMHICTh 3aIIPOMIOHOBAHOTO NEPETBOPIOBAYA MPHU
peamizaiii B €IMHOMY KpHCTajal IO BIJHOIIEHHIO JIO IE€PETBOPIOBAYIB

BHKOHAHNX HAa AUCKPCTHUX CIICMCHTAX.

2.4. YaockoHajleHAa MOJeJb O0YMCJIIOBAYa HAa OCHOBiI KYCKOBO-

JIHIHOT anpoKkcuMaNii CHTHAJIB yIIPaBJIiHHA

Jly’)xe yacTto B mpolieci poboTH Mpenu3iiHoro 00JiaJlHAaHHS BUHUKAE
HEOOX1MHICTh y (OpMyBaHHI AaHAJOTOBUX CHUTHAJIB CKJIaJHOT (QOopMH.
Ockinbku ckJagHa ¢opmMa CHUTHAJIIB YacTO ONUCYEThCA HEIIHIMHUMHU
(GYHKIISIMH, BOHHM MOXYTh OYyTH CKIAQIHUMH Ui OO4yHuClIeHHsA. B ubpomy
BUTIAKY JOIIIFHO BUKOPHUCTOBYBATH KYCKOBO-JIIHIMHY allPOKCHMAIIIF0 TaKUX
GyHKIIH U1 COPOILEHHS O0OpPaxyHKIB.

Tomy TpOMOHYETHCS YAOCKOHAJNIGHA MOJENh KYCKOBO-JHIHHOTO
anpokcumatopa (puc. 2.5), sika B mporieci poOOTH peasizye arpoKCHUMaIlIo

BHUY

G(X) =aj+ ql(j) X,

ne G(X) — 3HaueHHS alPOKCUMOBAHOT (DYHKIIIT;
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aj — KYCKOBO-CTyIIHYacTa (YHKLIS YCTaBOK, IPONOPIIOHAIbHA IUIUM
CTETEHSIM OCHOBH CUCTEMU YHCIICHHS;

q — KOHCTaHTa OCHOBU CHUCTEMH UYHCJIEHHS, SKa 3aJE€KUTh BIJ THUILY OJIOKY
3aBJIaHHS BaroBUX KOE(IIIEHTIB 1 TUITYy peani30BaHoi QyHKIIIT;

X — He3ajnekHa BX1JHA 3MIHHA;

Xj — BEIMYMHA KBAaHTYBaHHA X;

] — HOMEp BiJIpi3Ka KBAaHTYBaHHS;

1(j) — mize 4Mcio 31 3HAKOM, K€ 3QJICKHUTh BiJI HOMEpa BIAPI3KY 1 HAXHITY

dbynkmii G(X) Ha BiIPI3KY ].

1 s ],
AoH 11011 BUX1]
A A
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Puc. 2.5 — KyckoBo-nmHIHHUN allpOKCUMATOP CUTHAJIB YIIPaBIIHHS
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B inTepBami 3miHum aprymenty X; - X 3agaHa ¢yHkuis  f(x)
anpoKCUMYeThes J-10 TBIpHOIO G(X).

HIBuaKicTh pOOOTH MPHUCTPOIB BU3HAYAETHCS MHOXKHHOI CKJIaJIO0BUX
€JIEMEHTIB, M0 OepyTh ydacTh Yy QopMmyBaHHI iH(oOpMalii Ha BHUXOAI
MPUCTPOIO, 10 HUX TAKOXX BIHOCUTHCS Yac 3aTPUMKH, TIOB’SI3aHUI 3 4acoM
poO3psALy BY3JIOBUX eMHOCTEH. B mporeci podotu nepeMukanbHoi MaTpuili [3]
Oarato yacy BUTpavaeTbcsi Ha po3psa eMHOCTI y By3m C. lle moscHIoeThCs
BIJICYTHICTIO TpaH3UCTOpA CKHJAHHS 3aBASKU 4YoMmy po3psn emHocTi Cy
31IHCHIOETHCS 3aBIAKH CTPYMY BHUTOKY, skuit popismioe (10, ..., 20)10° A,
4yepes3 OMopH 3aKPUTHX TPAH3UCTOPIB 1 TOPIBHIOE Ry,

B nmaniit Mopmeni miABUINEHHS WIBUIKOMII pOOOTH KOXHOI KOMIPKHU
NEPEeMUKAIbHUX MaTpullp 3a0e3meueHo 30UIbIIEHHS MIBUAKOJII KYCKOBO-
JiHIfiHOTO ampokcuMaropa. L[poro Bmamocs MOCSTTH IIISXOM BBEICHHS
30BHILIHBOI ITUHU CKUAAHHS Ta TPAH3UCTOPA CKUAAHHA, SKUM IM1IKIIOYCHHMI
3aTBOPOM JI0 30BHIIIHBOI IIMHU CKHJAHHS, CTOKOM JO IMEPIIOr0 BHUXOIY
0JIOKY CHHXpOHI13allli, a BATOKOM IIAKIOYEHUM /10 3’ €THaHOoro By37a C. Moro
€MHICTh BU3HAYAETHCS €MHOCTSIMU: BUTOKY KEPOBAHOTO TPAH3UCTOPA, CTOKY
IHBEPTOPHOTO HABAaHTAKYBAIBHOTO TPAH3HUCTOpPA, 3aTBOPY KEpPyHYOro
TpaH3uctopa Ta 3atBopy MJIH-BapakTtopa. Takok, 30BHIIIHS IIWHA
CKUJAHHS, MiJKII0YEHa 10 BIAMOBIIHUX BXOJIB MEPIIOi, APYroi Ta TPEThOi
NepeMHUKAIbHUX MaTpuilb. Lle 3a0e3meuye miABUINEHHS IIBHIKOCTI PO3PSILY
By3i1a C 3a paXxyHOK 3MEHILIEHHS OMOpY B JIAHIIO31 PO3PSALY €MHOCTI IS
By3ia C. Ile mpu3BOANTH 10 MiABUIICHHS IBHIKOIIT pOOOTH TIEPEeMUKAIBHOT
MaTpuill 1, SK HACHAOK, IIJBUIICHHS IMBUIAKOII KyCKOBO-JIIHITHOTO
anpoKCUMaTOopa.

VY 3ampornoHOBaHOMY MPUCTPOT po3psia eMHOCTI Cy 3MIHCHIOETHCS Yepe3
omip R BIAKPUTOTO TpaH3UCTOpPA CKUJAHHS.

Binomo, mo Cy- Cy= C,, nmpu mpoMy 3HA4eHHS €MHOCTI BUTOKY C,<<

Cy, TOMy MOHA punycTuty, 1mo C, = C, = C.
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TakuMm 4MHOM CITIBBIIHOIICHHS Yacy pO3psiiiB JAHIIOTIB Y MPOTOTHUILY

T posp T4 Y 3aIIPOIIOHOBAHOTO NPUCTPOIO T posp IPUUMAE BUTIISAL

Tuposp/ Ta pos=CRu/CRs =Ry /R, (2.6)

Skimo omip crpymy BuTOKY Bysna C nopiBrioe R,=1-10° Om, a omip
BiJIKPUTOTO TpaH3UCTOPa CKUAAHHS HopiBHIoE R;=5-10% OMm,

To pe3ynbrat criBBigHOIIEHHS (2.6) JOPIBHIOE

T posp/ To posp=C*10%/C-5-10*=2-10° pasmu.

OTxe, 4ac Ty posp PO3pAAY €MHOCTI C 3MEHIY€EThCS, 0 IPUBOIUTH JI0
NPUCKOPEHHS po3psay Bysna C 3amponoOHOBaHOI MEepeMUKaIbHOI MaTpHIli

Maif>ke Ha 3 MOPSIKH.

2.5. YaockoHajleHa  MoOJeJb O0OYHCIIOBAYa  CHELiaJIbLHOIO

NPU3HAYECHHS HA OCHOBI M (PO-aHAIOTOBHUX NIEPETBOPEHb

[IporoHyeThCsl  yHOCKOHAJIEHa MOJENIb  OaraTo(yHKIIOHAJIBHOTO
dbopMyBaua CHUTHATIB CHEIIaIbHOTO TPU3HAYCHHS HA OCHOBI KYCKOBO-
JiHIMHOT  ampokcuMariii  (puc. 2.6), 3 IUPOKUMU  (PYHKIIOHATBHUMU
MO>KJIMBOCTSIMH T4 TTiIBUIIICHOIO HAIHHICTIO.

dopMyBaHHA CKJIATHUX KYCKOBO-JTIHIMHUX CUTHAIIB BIIOYBAETHCS a00 y
PEXHMI TIEPETBOPEHHSI aHAJIOTOBUX BXIJHUX apryMEHTIB, a00 B pPEekKUMI
MEPETBOPEHHSI HU(PPOBUX KOJIB apryMEeHTY, abo B PEXHMI IMEPETBOPEHHS
TpUBAJIOCTI  3a7aHux  mubpoBux  iMoyiabciB.  [udpoi  curHamum
NEPETBOPIOIOTHCS B AHAJIOTOBY (POpPMY 3a TONOMOTOI0 IEPETBOPIOBaUa KOAY B
Hapyry. Bxigauii apryment anamoroBoi ¢opmu X, TOCTymnae Ha

1H(opMariiiHuii BXia 0J0OKY KOMITapaTopiB.
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Cxnanosa ¢pynkuii G(X) - [aj+q'VX] 3amaerses intepBani aprymenty X
- Kjtl-

Ha omnopHi Bxoau 050Ky KOMIapaTopiB MOCTyIA€E Hampyra 3 JKepelna
OTOPHUX HAIPYT, MPOIOpPLIHA BEJIMYMHAM KBaHTyBaHHs apryMeHty X. [lpu
CIIBNAJAHHI BXIJHOTO CHUTHay X 3 BIANOBIIHUM CHUTHAJIOM 3 JDKepesa
ONMOPHMX HAmpyr, Ha BIANOBIAHOMY BHXOAI OJOKYy KOMIapaTopiB
BCTAHOBIIIOETHCS KEPYIOUMI CHUTHAN, SKHI TOCTylae Ha Kepyrodl BXOAH

INCPEMHUKAIIBHUX MAaTpULb.

Jlxepeno OnopHUX Hampyr ITincymoBytounmii
g I omepaniitumit >

X A
3
\ 4

Tlep. Brok ) Tlepma
& & KoJIy KOMIIapaTopiB nepeMHKalbHa =
! 2 B MaTpHIs

Har]
P 7 Y W
«3anyck B4

Bnox
CHHXpOHI3aLil

Hudposufi Bxin

[]

A 4 A 4

Hpyra
epeMHUKaJIbHA

MaTpULL
Bnox
KIJIIOYiB + + 1 A 4

AHaOroByii BXiz Brok Tpers

3aBOaHHA '
BaroBUX

KkoedirienTin

A

«Cxum»

A 4

A

TepeMHUKaIbHa
MaTpHLs

Pucynok 2.6 - bararodyHKI1ioHaIbHUI IEPETBOPIOBAY CIEIIATBHOTO

MIPU3HAYCHHS Ha OCHOB1 KYCKOBO-JIIHIMHOI anpoKcuMalIii

[Ipu npomy, i J1€F0 BIATOBITHUX CUTHAJIB CTa0LI130BaHa BeIUYMHA X
MOCTyNa€ Ha BXiJ OJOKY 3aBJaHHS BaroBUX KOEQIIIEHTIB, B AKOMY X 3MIHIOE
cBoe 3naueHns B ') pasis. ITicns 1bOro Ha BUXOJi TPETHOI IEPEMUKAIBHOI
MaTpUIli 3’SBISACTBCA CHTHAN Beamuunor (X, sxkuii mocTymae Ha BXif
HiCYMOBYIOUOTO OIEpaIiifHOrO MiACHIIOBAaYa, HAa SKHM TaKOX IOCTYIAE

3HAUEHHS YCTaBKH @; 3 IPYroi rpynu BUXOAIB JUKepesaa onopHUX Hanpyr. Ha

M 1 nicuoBay BHXiT



79

BUXOJIl MIJICYMOBYIOUOTO OINEPALIMHOIO MiJCUIOBaYa (OPMYETHCS CHUTHAN

BHUTY

G(X) =ar+ g X

[Tporec MOBTOPIOETHCS MpHU MOsABI Ha 1HGOpPMAILIHHOMY BXOJ1 HOBOTO
3HAYEHHS apryMEHTY B IHTE€pBaJll 3MIHU apryMeHTy Xj+1-Xj+2.

3 puc. 2.3 BUIHO, 110 Y MPUCTPOIO € HOTUPHU BXOJIH.

Bxing «Cxum» mpusHaueHUU Uis OOHYIIOBAHHS MPHUCTPOIO, MUIIXOM
3aMMKaHHS Ha 3€MJIIO BCIX €JIEMEHTIB IIPUCTPOIO.

Bxin «3amyck» npu3sHaueHUi Ui 3allyCKy TeHepalill BUCOKOYAaCTOTHUX
IMITYJIbCIB, 3 JIONOMOTOI0 SIKMX BIOYBA€ThCS MEPETBOPEHHS TPHUBAJIOCTI
3a7aHuX [HUGPOBUX IMIYJBCIB, TOOTO TNEPETBOPEHHS dYacy B HaIpyrTy.
TpuBanicTs HUX IMIYJBCIB 33/1aHa B OJI011 CHHXPOHI3aLI1].

HudpoBuit BXig MNpU3HAYCHUNA s TEPETBOPEHHS IHUPPOBUX
HOCJIJOBHOCTEHM, 110 MNPUXOAATh 30BHI, B AHAJOrOBl CHUTHAJIN CKJIaJHOI
dopmu. Llndposi mocaiJOBHOCTI NEPETBOPIOIOTHCS B aHAJIIOTOBY BEIMYUHY 3
JIOTIOMOTO10 IEPETBOPIOBaYa KOAY B HANpPYTy, KU M0OYAOBAaHUN HA OCHOBI

reHeparopa crymindactoi Hanpyru [6] (puc. 2.7).

U ouT

Pucynok 2.7 - I'enepaTop CTyIiHYaCcTOI HAPYTH
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AHaNoOTOBMIA BXIJ MPHU3HAYCHUI I TIEPETBOPEHHS OE3M0CepeIHbO
aHAJIOTOBUX apTyYMEHTIB Y CKJIa/IH1 KyCKOBO-JIIHIMHI CUTHAIIH.

OT1xe, po3mupeHHs (PYHKIIOHATBHUX MOXJIMBOCTEH JOCATAETHCSA 32
paxyHOK NEPETBOPEHHS aHAJIOTOBUX BX1JIHUX apryMEHTIB, a00 MepeTBOPEHHS
nuPpoBUX KOMIB apryMeHTy, abo TMEepPETBOPEHHS TPHUBAJIOCTI 3aJlaHUX
mupoBUX IMIYJIBCIB B AaHAJIOTOBI CUTHamM ckjiaaaHoi ¢opmu. [upoki
GyHKIIOHATBHI MOMJIMBOCTI CHPUSIOTH PO3MIMPEHHIO PHHKY 30yTy 3a

PaxyHOK MHOXKWHH (PYHKIIIH B €JMHOMY KPHUCTAJII.

BucHoBkH o po3ainy 2

B po3nini 3ampormoHOBaHO YAOCKOHAJIEHY MOJENb, IO IMEPETBOPIOE
JBIMKOBHI KOJ B oHONOJISIpHI Koau bapkepa. BigMiHHMMEU 0COOJIUBOCTSIMU
MOJIeNIl € pO3MUpeHi (PYHKIIIOHATbHI MOKJIUBOCTI 32 PaxXyHOK 301IbIIECHHS
KUIBKOCTI BUKOHYBaHMX (YHKIIH B 2 pa3W NUIIXOM IHTerpamii GyHKIil
NEPETBOPEHHS OJHOMOJSPHUX KoAiB bapkepa B ABIMIKOBUIMI KO, a MpH
BMKOHAHHI B €IMHOMY KpHCTaJIi HafiiHicTh migsuinyetbes B 10°..10% pasis, a
TaKOX IMJABUIILYETHCS HAIIMHICTh (DYHKI[IOHYBAHHS 32 PaXyHOK 3MEHIICHHS
amapaTHOil CKJIAHOCTI.

Y A0CKOHAIEHO MOJENb OOYHUCITIOBaYa CIEI[ialbHOTO MPHU3HAYEHHS Ha
OCHOBI KYCKOBO-JIIHIHHOI ampoKCUMallli CUTHaIIB yIpaBiiHHI. BiaMiHHOIO
OCOOJMBICTIO MOJZETl € MABUINCHA IMBUAKOMIS TUISXOM 30UIbIIEHHS
IIBUJIKOCTI peamizaiii (yHKIIi KepyBaHHA 3a pPaxyHOK 3MEHIICHHS Yacy
nepexiguux mnpouecis B 2:10° pasu.

OTtpumana nmoJganbIIuil PO3BUTOK MOJENb OOUYUCIIOBAYA CIELiaJbHOTO
NpPU3HAYCHHS Ha OCHOBI HU(PO-aHAJIOrOBUX TMEPETBOPEHb. BiaMiHHOIO
OCOOJIMBICTIO MOJIEN € PO3UIMPEHHS (PYHKIIIOHAJBbHUX MOXJIMBOCTEH 3a
pPaxyHOK 30UIbIICHHS KUIBKOCTI BUKOHYBAaHMX (DYHKIIINA B 3 pa3u 3a paxyHOK
KyCKOBO-JIIHIHHOI ~ ampoKCUMAIlil CHUTHaJIB YyNpaBIiHHSA  CHELIaJIbHOTO
NpHU3HAYEHHs, KPIM TOro HaifHicTe migsumyerbes B 10°..10* pasis mpu

BUKOHAHHI B €IMHOMY KPHUCTaJIi.
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PO3JIL 3.
METO/1 YIOCKOHAJIEHHS IPOEKTYBAHHSA
BATATOKOMIIOHEHTHUX JUCKPETHHUX ITPUCTPOIB

Y TperboMy poO3AUTI OTPUMAB MOJAIBIIANA  PO3BUTOK METOJ
YIOCKOHAJICHHST ~ TPOEKTyBaHHS  OaraTOKOMIOHEHTHUX  JUCKPETHHX

IIPUCTPOIB.

3.1. Opranizauist JaHUX JJIS JOCJII’KEeHHS HA OCHOBI Teopil HeMOBHOI

noAidHoCTI Ta po3MipHoOcTeit

Po3po6ka HayKOBO-MPaKTUYHUX OCHOB I10 CIPOILIECHHIO Ta opmMatizalii
IPOLECY CTBOPEHHS 0a3u JaHUX, SIBJIsSIE COOOI0 OJIHY 13 EPIIOYEProBUX 3a/1a4
IpU TPOEKTyBaHHI. B ymMoBax o0OMEXKEHOTO dYacy Ha MPOCKTYBaHHS
CTeliali30BaHUX OO0 €KTIB JOCIHIJKCHHS, CTBOPEHHS OINTUMAJIbHOI 0a3u
JaHMUX 3 BIMOBIAHUMH HaWKpaIIMMHU MTapaMeTpaMHu € 3a/1auya aKTyaJbHa.

Bupimmta 1m0 mpoOiieMHy 3amady TpPONOHYETHCS 33 PaxXyHOK
BUKOPHUCTAHHA (PI3MYHOTO MOJENIOBAaHHS Ha 0a3i Teopii HEMOBHOI MOAIOHOCTI
Ta PO3MIPHOCTEH.

di3uvHe MOJIEIIOBaHHS HAa OCHOBI aHaJi3y pO3MIPHOCTEH BU3HAYAIBHUX
napaMeTpiB 00’€KTiB, J03BOJISIE MPOCTO peaizyBaTH CKIAIHI 3a1adi MpH
MIPOEKTYBaHHI HOBO1 cucTeMH [7].

[lepenik BHU3HAUYANBPHUX BEJIWYMH OpWUriHANA Ta MOJENI, aHami3
PO3MIPHOCTEM IIMX BEJIWYUH JO3BOJISIIOTH 3HAWUTH KpuUTEpii MOAIOHOCTI.
KputepiaibHi CriBBITHOIIEHHS JIONTIOMAaral0Th BCTAHOBUTH SIKICHI Ta K1JIbKICH1
3B’SI3KM OpWTIHAYy W MOJENi, 3a JOMOMOTOI SKHMX MOKHA OTpUMATHU
MacIITaOHI pIBHSHHSL.

B ymoBax, koiu aHamiTUUYHHN BUpa3 (YyHKIIOHATBHOT 3aJ€KHOCTI MK
yciMa mapaMeTpaMu HEBIIOMUH, TO1 AJi1 pOpMyBaHHS MacIITaOHUX PIBHSHB

BUKOPUCTOBYIOTh YMOBHI KpUTEpii. YMOBHUMH KPHUTEPISIMU HA3UBAIOTHCA
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npocTi 0e3p0o3MipHI CTENEHEBl KOMILIEKCH, IO (OPMYIOThCS TUIBKH 13
BU3HAYAJbHUX BEJIMYMH, ©O€3 BKJIIOUCHHS O€3pO3MIpHUX  MOCTIHHHUX
BU3HAYAJILHOTO PIBHSHHS [7].

EdextuBHuii Meton opraHizaiii JTaHWX Ha OCHOBI Teopili HEMOBHOI
MOoAIOHOCTI Ta PO3MIPHOCTEN BKJIIOUAE HACTYITHY MOCITIJOBHICTD:
1) — CTBOpIOETBCSA TMEPENIK ICHYIOUHMX Cy4YacHUX (piI3UYHO-OITHOPITHUX
00’€KTIB,
2) — dopMy€eThCS TIEPEIiK BU3HAYATIBHUX BEJIMYWH, BIUIMB SKUX Ha TPOIEC
po60TH 00’ €KTIB TOCHIIKCHHS] HAMOUTBIT 3HAYHUH,
3) — BU3HAuUaeThCcs HAOIp BU3HAYAJBHUX BEJIIMYMH 13 1.2, CHUHTE3 SKUX Mae
¢bi13uyHe TIIyMadyeHHs], 10 XapaKTepU3ye T1 UM 1HIII y3arajJbHEHI1 BIACTUBOCTI
00’€KTIB JOCIIIKEHHS,
4) — CTBOPIOETHCS MAaTEMaTHYHUN OMUC BU3HAYAIBHHX MMapaMeTpiB y BUTIISII
(GYHKIIIOHATBHOT 3aJIeKHOCTI,
5) — BU3HA4YaAlOThC YMOBHI KpUTEpii 3a pe3ysibTaTaMu 1.4,
6) — CTBOPIOIOTHCS KPUTEPiadbHI PIBHAHHA,
7) — OynyeTbcs 3HAKOBO-OOpa3Ha MOENb, Yy BUIJISAL 3aJEKHOCTI MIXK
OCHOBHUMHM  TEXHIYHUMHU IapaMeTpaMu OO €KTIB  JOCHII/DKCHHS B
0€3p0o3MIpHUX KOOPIUHATAX,
8) — dopMyroThcs Tpynu O00’€KTIB JOCHIIKEHHS Yy SIKMX 3HAYEHHS
0€3p03MIpHUX KOOPJUHAT HE3HAYHO BIJIPI3HAIOTHCS OAWH BiJl OJHOTO.
9) — BHU3HAYae€TbCAd ONTHUMAallbHA TIpyna OO0 €KTIB AOCHIIKEHHS, Yy SKOi
BEJIMUYMHM TlapaMETpIB HaMKpalie BIJANOBIIalOTh BHUMOTaM TEXHIYHOTO
3aBJIaHHS.
10) — BU3HAYAIOTHCS HAMIPSIMKHA KOHCTPYKTOPCHKUX POOIT AJIST MPOCKTYBAHHS
HOBOi 200 YJTOCKOHAQJICHHS BU3HAYEHO1 B ONTUMAJIBHIN TPYIIl MOJIEIII.

OTxe, HA OCHOBI TeOpil HEMOBHOI MOJIOHOCTI Ta PO3MIPHOCTEH, MpH

BIJICYTHOCTI aHAJIITUYHOTO OIKUCY 3aJICKHOCTI BU3HAYAIBHOTO TEPENTiKY
napaMeTpiB  O00’€KTIB NEPEeMIlIEHHS, 3ampONOHOBAaHO (OpPMYBaHHS B

ONTHUMAJIbHI TPYIK 00’ €KTIB 32 BIAMOBIAHUMH TEXHIYHUMHU TapaMeTpamH.
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BinMiHHOIO OCOOJMBICTIO € MPOCTOTA, YHIBEPCANbHICTh Ta HAOYHICTb.
[le mo3Bossie IPUCKOPUTH TIPOIIEC OMTUMI3AIlIl ACSKUX MapamMeTpiB 00’ €KTIB
JOCTIKEHHS MPH 1X MPOEKTYBaHHI a00 CIPOCTUTH BUOIpP BIAMOBIIHOT MAapKU
00’€KTIB NTOCIIPKEHHS Ha PUHKY 30yTy. 3aBIOSKH 3HAYHOMY 3MEHIICHHIO
KUTBKOCTI 00’ €KTIB JOCIIPKEHHS B TPYIIl 3MEHIITYEThCS Yac Ha BUOIP MO,
Ha BHM3HAUEHHS pE3EepBY 3a HEOOXIIHMMHU MapaMeTpaMu Ta 3 SBISETHCS
MOJKJIMBICTh 3aCTOCOBYBAaTH PEXHM aBTOMOJCIIOBAHHS, UM CKOPOUYETHCS
4ac TpOIeCy MPOEKTYBaHHS, 30UIBIIYETHCS SKICTh Ta 3MEHITYETHCS BapTICTh
OpUTiHAly, M0 NpPOEKTyeTbca. Pobota s yIOCKOHANEHHS JESKUX
napaMeTpiB 00’ €KTY JOCIIKEHHS MPOBOIUTHCS 3T1IHO JAaHUX, 110 OTPUMaH1

TIJIBKY B I1H TPYIIL.

3.2. Po3poOka yMOBHHUX KpPHTEpIiiB 3riJHO y3arajbHEHOI0

MaATEMATHYHOI'O OITUCY

OaHuMHM 13 OCHOBHUX KOMIIOHEHTIB MIKPONPOIIECOPHUX CHUCTEM
TEXHOJIOTIYHOTO 00JIaHAHHS SBIISIOTHCSI CUCTEMHI TIJIATH.

BpaxoByroun, 1o OaratokpuTepiaibHICTh Ta Bizyasisallisi CIPHUSIOTH
CKOPOUEHHIO 4Yacy TIpW JOCHIDKEHHI KOMIIOHEHTIB  TEXHOJOTIYHUX
KOMIUIEKCIB, Y TOMY YHCJII ¥ CHCTEMHHUX IUIAaT, HEOOXigHA po3poOKa METOy,
110 JTO3BOJISIE BUSIBUTH TEHACHIIT MPOCKTYBAaHHS 32 CHEPTETHYHUM MTOKa3HUKOM
OCHOBHHUX €JIEMEHTIB CHUCTeMHOI IulaTH. [ 1boro moTpiOHO pO3pOOUTH
YMOBHI KpHUTEPIi.

CkilaieHo Tepenik OCHOBHUX TEXHIYHHUX TMapaMeTpiB  0a30BUX
€JIEMEHTIB CUCTEMHHMX IIJIaT: 4acToTa IIHWHM, MPOMYCKHA 3AaTHICTh IaM’sTi,
MaKCUMAaJIbHUN 00’€M maM’siTi, MOTY>KHICTh CIOKMBAaHHS CaMOi CHCTEMHOI
IUTATH Ta MOTY>KHOCTI CIIOKUBAHHSI YUIICETA, TPOLIECOpa.

3aranpHUII MaTeMaTUYHWNA OMHUC 3aJIeKHOCTI MDK OCHOBHHUMH

TEXHIYHUMH mapamMeTpamMn CUCTCMHUX ILJIAT Ma€ HaCTyrIHI/Iﬁ BUI'JIAL.
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F(fba G, I/, PSa Pcha Ppr):O (31)

ne:
f» - 94acTOTA IIMHHU aM’iTi,
© - MPOMYCKHA 3/IaTHICTh TIaM’AITi,
V - MakcMMaabHUM 00’ €M IaM’STI,
P - TOTYXHICTh CIIO’)KUBaHHS CUCTEMHO] TUIATH,
P,y - TOTYXHICTh CIO)KMBAHHS YHUTICETA,
P, - OTYXHICTb CIIO)KMBAHHS IPOIIECOpa.
3a BIACYTHOCTI aHAJIITUYHOTO BHpA3y 3aJEKHOCTI MDK MapaMmeTpaMu
(3.1), mponoHYy€ETHhCS BUKOPUCTATH Bizyalizallito JJisl BUPIIICHHS OCTaBIEHOT
3aja4l.
[Ipu BUKOpHCTAaHHI EBPUCTUYHOTO METONY BHU3HAYCHHS YMOBHHX
KpUTEPIiB Ta iX (PI3UYHOTO TIyMA4YeHHS CHCTEMa KpUTEpiaJbHUX PIBHSIHB

IIPUMMAE HACTYITHUM BUTTISAL:

AN
Pch’ o

< P V-f :O’ (3.2)
B, o

ac

P./P_y, —663p03MipHa BCIIMUMHaA IO XapaKTCPHU3y€E€ HOJIIO l'IOTy}KHOCTi

CIIOKMBaHHs YHUIICCTA Bi,Z[ HOTy}KHOCTi CIIO’KMBAHHS BCI€EI CHCTEMHOI IJ1aTH,

HaMKpallle 3Ha4eHHs B, /P, » 1
B./B,,, —0e3po3MipHa BEJIMYMHA WIO0 XapaKTEpHU3y€e OO0 MOTYKHOCTI

CMIOKMBAHHS TPOIECOpPa BiJ TOTYXXHOCTI CIIO)KMBAaHHSA BCI€T CHCTEMHOI

IUIaTH, HAWKpALle 3HAYEeHHA B./B,,. > 1,
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V:fy/o ~—0Oe3po3MipHa  BEJIMYMHA, [0 XapakTepusye  IIBUAKICHY
XapaKTEPUCTUKY 00poOKH 1H(pOpMAIIii, HAUKpale 3Ha4eHHs V « f,, /o > 0.

Takoxx cHUHTE3yeTbCsl y3arajgbHeHa MaTeMaTHYHAa MOJAENb  JUIA
BU3HAYCHHS B3a€MO3B’SI3KiB MK OCHOBHMMH TEXHIYHHMH IapamMeTpaMi, B
K1 BpaxoBY€TbCS TEMIIEPATypPHHI J1ara3oH poOOTH CUCTEMHOI MJIaTH, siKa

MPUMMAE HACTYITHUN BUTJISAL:

F (Tmin, Tmax, Pm, Pcha Ppr):O (33)
ne
T'in — MIHIMAJIBHO JTOITyCTHMa TeMIlepaTypa poOOTH IJIaTH,
T'yax — MAKCUMAJIBHO JIOIyCTUMA TEMIIEpaTypa poOOTH ILIaTH,
P,, - TOTY>KHICTh CIIOXKMBAHHS CUCTEMHO] IUIATH,
Py - OTYXHICTh CTIOKUBAHHS YUIICETA,
P, - IOTYXHICTb CIIO’KUBAHHS IIPOLIECOpA.

Amnaniz popmynu (3.3) mokasye, 1m0 BIACYTHIA aHANITUYHUI BUpa3
3aJIKHOCTEN MK MapaMmeTpamu, Kl JOCHIKYIOTbca. ToMy MpONOHYeEThCS
TaKO0’X BUKOPHCTATH Bi3yasi3alliio JJIsl BUPIIIIEHHS MOCTABJICHOT 3a/1aul.

JIJis 1IbOTO CTBOPIOETHCS MEPENiK BUSHAYAIBHUX BEJIMYHMH 13 OCHOBHUX
TEXHIYHUX TapaMeTpiB CHCTEeMHHUX IIAT Ta iX KOMIIOHEHTIB 1 KpUTepiajabHe
pIBHSIHHS Ha OCHOBI BHU3HAYEHUX YMOBHUX KpUTEPIiB Ta iX (HI3UUYHOTO
TIIyMa4YeHHS.

Cucrema KpuTepiaJbHUX PIBHSHb MPUIIMAE HACTYITHUNA BUTIISI:

i;Tmax_Tmin :O

Pch Tmax 4
£.Tmax_Tmin _0, (3. )
};)r Tmax

ne
B /P, —0e3po3MipHa BEIMYMHA W0 XapaKTepU3ye JMAOJI0 MOTYXKHOCTI

CIIOKMBaHHs YHUIICCTA Bi,Z[ HOTy}KHOCTi CIIOJKMBAHHS BCI€EI CHCTEMHOT IJ1aTH,
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HaWKpalle 3Ha4eHHs B, /P, » 1
B./B,,, —0e3po3MipHa BEJMYMHA WI0 XapaKTEpHU3y€e OO MOTYKHOCTI

CIIOKMBAHHS TPOIECOpPa BiJl TOTYXXHOCTI CITO)KMBAaHHSA BCI€T CHCTEMHOI

IUIaTH, HAWKpALle 3HAYEeHHA B./B,,. > 1,

(Tax-Tmin)/ Tinax — 6€3p0O3MIpHA BETUYHHA, 110 XaPAKTEPUIYE TEMIEPATypHUIN

z[ianasoﬂ B JIKOMY MOJKC IIpaltfoBaT CUCTCMHaA IljiaTa.

3.3.  VYIoCKOHAJIECHHSI  NPOEKTYBAaHHA  0araTOKOMIIOHEHTHHX

AUCKPETHUX MPHUCTPOIB

Po3BuHYTO METOA YAOCKOHAJICHHS MPOCKTYBaHHS 0araTOKOMITOHEHTHHX
JTMCKPETHUX MPHUCTPOIB. MeToa BKIOYAE Bi3yalli3allito 0ararboX MapaMeTpiB
CJIEMEHTIB ICHYIOUMX CHUCTEeMHHMX TuiaT (Tabi. 3.1) ais BU3HAYECHHS TEHJCHIIIN
NPOCKTYBaHHS 32  JIONIOMOTOK  0araTOKpUTEpIaIbHOrO  MOPIBHSIHHA,
BU3HAUYAETHCS CYKYIHICTIO NPHUIOMIB BHUKOPHUCTAHHS TPHUHIUIIB YMOBHOTO
MOJICTIIOBAHHS, BJIACTUBOCTEM TEOpii HEMOBHOI MOJIOHOCTI Ta PO3MIPHOCTEM,
YMOBHUX KPUTEPIiB, HOPIBHSJIBHOTO aHawizy. [Tpuknamom

0araToKOMITOHEHTHOI'O IMPUCTPOIO € CUCTCMHA 1lJIaTa.

Tabmuns 3.1.
Bu3zHaueHi BUIY CUCTEMHUX IUIAT Ta OCHOBHI ITapaMeTpH iX 0a30BUX €JIEMEHTIB
Ne Bun : f v V| Ps | P |Pprl|p
I | CHCTEMHOI IIaTH Hineer (MHz) (MB/s)[(MB)| (W) |(W) [(W) Tinin | Tax
1 VSX-6150E-V2  [Vortex86SX| 266 | 4200 (256 | 2,9 | 1,5 |1,5]|-20| 70
2 me6000 CLE266 133 | 2133 | 256 {2239 8 | 9 | 0 | 50
MB Intel 945GC +
3 Atom330 945gc 333 | 5200 (256 | 16 | 8 | 9| O | 50
4 | KINO-690AM2-R10 |[AMD 690G| 400 | 6400 | 256|324 | 9 [30| O | 60
5 ek10000 CN400 200 | 3200 | 256 |20,18| 10 | 10| O | 50
6 [KINO-6612LVDS-R13|SiS 661CX | 200 | 3200 {256 | 19 | 6 |16 | 0 | 60
7 In10000e CN700 266 | 4200 | 256 (16,41 S | 9 | O | 50
8 MMC7000 CN800 266 | 4200 | 256|222 | 6 | 12| 0 | 50
9 AIMB-256 GME965 | 266 | 4200 | 256 | 29 [13,5{ 10| O | 60
10 sn10000eg CN896 333 | 5200 | 256 {19,01| 5 (12| 0 | 50
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OcoOnMBICTIO  METONy € TMpolenypa BHSIBICHHS  TEHACHIIM
NPOCKTYBaHHS 32 CHEPIeTUYHHM [MOKAa3HUKOM OCHOBHUX €JIEMCHTIB
CUCTEeMHOI TIUJIaTH, IO JI03BOJISIE BHUSBUTHM HaWOUIbII €HEpPro3arpaTHi
€JIEMEHTH, JUIS 1X BJOCKOHAJIEHHS, 1 I ABHUIIICHHS HaJIMHOCTI CHCTEMH.

ANTopuUTM BHSBIICHHS! TCHJCHIIIA MPOEKTYBaHHS OCHOBHHX €JICMCHTIB
CHUCTEMHOI TUTATH TOJISITA€ B HACTYITHOMY:

— CrBoputu 0a3y ICHYIOUMX CHCTEMHHX IIaT Ta OCHOBHUX IapaMeTpiB
ixHiX 0a30BUX €JIEMEHTIB, III0 MAalOTh 3HAYHUM BIUIMB HA €KCIUTyaTalliiHy
TEXHOJIOT1YHICTb.

— CuHTe3yBaTH MaTEeMaTHYHY MOJEIb B3a€EMO3B’SI3KIB  BH3HAYCHUX
napaMeTpiB.

— BwusHauuTu BUJ MOIETIOBaHHS Ta KPUTEPIi SIKOCTI.

— CTBOpPUTHU CIUCOK SIKICHUX XapaKTEPUCTHUK.

— Po3pobutu yMOBH1 KpUTepii Ta HaAATH iM (HI3UYHOTO TIyMaYEHHS.

— IloOymyBaT 3HaKOBY MOJENb 3aJEKHOCTEH MDK BHU3HAYCHUMH
YMOBHHUMHU KPUTEPISIMU B 0€3pO3MIPHUX KOOPAUHATAX.

— IIpoBectu aHami3 3HAKOBOI MOJIEJIl Ta BU3HAYUTH TCHJCHIII1 MPOCKTYBAHHS
CUCTEMHHX TUIaTH 32 EHEPTETHYHNUM TTOKa3HUKOM.

Ha ocHOBI po3p00JieHMX YMOBHHUX KPHUTEPIiB 3riAHO y3arajibHEHOIO
MaTEeMaTUYHOTO OMUCY BHU3HA4YeHI Oe3po3MipHi Koedimientu (tabdn. 3.2, 3.3)
Ta T1OO0yJOBaHI 3HAKOBI MOJIENl 3aJIGKHOCTEM OCHOBHMX TEXHIUHHMX

napaMmeTpiB Ui PI3HUX TUIIIB CUCTEMHHUX IUIAT B O€3pO3MIpHUX KOOpAMHATAX

(puc. 3.1).
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Taomur 3.2.

be3po3mipHi KkoedillieHTH Ha OCHOBI OCHOBHMX TEXHIYHHX IMapaMeTpiB

CUCTEMHUX Miat jijisi puc 3.1

Puc. 3.1 — 3HakoBi MOJieI1 3aJIE)KHOCTE OCHOBHUX TEXHIUHMX MapaMeTpiB JJis

PI3HUX THUIIIB CUCTEMHHUX IIJIaT B 0€3pO3MIPHUX KOOPAUHATAX.

Ha puc. 3.1 cunte3oBaHi rpyn#, siki yTBOPIOIOTh CUCTEMHI IJIaTH.

IIpn npomy

a={lo

P_Sm)] |£
i

'

Bun Is L3 V- I
CHCTEMHOI IIJIaTH Brh For o
VSX-6150E-V2 1,933333 1,933333 16,21333
me6000 2,79875 2,487778 15,96249
MB Intel 945GC + Atom330 2 1,777778 16,08453
KINO-690AM2-R10 3,6 1,08 16
ek10000 2,018 2,018 16
KINO-6612LVDS-R13 3,166667 1,1875 16
In10000e 3,282 1,823333 16,21333
MMC7000 3,7 1,85 16,21333
AIMB-256 2,148148 2,9 16,21333
sn10000eg 3,802 1,584167 16,08453
R 16,3, 74
e e SRRt E R SRR
I/ [ @ \; I, 7 1 M
| v |
I / ‘/ | / ./ I J I ‘|
: I 16,7: ! : 1 'f@ I
| 1 1 1
! I I 8 1
! | U D | :
1 1 I 1 1
' /|10 ! /3] 16,1t 3l ! !
L . i ¢« !
: | : I 10 I :
| I 1
! /@ /@ I L6l I :
! P | . | 5H ]
! /\E‘ 1 ] | 1
1 1 I @ 1 1
2 A 1 C NN I B
= \ 7 I\ / /5
S Nm e m A e = = 15H NY L - L o o o o _—— T
3 2 1 2 3 4
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ji=T1, 1{}}.

- {le G2

Y rpyni CC A= {iy_li =1, 3,5,9} XapaKTepHI BHUCOKI 3HAYCHHS

J

JI0JIl TIOTY>KHOCTI CIOKMBAHHS YHUIICETA TMOPIBHSHO 3 IHIMUMHU €JIEMEHTAMH

rpynu A.
Y rpym D CB= {i)y_|j =1,3,4,5,6,7, 8,1{]} XapaKTePHI BHCOKI
j

3HAYEHHS [JI0JI1 MOTY>KHOCTI CHOKMBAaHHA MpOIlecopa MOPIBHSIHO 3 IHIIUMHU
eJIeMEHTaMu Tpynu B.

Taxum ynHOM y rpynax C 1 D BUsBIEHI MOXKIMBOCTI BIOCKOHAJICHHS 32
€HepreTMYHUM MOKa3HUKOM YHMIICETA 1 MPOoIIecopa BiAMOBIIHO.

Ha puc 3.2 HaBeneHa 3HakoBa MOJIENb 3aJIEKHOCTI OCHOBHHUX
TEeXHIYHUX MAPaAMETPIB Tin, Tmax, Pm, Pen A7 PI3HUX TUIIB CUCTEMHUX ILIAT B
0e3p0o3MIpHUX KOOPAMHATAX Ha sK1il BpaXOBYETbCSA TEMIEPATypHUI Jlana3oH

pOOOTH CUCTEMHOT TUIATH.

Taomurg 3.3.
be3po3mipHi koedimieHTr Ha OCHOBI OCHOBHHMX TEXHIYHHX MapaMeTpPiB

CHUCTEMHHMX IuIaT AJis puc 3.2 ta 3.3

Biin s By Imax—Immn
CHCTEMHO] IJIaTH Pey Por Tmax
VSX-6150E-V2 1,933333 1,933333 0,262391

me6000 2,79875 2,487778 0,154799

MB Intel 945GC + Atom330 2 1,777778 0,154799
KINO-690AM2-R10 3,6 1,08 0,18018
ek10000 2,018 2,018 0,154799
KINO-6612LVDS-R13 3,166667 1,1875 0,18018
In10000e 3,282 1,823333 0,154799
MMC7000 3,7 1,85 0,18018
AIMB-256 2,148148 2.9 0,154799
sn10000eg 3,802 1,584167 0,154799
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Tmax'Tmin

0,27

0,25

0,23

0,21

0,19 9

L

P
:Pch

— \
0,17 35| > 7810
. T ] —

2 5

0.15 2,5 3 3,

1 1,5

Puc. 3.2 — 3HakoBa Mo/ieJIb 3aJI€KHOCTI OCHOBHHUX TEXHIYHHUX IapaMeTpiB
Toins Tiwax, Py Pen JIS1 pI3HUX CUCTEMHUX IUIAT B O€3pO3MIPHUX KOOPJUWHATAX
Amnani3 puc. 3.2 miATBEpUKYE HASIBHICT MOXIMBOCTI BJOCKOHAJICHHS
cUCTeMHOI Tu1aTH (uurceT) Ha miatax 1, 3, 5, 9 npore cucremui miaru 1, 4, 6,
9 xapakTepU3yEThCS HAUTIUPIITUM TEMIIEPATYPHUM J1alIa30HOM.
Ha puc 3.3 HaBegeHa 3HaKoBa MOJIENbh 3aJCKHOCTI OCHOBHUX
TEXHIYHUX NapameTpiB Tmin, Tmax, Pm, Ppr IS PI3HUX CUCTEMHHX IUIAT B
0€3pO3MIpHUX KOOpAWHATaX [I€ BPAXOBYETHCS TEMIEPATYpPHUI Jianma3oH

pOOOTH CUCTEMHOT IIATH.

Tmax'Tmin

“ Tmax
0,27

:

|
[um—

0,25

0,23

0,21

2|
=

0,19

0,17 0[] 3

]

=l

o
=

NN

~
o |
[\
“H
o

0,15 | L5

2, 3 35 4

Puc. 3.3 — 3HakoBa Mo/ieJIb 3aJI€KHOCTI OCHOBHHUX TEXHIYHHUX MapaMeTpiB

Tonins Timaxs Pm, Ppr 17151 PI3HUX CUCTEMHUX IUIAT B OE3PO3MIPHUX KOOPIMHATAX
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AHani3z puc. 3.3 MATBEPIKY€E HASBHICTh MOMIJIMBOCTI BJIOCKOHAJICHHS
CUCTEeMHOI 11atu (mporecop) Ha miarax 1, 3,4, 5,6, 7, 8, 10.

Sxuio nmpoananizyBaTu JaHl MOA0 cucTeMHol miatu 2 (puc. 3.1), MoxHa
mMo0aYnTH, 10 BOHA HE HAJICKUTH JI0 TPYI 3 HEOOXIHICTIO BIOCKOHAJICHHS 32
C€HEPreTUYHUM ITOKAa3HUKOM YKOJHOTO KOMIIOHEHTa CHCTEMHOI IUIaTh. 3
puc. 3.4 BUJIHO, 1110 CUCTEMHA IIaTa 2 MepeBa)ka€ BCl 1HII CUCTEMHI IUIaTU
IIOHAlMEHIlIE 3a OJHMM 3 MapameTpiB. Hepomikom 1i€i muaTtu MoxHa
BBA)KAaTH HU3bKE 3HAUEHHS MIBUAKICHOI XapaKTepUCTUKU 00poOKkHu iH(opmarii

Ta By3bKHI TEMIEPATypHUH Alama3oH.

4= g
. | < S
s "
N ¢« § X \
N N N N Y =N
2,3 NE \ N ¥ N EN
N D N ¥ N &N
\g\ _\\\ \g\
e ) Y BN N
= NE NE N NE N NE NE NE N5
1.5 INE RENE R NXE RN X NE NE KNE
NE NENREN NE N NE NE NE NE
. INE N NE N NE N= N N2 = N

me6000
In10000e

o (=71 ]
L [1}]
~J o
1

m

Lo ]
= 9
L [

[¥5]

VSX-6150E-V2
MB Intel 945GC +..
MMC7000

KINO-690AM2-R10
KINO-6612LVDS-R13

Puc. 3.4 — I'icrorpamu, 1110 Bi100pakaroTh J10J11 TOTY>KHOCT1 CIIOKMBAHHSI
YHIICETa Ta MPOIECOPa BiJl MOTYKHOCTI CIIOKUBAHHS BCI€T CHCTEMHOT
TUIaTH.

\ - 107151 MOTY>KHOCTI CITO>KMBAHHS YUTICETA B1Jl OTY>KHOCTI CIIOKMBAHHS
BCI€i CUCTEMHOI T1aTh
E - 10J14 OTY>KHOCTI CIIOKMBAHHS NPOIIEcOpa Bifl MOTY>KHOCTI

CIIOKMBAHHSA BCIl€l CUCTEMHOI IJIATH
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MeTton 103BOJIsIE BU3HAUUTH TEHJCHIIII MPOEKTYBAaHHS HAa CUCTEMHIM
miati. IlpocToTa 1 HAOYHICTP METOMY Ja€ 3MOTY BHUSBUTH HaWOUIbII
eHepro3arpaTHi KOMIIOHEHTHM CHCTEMHOI IUIaTh (YMIICET, MPOLECOop), IS
MOTIEPEIKEHHS MOKIIMBOCTI BUXOTY 3 JIAZy €J€MEHTIB.

OTxe, TPOIMOHYETHCS METOJ BUSIBICHHS TEHJAEHIIT MPOEKTYBAaHHS 3a
OCHOBHHMH €JIEMEHTaMU CUCTEMHOI IJIaTH, IKUW BKIIIOYA€ HACTYIHI .

1. CrBOpIOETHCS MEpeiKk CUCTEMHHUX IIJIaT Ha OCHOBI €BPUCTHUYHOI'O
METOTY.

2. CuHTE3yeThCS y3araJbHEHa MaTeMaTHYHa MOJE/Ih B3a€EMO3B’S3KiB
BHU3HAYECHHX MTapaMeTpiB.

3. BusHauaioTbCs BHJI MOJEIIOBaHHSI Ta TEOPETHYHI OCHOBHU
JTOCIIIIKEHHS.

4. CTBOPIOETHCS MEpEiK BUBHAYAIBHUX BEJTUYMH, SIKI MAIOTh CYyTTEBHM
BIUIMB Ha €KCIUTyaTaliifHy T€XHOJOTTYHICTh KOMIIOHEHTIB.

5. Po3po0msitoThCs YMOBHI KpUTEpii Ha OCHOBI TE€OPii PO3MIPHOCTEN 3a
BU3HAYAJIbHUMH BEJIMYNHAMMU.

6. bynyerbcs ~ 0oOpa3HO-3HAKOBAa  MOJEIb  3QJICKHOCTEH  MIXK
BU3HAYCHUMH YMOBHHMMH KpHUTEpISIMH B O€3pO3MIpHHX KOOpJIMHATaX Ha
Hi7CTaBl po3pOOJICHNX YMOBHUX KPUTEPIiB.

7. IlpoBoauTbcs Bi3yaJbHa OllIHKa 3a OaraTbMa IapaMeTpaMu
OJIHOYaCHO Ta BU3HAYAIOTHCS TEHJEHINI MPOEKTYBAaHHS 32 EHEPreTUYHUMHU

ITOKa3HUKAMH OCHOBHUX €JIEMEHTIB CHCTEMHOI IIATH.
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BucHoBku no posainy 3

Busnaueni npuHUIMOM oprasizamii JaHuUX JJIs aHaji3y 3 JOMOMOIOI0
Teopli HEmoBHOI MOAIOHOCTI Ta po3mipHocTei. Lle mo3BossIE MpUCKOPUTH
MpoIleC ONTUMIZAIT JEAKUX TMapaMeTpiB 00 €KTIB JOCHIDKEHHS MpH iX
MpPOEKTyBaHHI a00 COpOCTUTH BHOIp BIAMOBIAHOTO THIY OO0 €KTIB
JTOCIIDKEHHST Ha PUHKY 30yTy BiIMiHHOIO OCOOJMBICTIO NMPU BU3HAYCHHI
YMOBHHUX KpHUTEpIiB € OO0 €KTHBHICTh aHaji3y, IO CIPOLIye HEOOXiIHYy
KBaMiiKaIio aHaTITHKA 1, IK HACIIIOK, 3MEHIITYE BUTPATH.

Po3po6reni kputepii 3a 0ararbMma nmapameTpamu JJisl CKOPOUSHHSI yacy
npu  JOCTIPKCHHI CHUCTEMHHUX IIIaT, IO JO3BOJISIE BUSBUTH TEHICHIIII
NPOCKTYBaHHS 32 CHEPreTUYHUMH T[IOKa3HUKaMH OCHOBHHX €JICMCHTIB
CHUCTEMHOI MJIaTH. YMOBHI KpHUTEpii CTBOPEHI Ha OCHOBI MEPEiKy OCHOBHHUX
TEXHIYHUX MapaMeTpiB 0a30BUX €IEMEHTIB CHCTEMHHUX ILJIAT: 4acTOTa IIMHH,
MPOMYCKHA 3/IaTHICTh MaM’siTi, MaKCUMaJIbHUM 00’€M TaM’ATi, MOTY>XHICTh
CIIO’KMBAHHS CaMOi CHCTEMHOI IJIATH Ta TOTYXKHOCTI CITOKMBAHHS YUIICETA,
mpoiiecopa, TeMIIepaTypHU Jllara30H poOOTH CUCTEMHOT MJIATH.

Ha ocHOBI  po3po0ieHuX  KpUTEpiiB  3riAHO  y3araJlbHEHOTO
MaTeMaTUYHOTO OMHUCY BHU3HaueH1 Oe3po3mipHi koediumientu. [loOynosani
OaratokpuTepiajibHi 3HAKOBI MOJIENI 3aJI€KHOCTEH OCHOBHUX TEXHIUYHUX
napaMeTpiB JUIsi  pI3HUX THIMIB CHUCTEeMHHX I1aT B  0€3po3MipHHUX
KOOpJIMHATAX.

Jlis  BUSBICHHS  TCHJCHII TMPOEKTYBaHHA 32  CHEPreTUYHUMU
MOKAa3HUKaMH OCHOBHHMX €JIEMEHTIB CHCTEMHOI IUIaTH 3aCTOCOBYETHCS
JITOPUTM, KU BKJIIOUA€ HACTYMHI [ii: CTBOPIOETHCS TMEPETIK CHCTEMHHUX
IUIaT Ha OCHOBI EBPUCTHUYHOTO METOJY; CHHTE3YEThCS Yy3arajibHeHa
MaTeMaTHYHa  MOJEJNb  B3a€EMO3B’SI3KIB  BU3HAYCHHX  IMapaMETPiB;
BU3HAYAIOTHCS BUJ MOJICTIOBAHHS Ta TEOPETHYHI OCHOBH  JIOCIIiKCHHSI,
CTBOPIOETHCS TIEPEITIK BUSHAYAILHUX BEJIMYHH, SIKI MAlOTh CYTTEBUU BIUIMB HA

eKCIUTyaTallliiHy TEXHOJIOTIYHICTh KOMIIOHEHTIB; PO3POOJIAIOTHCS YMOBHI
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KpUTepii Ha OCHOBI Teopil HEMOBHOI MOMAIOHOCTI Ta pPO3MIpHOCTEH 3a
BU3HAYAJbHUMH  BEIUYMHAMH; OyayeTbcs  0Opa3HO-3HAKOBAa  MOJIEINb
3aJIKHOCTEH MK BH3HAUEHHMH YMOBHUMH KpPUTEPISIMH B O€3pO3MIpHUX
KOOpAMHATAX Ha MiACTaBl pO3pOOJIEHUX YMOBHUX KPUTEPIiB; MPOBOIUTHCS
Bi3yaJibHa OILIIHKA 3a OararbMa HapaMeTpamMH OJHOYAaCHO Ta BHU3HAYAIOTHCA
TEHJCHIII MPOEKTYBaHHSA 34 CHEPreTUYHUMH TOKAa3HUKAMH OCHOBHHX

CJIEMEHTIB CUCTEMHOI IIJIATH.
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PO3JILI 4.
BEPU®PIKALIS MPALE3JATHOCTI MEPETBOPIOBAUA
CINELIAJBLHOTO MPU3HAYEHHS

B nanomy po3aisi 3amporoHOBAaHO JTOCHIIHY YCTaHOBKY ISl Bepuikarii
PO3p00IIEHOr0 TIepeTBOPIOBaYa JBIMKOBOI0 KOy B OJHOMOJISIPHI 000POTHI KOJIU
1 HaBOakW, U1 MPOBEIEHHS KOMIT IOTEPHOTO MOJICTIOBAHHS IEpPEeTBOpIOBaya
CHEIIaIbHOTO MPU3HAYEHHS, BIAMOBIIHO IO CTBOPEHOT METOIUKN BepH(iKallii.

J1i1st poro:

- IlobymoBano mdochigHy YCTaHOBKY s Bepudikailii po3po0iIeHoro
MEepPETBOPIOBAYA JIBITKOBOTO KOy B OJHOTIOJSIPHI 00OPOTH1 KOJIU 1 HABIAKH.

- CtBopeHo MeTonuKy Bepu(ikalii 3ampoONOHOBAHOTO MEPETBOPIOBaYa
CHEIIaIbHOTO TpU3HAueHHS Ha 0a3l moOynoBaHOi (Pi3UYHOI AOCTIAHOT
MOJIEI.

- IlpoBegeHo KOMII'IOTEpHE MOJETIOBAHHS IMEPETBOPIOBAYa CHEUIabHOTO

NpU3HAYEHHS, BIJAMOBIIHO 10 CTBOPEHOI METOIUKU BepHUQiKallii.

4.1. ocaigoBHicTH MOOYA0BH AHAJITHYHOI MOJe/]i MPU3HAYEHOI A5
MiATBEP/IsKeHHSA Nnpane3IaTHOCTI nepeTBOpPHOBaYa CreniajabLHOro

INPU3HAYCHHA

JIist miATBEpIKEHHS Mpale31aTHOCTI 3alpONOHOBAHOrO MEPEeTBOPIOBaya,

HEOOX1THO MPOBECTH aHATITHYHE MOJICITIOBAHHS, SIKE BKIIFOUA€ HACTYITHI €TAIIH:

1. dopMyroBaHHS MPOOIIEMH.

2. [TocTaHoBKa 3aBIaHHs JOCIIIKEHHS.

3. Ananiz  anpiopnoi  iHpopmamii. DopmynroBaHHS — TINOTE3U
JTOCITIIKEHHS.

4. Bubip BXiAHUX 1 BUXITHUX YMHHUKIB.

5. dopmaizaiisi 3aBJaHHS.

6. [ToGynoBa moeni.
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7. [lnanyBaHHS 1 IPOBEIEHHS E€KCIIEPHUMEHTY.
8. OriHKa MPUIATHOCTI MOJIENI.
9. [aTepnperaltis pe3yapTaTiB MOJICTIOBAHHSI.

10.  Bukopucrtanus moaeni. JIOKyMeHTYBaHHS pe3yJIbTaTiB.

Etan popmymtoBanHs npooiemu

IIpu po3poOiii HOBUX KOMIIOHEHTIB (DYHKI[IOHAJbHO-OPIEHTOBAHUX
CHUCTEM, OCHOBHOIO MPOOJIEMOIO € TMepeBipKa Mpare3aaTHOCTI 3aCTOCOBYBAHUX
pilieHb. SKIo mepeBipKy JIOTIKM KOMOIHAIIMHUX CXEM MOKHa BHUKOHATH 3a
JOTIOMOTOI0 ~ KOMIT FOTEPHOTO  MOJICIIOBAaHHS 3  BHUCOKHM  CTYIICHEM
JIOCTOBIPHOCTI pe3yJIbTaTiB, TO MpH iX (Pi3uUHIN peanizaiii MOXXYyTb BUHUKATU
npoOjieMd TOB’S3aHI 3 TMpoIllecamMH, M0 HE MAaTh BIJHOUIEHHS [0
JOCTKyBaHOI cucteMu, ab0 3 YacOBUMHU 3aTpUMKaMH, SIKI MOXKYTh
BIJIPI3HATUCS BiJ KOMII FOTEPHUX Mojiesiel. BIIMB JaHUX YMHHUKIB Ha (DI3UYHY
MOJIeNIb MOKE€ MPUBECTU JI0 HEMPaBUILHUX a00 CIIOTBOPEHUX PE3YJIbTaTiB, IO
YHEMOXJIMBUTH TOJAJIbIIe BUKOPHUCTAaHHS JaHoi Bepcii mozeni. Hacminkom
IIbOI'0 MOXYTh OYTH 3Ha4H1 YacOB1 Ta €KOHOMIYHI 3aTpaTy Ha MOOY0OBY HOBUX
BepCii Mojelni, B SKMX BpaxoBaHI HEAOJIKH momnepeanix. Tomy mpobiemy
MOJKHa C(HOPMYITFOBATH HACTYITHUM YMHOM: HEOOXITHO CTBOPHUTH CHCTEMY IS
(G13UYHOTO MOJIETIOBaHHS 3alIPOINIOHOBAHUX PIIICHb 3 MOXJIMBICTIO IIBUJIKOI Ta
nenieBoi Moaudikarii.

ETan mocTaHOBKM 3aBHaHHS JOCIIHKCHHS

Jauuii eran mnependauvae (QOpMyIIOBaHHSA 3aBAaHHSA JOCTIKEHHS, 3
BUJIIJICHHSM OKPEMHUX 3ajad, SKi B3a€MOIIOB’s13aHI, ajieé Peai3ylOThC OKPEMO
onHa Big oxHoi. Ilpu mepeBipii Mpane3gaTHOCTI  3ampOIOHOBAHOTO
NepeTBOpIOBaYa MOKHA BUIUIMTH HACTYMHI 3a1adi, M0 MOTPEOYIOThH
BUPIIICHHS:

- peatizailisi aNITOPUTMY TIEPETBOPEHHS allapaTHUMHU 3aC00aMU;

- peamizamisi Tpollecy TeHepaiii BXIIHUX IOCTIJOBHOCTEH, 3

ypaxyBaHHSM KEPYIOUUX CUTHAIIB,
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- peasizaliisi BUBEJICHHs pe3yJIbTaTy 1 MOPIBHSAHHS WOTO 3 pe3ybTaTaMH
OTPUMAHHUMH 1HIIIUMH CTIOCOOAMM, a TAKOXK 3 €TAJJOHHUMH JTaHUMH.
Etan anamizy amnpiopHoi indopmarii, ¢GoOpMylItOBaHHS TiNOTE3U
JOCIIIKEHHS
[Ticass anamizy HaykoBUX MyOJiKamii MO0 MOJETIOBAHHSA, MOJKHA
3poOUTH BHUCHOBOK, IO MOOYAOBa CHUCTEMH MJIs amapaTHOTO MOJICTIOBaHHS
IUPPOBUX MPUCTPOIB MOXJIMBA, 1 HAWOUIbII JOHUIBHO JJIi  IBOTO
BUKOPHCTOBYBATH MIKPOCXEMH 3 IPOTPAMOBAHOIO JIOT1KOIO.
IIpu mepeBipii MepeTBOprOBada KOJIIB HEOOXITHOK YMOBOK MOTo
Mpare3aTHOCTI € BIATOBIIHICTP MHOXHHU BXITHUX KOMOiHAmiii X MHOXHHI

BUX1THUX KOMOiHariit Y. ToOTO icHy€e BIAMOBIAHICTh

f: X—>Y

Etan Bubopy BXiIHHUX 1 BUXITHUX YAHHUKIB
Jlo BXiHUX YMHHUKIB HEOOXITHO BIAHECTH MHOXHHY BXITHUX KOJOBHUX
KOMO1HAIlI{, Kl MOTPIOHO MEPETBOPUTH B 1HINI KOJOBI KOMOiHarii. Ko

MHOXXHHY BXITHUX KOMOIHAI[I} TO3HAYUTH SIK X, TO
X = {X1, X2, ..., Xn}
J1o BUX1THUX YMHHHKIB BIIHOCHUTHCS MHOKMHA KOJIOBUX KOMOIHAIIIM, SIKi

3’SBISIOTECS HAa BHUXOJl B PE3yJbTaTl MEPETBOPEHHS BXIJHUX KOJOBUX

KOMOIHaIii. SIKIII0 MHOXUHY BUX1THUX KOMOIHAIIIH TO3HAYUTH SIK Y, TO

V= {YI, Y2, .5 yn}

Etan popmanizariii 3aBnanas
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Ocki1bKM HEOOX1THOIO YMOBOIO Mparle3/1aTHOCTI MEPETBOPIOBaYa KOJIIB €
BIANOBIAHICT, MHOXWHHA BXIOHAX KOMOIHAmii X MHOXHHI BHXIJIHHAX

KoMOiHamiil Y:

f:X->Y,

HEO0OX1THO KOHKPETHU3YBaTH, 1110

Xi fyi

TOOTO, IJI KOXKHOIO €JIEMEHTAa MHOXKMHHM X € BIJNOBIIHUNM €JIEMEHT
MHOHWHH Y.

Etan noOymoBu mozemi

Jlanuii eTan nepeadavae cuHTe3 00JIaJHAHHS, SIKE O J03BOJIMIIO BUPIIITUTH
3a/1a4i IOCTABJICHI B 3aBJIaHHI JTOCJIIPKEHHS.

3okpemMa HeoOX11HO 00paTu croci0 amapaTHOI peaisallii mepeTBoproBaya,
JUIS 9OTO JOLITBHO BHUKOPHCTATH MIKPOCXEMY 3 MPOrPaMOBAHOKO JIOTIKOIO.
Takoxx nnst reHepanii BXiJHUX CHUTHAJIB HEOOXIAHO oOpaTu miaatgopmy, siKa
MOJKe 3a0e3MeUnT BUKOHAHHS MPOCTOi MmporpaMu i GOopMyBaHHS Ha BHXOAaxX
HEOOX1THMX KOMOIHAIlIi 1 KEepPYIOUHUX CHUTHAJIB 3 BIJIMOBIIHOK YEProBICTIO.
KpiMm TorOo, HEOOXimHWI TPUCTPI 3 MOCTATHIMA MOXKIMBOCTAMH  JIJIS
3UMTYBaHHS Ta BHUBEJCHHS Ha €KpaH BXIJHUX KOMOIHaIllM, pe3yibTaTiB
MEPETBOPCHHS, a TaKOX IMapajeIbHOTO0 OOpaxyHKY pe3ysbTaTiB MPOrPAMHUM
CIocoooM.

ETan nnanyBaHHS Ta MPOBEACHHS €KCIICPUMEHTY

[Ipy nnaHyBaHHI E€KCIIEPUMEHTY HEOOX1IHO BHU3HAYUTU OCTATOUYHY
KUIBKICTh BXIJIHUX (pakTopiB. BXimHMM (aKkTOpoM MOKHA BBa)KaTh KOXKHY
yVHIKaJIbHY BXI1JHY KOJOBY KOMOIHAIlO, sIKY HEOOXigHO mepeTBOpuTH. ToOToO,
SKIO KUTBKICTh YCIX MOMIIMBHX KOJOBUX KOMOIHAIIF N, TO MiHIMaJbHA

KUIBKICTh BXIJHUX (DaKTOPiB, sKa HEOOX1JHA JJISI OCTaTOYHOTO 1 OJTHO3HAYHOTO
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MIJTBEP/PKCHHS TMpaIle3/]aTHOCTI TepeTBOproBada Oyae JOopiBHIOBATH n. 3
ypaxyBaHHAM  HEOOXITHOCTI  30MpaHHS  CTaTUCTUYHUX  JaHUX  IOJI0
Ipare3aTHOCTI MePETBOPIOBavYa, HEOOXITHO MPOBECTH MiHIMAIBHO HEOOXITHY
KUTBKICTB JOCIIIJIIB M pasiB.

ETan omiaku nmpumaaTHOCTI MO

Ha panomy erami HEOOXITHO BHU3HAYUTH — YM JIMCHO MPOBEACHI
EKCIIEPUMEHTH JIO3BOJISIIOTH OTPUMATH OYIKyBaHy iH(MOpMaIil0 Mpo 00 €KT
nociimxeHHs. ToOTo, pe3yabTaTOM BUKOHAHHS €KCIIEPUMEHTIB TTOBUHHA CTaTH
iHopMailrisi, sika J03BOJUTH OJIHO3HAYHO BHU3HAUUTH IIpale3faTHICTh abo
HEMpare3aTHICTh 3allpPOIIOHOBAHOTO TEPEeTBOpIOBada. SIKIO B pe3ynbrari
eKCIIEPUMEHTIB HEMOXKJIMBO JIaTH OJHO3HAYHY BIAMOBIIb NP0 Mpale3laTHICTh
NepeTBOPIOBaYa, HEOOXITHO MEPETIISTHYTH YMOBH MPOBEIECHHS CKCIIEPUMEHTY, a
came:

- TIOCTaHOBKY 3aBJaHHS;

- BUOIp HEOOXITHUX BX1IHHX 1 BUX1JHUX YNHHUKIB;

- CTPYKTypy moOya0BaHOI MOJIEN;

- TUIaH MPOBENICHHS €KCIIEPUMEHTY.

Skuo oTpumaHa B pe3yibTaTi EKCIEPUMEHTIB 1H(opmaiis 1ae
OJIHO3HAYHY BIJMOBiAb MPO MpaIe3IaTHICTh MEPETBOPIOBAYA, MOXKHA MEPEUTH
JI0 1HTepIpeTali pe3yabTaTiB.

ETan inTepnperanii pe3yabTaTiB MOJCITIOBaHHS

ExcriepuMeHT MOKHa BBa)KaTH YCHIIIHMM, a POOOTYy MepeTBOproBaya
JOBEACHOI0, SKINO ICJIS TPOBEICHHS BCIX 3alUIAHOBAHWX  JIOCHIAIB
cnioctepiraetses 100% mpaBUIBLHUX BIAMOBIAHOCTEH MIXK Xj Ta Vi KOMOTHAITISIMH.

ETan BukopucTaHHs MOJEINi 1 JOKYMEHTYBAaHHSI PE3yJIbTATIB

SKo0 mpoBeNEHHS EKCIEPUMEHTY OyJio YCHIIIHUM, MOXHa poOHUTH
BHCHOBOK IPO pOOOTO3[AaTHICTh MEPETBOPIOBAYA 1 MIaHYBATH HOTO TOJANbBIIE
BITPOBA[)KCHHSI.

k1o ekcriepuMeHT He OyB YCHIIIHUM — HEOOX1HO MpoaHalli3yBaTu BCl

00CTaBUHM 3a SKMX BHHUKAJIM HEBIAMOBIIHOCTI MDK X; Ta Y; KOMOIHAIISIMHU.
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[Ticns uboro HeoOXiAHO 3arIaHyBaTH KOMILIEKC /i HAlpaBjIeHUX Ha YCYHEHHs

ITOMUJIOK 1 IMOBTOPHC IMPOBCACHHS CKCIICPUMCHTY.

4.2. Meroauka  Bepudikamii  neperBopOBadYa  CHEeHiaJbLHOIO

NpU3HAYeHHs HA 0a3i mo0y10BaHoI (Pi3MYHOI TOCTiTHOI MOIeTi

Jlns miaTBeppKeHHsT poOoTo3aaTHocTi komnoHeHTa @OC Ta 3060py HaHUX
TECTYBaHHS HEOOXIJHO MpOBeCTH (YHKIIOHANBHY BepU(IKAIl0 OTPUMAHHUX
pe3ynbTaTiB MPOUEAYPH MOJEIIOBAHHS MPOLIECY IEPETBOPEHHS JIBIMKOBOTO
Koay B ojHomoispHi koau bapkepa 1 HaBmaku B KkommnoHeHTi DOC
CHEIIaIbHOTO MPU3HAYEHHS, AJI LIbOTO PO3pO0JIECHO METOAUKY (PYHKII1IOHAIBHOT
Bepudikarlii, sika MoJisira€ B HaCTyITHOMY:

— po3poOka 00pa3HO-3HAKOBOI (hI3MYHOT HAYKOBO-IOCTIHOI MOAEII
¢dyHkiionanpbHoi  Bepudikamii  3amponoHoBaHoro  kommnonenta — ®OC
CHEeNIaJIbHOTO TPU3HAYEHHS;

— pO3po0Ka anropuTMy NTPOLETYPU MOACIIOBAHHS ISl (PYHKITIOHAIBHOI
BepHdikallii anapatypHoi peaiizalii 3arnponoHoBanoro kommnonenra ®OC;

— CTBOpPEHHs MPOEKTY B mporpamHomMy naketi Quartus Il 13 3a3HaueHHsIM
Mmikpocxemu (Hampukiaa, Cyclon III) abo cimeiicTBa MikpocxeMm, siki OyayTh
BUKOPHCTaHI;

— CTBOPEHHsI BUXIJHOTO (haility mpoekTy Ha MoBl nporpamyBanHs VHDL
a6o Verilog HDL;

— CTBOPEHHS MpOrpamMHuX (aiiiB A IPOILECOPHOTO SIPa;

— CHHTE3 IIPOEKTY 3a J0MoMOTor Moayis Analysis & Synthesis;

— 3aBaHTAXCHHS CIKMCKY BXOJIB 1 BUXOIB, JIJIsl SIKUX MOTPIOHO BUKOHATHU
CUMYJISIIIIO;

— BUKOHAHHS (YHKI[IOHAJBHOTO MOJEIIIOBAHHS MPOEKTY 3a JOIOMOTOI0
cumynstopa ModelSim;

— BHUKOHAaHHA pOSMiHICHH}I Ta TpaCyBaHHA ITPOCKTY 3a JOIIOMOT'OXO MOAYJISA
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TpacyBanHs Fitter;

— MPOBEACHHS aHali3y YacOBUX 3aTPUMOK TIPOEKTY 3a JOIMOMOTOIO
IporpaMu aHaji3aTopa 4acoBHX 3aTpUMOK Timing Analyzer;

— BUKOHaHHS MOJEIIOBAHHS MPOEKTY 3 BpaxyBaHHSAM YaCOBUX 3aTPUMOK
3a JOTIOMOTOI0 CUMYJISITOPA;

— TMOKpAIIeHHS YacOBUX XapaKTEPUCTUK MPOEKTYy 3a JOIMOMOTOIO
MOBTOPHOTO (PI3UYHOTO CHHTE3Y, BUKOPUCTAHHS (DIKCOBAHUX JIOTTUHUX OJIOKIB,
HaJalmTyBaHb Settings y BIJMOBIAHOMY peaKTOpl MPU3HAYEHb;

— CTBOpEeHHsS (pailly nans nporpaMmyBaHHS MIKPOCXEMH (HaIlpHUKIA,
Cyclon III), mo peanizye meperBoperHs B komroHeHTI DOC cmerianbHOTO
pPU3HAYCHHS;

— nporpamyBanHs FPGA-mikpocxemu Cyclon III mocnigHoi minatgopmu
USEP3C 3a  pmomomMororo  yTWiiTH  mporpamaropa Programmer  Ta
obsianHanHs Altera; abo neperBopeHHs dhopmaty Gaiy s NporpaMmyBaHHS;

— BIJUIaJIKa TPOEKTY 3a JOIMOMOTrO0 BOYZOBAHOIO JIOTIYHOTO Ie€HepaTopa
SignalTap II Logic Analyzer Ta renepaTopa KOHTpOJbHUX TOUOK SignalProbe;

— CTBOPEHHsI TMporpaMH JjIsi TeHepallli TecToBUX KOMOIHaIli, 3
ypaxyBaHHSIM HEOOX1JIHOT YEProBOCTI MMOJJAaHHS KEPYIOUYUX CUTHAIIB;

— nporpamyBaHHs MikpokoHTposiepa AVR TectoBoi miatu Arduino UNO:

— mporpamyBaHHS MikpokoMmi'totepa Raspberry Pi mis  mpoBenenHs
nporeaypu Bepudikailii, B SkoMy GOPMYEThCS Pe3ybTaT MEPETBOPEHHS ITI€T K
BIJIMOBITHOT QYHKIIIT 32 TOMTOMOTOIO MTPOTPAMHOTO METOTY:

— MIAKJIFOYEHHS BIANOBIIHUX BXOMIB 1 BHXOMIB TeCTOBUX Iuiar Arduino
UNO, USEP3C, mikpokomm totepa Raspberry Pi;

— MPOBENEHHS  MPOIEIypd  MOJCTIOBaHHS Ui  (YHKI[IOHAJIBHOI
BepHdikallii 3armpornoHoBaHoi amapaTypHoi peanizamii komnonenta ®OC 3a
JIOTIOMOTOI0  PO3po0JieHOT 00pa3HO-3HAKOBOi  (hI3UYHOT HAYKOBO-JIOCIITHOT

MOJIEI.
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[IpoBeneHHss MojenmoBaHHS Ta Bepudikaiii 3anpornoHOBAaHOI MO
komnonenta @OC creniaJbHOTO MPU3HAYEHHS 3T1AHO PO3pPOOJICHOT METOIUKH,
JI03BOJISIE TOBECTH 11 MPaIe3AaTHICTh Ta BI3HAYUTHU M1IBUIIECHHS MBUAKOMAIT 3a

PaxyHOK anapaTypHOI peasi3allii 3 BAKOPUCTAHHSIM KOPUTYIOUMX KOHCTAHT.

4.3. Po3poOka CTPYKTYpPHOI CXeMH [IOCJiAHOI YCTAHOBKH ISl
Bepudikaiii meperpoproBava ABIMKOBOI0 KOIAy B OIHOIOJISIPHI 000pPOTHI
KOIH i HABIIaKu

JlocniiHa ycTaHOBKa, MoOyA0BaHa Jjisl Bepudikailii HapeeHO1 B pO3/1ii 2
MOJiel TepeTBOpIoBada ABIMKOBOTO KOAY B OJHOMOJSIpHI Koau bapkepa i
HAaBMAKU TPU3HAYCHHS, BHUKOHYE OIepallli NepeTBOPEHHS KOJAIB Ha OCHOBI
Ta0JIUYHO-JIOTTYHOTO METOY arapaTypHoi peatizailii.

O0pa3Ho-3HAKOBA MOJIEh CTPYKTYPHOI cXeMu (Di3MUHOI TOCTITHOT MOJIENi
300pakeHa Ha puc. 4.1.

I3 puc. 4.1 MmoxMBO MOOaYNTH, IPU OOYI0BI 0OPa3HO-3HAKOBOT (H13MUHOT
HAyKOBO-JIOCTITHOI Mojeni (PyHKITIOHAIbHOT Bepudikamii i AOCTIIHKCHHS
3ampornoHoBaHoro kommoHeHTa @OOC cmemiankHOTO TNpPHU3HAYEHHS  Ta
Bi3yai3alli nmpouenypy MnepeTBOPEHHs IBINKOBO-KOJIOBUX KOMOIiHaILlNi, 0OpaHi
HACTYITHI TOCTiH1 IIaTHOPMHU:

— USEP3C 3 FPGA Cyclon III, 3a pgomomorow sKOi IMITYEThCS
amapatypHa peaizallii MpOoIeaypu BIiITBOPEHHS 3HAYCHHS BIAMOBITHOL
byHkIii, sk cyma mo mod?2 BXiHOI JBIMKOBO-KOJOBOI KOMOIHAIl Ta
BiJITIOBITHOTO KOy KOPErytou0i KOHCTAHTH;

— Arduino UNO, ne reHepyroThcsi BXifH1 iH(pOpMAalilHI Ta yNpaBisioyl
KOJ0B1 KOMOIHAIIIT;

— wmikpokoMmm'totep Raspberry Pi  BUKOpPHCTOBYETbCS Ui TIPOBEIEHHS
npoueaypu Bepudikaiii, B HboMy GOpPMYy€eTbCs pPe3yabTaT IEPETBOPEHHS €T K
BIZIMOBITHOT (PYHKINIT 3a JOMOMOTOI0 TPOTPAMHOTO METOAY Ta iX 3HAYCHHS
MOPIBHIOIOTHCS;

— MOHITOp I Bi3yasizalii pe3yabTaTy.



Pucynok 4.1 — O6pa3Ho-3HaKOBa MO/JIEJb JOCIIAHOI YCTAHOBKHU JIJIsI

|m——mmmm e em—m—m-=] e e eeececccececs s eeeeee s s e s e ——————————
1 : : Audio stereo SDRAM
! USB 1 De—S 1 input Audio Codec ¢ 'l 32/64M x8 bit
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: Type-B 1 —<E>>— —! output JTAG
] 1
1 11 6 Mini USB  |¢=p
1 t : <€ > : USB Uart SD (SPI, Full
: 1 10 2 1 CBUS, GPI, [€®{ FT232R mode)
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1 ' 9 3 1 GPIO FPGA 6 GP1O
! 1| <>t
: t 1 N . 1 VGA RGB (3:3:3) Cyclon -
1 > 1 Serial
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1 1Y 1 144c¢8
1 1 5 12 ' SRAM C
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! Arduino Uno 1 0 9 1
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¢byukuionansHoi Bepudikaiii komnoHeHTa @OC creniaabHOTO MPU3HAYCHHS

B skocti mpeamery

nepetBopeHHs B kKoMmroHeHTI @OC creriaabHOTO MPU3HAYEHHS 3aITPOITIOHOBAHO
00pa3H0-3HAKOBY MOJIEIb MEPETBOPEHHS JBIHKOBOTO KOy B OJTHOTIOJISPHI KON
bapkepa 1 HaBmaku [2], 110 BiAPI3HAETHCS 3MEHIIECHUM 00’€MOM TaM’siTI HE

MEHII HDK B JIBa pa3H 3a paxyHOK BHKOPUCTaHHS OJHUX 1 THX >K€ 3HAUCHb

KOPUTYHOUUX KOHCTAHT.

Bepudikarii

TUTST

JIOCIIKEHHS

npoiecy
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Oco06nMBICTh AaHOT MOJENI TMOJISITAE B MOXKJIMBOCTI pOOOTH B JCKUIBKOX

peXHUMax B 3aJIS)KHOCTI BIJ] YIIPABJISIIOYOr0 CUTHAITY, 110 HAIXOJUTh Ha KEpyroul

BXOJY MPUCTPOIO, BIAMOBITHO 3IIHCHIOETHCS IEPETBOPEHHS JIBIMKOBOIO KOAY B
OJIHOTOJISIpHI koM bapkepa 1 HaBmakw.

Jlocmiguuii  cTeHA TEHepye BXiAHI TMOCTIOBHOCTI, $KI HEOOX1ITHO
neperBopuTH. OmnpaioBaHHsl BXITHUX JaHUX BUKOHYE amaparypHa MOZENb B
FPGA monyni recroBoi matu ReVerSE US.

Po3poOnennii y3aragbHEeHHI alrOpuT™M MPOLETYPU MOJCTIOBAHHS IS
dbyHkIioHanpHO1  Bepudikarii  3amporoHoBaHoro  kommoHeHTa  DPOC
crierianpHOTO Tpu3HadeHHs [2] Ha 6a3i nocmianoi miatdopmu USEP3C 3 FPGA

Cyclon III mpeacraBieHo Ha puc. 4.2.

[ TTouarox ]
v

| 3apantaxenna Arduino Uno, imimiamizatia nporpaMu reHepatiii CHT HATHE |

L 2

| Japantaxenns ReVerSE U8, initganizanis nporpame obpobrmn curaams |

¥

Bueenenma
BXiIHOr O KOOy

___é___

BuroHarma

1

1

1

1

1

1 AT OPHTMY

: TepeTEOpeHHA
| BXigHOro KOOy
1

1

1
-

Bueenenma
[IEepEeTEOPEHOT O
KOOy

3akingenHa poboTi mporpamMu
Arduino Uno

¥

(o )

Pucynok 4.2 — Y3aranpHeHHIA alNropuT™ IpoLelypyu MOACTIOBAHHS JIIs
¢dyHkiioHanbHOI Bepudikailii anapaTypHoi peainizauii komnoHeHT POC

CHELIaJIbHOTO MPU3HAYCHHS
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MopentoBanHs 1 Bepudikamis ~ Tpolecy  MEPeTBOPEHHS
3anmporioHoBaHoMy  kommoHeHTi  DPOC  cmemiasibHOTO  TpPU3HAYCHHS
3IIUCHIOETHCS 3T1THO PO3POO0ICHOTO anroputMmy (puc. 4.2), 1€ moYaTOK 1 KiHeIb
BUKOHAHHS aJITOPUTMY TIEPETBOPEHHS BX1THOTO KOAY BiJIMiu€Hi MO3HAYKAMU A,
B.

CrBopenuit anroput™ (puc. 4.2) BiATBOPIOE MIPOIIECH, 110 BiIOYBAIOTHCS B
®OC, a came mpolecH MPUXOAY BXIJIHUX CHUTHaAIIB, BHOOpPY HEOOXiTHOI
GyHKIIT, BUKOHAHHS NEPETBOPEHHS, OTPUMAHHSA pE3yJbTaTiB POOOTH, IO
JIO3BOJIAE 3  MIHIMAJIBHUMHM  BHUTpaTaMu  MEPEBIPUTH  Mpare3aTHICTh
3alPOTIOHOBAHOI  amapaTrypHoi — peami3aimii  KOMIIOHEHTa  CHEI[iaIbHOTO

IMPHU3HAYCHHA.

4.4. TlporpamuHe 3a0e3neyeHHs (i3UYHOI OOCTITHOI Moedi JidA
Bepudikaiii meperpoproBava ABIMKOBOI0 KOIAy B OIHOIOJISIPHI 000pPOTHI
KOIH i HAaBIIaKu

[Iporpamue 3abe3mnedenHHst Gi3WYHOI JOCTIAHOT Mojem it Bepudikarii
MepeTBOpIOBayYa JIBIMKOBOTO KOJy B OJHOMOJISPHI OOOPOTHI KOAM 1 HaBMaKu
CKJIaZaeThes 3 mporpaM s 3aBaHTaxeHHs B Arduino UNO 1 koHbirypyBaHHsS
FPGA-matpui Cyclone II1.

IIporpama s Arduino Uno HeoOxigHa uisi TeHepallli TEeCTOBUX
KOMOIHaIlIH{, 3 ypaxyBaHHSIM YeproBOCTI MOJaBaHHs KEPYIOUUX CUTHAJIIB.

AnroputM poOOTH mMporpamMu YIpaBIiHHS MiKpokoHTpoiepa AVR
npezcTaBieHuid Ha puc. 4.3. 3 HbOTO BUJIHO, 1110 Ha MTOYATKy POOOTH BiIOYBAETHCS
3aBaHTQXXECHHS MAaCUBY KOJOBHX KOMOiHamii, siki 30epiratotecst y flash-mamsri
npuctporo. Ilicas mporo oOuUpaeTbecs PEXUM POOOTHU 1 BIAMOBIIHO JO HBOTO
MOYMHAETLCS TEHepallisi KOJOBHX KOMOiHamis, KOXXHAa HOBa KOMOIHAITISA
3’SBIAEThCA a00 ABTOMATHYHO 3 3aJaHOI0 3aTPUMKOIO, a00 TiCTsl HATHCHEHHS
KHOIIKU Bpy4HY. [Ipu 11b0My BIJIOYBa€ThCS TaKOXK T'€HEparlisi KEpyOUruX CUTHAJIIB,
AK1 320€3MeuyIol0Th OOHYJIEHHS €JIEMEHTIB IaM’sTi, BHOIp HEOOX1AHOI (PYHKIII,

JIO3BUI 3allUCy TPUTepiB, BUKOHAHHS TIEPETBOPEHHS, BUBEACHHS pPE3YJbTaTy.
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3aBeplieHHS NporpamMu HojiArae y (GopMyBaHHI CHTHANy, SIKMM HAJXOAWUTHh Ha
OJIOKK JOCIIAHOT MOJETI 1HILIANI3YI0UM 3aBEPIICHHSI POOOTH, a TaKOX MIICBIYYyE

1HAMKATOp Ha IIIATI.

[ Tlouarox ]

v

JapaHTAHEHHA B 1AM 4Th MACHEY
KONOBMX KoMbiHariit 3 N enemeHTin

VeiMEHEHHIT pyUHMI

PesKIM
—< i=1; i<=N: i+1 >— _< i=1; i==N: i+1 >—

Y v

Beranoenenns Ha euxonax (Port D) i-of Bertanosnenns Ha uxonax (Port D) i-of
KOMDIHALI T eHepoBaHOr 0 Koxy KoMBiHAI T eHepoBAHOro KOTY

M |

M|

Jloseonena HacrymHa
Kombiatia

ac satpumen 1 ¢
3AKIHYHECA

v

Inamkauia zaeepmennd poboTH mporpami

v
)
Pucynox 4.3 — Y3arajibHeHHI alrOPUTM poOOTH MPOTPaMU MIKPOKOHTpOJIEpa

AVR mwiatu Arduino UNO

[IporpamyBanHs MikpokoHTposiepa AVR, mo MicTUTBCS HA TOCIHIIHINA
wiati Arduino UNO 3nificHioBaniocs Ha MoBi C. J{ns BiAsIarokeHHs IporpaMu
BUKOPUCTAHE NPOrpaMHE CEpPEJOBUINEC pPO3pOOJIeHEe [JIsi MPOrpaMyBaHHS
nocnigaux mwiat Arduino «Arduino 1.8.5».

Jlictunr kepyrouoi nporpamu 1yt MK HaBeseHo B 101aTKy b.

[IporpamyBanuss FPGA-matpumi  Cyclone Il nHa 06a3i  mocmimHOi
mwiatrpopmu USEP3C monsirae B CTBOPEHHI aIrOpuTMy MEPETBOPEHHS KOJAOBUX
KoMOiHaIi (puc. 4.4) Ta 3aBaHTaXEHHsI MOT0O y BUIJISIII IPOTrPaAaMHOI0 KOIY 0

HPUCTPOIO.
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CBOpeHHST aJIrOpUTMY 31HCHIOBANIOCH 3a jpornoMoror moBu VHDL (Very

high speed integrated circuits Hardware Description Language), sika mpu3HaueHa
JUIS OTNKCY MPOEKTOBAHMX CHCTEM Ha CXEMOTEXHIYHOMY PIBHI MPOEKTYBaHHS 1
3aMIHM KJIACUYHOI'O MIAXOJY JO CXEMOTEXHIYHOIO IPOCKTYBaHHS Ha pIiBHI
OKpeMHuX eJeMeHTiB. MoBa 103Bojsie omnucaTd IU@POBI CHUCTEMH Ha
QITOPUTMIYHOMY  PIBHI. 3a  JONMOMOTOK  CIEIiaJbHOTO  IPOTPaMHOIO
3abe3neueHHss onuc Ha MoBi VHDL mnepeTBoproeTbcsi B cxeMmy Ha piBHI
HAaWMOpOCTIIIKX elleMeHTIB 1u¢poBoi enekTpoHiku. Omuc Ha MoBi VHDL
3aCTOCOBYETHCS SK MpH MpoekTyBaHH1 3amMmoBHUX HBIC Tak 1 mpu npoekTyBaHH1
mupoBux cucteM Ha 6as3i cneuianbHux npuctpoiB IUJIIC (IIporpamoBani
JIOT14HI 1HTETpaybHi cXxeMu). JIICTUHT MporpaMu MEepeTBOPEHHS KOJIB Ha MOBI

VHDL naBeneHo B noaatky b.

@

| 3anuc BxigEOI KodoBoi iHdopManii B perictp |

| BusrauerEs QyEKIIT nepeTsopers |

¥

Tax TlepeTBOpeHHT KOO m
T'peq B ABIHKOBHIH KOO
TaK TlepeTsopenns ABiiikoBoro
} Kony B xon I'pes
Bubipka

KOpPHIY¥0ou0i TaK TlepeTBOpeHHEA OBifKOBOTO
KOHCTAHTH 15 Komy B Kozl Bapxepa

IBiiiKOBOro Komy

Bubipka
KOpHTYOoUoi
KOHCTAHTH f11s
kony I'pes

Bubipka
KOPHTYI0UO1
KOHCTAHTH 14
koay Bapkepa

TlepeTBopenns ABiiikoBOTO
KOZIy B Kofl yHKIII sin(x)

Bubipka
KOPHTYH0UO]
KOHCTAHTH 114
byrEnii sin(x)

v

DopMYEAHHA PESYIBTATY B PETiCTpi 33 AOTOMOTOW I0IaBaREA 0 mod2 BXimHOT
iropManii i KOPHIyrOIOT KOECTARTH

Puc. 4.4 — Y3araapbHeHU aJITOPUTM NIEPETBOPEHHS KOJTOBUX KOMOIHAIIIM B

komrnonenTi @OC crenianbHOro Npu3HaueHHs Ha 0a31 JOCIIIHOT MIaTGopMu

USEP3C 3 FPGA Cyclon III
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[Iporpamauit maker Quartus Il ¢ipmu Altera € moBHHM, Oarato

IaTOPMHUM CEPEIOBUIIIEM MPOEKTYBAHHSI, IO JIETKO aJanTy€e€ThCsS 10 BUMOT

KOHKPETHOTO MpoeKTy. Lle xomruiekcHe cepenoBulie A po3poOKH CHUCTEM Ha

nporpamoBaHomy kpuctaii. [Taker Quartus I Bkitouae B ceGe BCl yTHIIITH,
HeoOxiaH1 g podotu 3 FPGA-mMikpocxemamu.

3 BHUKOpPHUCTAaHHSIM IHTepakTUBHOro peaakropa QuartusIl cTBOpeHo
nporpamMuuii ko1 Ha MoBl VHDL 1 nipoBeieHHST KOMIT FOTEPHOTO MOICITFOBAaHHS
OpHriHaJIbHOI 00pa3Ho-3HaKoBOi Mojeni komnoHeHTa @OOC  chemiaibsHOrO
NpU3HAYEHHS [2], 10 peani3ye NepeTBOPEHHs JABIMKOBOrO KOAY B OJHOMOJSIPHI
koau bapkepa 1 HaBIaku anmapaTypHoO.

BukoHaHHs TepeTBOpEeHHS BiJOYBAa€ThCS IMOBHICTIO B aBTOMATUYHOMY
PEXHMi Ha OCHOBI OTPMMAaHUX BX1JIHUX TECTOBUX KOMOIHAIIIM, /10 SKUX BXOIATH
TaKOX KEpyroul CHTHAIM, AKi 3a0€3Meuylol0Th OOHYJICHHS EJIEMEHTIB Iam sTi,
BUOIp HEOOXITHOT (PYHKIIIT, 3aITUC TPUTEPiB, BAKOHAHHS IEPETBOPEHHS, BUBEJCHHS

pe3yJIbTary.

4.5. Komm’rorepHe MOJeJIOBAHHS IMEPETBOPIOBAYA CHEHIAJIbLHOIO
NpU3HAYEHHS

Komm’roTepue MO/ICTFOBAHHS nepeTBOproBaya CHEIiaTbHOTO
MIPU3HAYCHHS, BUKOHYETHCS BIAMOBIIHO /10 CTBOPEHOI METOJIWKHM Bepudikairii.
[Tig yac monenroBaHHS pe3ynbTaTd poOOTH 3alPONIOHOBAHOTO MEPETBOPIOBAaYA
CIIeLiaIbHOTO MPU3HAYEHHs, SIKI BUKOHaH1 anapatHo B FPGA mopayni TectoBoi
wiatu USEP3C, nopiBHIOIOTBCS 3 pe3ysibTaTaMu OEpKAaHUMH 3a JOIIOMOTOI0
KJIACHYHOTO TPOTPAMHOTO aJITOPUTMY. Pe3ynbTaTel MOpIBHSIHHS BUBOJATHCS HA
eKkpaH MoHiTopa. Komm’oTepHe MojentoBaHHs 3a0e3edye MPUCKOPEHHS Yacy
IPOEKTYBAHHS 1 CIIPOILIEHHS IPOLIECY BUTOTOBJICHHS.

Jlns mpoBesieHHs nponeaypu Bepudikailii po3pobsieHa J0ciigHa MOJETb
BIIPOBA/DKECHA B HABUYAIBHO-JOCTIIHUNA KOMILJIEKC, IO TMPEACTAaBICHUN Ha

puc. 4.5. BoHna 103Bossie AOCHIAUTH MPOILIEC NEPETBOPEHHS ABIHKOBO-KOJOBHX
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KOMOIHaIlIi B 3aBaIOCTIMKHUI KOJI Ta HABMAKU 3 BUKOPUCTAHHIM OJHOTO U TOTO
K YHCIIOBOTO OJIOKY TIaM’SITi.

B pesynbrari MomemioBaHHS BiOYBAa€ThCsA MEpPEBIpKAa IMEPETBOPEHHS
KO>KHOI KOMOiHaIlli BX1JHOTO IMO3UIIIHHO-BIIOPSAIKOBAHOTO JBIMKOBOT'O KOAY B
3aBaJOCTIHKUHA KOjJ. MoJemoBaHHd HE MO’KHA BBa)KaTH BJAJIUM, SKIIO
BUSIBJICHO PI3HUII0 MDK TIEPETBOPEHMMM KOJAMH PI3HUMH METOJaMH 1

E€TAJIOHHUM 3HAYEHHSIM X04a O JUIA OJHI€] IBIMKOBOI KOMOIHAI].

Asifikonnii koa: 00011000010011 10

Canencanpunil mysMonotiGani kox: 00011111001 10101

Pucynox 4.5 — 3oBHimHI# BUTISA Pi3UIHOT HAYKOBO-JOCIIITHOT MOIET
dbyHKII0HATBHOT BepuDikallii mporiecy nepeTBopeHHs: B komnoHeHTi @OC

CHELIaJIbHOTO MPU3HAYEHHS

di3uyHa HAYKOBO-A0CII1IHA MOJIEJIb CKJIQJA€ThCs 3 HACTYMTHUX OJIOKIB:
1. nmocminna miata USEP3C 3 FPGA Cyclone III;

2. nocaigHa mata Arduino UNO;

3. wikpokomm torep RaspberryPi;
4

MOHITOP.
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Ha puc. 4.5 BuaHO, 1110 Ha €KpaHi MOHITOpa B1IOOPaKYHOThCS JIBIHKOBHUI

KOJ 1 BIAMOBIAHUM HOMY OJHOMOJSPHUNA IIyMONOAIOHUN KoJ. JIBIMKOBUH KOJ
reHepyeThes nociiaaoro mwiatoo Arduino UNO, 3Bigku BiH OCTyHa€e HA BXOIU
nociigHoi matu USEP3C ta mikpokomi ' totepa RaspberryPi. CkondirypoBana
BimmoBimuuM unHOM FPGA Cyclone III na mmari USEP3C Bukonye
NIEPETBOPECHHS alapaTHO 3 BUKOPHCTAHHSAM KOPUTYIOUMX KOHCTAHT (miarpam# ii
pobotu npencrarieHi Ha puc. 4.6). Mikpokomin 1otep RaspberryPi otpumye sk
3reHepOBaHUN JBIMKOBUN KOJ, TaK 1 pe3yJbTaTH MEPETBOPEHHS, MICIs YOro 3a
JIOTIOMOTOI0  KJIACHYHOTO TMPOTPAMHOTO aJTOPUTMY 3AIHCHIOE TMEPETBOPEHHS
NBIMKOBOTO KoAy. OcCTaHHIM eTam MOJEIIOBAHHS TOJSATaE B TOPIBHSIHHI
pe3ynbTaTiB, K1 BUKOHaHI anapatHo B FPGA moaymi TectoBoi mnatu USEP3C,
MOPIBHIOIOTBCSL 3 OJEP)KAHMMH 32 JIOTIOMOTOI0 KJIACHYHOTO IPOTPAMHOTO
aNropuTMy 1 BUBEJCHHI HAa €KpaH MOHITOpA CHiBMagarodyoro pesyibrary. [Ipu
IIbOMY CIIOCTEpIrad Ma€ MOXKJIMBICTb MOPIBHATH BUBEIICHI JlaHl 3 €TaJIOHHUMH

JTAaHUMU.

1
]
’

]
[[LIM]]]

Pucynok 4.6 — Yacosi iarpaMu poOo0TH MEpEeTBOPIOBaYa CIEIialbHOTO

IpU3HAYEHHS OTPUMaHI 3a J0NOMOror cumyisatopa ModelSim

Ha 6a31 ¢i13uyHOT HayKOBO-IOCHIAHOT MOJENl TpoBeaeHa BepudiKailis
TaOJIMYHO-JIOTIYHOTO METOJy amaparypHoi peamizarfii. JloBeneHO 3MeEHIICHHS
00’eMy 4UCIIOBOTO OJIOKY maM’sITi MpU 30€pekeH] MPEIU31HHOCTI 00UHUCIICHB.

[IpoBeneni mozemoBaHHs Ta Bepu(ikallis 3ampoONOHOBAHOI MOJENI
komnonenta @OC cnemiaJbHOTO MPU3HAYEHHS JIO3BOJWIM JOBECTH 1l
npane3gaTHICTh Ta  BIJ3HAYUTH MIABUINEHHS IIBUAKOIII 3a pPaxyHOK

BUKOPUCTaHHS KOPUTYIOUNX KOHCTAHT.
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BucHoBku mo posainy 4

B po3gini 3anmpomoHOBaHO JOCHIAHY YCTaHOBKY Juis Bepuikarii
PO3pO0ICHOr0 MePETBOPIOBAaYA JIBIHKOBOTO KOy B OJHOIOJISIPHI 00OPOTHI KON
1 HaBOakW, U1 MPOBENEHHS KOMIT IOTEPHOTO MOJICTIOBAHHS IMEpPEeTBOpIOBaya
CHEIIaIbHOTO MPU3HAYEHHS, BIATIOBITHO IO CTBOPEHOT METOMKHU BepH]iKallii.

BuzHaueHi OCHOBHI KOMITIOHEHTH JIJIsl TOOYI0BU JOCIITHOI YCTAHOBKH JJIsI
dbyHKIIOHATBHOT Bepudikallii mporecy mnepeTBopeHHs B KommnoHeHTI DPOC
CHEIIaIbHOTO NPU3HAYEHHS, a CaMe:

— nocmiana ratdopma USEP3C 3 FPGA Cyclon III;

— nocmiaHa iatdopma Arduino UNO;

— mikpokomit'torep Raspberry Pi;

— MOHITOP.

OTpuMaHi HACTYITHI HAYKOBI1 Ta MPAKTUYHI PE3yJIbTaTH:

[ToGynoBaHo MAOCHIIHY YCTAHOBKY JUIsi Bepudikalii po3poOseHoro
NepEeTBOPIOBaYa JBINKOBOTO KOAY B OJHOIOJSPHI OOOPOTHI KOJM 1 HABIAKH.
Mogens Britouae miaty USEP3C, mnardgopmy Arduino Uno, MiKpOKOMIT FOTED
Raspberry Pi.  OcobnuBicTIO MoOzeni € TmepeBipka poOOTO3JaTHOCTI
3aIpPOTIOHOBAHOTO MEPETBOPIOBAYA CIEIIaTbHOTO MPU3HAYCHHS 3 MIHIMAIIbHUMH
BUTpAaTaMH.

CtBOopeHO MeToAMKYy BepHudiKalii 3amponoOHOBAHOTO MEPETBOPIOBaYa
CIICLIaIbHOTO TMpU3HAYeHHS Ha 0a3l MmoOyaoBaHOI JOCHIAHOI yCTaHOBKH.
MeToauka  BKJIIOYae:  pO3pOOJICHUM  alrOpUTM  TEHepaimii  BXITHHUX
nociIoBHOCTEH 3 moromoroo Arduino Uno, po3poOieHuit anroput™ o0poOKu
BXIIHUX JaHUX amapaTypHor wmomemmto B FPGA wmomyni tectoBoi Tuiatu
USEP3C; mpouenypy Bepudikaimii i BHUBEICHHS pPE3YJbTaTy 3 JIOMOMOTOIO
mikpokom 'torepa RaspberryPi. Oco6muBicTio MOzesi € BIITBOPEHHS KPOK 3a
KPOKOM TIPOIIECIB, 110 BiI0YBatOThCS B (PYyHKIIIOHAIBHO-OPIEHTOBAHIN CcHUCTEMI,
a came TMPOIeCH MPUXOAY BXITHUX NBIMKOBHX KOMOiHAIliN, BUOOPY HEOOX1THOT

GyHKINT, BUKOHAHHS TIEPETBOPEHHS, TOPIBHSHHSA TEPETBOPEHUX KOJIIB
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OTpUMAHUX afapaTHUM Ta TPOTPaAaMHUM CIIOcCOOaMH, 1 TOpPIBHSHHSA iX 3
BIJIMOBITHUMH 3HAYCHHIMH, 1110 3aJ1aH1 TTOTIEPETHBO.

[IpoBeneHo KOMIT'IOTEpHE MOJIEIIOBAHHS MEPETBOPIOBAaYa CIEIIaTbHOTO
NpPU3HAYCHHS, BUAMOBIIHO J0 CTBOpeHOi Meroawku Bepudikamii. I[lig dac
MOJICJIIOBAHHSI ~ pe3yibTaThd pPOOOTHM  3aIPOMNOHOBAHOTO  IEPETBOPIOBAYA
CIIeLiaIbHOTO MPU3HAYEHHs, SIKI BUKOHaH1 anapatHo B FPGA mopayni TectoBoi
wiatu USEP3C, mopiBHIOIOTHCS 3 pe3ylbTaTaMu OCPKAHUMH 32 JOTIOMOTOIO
KJIACHYHOTO TPOTPAMHOTO arOPUTMY. Pe3ynbTaTél MOpIBHSIHHS BUBOJATHCS HA
eKkpaH MoHiTopa. Komm’toTepHe MojentoBaHHs 3a0e3edye MPUCKOPEHHS Yacy
MPOCKTYBAHHS 1 CIPOIICHHS MTPOIIECY BUTOTOBIICHHS.

3acrocyBaHHS ~ (I3UYHOI  JOCHIAHOI  Moaeni  juia  Bepudikarii
PO3p00IICHOr0 TIepeTBOPIOBaYa JBIMKOBOI0 KOy B OJHOMOJISIPHI 000POTHI KOJIU
1 HAaBMAKHU JI03BOJISIE CKOPOTUTH TEPMIHM IIpoeKkTyBaHHS koMmnoHeHTiB ®OC, e

MOTIPIIYIOYH MPU IOMY PE3YJbTATH Ta JIOCTOBIPHICTh BepUPikallii.
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BUCHOBKHA

VY nucepTariiiniii poboTi BUpillIeHa BaXXJIMBA HAYKOBO-TEXHIYHA 3aj1a4ya 3
M1JBUIICHHS €(PEKTUBHOCTI KOMIIOHEHTIB (DYHKIIIOHAJIbHO-OPIEHTOBAHUX CUCTEM
CHEIIaJIbHOTO NPU3HAUEHHS 332 PaxXyHOK YAOCKOHAJICHHS MOJENEH Ta METOMdY.
[Ipy BHKOHAHHI JOCHIPKEHb OTPUMAHO HACTYIIHI HAYKOBI 1 MpaKTHYHI
pe3ybTaTH:

Y 10CKOHANIEHO MOJelNb, 0 NEPETBOPIOE IBINKOBHI KO B OJHOIOJIAPHI
koau bapkepa 1 HaBnmaku. BigMiHHOIO OCOOJIMBICTIO MOJACHI € PO3IIMPEHI
(GYHKI[IOHATBbHI MOXJIMBOCTI B 2 pa3u, a 3aBAJKM BHKOHAHHIO B €JUHOMY
KpUCTal, HajikHicTh migsumena B 10°..10% pasis.

VYaockoHaneHa MoOJelb OO4YMCIIOBaya Ha OCHOBI KYCKOBO-JIIHIMHO1
anpokcumariii. BiaMiHHOIO OCOONHMBICTIO MOJENl € MIJABUINCHA IIIBUIKOIS
NUSIXOM 301IBIIEHHS YacTOTH CHHXPOHI3AIlli 3a paXyHOK 3MEHIICHHS dYacy
nepexiauux mnpouecis B 2:10° pasu.

OTpuMana mOAANBIIMKA PO3BUTOK MOJAETs (opMyBada aHAJIOTOBUX
cUTHaJiB ckiaagHoi ¢opmu. BiaMIHHOIO OCOOJMBICTIO MOJCHI € PO3IMIHUPEHHS
(GYHKI[IOHATBHUX MOXJIMBOCTEH B 3 pa3u 3a paxyHOK NEPETBOPEHHS YacCOBUX
IHTEpBAJIIB, AHAJIOTOBUX a00 HM(PPOBUX apryMEHTIB B aHAJOTOBI CHUTHAJIH
ckimamHoi ¢GopMH Ha OCHOBI aHAJIOTOBOTO OOYHCIIIOBaYa 3 MiHIMAJIBHOIO
KUTBKICTIO aKTUBHUX JOMOMDKHUX €JIE€MEHTIB, KPiM TOTO HaAIMHICTD IMi/IBUILEHA
B 10°..10* pasiB 3aBAAKY BUKOHAHHIO B €IMHOMY KPUCTAI.

OTprMaB MoJaNbIINi PO3BUTOK METOJ BJOCKOHAJICHHS] CUCTEMHOI IJIaTH
3a EHEePreTUYHUMHU TIOKa3HUKAaMHU il OCHOBHUX €JIEMEHTIB. MeTo ] BU3HAYA€EThCS
CYKYITHICTIO IPUHOMIB 110 BUKOPUCTAHHIO MPUHIUIIB YMOBHOTO MOJICIIOBAaHHS,
BJIACTUBOCTEH Teopii pO3MIPHOCTEH, YMOBHHX KPHUTEpIiB, MOPIBHILHOTO
aHalizy, Ta 3aco0iB, IO IPYHTYIOThCS HA y3aralbHEHOMY MaTeMaTUIHOMY OTHCI
Ta 3HAKOBUX MOJIEJISIX 3aJ€KHOCTeH. BiH BKIIIOYa€ CTBOPEHHS: y3arajibHEHOTO
MaTEeMaTHYHOTO OMHCY, W0 TMOB'I3y€ TEXHIYHI TapaMeTpH, BUXOIIYHA 3
XapaKTepUCTHK TMpeaMeTa JIOCHIIKCHHs; 3HAKOBY MOJENIb  3aJIeKHOCTI

TEXHIYHUX TapaMeTpiB B O€3pOo3MIpHMX KOOpAMHATAaX Ha OCHOBI YMOBHHX
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KputepiiB. OCOOJUBICTIO METOJIY € BHSBJICHHS HAMOUIBII €Hepro3aTpaTHUX
KOMITOHEHTIB CHCTEMHOI TIUIaTh (YHUIICET, MPOIECOp), I TONEPEIKCHHS
MOXJIMBOCTI BUXOJTy 3 JIaJy €JIEMEHTIB.

Ha 6a3i cunTe3y moOyaoBaHo (i3uyHy JAOCTIIHY MOACHb I Bepudikallii
Ha Mpale3]aTHICTh 3aNpONOHOBAHOIO IIEPETBOPIOBAYA. li OCOOIMBICTIO €
CTBOpEHa MeToAuKa Bepudikaiii Ha Tmpalne3IaTHICTh, sKa, Ha pAxy 3
TpaIULIAHUMU TPOLEIypaMH, BKIIOYAE: PO3POOJIECHI aIroOpuTMHU TeHeparii
BXITHUX TOCHioBHOCTEH 3 pomomMoroo Arduino Uno Tta oOpoOKu BXiTHUX
nanux anapatypHoro Mojemto B FPGA monyni Cyclone III TecroBoi miatu
USEP3C; mpouemypy BHBEIEHHS pe3yJbTaTiB Ha MOHITOP 3 JIOMOMOTOIO
MikpokoMmIT'toTepa RaspberryPi; moOpiBHSHHS OTpUMaHUX JIBOX KOJIB, SK
pe3ynbTaTiB MEPETBOPEHHS amapaTHOro Ta MPOrPaMHOTO MOJEIIOBAHHA,
NOpIBHAHHA 3 BIJANOBIIHUMHU €TAJIOHHUMU 3HAYEHHSIMH Yy BHIAJKY iX
HECITIBITAIIHHS.

Pesynbrat amcepTaiiiHOTO JOCTIKCHHS MPUWHATI HA PO3TIIAN IS
BrpoBapkeHHsA: Ha HBK «®ortonpunan»y; B TOB «Darkside»; B IHcTHTYTI
eHepreTuku Akanaemii Hayk MoJoBH; Yy HaBUaIbHOMY mporieci UepKachbKoro
JIEP’KaBHOTO TEXHOJIOTIYHOTO YHIBEpCUTETY Ha Kadenpi poOOTOTEXHIKH Ta

CIeliali30BaHUX KOMIT IOTEPHUX CUCTEM.
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3ATBEPIDKYIO

FeHepanbHWiA AMpeKTop
TOB «[JAPKCAWL»
Mandroposa H.B.

«25» ciyHa 2018p.

AKT
BAPOBA/DKEHHA
pesyneTatiB aucepTauiiHol pobotn
3ybka lropsa AnaToniiiosuya

Mu, siKi nigNUCanucs HWwxye, reHepankHuii gupextop TOB «JAPKCAN» TMaHdsoposa H.B. Ta
3acrynHuk aupektopa Kosans C.C. nigTeepKyemMo, Wo pesynsTaTty amcepTaliiHoi poGotu 3y6bka LA.
npusHayeHi ANA PO3B’A3KY AKTYarNbHUX Ha CbOrOAHILLHIN AeHb npobnem B ranysi: NigsuLLeHH:
edeKTMBHOCTI cnelianisoBaHux oBuucnioBadis Ha Dasi kogonepeTBOPIOBaYIB 3a paxyHOK CTBOPEHHA
METOAY BUSHaAYEHHA HaMKpaLMX KOMMOHEHTIB, Ta MOAENEl KOMIMOHEHTIB 3 PO3LLIMPeHIMK
(PYHKLOHANEHMMM XapaKTepuCTUKaMM, U0 CTBOPIOE MOXITMBOCTI iX BUKOPUCTaHHSA B iHHOBaLiHNWX
npo6neMHo-opIEHTOBaHNX CUCTEMAX,

BpaxoBylouu BULLe CkasaHe, a TakoXX HasBHy anpobaLyiio pelynsTaTtie 4aHol HayKoBO-gocnigHol poboti y
BUINSAAI CTaTel B NPOBIAHMX HAYKOBUX BUOAHHAX T2 LONCRIAeR Ha MXXHAPOAHUX KOHDEepeHLiaX, M1

3auikaBneHi Ta po3rnsaaeMo MOXMIUBICTb LLOAOC BNPOBAKEHHR pesynkTatie poboTH Y CBOIX NPOEKTHO-
KOHCTpYKTOpChbKuX po3pobkax TOB «JAPKCAW» 3a HaABHOCTI BignoBigHMX 3aMOBNEHb.

lNeHepanbHuil AUpeKTop

3acTynHuK gupekTopa




3ATBEPKVYIO

AKT BIIPOBAI’)KEH
Pe3yJIbTaTIB HAYKOBHX JOCHIDKEHb
3y6xa Iropst AHaTonioBHya
B HaBY&JILHHUH IpOLIEC
KadeapHu poOOTOTEXHIKH Ta CIEIIATi30BAHAX KOMITIOTEPHHUX CHCTEM
YepKkachkOro JIEP>KaBHOTO TEXHOJIOTITHOIO YHIBEPCUTETY

Mmu, ski nDignucanucs HWXKYE, HAYaTbHHK HABYATBHO-METOJUYHOrO BiJILNY
K.€.H, qoueHT MunpHivenko C.M., nexkan ¢akynereTy iHGOpMaifiHHX TEXHONOTIH i
cuCcTeM, K.T.H., noueHtT Tperybeuko I.b., 3aB. xadeapu poboToTEeXHiKM Ta
CIEIIaJi30BaHMX KOMM'IOTEPHHX CHCTEM, O.T.H., Hpodecop Jlykamenko B.M.
OiITBEPIKYEMO, IO OCHOBHI pE3YIbTATM HAyKOBHX JOCHimKeHb 3yOka LA,
BIPOBAIPKEHI B HAYalNbHUH mpouec Kadenpu poOOTOTEXHIKM Ta CHENIalNi30BaHMX
KOMITTOTEPHHX CHCTEM YepKachbKOro IEpPKaBHOTO TEXHOJOTIYHOTO YHIBEPCHTETY B
Kypcax JIEKLiH 1 npaxTuanux poOir 3 mucnmmning: «IIpoekTyBaHHS Ta ZOCIIIKEHHS
BOY/IOBaHUX 1 CIICIIaIi30BAHMX KOMITFOTEPHHX CHCTEM, SKi BHKIAIAI0THCS CTYICHTaM
cnemianpHocTi 123 — Komm'rorepra imkenepis, cnemiamizamii «CoeliamizoBani
KOMIT'FOTE€PHI CHCTEMH» [IPH 3100YTTi OCBITHEOTO CTYIICHIO MaricTpa.

B nHaBwanbHHH mponec BOPOBaMXEH! pe3ysIbTaTH HAYKOBHX OCHIMKEHB, SKi
OTpHMaHi aBTOPOM: =

1. Meron BusBIEHHA cnabkoi JUIIHKH 33 CHEPIETHMYHUM IIOKa3HHKOM
KOMITOHEHTA CUCTEMHOT ILIATH h ' N

2. Po3po0nennii anroput™ resepanii BXiTHOTO KOAY Ta KePYKOUIUX CHTHATIB LISt
obuHcmoBaga cleniaTbHOTO MPU3HAYEHHA JI0CTI IHOO MaToio Arduino Uno.

3. Po3poGiieHuii anropuT™M TEepeTBOpeHHs BXifHOro koxy B FPGA wmarpuni
Cyclone III ma miati USEP3C.

Havansuux ‘
HaBYaIBEHO-METOAMIHOTO BIIALILY
K.€.H., JJOTICHT

JHexan ®ITIC,
K.T.H., JIOIICHT

C.M. MuneHideHKO

LB. Tpery6Genko

3aB. KadeApH creniaTi30BaHuX

KOMIT'IOTEpPHUX CHCTEM : _
1.T.H., ipodecop : %I/W\ B.M. JIykameHnko




AKT
PO BUKOPUCTAHHS IIPUCTPOIB,
3aXHIeHHX MaTeHTaMH YKpaiHu
Ne77797, MIIK G06G 7/26 (2006.01);
Ne80851, MITK G06G 7/26 (2006.01);
Ne84131, MIIK (2013.01) G02B 13/00, G02B 15/00, G02B 9/00;
Ne88085, MIIK (2006.01) G06G 7/26;
Ne89784, MIIK ti014.01) GO6F 5/00;
N291940, MIIK (2014.01) G02B 23/00, E06B 3/00, G01M 9/00

Mmu, Ti mo migMHECcaTMCA HHKYE, CKIATH el AKT mpo Te, 0 po3pobieHi Ha
xadenpi creriami3oBaHHX KOMIT'IOTEPHHX cHCTeM UepkachKoro aepiKaBHOIO
TEXHOJIOTIYHOTO YHIBEpCHTETY NPHUCTPOI, 3aXHUILEHI NareHTaMH YKpaiHd Ne77797,
MIIK G06G 7/26 (2006.01); Ne80851, MITK G06G 7/26 (2006.01); Ne84131, MIIK
(2013.01) GO2B 13/00, G02B 15/00, GO2B 9/00; Ne88085, MIIK (2006.01) G06G
7/26; Ne@9784, MIIK (2014.01) GO6F 5/00; Ne91940, MIIK (2014.01) G02B 23/00,
EO6B  3/00, GOIM 9/00 (asropu: B.M.Jlykamenko, B.L I'opaienko,
AT. Jlykamenko, B.A.Jlykamenko, [.A.3yOko Ta iHmIi) DIpPONOHYIOTECS 10
BHKOPHCTaHHS B  KOHCTPYKTOPCBKiM  JokyMeHTamii pospodmoBanux HBK

“@otonpunan”’ BUpoOax crerialbHOl TEXHIKH.

HIK T€HEepaIbHOIO AUPEKTOpa Pexrop UYepkacbkoro AepxaBHOTO
w40 3 HayKoBoOi poboTy, TEXHOIIOTIYHOTO YHIBEPCUTETY,

A.CHFTTIPUPECOP

B.I. l'opnierxo

2014 p.




AKT
0 MepCHeKTABHOCTH BHEAPEHUS YCTPOMCTB, 3allMILeHHBIX
naTeHTaMu YKpauHbl

Ne40178, MIIK GO6F 5/00;

Ned4833, MIIK GO6F 5/02;

Ne53450, MITK G06G 7/00;

Ne72952, MIIK (2012.01) GO6F 5/00;
Ne89784, MIIK (2014.01) GO6F 5/00

Mpbl, HHXEMOAMUCABIIKECS, COCTABHJIA HACTOSIIMH akT O TOM, 4TO
paspaboranHpie Ha Kadeape CIEIHATHIUPOBAHHBIX KOMIIBIOTEPHBIX CHCTEM
UYepkacCKOro rocyHapCTBEHHOIO TEXHOJOTHYECKOro YHHBEPCUTETa YCTpOHCTBa,
3alUMIIEeHB! NaTeHTaMu Ykpaunbl Ne40178, MITK GO6F 5/00; Ned44833, MITK GO6F
5/02; Ne53450, MITIK G06G 7/00; Ne72952, MIIK (2012.01) GO6F 5/00; Ne89784,
MIIK (2014.01) GO6F 5/00 (aBroper: B.A. Jlykawenxo, A.I. Jlykamenko, J.A.
Jlykaurenko, B.M. Jlykamenko, M.B. Uuayxko, K.C. Pynaxos, C.A. Muuenko, H.A.
3y0OKO 1 apyrue), ABIAIOTCS NEPCHEKTHBHBIMH Ul BHEJPEHHMS B KOHCTPYKTOPCKOMH
NOKYMEHTALHH YCTaHOBKH, pa3pabarbiBaeMoil B MHCcTUTYTE SHEpreTHku AKajleMHH
HayK MoJiaBuy B paMKax MHHLMATHBHOH MeXIyHApOJHOH yKPauHCKO-MOINaBCKOK
HAYYHO-HCCJIeIOBaTeIbCKOH paboThl «DNIEKTPOAYroBas yCTaHOBKA C YJIyYlIEHHOH
3NIEKTPOMarHHTHOH COBMECTHMOCTBIO C INIEKTPUYECKOH CEThIO», BBIMOIHAEMOH MO
cornamenmto Ne 2200/3-2014 ot 05.05.2014 r. (Ne Tocperucrpaumu HIP
0114u004491) nox pykoBoAcTBOM 3aBejyroliero jaboparopued 3aiinesa JI.A. — ¢

Monaasckoi ctopoHsl ¥ CniuBaka B.M. — ¢ yKpanHCKOH CTOPOHBI.

Hupexrop MHCcTHTYTA 3HEPreTHKH PexTtop q
Axanemuu Hayk Mosnaasuu TEXHOJIOT

J.T.H., ipodeccop I.3.H. np@mcop

Lffcp‘/"{fj 2015 1.




JEPXABHE NMIANMPHEMCTBO FOCYJAPCTBEHHOE NMPEPHATHE

HAYKOBO-BHPOBHUYHI KOMILIEKC HAYYHO-ITPOH3BOACTBEHHbBIH KOMIUIEKC
«@OTOIMPHIAL» : «@OTONPHBOP»
By.. B. Bumneseusnkoro, 85, m . Yepkacn, Ykpaina, 18000 ya. B. Bumineseuxoro, 85, r. Yepkacesi, Ykpauna, 1800
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JOBILIKA
Np0 HAaYKOBY 3HAYHMICTh, NPAKTHYHE BHKODHCTAHHA i MOMJIHMBOCTI BNPOBAKEHHH Y
BHDOGHHITBO  pe3yabTaTis  nepxOiomkeTHoi Temu  Ne203-13  «basoBi  KommoHeHTH
MiKpONPOLECOPHHX CHCTEM KePYBAaHHHA JIa3ePHHMH TEXHOJIOTIYHMMH KOMILIEKCAMH HA OCHOBI

TabJIHTHO-AITOPHTMIYHHX METOIiB, Mo/ie/ieli Ta Teopil HemoBHOT nogiGHOCTI»

AKTYyalbHICTh Ta HeoOXiHiCTh BHKOHAHHA JepAOI0UKETHOT TEMH
Ne203-13 «ba30Bi KOMIOHEHTH MIiKPONPOLECOPHHX CHCTEM KEPYBAHHS Ja3epPHHMH TEXHOIOTIYHHMH
KOMILIEKCAaMH Ha OCHOBi TabIHYHO-aITOPHTMIYHMX METOIIB, MOJE/eH Ta Teopii HEMOBHOI MOMIOHOCTI
3YMOBIEHA HeOOXiNHICTIO MiZBHINEHHS e(eKTHBHOCTI MIKpOIPOLECOPHHX CHCTEM KepyBaHHS
POLECAMH BHCOKOSKICHOTO Ja3€PHOTO 3BAaPIOBAHHS TOHKOCTIHHHX KOHCTPYKIIH ILUISXOM PO3BHTKY
Teopii, MeToniB, OGaraTOQYHKLiOHATLHHX, BHCOKOHANIMHHX Mojenel KOMIOHEHTIB JOKAaTbHHX
MiZICHCTEM CIIeNiali30BaHOTO J1a3ePHOr0 TEXHONIOTTIHOrO 06 1A THAHHS.

Jlns BHpilneHHs ui€i mpoGneMHu, asTopaMH JaHOI HAYKOBO-TOCTiAHOI po6OTH il KepiBHHITBOM
A.T.H., npodecopa Jlykamenko B.M. Gyiu po3po6ieri T2 BUTOTOBIIEH]:

— oOpa3Ho-3HaKkoBa  GaraToKpWTepiaibHa MOENb  TEXHIKO-eKOHOMIYHHX  IOKa3HMKIB
MIKPOKOHTpOJIepiB Ui pi3EMX ipM BHpOOHHKIB, OCOONHMBICTH sKOi HONArac B TOMY, LIO
BHKODHCTOBYIOTbCH BJIACTHBOCTI Teopii HemoBHOI monidHOCTI Ta po3MipHocTeif, 3HaYeHHS KpHTEpiiB
HOCATH 00’ €KTHBHHH XapakTep. Bisyanizauia sanpornoHoBaHOi Mozeni J03BOMIs€ 3MEHIIATH Yac BHGOPY
BIINOBLIHOT (ipMH 3 HAKPAIIMMH TIOKa3HHKAMH,

— METOJ BHM3HAUECHHS EHEPreTHYHHX | IBUIKICHHX XapaKTepHCTHK MiKPOKOHTpOJEpPIB Ta
CYNEepBi30piB KHBICHHA # HANpPsAMKY IX BIOCKOHAIEHHS HA OCHOBI Teopii HEMOBHOI momiGHOCTI Ta

posmipHOcTeii. BinMiHHOIO 0cOGmHBiCTIO € Te, mIC 3aNPONOHOBAHMHA METOH COPHAC BH3HAYEHHIO



Haiikpamol Mozeni 3a OaraTbMa [apaMeTpaMHM OJHOYACHO Ta 3J@THOCTI JI0 PO3IIMpPEHHS
(YHKITOHATBHAX MOMKITHBOCTEH CYYaCHUX MIKPOKOHTpPOIEPIB;

— MOJEIb  IrOPHTMY  BH3HAQYEHHS  HEePreTHYHHX 1  IUBHJAKICHHX  MOXIHBOCTEif
MiKPOKOHTpOJIEpIiB Ta CYMEepPBi30piB KUBJIEHHs H HANPSAMKY BIOCKOHAJIEHHS BiANMOBIIHHX Mojesel Ha
OCHOBI Teopil HemoBHOI MOAIOHOCTI Ta pO3MipHOCTEH, $Ka 03BOJISE PO3MIHPHTH TEXHIKO-
eKCIUTyaTalliiHi XapakTepHCTHKH KiHleBuX BHpoOiB. [Iporpamue 3a0e3redeHHsi CTBOPEHE Ha OCHOBI
L[BOTO AJTOPHTMY HOJIETIIYE 1 IPHCKOPIOE Mpoiiec BHOOPY HeoOXiaHoT Mojeri;

—  (i3uvHa HAYKOBO-TEXHIUHA MOJIENb JOCII/KCHHS MIKPOKOHTPOIIEPIB, sIKA BHKOPHCTOBYEThCS
MPH BHKOHAHHI Ta00PATOPHHX Ta KYpCOBHX poOiT. BiIMiIHHOK 0COOMIUBICTIO € Bi3yastizailisi MpoeLypH
JIOCITi JUKEHHSI.

PesynbTarn qocimiKeHEb 3aXHINEH] aTeHTaMu Y KpaiHu.

Sk mOKa3yrOTh MATEHTHI JOCIIUKEHHS, a TAKOXK aHali3 TeXHIUHOI JiTeparypH Ta iHdopManiifHux
Jukepen Internet, pe3yibrarTH, SIKi OTpUMaHi aBTOpaMH, He MalOTh aHaloriB B YKpaiHi Ta kpainax CH/I.

BpaxoByroun BkazaHi mepeBaru, a TAaKOX HasBHY anpo0allio pes3yabTaTiB JaHOI HAayKOBO-
JocriiHol poGOTH y BHITIA/I cTaTel B MPOBIAHMX HAyKOBHX BHIAHHAX Ta JIONOBiJed Ha MiKHAPOIHHX
KoH(epeHIisX, MM 3aliKaBIeHi Ta PpO3MIATAEMO MOMUIMBICTS INOJO BIPOBADKEHHS BKA3aHHX

pe3yJIbTaTiB y CBOEMY BHPOOHHIITBI 3a HAsABHOCTI BiATIOBIIHHX 3aMOBIEHb Ta (piHAHCYBaHHA.
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JlicTMHI'M porpaMu nepeTBoprBaya KOAiB i mporpamMu

reHepanii TeCTOBUX CUTHAJIIB

JlicTMHr Nnporpamm nepeTsoploBaya Kogis

LIBRARY ieee;
USE ieee.std_logic_1164.all;

LIBRARY work;

ENTITY ospl IS

END osp1;

PORT

(
zap_X: IN STD_LOGIC;
Peretv: IN STD_LOGIC;
Reset: IN STD_LOGIC;

start_bin_to_grey : IN STD_LOGIC;

Start_all_out : IN STD_LOGIC;

start_bin_to_bin_dec: IN STD_LOGIC;

x7 : INOUT STD_LOGIC;
x6 : INOUT STD_LOGIC;
x5 : INOUT STD_LOGIC;
x4 : INOUT STD_LOGIC;
x3 : INOUT STD_LOGIC;
x2 : INOUT STD_LOGIC;
x1: INOUT STD_LOGIC;
x0: INOUT STD_LOGIC;
perepovn : OUT STD_LOGIC;
in_out : OUT STD_LOGIC
)

ARCHITECTURE bdf_type OF osp1 IS

COMPONENT global

PORT(A_IN : IN STD_LOGIC;
A_OUT : OUT STD_LOGIC
);

END COMPONENT;

SIGNAL  SYNTHESIZED_WIRE_551: STD_LOGIC;
SIGNAL  SYNTHESIZED_WIRE_552 : STD_LOGIC;
SIGNAL  SYNTHESIZED_WIRE_553 : STD_LOGIC;
SIGNAL  SYNTHESIZED_WIRE_O : STD_LOGIC;
SIGNAL  SYNTHESIZED_WIRE_554 : STD_LOGIC;
SIGNAL  SYNTHESIZED_WIRE_555: STD_LOGIC;
SIGNAL  SYNTHESIZED_WIRE_3 : STD_LOGIC;
SIGNAL  SYNTHESIZED_WIRE_556 : STD_LOGIC;
SIGNAL ~ SYNTHESIZED_WIRE_557 : STD_LOGIC;
SIGNAL  SYNTHESIZED_WIRE_558 : STD_LOGIC;
SIGNAL  SYNTHESIZED_WIRE_559 : STD_LOGIC;
SIGNAL  SYNTHESIZED_WIRE_8 : STD_LOGIC;
SIGNAL  SYNTHESIZED_WIRE_9 : STD_LOGIC;
SIGNAL  SYNTHESIZED_WIRE_10: STD_LOGIC;
SIGNAL ~ SYNTHESIZED_WIRE_11: STD_LOGIC;
SIGNAL  SYNTHESIZED_WIRE_12 : STD_LOGIC;
SIGNAL  SYNTHESIZED_WIRE_13 : STD_LOGIC;
SIGNAL  SYNTHESIZED_WIRE_14 : STD_LOGIC;
SIGNAL ~ SYNTHESIZED_WIRE_560 : STD_LOGIC;
SIGNAL  SYNTHESIZED_WIRE_17 : STD_LOGIC;
SIGNAL  SYNTHESIZED_WIRE_18 : STD_LOGIC;
SIGNAL  SYNTHESIZED_WIRE_19 : STD_LOGIC;
SIGNAL  SYNTHESIZED_WIRE_20: STD_LOGIC;
SIGNAL  SYNTHESIZED_WIRE_21: STD_LOGIC;
SIGNAL  SYNTHESIZED_WIRE_22 : STD_LOGIC;

SIGNAL

SYNTHESIZED_WIRE_23 : STD_LOGIC;
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SYNTHESIZED_WIRE_29 :
SYNTHESIZED_WIRE_30 :
SYNTHESIZED_WIRE_31:
SYNTHESIZED_WIRE_32 :
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SYNTHESIZED_WIRE_315 :
SYNTHESIZED_WIRE_316 :
SYNTHESIZED_WIRE_317 :
SYNTHESIZED_WIRE_318 :
SYNTHESIZED_WIRE_319 :
SYNTHESIZED_WIRE_320 :
SYNTHESIZED_WIRE_321:
SYNTHESIZED_WIRE_322 :
SYNTHESIZED_WIRE_323 :
SYNTHESIZED_WIRE_604 :
SYNTHESIZED_WIRE_331:
SYNTHESIZED_WIRE_605 :
SYNTHESIZED_WIRE_335 :
SYNTHESIZED_WIRE_337 :
SYNTHESIZED_WIRE_606 :
SYNTHESIZED_WIRE_338 :
SYNTHESIZED_WIRE_339 :
SYNTHESIZED_WIRE_340 :
SYNTHESIZED_WIRE_607 :
SYNTHESIZED_WIRE_342 :
SYNTHESIZED_WIRE_344 :
SYNTHESIZED_WIRE_346 :
SYNTHESIZED_WIRE_348 :
SYNTHESIZED_WIRE_350:
SYNTHESIZED_WIRE_352 :
SYNTHESIZED_WIRE_354 :
SYNTHESIZED_WIRE_356 :
SYNTHESIZED_WIRE_357 :
SYNTHESIZED_WIRE_358 :
SYNTHESIZED_WIRE_359 :
SYNTHESIZED_WIRE_360 :
SYNTHESIZED_WIRE_361 :
SYNTHESIZED_WIRE_362 :
SYNTHESIZED_WIRE_363 :
SYNTHESIZED_WIRE_364 :
SYNTHESIZED_WIRE_365 :
SYNTHESIZED_WIRE_366 :
SYNTHESIZED_WIRE_367 :
SYNTHESIZED_WIRE_368 :
SYNTHESIZED_WIRE_369 :
SYNTHESIZED_WIRE_370 :
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STD_LOGIC;
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SYNTHESIZED_WIRE_371:
SYNTHESIZED_WIRE_372 :
SYNTHESIZED_WIRE_373 :
SYNTHESIZED_WIRE_374 :
SYNTHESIZED_WIRE_375 :
SYNTHESIZED_WIRE_376 :
SYNTHESIZED_WIRE_377 :
SYNTHESIZED_WIRE_608 :
SYNTHESIZED_WIRE_378 :
SYNTHESIZED_WIRE_379 :
SYNTHESIZED_WIRE_380 :
SYNTHESIZED_WIRE_609 :
SYNTHESIZED_WIRE_382 :
SYNTHESIZED_WIRE_383 :
SYNTHESIZED_WIRE_384 :
SYNTHESIZED_WIRE_610 :
SYNTHESIZED_WIRE_386 :
SYNTHESIZED_WIRE_387 :
SYNTHESIZED_WIRE_388 :
SYNTHESIZED_WIRE_611 :
SYNTHESIZED_WIRE_392 :
SYNTHESIZED_WIRE_393 :
SYNTHESIZED_WIRE_394 :
SYNTHESIZED_WIRE_395 :
SYNTHESIZED_WIRE_397 :
SYNTHESIZED_WIRE_398 :
SYNTHESIZED_WIRE_399 :
SYNTHESIZED_WIRE_403 :
SYNTHESIZED_WIRE_404 :
SYNTHESIZED_WIRE_405 :
SYNTHESIZED_WIRE_407 :
SYNTHESIZED_WIRE_408 :
SYNTHESIZED_WIRE_409 :
SYNTHESIZED_WIRE_413 :
SYNTHESIZED_WIRE_414 :
SYNTHESIZED_WIRE_415 :
SYNTHESIZED_WIRE_417 :
SYNTHESIZED_WIRE_418 :
SYNTHESIZED_WIRE_419 :
SYNTHESIZED_WIRE_423 :
SYNTHESIZED_WIRE_424 :
SYNTHESIZED_WIRE_425 :
SYNTHESIZED_WIRE_427 :
SYNTHESIZED_WIRE_428 :
SYNTHESIZED_WIRE_429 :
SYNTHESIZED_WIRE_433 :
SYNTHESIZED_WIRE_434 :
SYNTHESIZED_WIRE_435 :
SYNTHESIZED_WIRE_436 :
SYNTHESIZED_WIRE_438 :
SYNTHESIZED_WIRE_439 :
SYNTHESIZED_WIRE_440 :
SYNTHESIZED_WIRE_444 :
SYNTHESIZED_WIRE_445 :
SYNTHESIZED_WIRE_446 :
SYNTHESIZED_WIRE_448 :
SYNTHESIZED_WIRE_449 :
SYNTHESIZED_WIRE_450 :
SYNTHESIZED_WIRE_454 :
SYNTHESIZED_WIRE_455 :
SYNTHESIZED_WIRE_456 :
SYNTHESIZED_WIRE_457 :
SYNTHESIZED_WIRE_458 :
SYNTHESIZED_WIRE_460 :
SYNTHESIZED_WIRE_461 :
SYNTHESIZED_WIRE_462 :
SYNTHESIZED_WIRE_471 :
SYNTHESIZED_WIRE_472 :
SYNTHESIZED_WIRE_476 :
SYNTHESIZED_WIRE_612 :
SYNTHESIZED_WIRE_478 :
SYNTHESIZED_WIRE_480 :
SYNTHESIZED_WIRE_482 :
SYNTHESIZED_WIRE_484 :
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SIGNAL  SYNTHESIZED_WIRE_486 : STD_LOGIC;
SIGNAL  SYNTHESIZED_WIRE_487 : STD_LOGIC;
SIGNAL  SYNTHESIZED_WIRE_489 : STD_LOGIC;
SIGNAL  SYNTHESIZED_WIRE_491: STD_LOGIC;
SIGNAL  SYNTHESIZED_WIRE_613 : STD_LOGIC;
SIGNAL  SYNTHESIZED_WIRE_495 : STD_LOGIC;
SIGNAL  SYNTHESIZED_WIRE_496 : STD_LOGIC;
SIGNAL  SYNTHESIZED_WIRE_497 : STD_LOGIC;
SIGNAL  SYNTHESIZED_WIRE_501: STD_LOGIC;
SIGNAL  SYNTHESIZED_WIRE_502 : STD_LOGIC;
SIGNAL  SYNTHESIZED_WIRE_503 : STD_LOGIC;
SIGNAL  SYNTHESIZED_WIRE_505 : STD_LOGIC;
SIGNAL  SYNTHESIZED_WIRE_506 : STD_LOGIC;
SIGNAL  SYNTHESIZED_WIRE_507 : STD_LOGIC;
SIGNAL  SYNTHESIZED_WIRE_508 : STD_LOGIC;
SIGNAL  SYNTHESIZED_WIRE_509 : STD_LOGIC;
SIGNAL  SYNTHESIZED_WIRE_510: STD_LOGIC;
SIGNAL  SYNTHESIZED_WIRE_511: STD_LOGIC;
SIGNAL  SYNTHESIZED_WIRE_512 : STD_LOGIC;
SIGNAL  SYNTHESIZED_WIRE_513 : STD_LOGIC;
SIGNAL  SYNTHESIZED_WIRE_514 : STD_LOGIC;
SIGNAL  SYNTHESIZED_WIRE_515: STD_LOGIC;
SIGNAL  SYNTHESIZED_WIRE_516 : STD_LOGIC;
SIGNAL ~ SYNTHESIZED_WIRE_518 : STD_LOGIC;
SIGNAL  SYNTHESIZED_WIRE_519 : STD_LOGIC;
SIGNAL  SYNTHESIZED_WIRE_520: STD_LOGIC;
SIGNAL  SYNTHESIZED_WIRE_524 : STD_LOGIC;
SIGNAL  SYNTHESIZED_WIRE_525: STD_LOGIC;
SIGNAL  SYNTHESIZED_WIRE_526 : STD_LOGIC;
SIGNAL  SYNTHESIZED_WIRE_527 : STD_LOGIC;
SIGNAL  SYNTHESIZED_WIRE_528 : STD_LOGIC;
SIGNAL  SYNTHESIZED_WIRE_529 : STD_LOGIC;
SIGNAL  SYNTHESIZED_WIRE_530: STD_LOGIC;
SIGNAL  SYNTHESIZED_WIRE_531: STD_LOGIC;
SIGNAL  SYNTHESIZED_WIRE_532 : STD_LOGIC;
SIGNAL  SYNTHESIZED_WIRE_533 : STD_LOGIC;
SIGNAL  SYNTHESIZED_WIRE_534 : STD_LOGIC;
SIGNAL  SYNTHESIZED_WIRE_535: STD_LOGIC;
SIGNAL  SYNTHESIZED_WIRE_536 : STD_LOGIC;
SIGNAL  SYNTHESIZED_WIRE_537 : STD_LOGIC;
SIGNAL  SYNTHESIZED_WIRE_538 : STD_LOGIC;
SIGNAL  SYNTHESIZED_WIRE_539 : STD_LOGIC;
SIGNAL  SYNTHESIZED_WIRE_540: STD_LOGIC;
SIGNAL  SYNTHESIZED_WIRE_545 : STD_LOGIC;
SIGNAL  SYNTHESIZED_WIRE_546 : STD_LOGIC;
SIGNAL  SYNTHESIZED_WIRE_547 : STD_LOGIC;

BEGIN

in_out <= SYNTHESIZED_WIRE_612;
SYNTHESIZED_WIRE_331 <="'0';
SYNTHESIZED_WIRE_350 <="'0';

SYNTHESIZED_WIRE_599 <= SYNTHESIZED_WIRE_551 AND SYNTHESIZED_WIRE_552 AND SYNTHESIZED_WIRE_553;

SYNTHESIZED_WIRE_66 <= SYNTHESIZED_WIRE_O AND SYNTHESIZED_WIRE_554 AND SYNTHESIZED_WIRE_554 AND SYNTHESIZED_WIRE_552
AND SYNTHESIZED_WIRE_555 AND SYNTHESIZED_WIRE_3;

SYNTHESIZED_WIRE_68 <= SYNTHESIZED_WIRE_556 AND SYNTHESIZED_WIRE_557 AND SYNTHESIZED_WIRE_557 AND
SYNTHESIZED_WIRE_552 AND SYNTHESIZED_WIRE_555 AND SYNTHESIZED_WIRE_553;

SYNTHESIZED_WIRE_559 <= NOT(SYNTHESIZED_WIRE_551);

SYNTHESIZED_WIRE_560 <= NOT(SYNTHESIZED_WIRE_551);

SYNTHESIZED_WIRE_8 <= NOT(SYNTHESIZED_WIRE_558);

SYNTHESIZED_WIRE_14 <= NOT(SYNTHESIZED_WIRE_556);

SYNTHESIZED_WIRE_17 <= NOT(SYNTHESIZED_WIRE_558);

SYNTHESIZED_WIRE_562 <= NOT(SYNTHESIZED_WIRE_551);

SYNTHESIZED_WIRE_24 <= NOT(SYNTHESIZED_WIRE_556);

SYNTHESIZED_WIRE_36 <= NOT(SYNTHESIZED_WIRE_551);

SYNTHESIZED_WIRE_27 <= NOT(SYNTHESIZED_WIRE_555);

SYNTHESIZED_WIRE_563 <= NOT(SYNTHESIZED_WIRE_555);

SYNTHESIZED_WIRE_67 <= SYNTHESIZED_WIRE_552 AND SYNTHESIZED_WIRE_559 AND SYNTHESIZED_WIRE_559 AND
SYNTHESIZED_WIRE_555 AND SYNTHESIZED_WIRE_553 AND SYNTHESIZED_WIRE_8;

SYNTHESIZED_WIRE_39 <= NOT(SYNTHESIZED_WIRE_558);

SYNTHESIZED_WIRE_38 <= NOT(SYNTHESIZED_WIRE_553);

SYNTHESIZED_WIRE_105 <= SYNTHESIZED_WIRE_551 AND SYNTHESIZED_WIRE_9 AND SYNTHESIZED_WIRE_555 AND SYNTHESIZED_WIRE_10;
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SYNTHESIZED_WIRE_10 <= NOT(SYNTHESIZED_WIRE_553);

SYNTHESIZED_WIRE_9 <= NOT(SYNTHESIZED_WIRE_552);

SYNTHESIZED_WIRE_104 <= SYNTHESIZED_WIRE_551 AND SYNTHESIZED_WIRE_555 AND SYNTHESIZED_WIRE_11 AND
SYNTHESIZED_WIRE_558;

SYNTHESIZED_WIRE_11 <= NOT(SYNTHESIZED_WIRE_553);

SYNTHESIZED_WIRE_103 <= SYNTHESIZED_WIRE_556 AND SYNTHESIZED_WIRE_12 AND SYNTHESIZED_WIRE_555 AND SYNTHESIZED_WIRE_13;
SYNTHESIZED_WIRE_13 <= NOT(SYNTHESIZED_WIRE_553);

SYNTHESIZED_WIRE_12 <= NOT(SYNTHESIZED_WIRE_552);

SYNTHESIZED_WIRE_69 <= SYNTHESIZED_WIRE_14 AND SYNTHESIZED_WIRE_560 AND SYNTHESIZED_WIRE_560 AND SYNTHESIZED_WIRE_552
AND SYNTHESIZED_WIRE_553 AND SYNTHESIZED_WIRE_17;

SYNTHESIZED_WIRE_108 <= SYNTHESIZED_WIRE_18 AND SYNTHESIZED_WIRE_555 AND SYNTHESIZED_WIRE_19 AND SYNTHESIZED_WIRE_558;
SYNTHESIZED_WIRE_18 <= NOT(SYNTHESIZED_WIRE_552);

SYNTHESIZED_WIRE_19 <= NOT(SYNTHESIZED_WIRE_553);

SYNTHESIZED_WIRE_107 <= SYNTHESIZED_WIRE_20 AND SYNTHESIZED_WIRE_555 AND SYNTHESIZED_WIRE_553 AND
SYNTHESIZED_WIRE_558;

SYNTHESIZED_WIRE_20 <= NOT(SYNTHESIZED_WIRE_551);

SYNTHESIZED_WIRE_106 <= SYNTHESIZED_WIRE_551 AND SYNTHESIZED_WIRE_552 AND SYNTHESIZED_WIRE_555 AND
SYNTHESIZED_WIRE_553;

SYNTHESIZED_WIRE_110 <= SYNTHESIZED_WIRE_551 AND SYNTHESIZED_WIRE_555 AND SYNTHESIZED_WIRE_553 AND
SYNTHESIZED_WIRE_21;

SYNTHESIZED_WIRE_21 <= NOT(SYNTHESIZED_WIRE_558);

SYNTHESIZED_WIRE_109 <= SYNTHESIZED_WIRE_556 AND SYNTHESIZED_WIRE_22 AND SYNTHESIZED_WIRE_555 AND SYNTHESIZED_WIRE_23;
SYNTHESIZED_WIRE_23 <= NOT(SYNTHESIZED_WIRE_561);

SYNTHESIZED_WIRE_71 <= SYNTHESIZED_WIRE_24 AND SYNTHESIZED_WIRE_562 AND SYNTHESIZED_WIRE_562 AND SYNTHESIZED_WIRE_552
AND SYNTHESIZED_WIRE_27 AND SYNTHESIZED_WIRE_553;

SYNTHESIZED_WIRE_22 <= NOT(SYNTHESIZED_WIRE_552);

SYNTHESIZED_WIRE_111 <= SYNTHESIZED_WIRE_28 AND SYNTHESIZED_WIRE_556 AND SYNTHESIZED_WIRE_555 AND
SYNTHESIZED_WIRE_553;

SYNTHESIZED_WIRE_28 <= NOT(SYNTHESIZED_WIRE_551);

SYNTHESIZED_WIRE_113 <= SYNTHESIZED_WIRE_555 AND SYNTHESIZED_WIRE_29 AND SYNTHESIZED_WIRE_553 AND SYNTHESIZED_WIRE_30;
SYNTHESIZED_WIRE_30 <= NOT(SYNTHESIZED_WIRE_552);

SYNTHESIZED_WIRE_29 <= NOT(SYNTHESIZED_WIRE_551);

SYNTHESIZED_WIRE_112 <= SYNTHESIZED_WIRE_555 AND SYNTHESIZED_WIRE_31 AND SYNTHESIZED_WIRE_553 AND SYNTHESIZED_WIRE_32;
SYNTHESIZED_WIRE_32 <= NOT(SYNTHESIZED_WIRE_558);

SYNTHESIZED_WIRE_31 <= NOT(SYNTHESIZED_WIRE_552);

SYNTHESIZED_WIRE_114 <= SYNTHESIZED_WIRE_551 AND SYNTHESIZED_WIRE_33 AND SYNTHESIZED_WIRE_553 AND SYNTHESIZED_WIRE_34;
SYNTHESIZED_WIRE_70 <= SYNTHESIZED_WIRE_563 AND SYNTHESIZED_WIRE_36 AND SYNTHESIZED_WIRE_556 AND SYNTHESIZED_WIRE_563
AND SYNTHESIZED_WIRE_38 AND SYNTHESIZED_WIRE_39;

SYNTHESIZED_WIRE_34 <= NOT(SYNTHESIZED_WIRE_558);

SYNTHESIZED_WIRE_33 <= NOT(SYNTHESIZED_WIRE_552);

SYNTHESIZED_WIRE_117 <= SYNTHESIZED_WIRE_556 AND SYNTHESIZED_WIRE_553 AND SYNTHESIZED_WIRE_558 AND
SYNTHESIZED_WIRE_40;

SYNTHESIZED_WIRE_40 <= NOT(SYNTHESIZED_WIRE_552);

SYNTHESIZED_WIRE_116 <= SYNTHESIZED_WIRE_551 AND SYNTHESIZED_WIRE_556 AND SYNTHESIZED_WIRE_558 AND
SYNTHESIZED_WIRE_41;

SYNTHESIZED_WIRE_41 <= NOT(SYNTHESIZED_WIRE_553);

SYNTHESIZED_WIRE_335 <= NOT(SYNTHESIZED_WIRE_551);

SYNTHESIZED_WIRE_605 <= NOT(SYNTHESIZED_WIRE_553);

SYNTHESIZED_WIRE_120 <= SYNTHESIZED_WIRE_564 AND SYNTHESIZED_WIRE_43 AND SYNTHESIZED_WIRE_552 AND
SYNTHESIZED_WIRE_564 AND SYNTHESIZED_WIRE_45 AND SYNTHESIZED_WIRE_555;

SYNTHESIZED_WIRE_337 <= NOT(SYNTHESIZED_WIRE_558);

SYNTHESIZED_WIRE_323 <= SYNTHESIZED_WIRE_46 OR SYNTHESIZED_WIRE_47 OR SYNTHESIZED_WIRE_48 OR SYNTHESIZED_WIRE_49 OR
SYNTHESIZED_WIRE_50 OR SYNTHESIZED_WIRE_51 OR SYNTHESIZED_WIRE_52 OR SYNTHESIZED_WIRE_53 OR SYNTHESIZED_WIRE_54 OR
SYNTHESIZED_WIRE_55 OR SYNTHESIZED_WIRE_56 OR SYNTHESIZED_WIRE_57;

SYNTHESIZED_WIRE_43 <= NOT(SYNTHESIZED_WIRE_551);

SYNTHESIZED_WIRE_564 <= NOT(SYNTHESIZED_WIRE_553);

SYNTHESIZED_WIRE_119 <= SYNTHESIZED_WIRE_565 AND SYNTHESIZED_WIRE_59 AND SYNTHESIZED_WIRE_552 AND
SYNTHESIZED_WIRE_565 AND SYNTHESIZED_WIRE_61 AND SYNTHESIZED_WIRE_555;

SYNTHESIZED_WIRE_45 <= NOT(SYNTHESIZED_WIRE_558);

SYNTHESIZED_WIRE_59 <= NOT(SYNTHESIZED_WIRE_551);

SYNTHESIZED_WIRE_565 <= NOT(SYNTHESIZED_WIRE_556);

SYNTHESIZED_WIRE_118 <= SYNTHESIZED_WIRE_566 AND SYNTHESIZED_WIRE_63 AND SYNTHESIZED_WIRE_555 AND
SYNTHESIZED_WIRE_566 AND SYNTHESIZED_WIRE_65 AND SYNTHESIZED_WIRE_558;

SYNTHESIZED_WIRE_61 <= NOT(SYNTHESIZED_WIRE_553);

SYNTHESIZED_WIRE_63 <= NOT(SYNTHESIZED_WIRE_551);

SYNTHESIZED_WIRE_566 <= NOT(SYNTHESIZED_WIRE_556);

SYNTHESIZED_WIRE_322 <= SYNTHESIZED_WIRE_66 OR SYNTHESIZED_WIRE_67 OR SYNTHESIZED_WIRE_68 OR SYNTHESIZED_WIRE_69 OR
SYNTHESIZED_WIRE_70 OR SYNTHESIZED_WIRE_71 OR SYNTHESIZED_WIRE_567 OR SYNTHESIZED_WIRE_567;

SYNTHESIZED_WIRE_122 <= SYNTHESIZED_WIRE_552 AND SYNTHESIZED_WIRE_74 AND SYNTHESIZED_WIRE_551 AND
SYNTHESIZED_WIRE_552 AND SYNTHESIZED_WIRE_555 AND SYNTHESIZED_WIRE_558;

SYNTHESIZED_WIRE_65 <= NOT(SYNTHESIZED_WIRE_553);

SYNTHESIZED_WIRE_74 <= NOT(SYNTHESIZED_WIRE_561);
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SYNTHESIZED_WIRE_121 <= SYNTHESIZED_WIRE_568 AND SYNTHESIZED_WIRE_76 AND SYNTHESIZED_WIRE_555 AND
SYNTHESIZED_WIRE_568 AND SYNTHESIZED_WIRE_78 AND SYNTHESIZED_WIRE_558;

SYNTHESIZED_WIRE_76 <= NOT(SYNTHESIZED_WIRE_551);

SYNTHESIZED_WIRE_568 <= NOT(SYNTHESIZED_WIRE_552);

SYNTHESIZED_WIRE_123 <= SYNTHESIZED_WIRE_569 AND SYNTHESIZED_WIRE_80 AND SYNTHESIZED_WIRE_555 AND
SYNTHESIZED_WIRE_569 AND SYNTHESIZED_WIRE_82 AND SYNTHESIZED_WIRE_558;

SYNTHESIZED_WIRE_78 <= NOT(SYNTHESIZED_WIRE_561);

SYNTHESIZED_WIRE_80 <= NOT(SYNTHESIZED_WIRE_551);

SYNTHESIZED_WIRE_569 <= NOT(SYNTHESIZED_WIRE_556);

SYNTHESIZED_WIRE_600 <= SYNTHESIZED_WIRE_83 AND SYNTHESIZED_WIRE_556 AND SYNTHESIZED_WIRE_555 AND SYNTHESIZED_WIRE_84;
SYNTHESIZED_WIRE_125 <= SYNTHESIZED_WIRE_570 AND SYNTHESIZED_WIRE_86 AND SYNTHESIZED_WIRE_551 AND
SYNTHESIZED_WIRE_570 AND SYNTHESIZED_WIRE_88 AND SYNTHESIZED_WIRE_555;

SYNTHESIZED_WIRE_82 <= NOT(SYNTHESIZED_WIRE_561);

SYNTHESIZED_WIRE_86 <= NOT(SYNTHESIZED_WIRE_552);

SYNTHESIZED_WIRE_570 <= NOT(SYNTHESIZED_WIRE_558);

SYNTHESIZED_WIRE_124 <= SYNTHESIZED_WIRE_571 AND SYNTHESIZED_WIRE_90 AND SYNTHESIZED_WIRE_556 AND
SYNTHESIZED_WIRE_571 AND SYNTHESIZED_WIRE_92 AND SYNTHESIZED_WIRE_555;

SYNTHESIZED_WIRE_88 <= NOT(SYNTHESIZED_WIRE_561);

SYNTHESIZED_WIRE_90 <= NOT(SYNTHESIZED_WIRE_551);

SYNTHESIZED_WIRE_571 <= NOT(SYNTHESIZED_WIRE_558);

SYNTHESIZED_WIRE_126 <= SYNTHESIZED_WIRE_572 AND SYNTHESIZED_WIRE_94 AND SYNTHESIZED_WIRE_552 AND
SYNTHESIZED_WIRE_572 AND SYNTHESIZED_WIRE_96 AND SYNTHESIZED_WIRE_558;

SYNTHESIZED_WIRE_92 <= NOT(SYNTHESIZED_WIRE_561);

SYNTHESIZED_WIRE_287 <= SYNTHESIZED_WIRE_97 AND SYNTHESIZED_WIRE_556 AND SYNTHESIZED_WIRE_555 AND SYNTHESIZED_WIRE_98;
SYNTHESIZED_WIRE_94 <= NOT(SYNTHESIZED_WIRE_551);

SYNTHESIZED_WIRE_572 <= NOT(SYNTHESIZED_WIRE_556);

SYNTHESIZED_WIRE_128 <= SYNTHESIZED_WIRE_573 AND SYNTHESIZED_WIRE_100 AND SYNTHESIZED_WIRE_556 AND
SYNTHESIZED_WIRE_573 AND SYNTHESIZED_WIRE_102 AND SYNTHESIZED_WIRE_552;

SYNTHESIZED_WIRE_96 <= NOT(SYNTHESIZED_WIRE_553);

SYNTHESIZED_WIRE_100 <= NOT(SYNTHESIZED_WIRE_551);

SYNTHESIZED_WIRE_573 <= NOT(SYNTHESIZED_WIRE_553);

SYNTHESIZED_WIRE_102 <= NOT(SYNTHESIZED_WIRE_558);

SYNTHESIZED_WIRE_129 <= SYNTHESIZED_WIRE_103 OR SYNTHESIZED_WIRE_104 OR SYNTHESIZED_WIRE_105 OR SYNTHESIZED_WIRE_106
OR SYNTHESIZED_WIRE_107 OR SYNTHESIZED_WIRE_108 OR SYNTHESIZED_WIRE_109 OR SYNTHESIZED_WIRE_110 OR
SYNTHESIZED_WIRE_111 OR SYNTHESIZED_WIRE_112 OR SYNTHESIZED_WIRE_113 OR SYNTHESIZED_WIRE_114;
SYNTHESIZED_WIRE_127 <= SYNTHESIZED_WIRE_115 OR SYNTHESIZED_WIRE_116 OR SYNTHESIZED_WIRE_117 OR SYNTHESIZED_WIRE_118
OR SYNTHESIZED_WIRE_119 OR SYNTHESIZED_WIRE_120 OR SYNTHESIZED_WIRE_121 OR SYNTHESIZED_WIRE_122 OR
SYNTHESIZED_WIRE_123 OR SYNTHESIZED_WIRE_124 OR SYNTHESIZED_WIRE_125 OR SYNTHESIZED_WIRE_126;
SYNTHESIZED_WIRE_344 <= SYNTHESIZED_WIRE_127 OR SYNTHESIZED_WIRE_128 OR SYNTHESIZED_WIRE_129;
SYNTHESIZED_WIRE_291 <= SYNTHESIZED_WIRE_130 AND SYNTHESIZED_WIRE_556 AND SYNTHESIZED_WIRE_555 AND
SYNTHESIZED_WIRE_553;

SYNTHESIZED_WIRE_214 <= SYNTHESIZED_WIRE_131 AND SYNTHESIZED_WIRE_552 AND SYNTHESIZED_WIRE_555 AND
SYNTHESIZED_WIRE_553;

SYNTHESIZED_WIRE_131 <= NOT(SYNTHESIZED_WIRE_551);

SYNTHESIZED_WIRE_216 <= SYNTHESIZED_WIRE_552 AND SYNTHESIZED_WIRE_132 AND SYNTHESIZED_WIRE_553 AND
SYNTHESIZED_WIRE_133;

SYNTHESIZED_WIRE_133 <= NOT(SYNTHESIZED_WIRE_558);

SYNTHESIZED_WIRE_132 <= NOT(SYNTHESIZED_WIRE_551);

SYNTHESIZED_WIRE_215 <= SYNTHESIZED_WIRE_134 AND SYNTHESIZED_WIRE_551 AND SYNTHESIZED_WIRE_553 AND
SYNTHESIZED_WIRE_558;

SYNTHESIZED_WIRE_134 <= NOT(SYNTHESIZED_WIRE_552);

SYNTHESIZED_WIRE_217 <= SYNTHESIZED_WIRE_551 AND SYNTHESIZED_WIRE_135 AND SYNTHESIZED_WIRE_553 AND
SYNTHESIZED_WIRE_136;

SYNTHESIZED_WIRE_136 <= NOT(SYNTHESIZED_WIRE_555);

SYNTHESIZED_WIRE_135 <= NOT(SYNTHESIZED_WIRE_552);

SYNTHESIZED_WIRE_290 <= SYNTHESIZED_WIRE_137 AND SYNTHESIZED_WIRE_556 AND SYNTHESIZED_WIRE_552 AND
SYNTHESIZED_WIRE_553;

SYNTHESIZED_WIRE_219 <= SYNTHESIZED_WIRE_552 AND SYNTHESIZED_WIRE_138 AND SYNTHESIZED_WIRE_553 AND
SYNTHESIZED_WIRE_139;

SYNTHESIZED_WIRE_139 <= NOT(SYNTHESIZED_WIRE_556);

SYNTHESIZED_WIRE_138 <= NOT(SYNTHESIZED_WIRE_551);

SYNTHESIZED_WIRE_218 <= SYNTHESIZED_WIRE_574 AND SYNTHESIZED_WIRE_141 AND SYNTHESIZED_WIRE_555 AND
SYNTHESIZED_WIRE_574 AND SYNTHESIZED_WIRE_143 AND SYNTHESIZED_WIRE_552;

SYNTHESIZED_WIRE_141 <= NOT(SYNTHESIZED_WIRE_551);

SYNTHESIZED_WIRE_574 <= NOT(SYNTHESIZED_WIRE_553);

SYNTHESIZED_WIRE_143 <= NOT(SYNTHESIZED_WIRE_558);

SYNTHESIZED_WIRE_220 <= SYNTHESIZED_WIRE_575 AND SYNTHESIZED_WIRE_145 AND SYNTHESIZED_WIRE_552 AND
SYNTHESIZED_WIRE_575 AND SYNTHESIZED_WIRE_147 AND SYNTHESIZED_WIRE_555;

SYNTHESIZED_WIRE_145 <= NOT(SYNTHESIZED_WIRE_551);

SYNTHESIZED_WIRE_575 <= NOT(SYNTHESIZED_WIRE_556);

SYNTHESIZED_WIRE_292 <= SYNTHESIZED_WIRE_148 AND SYNTHESIZED_WIRE_556 AND SYNTHESIZED_WIRE_552 AND
SYNTHESIZED_WIRE_149;

SYNTHESIZED_WIRE_147 <= NOT(SYNTHESIZED_WIRE_553);



SYNTHESIZED_WIRE_221 <= SYNTHESIZED_WIRE_552 AND SYNTHESIZED_WIRE_150 AND SYNTHESIZED_WIRE_551 AND
SYNTHESIZED_WIRE_552 AND SYNTHESIZED_WIRE_555 AND SYNTHESIZED_WIRE_553;

SYNTHESIZED_WIRE_150 <= NOT(SYNTHESIZED_WIRE_558);

SYNTHESIZED_WIRE_222 <= SYNTHESIZED_WIRE_576 AND SYNTHESIZED_WIRE_152 AND SYNTHESIZED_WIRE_552 AND
SYNTHESIZED_WIRE_576 AND SYNTHESIZED_WIRE_154 AND SYNTHESIZED_WIRE_555;

SYNTHESIZED_WIRE_152 <= NOT(SYNTHESIZED_WIRE_551);

SYNTHESIZED_WIRE_576 <= NOT(SYNTHESIZED_WIRE_558);

SYNTHESIZED_WIRE_154 <= NOT(SYNTHESIZED_WIRE_561);

SYNTHESIZED_WIRE_224 <= SYNTHESIZED_WIRE_577 AND SYNTHESIZED_WIRE_156 AND SYNTHESIZED_W!IRE_552 AND
SYNTHESIZED_WIRE_577 AND SYNTHESIZED_WIRE_158 AND SYNTHESIZED_WIRE_555;
SYNTHESIZED_WIRE_156 <= NOT(SYNTHESIZED_WIRE_551);

SYNTHESIZED_WIRE_577 <= NOT(SYNTHESIZED_WIRE_556);

SYNTHESIZED_WIRE_602 <= SYNTHESIZED_WIRE_159 AND SYNTHESIZED_WIRE_556 AND SYNTHESIZED_W!IRE_552 AND
SYNTHESIZED_WIRE_160;

SYNTHESIZED_WIRE_158 <= NOT(SYNTHESIZED_WIRE_561);

SYNTHESIZED_WIRE_223 <= SYNTHESIZED_WIRE_578 AND SYNTHESIZED_WIRE_162 AND SYNTHESIZED_WIRE_555 AND
SYNTHESIZED_WIRE_578 AND SYNTHESIZED_WIRE_164 AND SYNTHESIZED_WIRE_553;

SYNTHESIZED_WIRE_162 <= NOT(SYNTHESIZED_WIRE_551);

SYNTHESIZED_WIRE_578 <= NOT(SYNTHESIZED_WIRE_556);

SYNTHESIZED_WIRE_164 <= NOT(SYNTHESIZED_WIRE_558);

SYNTHESIZED_WIRE_225 <= SYNTHESIZED_WIRE_579 AND SYNTHESIZED_WIRE_556 AND SYNTHESIZED_WIRE_553 AND
SYNTHESIZED_WIRE_579 AND SYNTHESIZED_WIRE_167 AND SYNTHESIZED_WIRE_558;

SYNTHESIZED_WIRE_227 <= SYNTHESIZED_WIRE_580 AND SYNTHESIZED_WIRE_169 AND SYNTHESIZED_WIRE_551 AND
SYNTHESIZED_WIRE_580 AND SYNTHESIZED_WIRE_171 AND SYNTHESIZED_WIRE_558;

SYNTHESIZED_WIRE_579 <= NOT(SYNTHESIZED_WIRE_552);

SYNTHESIZED_WIRE_167 <= NOT(SYNTHESIZED_WIRE_555);

SYNTHESIZED_WIRE_169 <= NOT(SYNTHESIZED_WIRE_556);

SYNTHESIZED_WIRE_83 <= NOT(SYNTHESIZED_WIRE_551);

SYNTHESIZED_WIRE_580 <= NOT(SYNTHESIZED_WIRE_552);

SYNTHESIZED_WIRE_171 <= NOT(SYNTHESIZED_WIRE_561);

SYNTHESIZED_WIRE_226 <= SYNTHESIZED_WIRE_581 AND SYNTHESIZED_WIRE_173 AND SYNTHESIZED_WIRE_551 AND
SYNTHESIZED_WIRE_581 AND SYNTHESIZED_WIRE_175 AND SYNTHESIZED_WIRE_558;

SYNTHESIZED_WIRE_173 <= NOT(SYNTHESIZED_WIRE_556);

SYNTHESIZED_WIRE_581 <= NOT(SYNTHESIZED_WIRE_552);

SYNTHESIZED_WIRE_175 <= NOT(SYNTHESIZED_WIRE_553);

SYNTHESIZED_WIRE_228 <= SYNTHESIZED_WIRE_582 AND SYNTHESIZED_WIRE_177 AND SYNTHESIZED_WIRE_551 AND
SYNTHESIZED_WIRE_582 AND SYNTHESIZED_WIRE_179 AND SYNTHESIZED_WIRE_180;

SYNTHESIZED_WIRE_177 <= NOT(SYNTHESIZED_WIRE_556);

SYNTHESIZED_WIRE_582 <= NOT(SYNTHESIZED_WIRE_552);

SYNTHESIZED_WIRE_180 <= NOT(SYNTHESIZED_WIRE_561);

SYNTHESIZED_WIRE_84 <= NOT(SYNTHESIZED_WIRE_553);

SYNTHESIZED_WIRE_179 <= NOT(SYNTHESIZED_WIRE_555);

SYNTHESIZED_WIRE_229 <= SYNTHESIZED_WIRE_583 AND SYNTHESIZED_WIRE_182 AND SYNTHESIZED_WIRE_551 AND
SYNTHESIZED_WIRE_583 AND SYNTHESIZED_WIRE_184 AND SYNTHESIZED_WIRE_185;

SYNTHESIZED_WIRE_182 <= NOT(SYNTHESIZED_WIRE_556);

SYNTHESIZED_WIRE_583 <= NOT(SYNTHESIZED_WIRE_552);

SYNTHESIZED_WIRE_185 <= NOT(SYNTHESIZED_WIRE_553);

SYNTHESIZED_WIRE_184 <= NOT(SYNTHESIZED_WIRE_555);

SYNTHESIZED_WIRE_231 <= SYNTHESIZED_WIRE_584 AND SYNTHESIZED_WIRE_187 AND SYNTHESIZED_WIRE_551 AND
SYNTHESIZED_WIRE_584 AND SYNTHESIZED_WIRE_189 AND SYNTHESIZED_WIRE_190;

SYNTHESIZED_WIRE_187 <= NOT(SYNTHESIZED_WIRE_552);
SYNTHESIZED_WIRE_584 <= NOT(SYNTHESIZED_WIRE_555);
SYNTHESIZED_WIRE_190 <= NOT(SYNTHESIZED_WIRE_561);
SYNTHESIZED_WIRE_97 <= NOT(SYNTHESIZED_WIRE_551);

SYNTHESIZED_WIRE_189 <= NOT(SYNTHESIZED_WIRE_558);

SYNTHESIZED_WIRE_233 <= SYNTHESIZED_WIRE_585 AND SYNTHESIZED_WIRE_192 AND SYNTHESIZED_WIRE_551 AND
SYNTHESIZED_WIRE_585 AND SYNTHESIZED_WIRE_194 AND SYNTHESIZED_WIRE_195;

SYNTHESIZED_WIRE_192 <= NOT(SYNTHESIZED_WIRE_552);

SYNTHESIZED_WIRE_585 <= NOT(SYNTHESIZED_WIRE_555);
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SYNTHESIZED_WIRE_195 <= NOT(SYNTHESIZED_WIRE_558);

SYNTHESIZED_WIRE_194 <= NOT(SYNTHESIZED_WIRE_553);

SYNTHESIZED_WIRE_235 <= SYNTHESIZED_WIRE_586 AND SYNTHESIZED_WIRE_197 AND SYNTHESIZED_WIRE_552 AND
SYNTHESIZED_WIRE_586 AND SYNTHESIZED_WIRE_199 AND SYNTHESIZED_WIRE_200;

SYNTHESIZED_WIRE_197 <= NOT(SYNTHESIZED_WIRE_551);

SYNTHESIZED_WIRE_586 <= NOT(SYNTHESIZED_WIRE_556);

SYNTHESIZED_WIRE_200 <= NOT(SYNTHESIZED_WIRE_561);

SYNTHESIZED_WIRE_98 <= NOT(SYNTHESIZED_WIRE_561);

SYNTHESIZED_WIRE_199 <= NOT(SYNTHESIZED_WIRE_558);

SYNTHESIZED_WIRE_234 <= SYNTHESIZED_WIRE_587 AND SYNTHESIZED_WIRE_202 AND SYNTHESIZED_WIRE_552 AND
SYNTHESIZED_WIRE_587 AND SYNTHESIZED_WIRE_204 AND SYNTHESIZED_WIRE_205;

SYNTHESIZED_WIRE_202 <= NOT(SYNTHESIZED_WIRE_551);
SYNTHESIZED_WIRE_587 <= NOT(SYNTHESIZED_WIRE_556);
SYNTHESIZED_WIRE_205 <= NOT(SYNTHESIZED_WIRE_558);
SYNTHESIZED_WIRE_204 <= NOT(SYNTHESIZED_WIRE_553);

SYNTHESIZED_WIRE_236 <= SYNTHESIZED_WIRE_206 AND SYNTHESIZED_WIRE_207 AND SYNTHESIZED_WIRE_556 AND
SYNTHESIZED_WIRE_558 AND SYNTHESIZED_WIRE_208 AND SYNTHESIZED_WIRE_209;

SYNTHESIZED_WIRE_207 <= NOT(SYNTHESIZED_WIRE_551);
SYNTHESIZED_WIRE_206 <= NOT(SYNTHESIZED_WIRE_552);
SYNTHESIZED_WIRE_209 <= NOT(SYNTHESIZED_WIRE_561);
SYNTHESIZED_WIRE_130 <= NOT(SYNTHESIZED_WIRE_551);
SYNTHESIZED_WIRE_208 <= NOT(SYNTHESIZED_WIRE_555);

SYNTHESIZED_WIRE_237 <= SYNTHESIZED_WIRE_210 AND SYNTHESIZED_WIRE_211 AND SYNTHESIZED_WIRE_556 AND
SYNTHESIZED_WIRE_558 AND SYNTHESIZED_WIRE_212 AND SYNTHESIZED_WIRE_213;

SYNTHESIZED_WIRE_211 <= NOT(SYNTHESIZED_WIRE_551);
SYNTHESIZED_WIRE_210 <= NOT(SYNTHESIZED_WIRE_552);
SYNTHESIZED_WIRE_213 <= NOT(SYNTHESIZED_WIRE_553);
SYNTHESIZED_WIRE_212 <= NOT(SYNTHESIZED_WIRE_555);

SYNTHESIZED_WIRE_230 <= SYNTHESIZED_WIRE_214 OR SYNTHESIZED_WIRE_215 OR SYNTHESIZED_WIRE_216 OR SYNTHESIZED_WIRE_217
OR SYNTHESIZED_WIRE_218 OR SYNTHESIZED_WIRE_219 OR SYNTHESIZED_WIRE_220 OR SYNTHESIZED_WIRE_221;

SYNTHESIZED_WIRE_232 <= SYNTHESIZED_WIRE_222 OR SYNTHESIZED_WIRE_223 OR SYNTHESIZED_WIRE_224 OR SYNTHESIZED_WIRE_225
OR SYNTHESIZED_WIRE_226 OR SYNTHESIZED_WIRE_227 OR SYNTHESIZED_WIRE_228 OR SYNTHESIZED_WIRE_229;

SYNTHESIZED_WIRE_346 <= SYNTHESIZED_WIRE_230 OR SYNTHESIZED_W!IRE_231 OR SYNTHESIZED_WIRE_232 OR SYNTHESIZED_WIRE_233
OR SYNTHESIZED_WIRE_234 OR SYNTHESIZED_WIRE_235 OR SYNTHESIZED_WIRE_236 OR SYNTHESIZED_WIRE_237;

SYNTHESIZED_WIRE_303 <= SYNTHESIZED_WIRE_555 OR SYNTHESIZED_WIRE_553 OR SYNTHESIZED_WIRE_551;
SYNTHESIZED_WIRE_137 <= NOT(SYNTHESIZED_WIRE_551);

SYNTHESIZED_WIRE_302 <= SYNTHESIZED_WIRE_551 AND SYNTHESIZED_WIRE_238 AND SYNTHESIZED_WIRE_555 AND
SYNTHESIZED_WIRE_239;

SYNTHESIZED_WIRE_239 <= NOT(SYNTHESIZED_WIRE_553);
SYNTHESIZED_WIRE_238 <= NOT(SYNTHESIZED_WIRE_552);

SYNTHESIZED_WIRE_301 <= SYNTHESIZED_WIRE_551 AND SYNTHESIZED_WIRE_555 AND SYNTHESIZED_WIRE_558 AND
SYNTHESIZED_WIRE_240;



SYNTHESIZED_WIRE_240 <= NOT(SYNTHESIZED_WIRE_553);

SYNTHESIZED_WIRE_306 <= SYNTHESIZED_WIRE_551 AND SYNTHESIZED_WIRE_555 AND SYNTHESIZED_WIRE_558 AND
SYNTHESIZED_WIRE_241;

SYNTHESIZED_WIRE_241 <= NOT(SYNTHESIZED_WIRE_561);

SYNTHESIZED_WIRE_305 <= SYNTHESIZED_WIRE_551 AND SYNTHESIZED_WIRE_242 AND SYNTHESIZED_WIRE_555 AND
SYNTHESIZED_WIRE_243;

SYNTHESIZED_WIRE_243 <= NOT(SYNTHESIZED_WIRE_561);
SYNTHESIZED_WIRE_242 <= NOT(SYNTHESIZED_WIRE_552);
SYNTHESIZED_WIRE_148 <= NOT(SYNTHESIZED_WIRE_551);

SYNTHESIZED_WIRE_304 <= SYNTHESIZED_WIRE_551 AND SYNTHESIZED_WIRE_553 AND SYNTHESIZED_WIRE_558 AND
SYNTHESIZED_WIRE_244;

SYNTHESIZED_WIRE_244 <= NOT(SYNTHESIZED_WIRE_552);

SYNTHESIZED_WIRE_308 <= SYNTHESIZED_WIRE_556 AND SYNTHESIZED_WIRE_245 AND SYNTHESIZED_WIRE_553 AND
SYNTHESIZED_WIRE_246;

SYNTHESIZED_WIRE_246 <= NOT(SYNTHESIZED_WIRE_555);
SYNTHESIZED_WIRE_245 <= NOT(SYNTHESIZED_WIRE_551);

SYNTHESIZED_WIRE_307 <= SYNTHESIZED_WIRE_556 AND SYNTHESIZED_WIRE_247 AND SYNTHESIZED_WIRE_248 AND
SYNTHESIZED_WIRE_249;

SYNTHESIZED_WIRE_247 <= NOT(SYNTHESIZED_WIRE_552);
SYNTHESIZED_WIRE_248 <= NOT(SYNTHESIZED_WIRE_555);
SYNTHESIZED_WIRE_249 <= NOT(SYNTHESIZED_WIRE_561);

SYNTHESIZED_WIRE_309 <= SYNTHESIZED_WIRE_556 AND SYNTHESIZED_WIRE_250 AND SYNTHESIZED_WIRE_251 AND
SYNTHESIZED_WIRE_252;

SYNTHESIZED_WIRE_598 <= SYNTHESIZED_WIRE_551 AND SYNTHESIZED_WIRE_552 AND SYNTHESIZED_WIRE_253;
SYNTHESIZED_WIRE_149 <= NOT(SYNTHESIZED_WIRE_561);
SYNTHESIZED_WIRE_250 <= NOT(SYNTHESIZED_WIRE_552);
SYNTHESIZED_WIRE_251 <= NOT(SYNTHESIZED_WIRE_555);
SYNTHESIZED_WIRE_252 <= NOT(SYNTHESIZED_WIRE_553);

SYNTHESIZED_WIRE_311 <= SYNTHESIZED_WIRE_588 AND SYNTHESIZED_WIRE_556 AND SYNTHESIZED_WIRE_552 AND
SYNTHESIZED_WIRE_588 AND SYNTHESIZED_WIRE_256 AND SYNTHESIZED_WIRE_555;

SYNTHESIZED_WIRE_310 <= SYNTHESIZED_WIRE_589 AND SYNTHESIZED_WIRE_258 AND SYNTHESIZED_WIRE_555 AND
SYNTHESIZED_WIRE_589 AND SYNTHESIZED_WIRE_260 AND SYNTHESIZED_WIRE_558;

SYNTHESIZED_WIRE_588 <= NOT(SYNTHESIZED_WIRE_551);

SYNTHESIZED_WIRE_256 <= NOT(SYNTHESIZED_WIRE_553);

SYNTHESIZED_WIRE_258 <= NOT(SYNTHESIZED_WIRE_556);

SYNTHESIZED_WIRE_589 <= NOT(SYNTHESIZED_WIRE_552);

SYNTHESIZED_WIRE_260 <= NOT(SYNTHESIZED_WIRE_553);

SYNTHESIZED_WIRE_159 <= NOT(SYNTHESIZED_WIRE_551);

SYNTHESIZED_WIRE_312 <= SYNTHESIZED_WIRE_590 AND SYNTHESIZED_WIRE_262 AND SYNTHESIZED_WIRE_555 AND
SYNTHESIZED_WIRE_590 AND SYNTHESIZED_WIRE_264 AND SYNTHESIZED_WIRE_558;

SYNTHESIZED_WIRE_547 <= NOT(SYNTHESIZED_WIRE_553);

PROCESS(SYNTHESIZED_WIRE_555,SYNTHESIZED_WIRE_591)
BEGIN
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if (SYNTHESIZED_WIRE_591 ='1') THEN
x4 <= SYNTHESIZED_WIRE_555;
ELSE
x4 <="2";
END IF;
END PROCESS;

SYNTHESIZED_WIRE_315 <= SYNTHESIZED_WIRE_592 AND SYNTHESIZED_WIRE_555 AND SYNTHESIZED_WIRE_553 AND
SYNTHESIZED_WIRE_592 AND SYNTHESIZED_WIRE_268 AND SYNTHESIZED_WIRE_558;

SYNTHESIZED_WIRE_314 <= SYNTHESIZED_WIRE_593 AND SYNTHESIZED_WIRE_270 AND SYNTHESIZED_WIRE_556 AND
SYNTHESIZED_WIRE_593 AND SYNTHESIZED_WIRE_272 AND SYNTHESIZED_WIRE_558;

SYNTHESIZED_WIRE_613 <= NOT(SYNTHESIZED_WIRE_556);
SYNTHESIZED_WIRE_495 <= NOT(SYNTHESIZED_WIRE_552);

SYNTHESIZED_WIRE_270 <= NOT(SYNTHESIZED_WIRE_551);
SYNTHESIZED_WIRE_593 <= NOT(SYNTHESIZED_WIRE_555);
SYNTHESIZED_WIRE_160 <= NOT(SYNTHESIZED_WIRE_553);
SYNTHESIZED_WIRE_272 <= NOT(SYNTHESIZED_WIRE_561);

SYNTHESIZED_WIRE_316 <= SYNTHESIZED_WIRE_594 AND SYNTHESIZED_WIRE_556 AND SYNTHESIZED_WIRE_552 AND
SYNTHESIZED_WIRE_594 AND SYNTHESIZED_WIRE_275 AND SYNTHESIZED_WIRE_558;

SYNTHESIZED_WIRE_317 <= SYNTHESIZED_WIRE_595 AND SYNTHESIZED_WIRE_277 AND SYNTHESIZED_WIRE_556 AND
SYNTHESIZED_WIRE_595 AND SYNTHESIZED_WIRE_279 AND SYNTHESIZED_WIRE_558;

SYNTHESIZED_WIRE_594 <= NOT(SYNTHESIZED_WIRE_551);
SYNTHESIZED_WIRE_275 <= NOT(SYNTHESIZED_WIRE_553);
SYNTHESIZED_WIRE_277 <= NOT(SYNTHESIZED_WIRE_551);
SYNTHESIZED_WIRE_595 <= NOT(SYNTHESIZED_WIRE_555);
SYNTHESIZED_WIRE_279 <= NOT(SYNTHESIZED_WIRE_553);

SYNTHESIZED_WIRE_318 <= SYNTHESIZED_WIRE_596 AND SYNTHESIZED_WIRE_281 AND SYNTHESIZED_WIRE_552 AND
SYNTHESIZED_WIRE_596 AND SYNTHESIZED_WIRE_283 AND SYNTHESIZED_WIRE_558;

SYNTHESIZED_WIRE_281 <= NOT(SYNTHESIZED_WIRE_551);

SYNTHESIZED_WIRE_352 <= SYNTHESIZED_WIRE_597 OR SYNTHESIZED_WIRE_598 OR SYNTHESIZED_WIRE_599 OR SYNTHESIZED_WIRE_287
OR SYNTHESIZED_WIRE_600 OR SYNTHESIZED_WIRE_601 OR SYNTHESIZED_WIRE_290 OR SYNTHESIZED_WIRE_291 OR
SYNTHESIZED_WIRE_292 OR SYNTHESIZED_WIRE_602 OR SYNTHESIZED_WIRE_602 OR SYNTHESIZED_WIRE_602;

SYNTHESIZED_WIRE_596 <= NOT(SYNTHESIZED_WIRE_555);

SYNTHESIZED_WIRE_283 <= NOT(SYNTHESIZED_WIRE_553);

SYNTHESIZED_WIRE_320 <= SYNTHESIZED_WIRE_603 AND SYNTHESIZED_WIRE_297 AND SYNTHESIZED_WIRE_552 AND
SYNTHESIZED_WIRE_603 AND SYNTHESIZED_WIRE_299 AND SYNTHESIZED_WIRE_300;

SYNTHESIZED_WIRE_297 <= NOT(SYNTHESIZED_WIRE_551);

SYNTHESIZED_WIRE_603 <= NOT(SYNTHESIZED_WIRE_556);

SYNTHESIZED_WIRE_299 <= NOT(SYNTHESIZED_WIRE_555);

SYNTHESIZED_WIRE_300 <= NOT(SYNTHESIZED_WIRE_553);

SYNTHESIZED_WIRE_321 <= SYNTHESIZED_WIRE_301 OR SYNTHESIZED_WIRE_302 OR SYNTHESIZED_WIRE_303 OR SYNTHESIZED_WIRE_304
OR SYNTHESIZED_WIRE_305 OR SYNTHESIZED_WIRE_306 OR SYNTHESIZED_WIRE_307 OR SYNTHESIZED_WIRE_308 OR

SYNTHESIZED_WIRE_309 OR SYNTHESIZED_WIRE_310 OR SYNTHESIZED_WIRE_311 OR SYNTHESIZED_WIRE_312;

SYNTHESIZED_WIRE_319 <= SYNTHESIZED_WIRE_313 OR SYNTHESIZED_WIRE_314 OR SYNTHESIZED_WIRE_315 OR SYNTHESIZED_WIRE_316
OR SYNTHESIZED_WIRE_317 OR SYNTHESIZED_WIRE_318;

SYNTHESIZED_WIRE_348 <= SYNTHESIZED_WIRE_319 OR SYNTHESIZED_WIRE_320 OR SYNTHESIZED_WIRE_321;

SYNTHESIZED_WIRE_342 <= SYNTHESIZED_WIRE_322 OR SYNTHESIZED_WIRE_323;
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SYNTHESIZED_WIRE_363 <= SYNTHESIZED_WIRE_558 AND SYNTHESIZED_WIRE_604;

SYNTHESIZED_WIRE_365 <= SYNTHESIZED_WIRE_553 AND SYNTHESIZED_WIRE_604;
SYNTHESIZED_WIRE_367 <= SYNTHESIZED_WIRE_555 AND SYNTHESIZED_WIRE_604;

SYNTHESIZED_WIRE_369 <= SYNTHESIZED_WIRE_552 AND SYNTHESIZED_WIRE_604;
SYNTHESIZED_WIRE_371 <= SYNTHESIZED_WIRE_556 AND SYNTHESIZED_WIRE_604;
SYNTHESIZED_WIRE_373 <= SYNTHESIZED_WIRE_551 AND SYNTHESIZED_WIRE_604;
SYNTHESIZED_WIRE_361 <= SYNTHESIZED_WIRE_561 AND SYNTHESIZED_WIRE_604;
SYNTHESIZED_WIRE_359 <= SYNTHESIZED_WIRE_331 AND SYNTHESIZED_WIRE_604;

PROCESS(SYNTHESIZED_WIRE_553,SYNTHESIZED_WIRE_591)
BEGIN
if (SYNTHESIZED_WIRE_591 = '1') THEN
x5 <= SYNTHESIZED_WIRE_553;
ELSE
x5 <="Z";
END IF;
END PROCESS;

SYNTHESIZED_WIRE_115 <= SYNTHESIZED_WIRE_605 AND SYNTHESIZED_WIRE_335 AND SYNTHESIZED_W!IRE_556 AND
SYNTHESIZED_WIRE_605 AND SYNTHESIZED_WIRE_337 AND SYNTHESIZED_WIRE_555;

SYNTHESIZED_WIRE_604 <= SYNTHESIZED_WIRE_606 AND SYNTHESIZED_WIRE_338;

SYNTHESIZED_WIRE_607 <= SYNTHESIZED_WIRE_606 AND SYNTHESIZED_WIRE_339;

SYNTHESIZED_WIRE_362 <= SYNTHESIZED_WIRE_340 AND SYNTHESIZED_WIRE_607;

SYNTHESIZED_WIRE_364 <= SYNTHESIZED_WIRE_342 AND SYNTHESIZED_WIRE_607;

SYNTHESIZED_WIRE_366 <= SYNTHESIZED_WIRE_344 AND SYNTHESIZED_WIRE_607;

SYNTHESIZED_WIRE_368 <= SYNTHESIZED_WIRE_346 AND SYNTHESIZED_WIRE_607;

SYNTHESIZED_WIRE_370 <= SYNTHESIZED_WIRE_348 AND SYNTHESIZED_WIRE_607;

SYNTHESIZED_WIRE_372 <= SYNTHESIZED_WIRE_350 AND SYNTHESIZED_WIRE_607;

SYNTHESIZED_WIRE_360 <= SYNTHESIZED_WIRE_352 AND SYNTHESIZED_WIRE_607;

SYNTHESIZED_WIRE_358 <= SYNTHESIZED_WIRE_354 AND SYNTHESIZED_WIRE_607;

SYNTHESIZED_WIRE_513 <= SYNTHESIZED_WIRE_551 AND SYNTHESIZED_WIRE_356 AND SYNTHESIZED_WIRE_357;
SYNTHESIZED_WIRE_462 <= SYNTHESIZED_WIRE_358 OR SYNTHESIZED_WIRE_359;

SYNTHESIZED_WIRE_450 <= SYNTHESIZED_WIRE_360 OR SYNTHESIZED_WIRE_361;

SYNTHESIZED_WIRE_440 <= SYNTHESIZED_WIRE_362 OR SYNTHESIZED_WIRE_363;

SYNTHESIZED_WIRE_429 <= SYNTHESIZED_WIRE_364 OR SYNTHESIZED_WIRE_365;

SYNTHESIZED_WIRE_419 <= SYNTHESIZED_WIRE_366 OR SYNTHESIZED_WIRE_367;

SYNTHESIZED_WIRE_409 <= SYNTHESIZED_WIRE_368 OR SYNTHESIZED_WIRE_369;

SYNTHESIZED_WIRE_399 <= SYNTHESIZED_WIRE_370 OR SYNTHESIZED_WIRE_371;

SYNTHESIZED_WIRE_388 <= SYNTHESIZED_WIRE_372 OR SYNTHESIZED_WIRE_373;

SYNTHESIZED_WIRE_380 <= SYNTHESIZED_WIRE_551 AND SYNTHESIZED_WIRE_556 AND SYNTHESIZED_WIRE_553;

SYNTHESIZED_WIRE_378 <= SYNTHESIZED_WIRE_551 AND SYNTHESIZED_WIRE_556 AND SYNTHESIZED_WIRE_555 AND
SYNTHESIZED_WIRE_374;

SYNTHESIZED_WIRE_512 <= SYNTHESIZED_WIRE_551 AND SYNTHESIZED_WIRE_375 AND SYNTHESIZED_WIRE_376;
SYNTHESIZED_WIRE_374 <= NOT(SYNTHESIZED_WIRE_553);

SYNTHESIZED_WIRE_379 <= SYNTHESIZED_WIRE_551 AND SYNTHESIZED_WIRE_556 AND SYNTHESIZED_WIRE_552 AND
SYNTHESIZED_WIRE_377;

SYNTHESIZED_WIRE_377 <= NOT(SYNTHESIZED_WIRE_553);
perepovn <= SYNTHESIZED_WIRE_608 OR SYNTHESIZED_WIRE_378 OR SYNTHESIZED_WIRE_379 OR SYNTHESIZED_WIRE_380;

PROCESS(SYNTHESIZED_WIRE_382,SYNTHESIZED_WIRE_609)

BEGIN

IF (SYNTHESIZED_WIRE_609 = '0') THEN
SYNTHESIZED_WIRE_608 <= '0';

ELSIF (RISING_EDGE(SYNTHESIZED_WIRE_382)) THEN
SYNTHESIZED_WIRE_608 <= SYNTHESIZED_WIRE_383;

END IF;

END PROCESS;

SYNTHESIZED_WIRE_387 <= SYNTHESIZED_WIRE_384 AND SYNTHESIZED_WIRE_610;

SYNTHESIZED_WIRE_383 <= SYNTHESIZED_WIRE_386 OR SYNTHESIZED_WIRE_387;
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SYNTHESIZED_WIRE_384 <= SYNTHESIZED_WIRE_608 XOR SYNTHESIZED_WIRE_388;
SYNTHESIZED_WIRE_491 <= SYNTHESIZED_WIRE_611 OR SYNTHESIZED_WIRE_610;

PROCESS(SYNTHESIZED_WIRE_392,SYNTHESIZED_WIRE_609)

BEGIN

IF (SYNTHESIZED_WIRE_609 = '0') THEN
SYNTHESIZED_WIRE_551 <= '0';

ELSIF (RISING_EDGE(SYNTHESIZED_WIRE_392)) THEN
SYNTHESIZED_WIRE_551 <= SYNTHESIZED_WIRE_393;

END IF;

END PROCESS;

SYNTHESIZED_WIRE_514 <= SYNTHESIZED_WIRE_551 AND SYNTHESIZED_WIRE_394 AND SYNTHESIZED_WIRE_553;
SYNTHESIZED_WIRE_398 <= SYNTHESIZED_WIRE_395 AND SYNTHESIZED_WIRE_610;

SYNTHESIZED_WIRE_393 <= SYNTHESIZED_WIRE_397 OR SYNTHESIZED_WIRE_398;

SYNTHESIZED_WIRE_395 <= SYNTHESIZED_WIRE_551 XOR SYNTHESIZED_WIRE_399;

SYNTHESIZED_WIRE_489 <= SYNTHESIZED_WIRE_611 OR SYNTHESIZED_WIRE_610;

PROCESS(SYNTHESIZED_WIRE_403,SYNTHESIZED_WIRE_609)

BEGIN

IF (SYNTHESIZED_WIRE_609 = '0') THEN
SYNTHESIZED_WIRE_556 <= '0';

ELSIF (RISING_EDGE(SYNTHESIZED_WIRE_403)) THEN
SYNTHESIZED_WIRE_556 <= SYNTHESIZED_WIRE_404;

END IF;

END PROCESS;

SYNTHESIZED_WIRE_408 <= SYNTHESIZED_WIRE_405 AND SYNTHESIZED_WIRE_610;

SYNTHESIZED_WIRE_404 <= SYNTHESIZED_WIRE_407 OR SYNTHESIZED_WIRE_408;
SYNTHESIZED_WIRE_405 <= SYNTHESIZED_WIRE_556 XOR SYNTHESIZED_WIRE_409;
SYNTHESIZED_WIRE_487 <= SYNTHESIZED_WIRE_611 OR SYNTHESIZED_WIRE_610;
PROCESS(SYNTHESIZED_WIRE_413,SYNTHESIZED_WIRE_609)
BEGIN
IF (SYNTHESIZED_WIRE_609 = '0') THEN

SYNTHESIZED_WIRE_552 <="0';
ELSIF (RISING_EDGE(SYNTHESIZED_WIRE_413)) THEN

SYNTHESIZED_WIRE_552 <= SYNTHESIZED_WIRE_414;
END IF;
END PROCESS;

SYNTHESIZED_WIRE_357 <= NOT(SYNTHESIZED_WIRE_561);
SYNTHESIZED_WIRE_418 <= SYNTHESIZED_WIRE_415 AND SYNTHESIZED_WIRE_610;
SYNTHESIZED_WIRE_414 <= SYNTHESIZED_WIRE_417 OR SYNTHESIZED_WIRE_418;
SYNTHESIZED_WIRE_415 <= SYNTHESIZED_WIRE_552 XOR SYNTHESIZED_WIRE_419;
SYNTHESIZED_WIRE_484 <= SYNTHESIZED_WIRE_611 OR SYNTHESIZED_WIRE_610;

PROCESS(SYNTHESIZED_WIRE_423,SYNTHESIZED_WIRE_609)

BEGIN

IF (SYNTHESIZED_WIRE_609 = '0') THEN
SYNTHESIZED_WIRE_555 <= '0';

ELSIF (RISING_EDGE(SYNTHESIZED_WIRE_423)) THEN
SYNTHESIZED_WIRE_555 <= SYNTHESIZED_WIRE_424;

END IF;

END PROCESS;

SYNTHESIZED_WIRE_428 <= SYNTHESIZED_WIRE_425 AND SYNTHESIZED_WIRE_610;
SYNTHESIZED_WIRE_424 <= SYNTHESIZED_WIRE_427 OR SYNTHESIZED_WIRE_428;
SYNTHESIZED_WIRE_425 <= SYNTHESIZED_WIRE_555 XOR SYNTHESIZED_WIRE_429;
SYNTHESIZED_WIRE_482 <= SYNTHESIZED_WIRE_611 OR SYNTHESIZED_WIRE_610;
PROCESS(SYNTHESIZED_WIRE_433,SYNTHESIZED_WIRE_609)

BEGIN

IF (SYNTHESIZED_WIRE_609 ='0") THEN
SYNTHESIZED_WIRE_553 <='0';
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ELSIF (RISING_EDGE(SYNTHESIZED_WIRE_433)) THEN
SYNTHESIZED_WIRE_553 <= SYNTHESIZED_WIRE_434;

END IF;

END PROCESS;

SYNTHESIZED_WIRE_597 <= SYNTHESIZED_WIRE_551 AND SYNTHESIZED_WIRE_552 AND SYNTHESIZED_WIRE_435;
SYNTHESIZED_WIRE_506 <= NOT(SYNTHESIZED_WIRE_606);

SYNTHESIZED_WIRE_439 <= SYNTHESIZED_WIRE_436 AND SYNTHESIZED_WIRE_610;
SYNTHESIZED_WIRE_434 <= SYNTHESIZED_WIRE_438 OR SYNTHESIZED_WIRE_439;
SYNTHESIZED_WIRE_436 <= SYNTHESIZED_WIRE_553 XOR SYNTHESIZED_WIRE_440;
SYNTHESIZED_WIRE_480 <= SYNTHESIZED_WIRE_611 OR SYNTHESIZED_WIRE_610;

PROCESS(SYNTHESIZED_WIRE_444,SYNTHESIZED_WIRE_609)

BEGIN

IF (SYNTHESIZED_WIRE_609 = '0') THEN
SYNTHESIZED_WIRE_558 <= '0';

ELSIF (RISING_EDGE(SYNTHESIZED_WIRE_444)) THEN
SYNTHESIZED_WIRE_558 <= SYNTHESIZED_WIRE_445;

END IF;

END PROCESS;

SYNTHESIZED_WIRE_449 <= SYNTHESIZED_WIRE_446 AND SYNTHESIZED_WIRE_610;
SYNTHESIZED_WIRE_445 <= SYNTHESIZED_WIRE_448 OR SYNTHESIZED_WIRE_449;
SYNTHESIZED_WIRE_446 <= SYNTHESIZED_WIRE_558 XOR SYNTHESIZED_WIRE_450;
SYNTHESIZED_WIRE_478 <= SYNTHESIZED_WIRE_611 OR SYNTHESIZED_WIRE_610;

PROCESS(SYNTHESIZED_WIRE_454,SYNTHESIZED_WIRE_609)

BEGIN

IF (SYNTHESIZED_WIRE_609 = '0') THEN
SYNTHESIZED_WIRE_561 <="0';

ELSIF (RISING_EDGE(SYNTHESIZED_WIRE_454)) THEN
SYNTHESIZED_WIRE_561 <= SYNTHESIZED_WIRE_455;

END IF;

END PROCESS;

SYNTHESIZED_WIRE_516 <= SYNTHESIZED_WIRE_456 AND SYNTHESIZED_WIRE_552 AND SYNTHESIZED_WIRE_555 AND
SYNTHESIZED_WIRE_457;

SYNTHESIZED_WIRE_461 <= SYNTHESIZED_WIRE_458 AND SYNTHESIZED_WIRE_610;
SYNTHESIZED_WIRE_455 <= SYNTHESIZED_WIRE_460 OR SYNTHESIZED_WIRE_461;
SYNTHESIZED_WIRE_458 <= SYNTHESIZED_WIRE_561 XOR SYNTHESIZED_WIRE_462;
SYNTHESIZED_WIRE_476 <= SYNTHESIZED_WIRE_611 OR SYNTHESIZED_WIRE_610;

SYNTHESIZED_WIRE_460 <= x7 AND SYNTHESIZED_WIRE_611;

SYNTHESIZED_WIRE_448 <= x6 AND SYNTHESIZED_WIRE_611;

SYNTHESIZED_WIRE_438 <= x5 AND SYNTHESIZED_WIRE_611;

SYNTHESIZED_WIRE_427 <= x4 AND SYNTHESIZED_WIRE_611;

SYNTHESIZED_WIRE_417 <= x3 AND SYNTHESIZED_WIRE_611;

SYNTHESIZED_WIRE_407 <= x2 AND SYNTHESIZED_WIRE_611;

SYNTHESIZED_WIRE_515 <= SYNTHESIZED_WIRE_556 AND SYNTHESIZED_WIRE_471 AND SYNTHESIZED_WIRE_555 AND
SYNTHESIZED_WIRE_472;

SYNTHESIZED_WIRE_397 <= x1 AND SYNTHESIZED_WIRE_611;

SYNTHESIZED_WIRE_386 <= x0 AND SYNTHESIZED_WIRE_611;

SYNTHESIZED_WIRE_O <= NOT(SYNTHESIZED_WIRE_556);
SYNTHESIZED_WIRE_554 <= NOT(SYNTHESIZED_WIRE_551);

PROCESS(SYNTHESIZED_WIRE_558,SYNTHESIZED_WIRE_591)
BEGIN
if (SYNTHESIZED_WIRE_591 ='1') THEN
x6 <= SYNTHESIZED_WIRE_558;
ELSE
x6<="7";
END IF;
END PROCESS;

SYNTHESIZED_WIRE_454 <= SYNTHESIZED_WIRE_476 AND SYNTHESIZED_WIRE_612;
SYNTHESIZED_WIRE_444 <= SYNTHESIZED_WIRE_478 AND SYNTHESIZED_WIRE_612;
SYNTHESIZED_WIRE_433 <= SYNTHESIZED_WIRE_480 AND SYNTHESIZED_WIRE_612;
SYNTHESIZED_WIRE_423 <= SYNTHESIZED_WIRE_482 AND SYNTHESIZED_WIRE_612;
SYNTHESIZED_WIRE_413 <= SYNTHESIZED_WIRE_484 AND SYNTHESIZED_WIRE_612;



SYNTHESIZED_WIRE_519 <= SYNTHESIZED_WIRE_556 AND SYNTHESIZED_WIRE_486 AND SYNTHESIZED_WIRE_555 AND
SYNTHESIZED_WIRE_553;

SYNTHESIZED_WIRE_403 <= SYNTHESIZED_WIRE_487 AND SYNTHESIZED_WIRE_612;

SYNTHESIZED_WIRE_392 <= SYNTHESIZED_WIRE_489 AND SYNTHESIZED_WIRE_612;

SYNTHESIZED_WIRE_382 <= SYNTHESIZED_WIRE_491 AND SYNTHESIZED_WIRE_612;

SYNTHESIZED_WIRE_262 <= NOT(SYNTHESIZED_WIRE_556);

SYNTHESIZED_WIRE_590 <= NOT(SYNTHESIZED_WIRE_552);

SYNTHESIZED_WIRE_264 <= NOT(SYNTHESIZED_WIRE_561);

SYNTHESIZED_WIRE_313 <= SYNTHESIZED_WIRE_613 AND SYNTHESIZED_WIRE_555 AND SYNTHESIZED_WIRE_553 AND
SYNTHESIZED_WIRE_613 AND SYNTHESIZED_WIRE_495 AND SYNTHESIZED_WIRE_558;

SYNTHESIZED_WIRE_592 <= NOT(SYNTHESIZED_WIRE_551);

SYNTHESIZED_WIRE_557 <= NOT(SYNTHESIZED_WIRE_551);

SYNTHESIZED_WIRE_268 <= NOT(SYNTHESIZED_WIRE_556);

SYNTHESIZED_WIRE_518 <= SYNTHESIZED_WIRE_496 AND SYNTHESIZED_WIRE_497 AND SYNTHESIZED_WIRE_552 AND
SYNTHESIZED_WIRE_553;

SYNTHESIZED_WIRE_3 <= NOT(SYNTHESIZED_WIRE_553);

PROCESS(SYNTHESIZED_WIRE_561,SYNTHESIZED_WIRE_591)
BEGIN
if (SYNTHESIZED_WIRE_591 = '1') THEN
X7 <= SYNTHESIZED_WIRE_561;
ELSE
X7 <="Z";
END IF;
END PROCESS;

PROCESS(SYNTHESIZED_WIRE_608,SYNTHESIZED_WIRE_591)
BEGIN
if (SYNTHESIZED_WIRE_591 = '1') THEN
x0 <= SYNTHESIZED_WIRE_608;
ELSE
x0<="'Z";
END IF;
END PROCESS;

SYNTHESIZED_WIRE_501 <= NOT(SYNTHESIZED_WIRE_612);

b2v_inst444 : global
PORT MAP(A_IN => Start_all_out,
A_OUT => SYNTHESIZED_WIRE_505);

b2v_inst445 : global
PORT MAP(A_IN => start_bin_to_grey,
A_OUT => SYNTHESIZED_WIRE_338);

b2v_inst446 : global
PORT MAP(A_IN => start_bin_to_bin_dec,
A_OUT => SYNTHESIZED_WIRE_339);

b2v_inst447 : global
PORT MAP(A_IN =>zap_X,
A_OUT => SYNTHESIZED_WIRE_611);

b2v_inst448 : global
PORT MAP(A_IN => Peretv,
A_OUT => SYNTHESIZED_WIRE_610);

b2v_inst449 : global
PORT MAP(A_IN => SYNTHESIZED_WIRE_501,
A_OUT => SYNTHESIZED_WIRE_591);

SYNTHESIZED_WIRE_520 <= SYNTHESIZED_WIRE_502 AND SYNTHESIZED_WIRE_552 AND SYNTHESIZED_W!IRE_503 AND
SYNTHESIZED_WIRE_553;

b2v_inst450 : global
PORT MAP(A_IN => SYNTHESIZED_WIRE_606,
A_OUT => SYNTHESIZED_WIRE_612);

PROCESS(SYNTHESIZED_WIRE_505,SYNTHESIZED_WIRE_609)

BEGIN

IF (SYNTHESIZED_WIRE_609 = '0') THEN
SYNTHESIZED_WIRE_606 <= '0';

ELSIF (RISING_EDGE(SYNTHESIZED_WIRE_505)) THEN
SYNTHESIZED_WIRE_606 <= SYNTHESIZED_WIRE_506;
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END IF;
END PROCESS;

SYNTHESIZED_WIRE_48 <= SYNTHESIZED_WIRE_551 AND SYNTHESIZED_WIRE_555 AND SYNTHESIZED_WIRE_507 AND
SYNTHESIZED_WIRE_508;

SYNTHESIZED_WIRE_456 <= NOT(SYNTHESIZED_WIRE_551);

SYNTHESIZED_WIRE_457 <= NOT(SYNTHESIZED_WIRE_553);

SYNTHESIZED_WIRE_47 <= SYNTHESIZED_WIRE_551 AND SYNTHESIZED_WIRE_509 AND SYNTHESIZED_WIRE_555 AND
SYNTHESIZED_WIRE_510;
SYNTHESIZED_WIRE_601 <= SYNTHESIZED_WIRE_551 AND SYNTHESIZED_WIRE_556 AND SYNTHESIZED_WIRE_511;

SYNTHESIZED_WIRE_472 <= NOT(SYNTHESIZED_WIRE_561);

SYNTHESIZED_WIRE_486 <= NOT(SYNTHESIZED_WIRE_552);

SYNTHESIZED_WIRE_496 <= NOT(SYNTHESIZED_WIRE_551);

SYNTHESIZED_WIRE_502 <= NOT(SYNTHESIZED_WIRE_551);

SYNTHESIZED_WIRE_503 <= NOT(SYNTHESIZED_WIRE_555);

SYNTHESIZED_WIRE_507 <= NOT(SYNTHESIZED_WIRE_553);

SYNTHESIZED_WIRE_510 <= NOT(SYNTHESIZED_WIRE_553);

SYNTHESIZED_WIRE_340 <= SYNTHESIZED_WIRE_512 OR SYNTHESIZED_WIRE_513 OR SYNTHESIZED_WIRE_514 OR SYNTHESIZED_WIRE_515
OR SYNTHESIZED_WIRE_516 OR SYNTHESIZED_WIRE_600 OR SYNTHESIZED_WIRE_518 OR SYNTHESIZED_WIRE_519 OR
SYNTHESIZED_WIRE_520 OR SYNTHESIZED_WIRE_602 OR SYNTHESIZED_WIRE_602 OR SYNTHESIZED_WIRE_602;

SYNTHESIZED_WIRE_394 <= NOT(SYNTHESIZED_WIRE_552);
SYNTHESIZED_WIRE_356 <= NOT(SYNTHESIZED_WIRE_552);

SYNTHESIZED_WIRE_253 <= NOT(SYNTHESIZED_WIRE_561);
SYNTHESIZED_WIRE_375 <= NOT(SYNTHESIZED_WIRE_552);
SYNTHESIZED_WIRE_471 <= NOT(SYNTHESIZED_WIRE_552);
SYNTHESIZED_WIRE_497 <= NOT(SYNTHESIZED_WIRE_556);

SYNTHESIZED_WIRE_508 <= NOT(SYNTHESIZED_WIRE_558);
SYNTHESIZED_WIRE_509 <= NOT(SYNTHESIZED_WIRE_552);

SYNTHESIZED_WIRE_46 <= SYNTHESIZED_WIRE_551 AND SYNTHESIZED_WIRE_524 AND SYNTHESIZED_WIRE_555 AND
SYNTHESIZED_WIRE_525;

SYNTHESIZED_WIRE_525 <= NOT(SYNTHESIZED_WIRE_561);
SYNTHESIZED_WIRE_524 <= NOT(SYNTHESIZED_WIRE_552);

SYNTHESIZED_WIRE_51 <= SYNTHESIZED_WIRE_551 AND SYNTHESIZED_WIRE_526 AND SYNTHESIZED_WIRE_555 AND
SYNTHESIZED_WIRE_553;

SYNTHESIZED_WIRE_50 <= SYNTHESIZED_WIRE_551 AND SYNTHESIZED_WIRE_552 AND SYNTHESIZED_WIRE_527 AND
SYNTHESIZED_WIRE_553;

SYNTHESIZED_WIRE_435 <= NOT(SYNTHESIZED_WIRE_553);

SYNTHESIZED_WIRE_526 <= NOT(SYNTHESIZED_WIRE_552);

SYNTHESIZED_WIRE_527 <= NOT(SYNTHESIZED_WIRE_555);

SYNTHESIZED_WIRE_49 <= SYNTHESIZED_WIRE_551 AND SYNTHESIZED_WIRE_528 AND SYNTHESIZED_WIRE_553 AND
SYNTHESIZED_WIRE_558;

SYNTHESIZED_WIRE_528 <= NOT(SYNTHESIZED_WIRE_552);

SYNTHESIZED_WIRE_53 <= SYNTHESIZED_WIRE_551 AND SYNTHESIZED_WIRE_529 AND SYNTHESIZED_WIRE_553 AND
SYNTHESIZED_WIRE_558;

SYNTHESIZED_WIRE_529 <= NOT(SYNTHESIZED_WIRE_555);

SYNTHESIZED_WIRE_567 <= SYNTHESIZED_WIRE_556 AND SYNTHESIZED_WIRE_530 AND SYNTHESIZED_WIRE_531 AND
SYNTHESIZED_WIRE_553;

SYNTHESIZED_WIRE_530 <= NOT(SYNTHESIZED_WIRE_552);

SYNTHESIZED_WIRE_531 <= NOT(SYNTHESIZED_WIRE_555);

SYNTHESIZED_WIRE_52 <= SYNTHESIZED_WIRE_551 AND SYNTHESIZED_WIRE_552 AND SYNTHESIZED_WIRE_532 AND
SYNTHESIZED_WIRE_533;

SYNTHESIZED_WIRE_511 <= NOT(SYNTHESIZED_WIRE_553);

SYNTHESIZED_WIRE_532 <= NOT(SYNTHESIZED_WIRE_555);

SYNTHESIZED_WIRE_533 <= NOT(SYNTHESIZED_WIRE_561);

SYNTHESIZED_WIRE_54 <= SYNTHESIZED_WIRE_551 AND SYNTHESIZED_WIRE_552 AND SYNTHESIZED_WIRE_534 AND
SYNTHESIZED_WIRE_535;

SYNTHESIZED_WIRE_534 <= NOT(SYNTHESIZED_WIRE_553);

SYNTHESIZED_WIRE_535 <= NOT(SYNTHESIZED_WIRE_558);

SYNTHESIZED_WIRE_56 <= SYNTHESIZED_WIRE_551 AND SYNTHESIZED_WIRE_552 AND SYNTHESIZED_WIRE_536 AND
SYNTHESIZED_WIRE_537;

SYNTHESIZED_WIRE_536 <= NOT(SYNTHESIZED_WIRE_555);
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SYNTHESIZED_WIRE_537 <= NOT(SYNTHESIZED_WIRE_553);

SYNTHESIZED_WIRE_55 <= SYNTHESIZED_WIRE_556 AND SYNTHESIZED_WIRE_538 AND SYNTHESIZED_WIRE_539 AND
SYNTHESIZED_WIRE_540;
SYNTHESIZED_WIRE_538 <= NOT(SYNTHESIZED_WIRE_552);

SYNTHESIZED_WIRE_354 <= SYNTHESIZED_WIRE_599 OR SYNTHESIZED_WIRE_597 OR SYNTHESIZED_WIRE_601 OR SYNTHESIZED_WIRE_598;
SYNTHESIZED_WIRE_539 <= NOT(SYNTHESIZED_WIRE_555);

SYNTHESIZED_WIRE_540 <= NOT(SYNTHESIZED_WIRE_561);

SYNTHESIZED_WIRE_57 <= SYNTHESIZED_WIRE_556 AND SYNTHESIZED_WIRE_545 AND SYNTHESIZED_WIRE_546 AND
SYNTHESIZED_WIRE_547;

SYNTHESIZED_WIRE_545 <= NOT(SYNTHESIZED_WIRE_552);
SYNTHESIZED_WIRE_546 <= NOT(SYNTHESIZED_WIRE_555);

b2v_inst95 : global
PORT MAP(A_IN => Reset,
A_OUT => SYNTHESIZED_WIRE_609);

SYNTHESIZED_WIRE_376 <= NOT(SYNTHESIZED_WIRE_553);

PROCESS(SYNTHESIZED_WIRE_551,SYNTHESIZED_WIRE_591)
BEGIN
if (SYNTHESIZED_WIRE_591 ='1') THEN
x1 <= SYNTHESIZED_WIRE_551;
ELSE
x1<="'Z";
END IF;
END PROCESS;

PROCESS(SYNTHESIZED_WIRE_556,SYNTHESIZED_WIRE_591)
BEGIN
if (SYNTHESIZED_WIRE_591 ='1') THEN
x2 <= SYNTHESIZED_WIRE_556;
ELSE
x2<="7";
END IF;
END PROCESS;

PROCESS(SYNTHESIZED_WIRE_552,SYNTHESIZED_WIRE_591)
BEGIN
if (SYNTHESIZED_WIRE_591 = '1') THEN
x3 <= SYNTHESIZED_WIRE_552;
ELSE
x3<="Z";
END IF;
END PROCESS;

END bdf_type;
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NicTMHr nporpamu reHepaLiii TeCToBUX cUrHanis

#include <avr/pgmspace.h>

intarr[]={7,6,5,4,3,2,1,0};

const boolean gnr[256][8] PROGMEM = {
{0,0,0,0,0,0,0,0},
{0,0,0,0,0,0,0, 1},
{0,0,0,0,0,0, 1,0},
{0,0,0,0,0,0,1, 1},
{0,0,0,0,0,1,0,0},
{0,0,0,0,0,1,0,1},
{0,0,0,0,0,1,1,0},
{0,0,0,0,0,1,1,1},
{0,0,0,0,1,0,0,0},
{0,0,0,0,1,0,0, 1},
{0,0,0,0,1,0,1,0},
{0,0,0,0,1,0,1, 1},
{0,0,0,0,1,1,0,0},
{0,0,0,0,1,1,0,1},
{0,0,0,0,1,1,1,0},
{0,0,0,0,1,1,1,1},
{0,0,0,1,0,0,0,0},
{0,0,0,1,0,0,0, 1},
{0,0,0,1,0,0,1,0},
{0,0,0,1,0,0,1, 1},
{0,0,0,1,0,1,0,0},
{0,0,0,1,0,1,0,1},
{0,0,0,1,0,1,1,0},
{0,0,0,1,0,1,1,1},
{0,0,0,1,1,0,0,0},
{0,0,0,1,1,0,0, 1},
{0,0,0,1,1,0,1,0},

1,1
{0,0,0,1,1,1,0,0}
0,1,1,1,0,1},
{0,0,0,1,1,1,1, 0},
{0,0,0,1,1,1,1, 1},
1,0,0,0
{0,0,1,0,0,0,0, 1},
{0,0,1,0,0,0,1,0}
{0,0,1,0,0,0,1, 1},
{0,0,1,0,0,1,0,0}
{0,0,1,0,0,1,0,1},
{0,0,1,0,0,1,1,0}
{0,0,1,0,0,1,1, 1},
{0,0,1,0,1,0,0,0}
{0,0,1,0,1,0,0, 1},
{0,0,1,0,1,0,1,0}
{0,0,1,0,1,0,1, 1},
{0,0,1,0,1,1,0,0}
{0,0,1,0,1,1,0, 1},
{0,0,1,0,1,1,1,0}
{0,0,1,0,1,1,1, 1},
{0,0,1,1,0,0,0, 0},
{0,0,1,1,0,0,0,1},
{0,0,1,1,0,0,1,0}
{0,0,1,1,0,0,1, 1},
{0,0,1,1,0,1,0,0}
{0,0,1,1,0,1,0,1},

{0,1,0,0,0,0,0,1},
{0,1,0,0,0,0,1,0},
{0,1,0,0,0,0,1,1},



{0,1,0,0,0,1,0,0},
{0,1,0,0,0,1,0,1},
{0,1,0,0,0,1, 1, 0},
{0,1,0,0,0,1,1, 1},
{0,1,0,0,1,0,0,0},
{0,1,0,0,1,0,0, 1},
{0,1,0,0,1,0, 1,0},
{0,1,0,0,1,0,1,1},
{0,1,0,0,1,1,0,0},
{0,1,0,0,1,1,0, 1},
{0,1,0,0,1,1,1,0},
{0,1,0,0,1,1,1,1},
{0,1,0,1,0,0,0, 0},
{0,1,0,1,0,0,0,1},
{0,1,0,1,0,0,1,0},
{0,1,0,1,0,0,1, 1},
{0,1,0,1,0,1,0, 0},
{0,1,0,1,0,1,0,1},
{0,1,0,1,0,1, 1, 0},
{0,1,0,1,0,1,1, 1},
{0,1,0,1,1,0,0,0},
{0,1,0,1,1,0,0, 1},

{0,1,0,1,1,1,0, 1},

{0,1,0,1,1,1,1,0},

{0,1,0,1,1,1,1,1},
0

S A e e e A e
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{1,0,0,0,0,0,0, 1},
{1,0,0,0,0,0,1, 0},
{1,0,0,0,0,0,1, 1},
{1,0,0,0,0,1,0, 0},
{1,0,0,0,0,1,0,1},
{1,0,0,0,0,1,1, 0},
{1,0,0,0,0,1,1, 1},
{1,0,0,0,1,0,0,0},
{1,0,0,0,1,0,0,1},
{1,0,0,0,1,0, 1,0},
{1,0,0,0,1,0,1,1},
{1,0,0,0,1,1,0,0},
{1,0,0,0,1,1,0, 1},
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{1,0,0,0,1,1,1,0},
{1,0,0,0,1,1,1,1},
{1,0,0,1,0,0,0, 0},
{1,0,0,1,0,0,0, 1},
{1,0,0,1,0,0,1, 0},
{1,0,0,1,0,0,1, 1},
{1,0,0,1,0,1,0,0},

uq1
{1,0,1,
{1,0,1,
{1,0,1,0,0,1,1, 1},
{1,0,1,0,1,0,0, 0},
{1,0,1,0,1,0,0, 1},
{1,0,1,0,1,0,1,0},
{1,0,1,0,1,0,1, 1},
{1,0,1,0,1,1,0,0},
{1,0,1,0,1,1,0, 1},
{1,0,1,0,1,1,1, 0},
{1,0,1,0,1,1,1, 1},
{1,0,1,1,0,0,0,0}
,1,1,0,0,0,1},
,1,1,0,0,1,0}
,1,1,0,0,1,1},
,1,1,0,1,0,0
,1,1,0,1,0,1},
,1,1,0,1, 1,0}
,1,1,0,1,1,1},
,1,1,1,
HOLLL
LLL,l%
,1,1,1,0,1,1},
,1,1,1,1,0,0}
,1,1,1,1,0,1},
,1,1,1,1, 1,0
,1,1,1,1, 1,13,
,0,0,0,0,0,0},
{1 1,0,0,0,0,0,1},
{1,1,0,0,0,0,1,0}
{1,1,0,0,0,0,1,1},
{1,1,0,0,0,1,0,0}
{1,1,0,0,0,1,0,1},
{1,1,0,0,0,1,1,0}
{1,1,0,0,0,1,1, 1},
{1,1,0,0,1,0,0,0}
{1,1,0,0,1,0,0, 1},
{1,1,0,0,1,0,1,0},
{1,1,0,0,1,0,1, 1},
{1,1,0,0,1,1,0,0}
{1,1,0,0,1,1,0, 1},
{1,1,0,0,1,1,1,0},
{1,1,0,0,1,1,1, 1},
{1,1,0,1,0,0,0,0}
{1,1,0,1,0,0,0, 1},
{1,1,0,1,0,0,1,0}
{1,1,0,1,0,0,1, 1},
,0,0},

0,
0
0
1
1
1
1
0
0
0
0
1
1
1
1
0
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void setup()

{

pinMode(8, OUTPUT);

pinMode(9, OUTPUT);

pinMode(10, OUTPUT);
pinMode(11, OUTPUT);
pinMode(12, OUTPUT);
pinMode(13, OUTPUT);
for (inti=0;i<8; ++i){

pinMode(arr[i], OUTPUT);
// Onpenensem nuHbl Kak BbIXoA,

}
}

void loop()

{

for (intj=0; j < 256; ++j) {
for (int k = 0; k < 8; ++k){
digitalWrite(arr[k], pgm_read_byte(&(gnr([j][k])));

digitalWrite(8, HIGH);
delay(1);
digitalWrite(8, LOW);

digitalWrite(10, HIGH);//for start

delay(1);
digitalWrite(10, LOW);

digitalWrite(13, HIGH);//function bin to grey

}

digitalWrite(12, HIGH);//zapX

delay(1);
digitalWrite(12, LOW);

digitalWrite(9, HIGH);//peretvorennya
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delay(1);
digitalWrite(9, LOW);
digitalWrite(10, HIGH);//for out
delay(1);
digitalWrite(10, LOW);
for (intk = 0; k < 8; ++k){
digitalWrite(arr[k], LOW);
}
delay(1000);
digitalWrite(10, HIGH);//for start
delay(1);
digitalWrite(10, LOW);
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