Jlekuis 2. IIporpamsi 3acod0u MoaeII0BaHHSI IPUCTPOIB Ta CHCTEM
yIpaBJIiHHA

Ilnan gekmii:

1. Berym. Jlitepatypa 3a TEMOO JISKITIi.

2. CucteMr KOMIT'IOTEPHOI MaTeMaTUKH SK MporpaMHuii 3acid pobotu 3
CTPYKTYpHUMH, (QYHKITIOHATLHUMH Ta 1HHOPMALIMHUMHA MaTeMaTUIHUMU MOJICIISIMH.

3.IlporpamMu  CXEMOTEXHIYHOTO  MOJCIIOBaHHS OIS JOCIIKEHHS
¢dynkuionanbHuX By3iiB [ITaCy.

4. IIporpamui 3acobu iHopmamiitaux moaeneii [ItaCy.

5. IIporpamui 3acobu KoHCTpyKTOpchkoro opopmiienns [ItaCy.

1. Beryn. Jlitepatypa 3a TeMOIO JIeKIiL

LIpoepamni 3acobu modenrosanns [ImaCy

B maHmii 4Wac CKIamarOThCAd 1 IHTEHCHMBHO PO3BUBAIOTHCS OCHOBH HOBOI
METO/OJIOri HAYKOBUX AOCHIKEHb - MamemMamuyno20 MOOEeN08AHHA HA OCHOBL
Komn'romepnoco _excnepumenmy. CyTHICTh 111€] METOAOJIOTIl TIojsArae y 3amiHi
peanbHOro 00'eKTa HOTO MOJEIUTI0 Ta JOCHIJDKEHHI 3 BUKOPUCTAHHSM CY4YacHOTO
MaTEMaTUYHOTO amaparty Ha 0a3l cyuacHozo npocpamuozo 3abe3neuenHs Ta
KOMIT'tOTepiB. MaTeMaTHIHEe MOJICIIIOBAaHHS OXOILUIIOE HOBI i HOB1 cepH IisUIBHOCTI,
BKJIFOUAIOYM SIK TPAJUIINHI JOKIaJaHHS 10 CKIAQAHUM TEXHIYHUM CHUCTeMaM, a U
PI3HI rajgy3i eKOHOMIKH, YIPABIIHHS Ta TyMaHITapH1 3HAHHS.

Ivimayiune modenrosanus Ttiependadae MNPEACTABICHHS MOJEIl Yy BHIJISIL
aNrOpUTMY Ta KOMIT'FOTEPHOI MpOorpamMH, SKa JJ03BOJIIE BiATBOPUTH TIOBEHIHKY
00’exTy. IMiTaIiiiHl MOAENTI PO3TJISIAI0THCS SIK €KCIIEPUMEHTH, 110 MPOBOASITHCA Ha
KOMIT I0T€pax, 3 MATEeMAaTHYHUMH MOJIEISIMHU, L0 IMITYIOTh MOBEIIHKY pealbHUX
00'exTiB. IIpy 1IbOMY IMITYIOTBCSI €JIE€MEHTapHI SIBUINA, 110 CKJIAJal0Th MpOIIEC, 31
30€pEeKEHHSAM 1X JIOTIYHOI CTPYKTYpU Ta TMOCTIJOBHOCTI y dacli, IO J03BOJISE
OTpUMATH BIJOMOCTI TPO CTaH CHUCTEMHU Yy TIEBHUM MOMEHT 4Yacy Ta OIIHHUTU
XapaKTEPUCTUKU CHUCTEMH. IMITaIiiiHi MOJeNi JO03BOJIIOTH BHPINIYBATH OLIBII
CKJIaJIHI 3aJa4l, HDK aHamiTH4YHI. Hanpuknan, BOHU TO3BOJISIOTH JOCHUTH JIETKO
BpPaxOBYBAaTH BILUIUB BUMIAAKOBUX (haKTOPIB.

Ilpoepamne 3abe3neuenns komn'romeprnoz2o excnepumenmy

[Iporpamue 3abe3nedeHHs] KOMIT'FOTEPHOTO EKCIIEPUMEHTY BKIIFOYAE
pi3Hi cepenoBuiia nporpamyBadHs (Pascal, Delphy, Fortran, Visual Basic),
cuctemu komn'torepHoi marematuku (MathCad, MATLAB), cnietianizoBani
MpOrpaMHI MNPOAYKTH, OPIEHTOBAHI PIINIEHHS KOHKPETHUX TPHU KIAJHUX
3aBJaHb Y KOHKPETHIN 00J1acTi, Ta 1HIIUX.

B ocranHi poku Bce OUIBIIOI MOMYJISAPHOCTI HAOYBalOTh CHUCTEMU
KOMITIOTEPHOI MaTEeMaTUKH — NOpOrpaMu, IO BHHHUKIH HA CTUKY
MaTEeMaTHUKHU Ta IHPOPMATHUKHU Ta MIPU3HAYEH] JIJIs BUPILISHHS Ta Bi3yai3alii
MaTeMatudHux 3aBnadb. Cucrema Matlab (MATrix LABoratory -
MaTpU4YHa JITabopaTopis) 3aiiMae cepel HUX OCOOJIMBE MICIIE SIK 32 CTyTIEHEM
yHlBepcaJ'II:HOCTl TaK 1 CKJIAQJIHICTIO. 3a BEJMKOIO KIJIBKICTIO (DYHKIH Ta
mBuAKocTi oouncienr MATLAB nepesepurye OUIBIIICTH TTOJIIOHUX CUCTEM
1 € Oe3mepeuyHWM JiAepOM Yy Taidy3l YHCEILHHUX PO3pPaxyHKIB Ta
MaTeMaTUIHOTO MOJICITFOBAHHS PI3HUX CUCTEM Ta IMIPUCTPOIB.




2. CucteMH KOMII'IOTEPHOI MaTeMATHMKH SIK NPOrpaMHuil 3acid po6oru 3
CTPYKTYPHUMH, (PYHKIiOHAJIHLHUMH Ta iHpopManiiiHUMH MaTeMATHYHUMH
MOJEJISIMH

MATLAB, GNU Octave, Mathcad, Wolfram Mathematica, Maple.

2.1. Cucmema romn'romepnoi mamemamuxuy (CKM) — ue komm'toTepHa
nporpaMa 4Yd TakeT MporpaMm, IO JI03BOJII€ BUKOHYBATH HaWpi3HOMAHITHIIII
MaTEeMaTU4H1 omneparlii Ta MepeTBOPEHHs aareOpaiyHuX BUPa3iB 3aJlaHUX B YUCENbHIl
ma cumeobHit (3MiHH1, QYHKIII1, TOJIHOMH, MAaTPHIIl TOIIO) gopmax.

Ocnoeni moscausocmi CKM:

—  CIpOILEHHS anredpaidyHuX BUpPa3iB 0 CTAaHAAPTHUX (HOPM, y TOMY UHCII
aBTOMATUYHE CHPOILIEHHS, YacTKOBE 1 TMOBHE JU(EPEHIIIOBAaHHSI —
ananimuune mooenosanus IImaCy, @izuunux npuryunie GUMIpr6ab,
meopemuyHulL PO3PAxXyHOK noxXubox 8UMIDIOBAHY,
Matlab: Symbolic Math Toolbox;

—  PO3B'S30K JIHIMHMUX 1 JIEIKUX HENHIMHUX PIBHSHb — MOOeli CMamuku
IImaCy,

Matlab: s0po cucmemu, Optimization Toolbox;

—  pPO3B'A30K OaraThbOX BU3HAUEHUX Ta HEBU3HAYEHHMX IHTErpajiiB (B TOMY
17 (W) 01 0araToBUMIPHUX IHTErpaiB);
Matlab: s0po cucmemu

—  PO3B'A30K Oaratbox IU(epeHUIANbHUX Ta PI3SHUUEBUX PIBHSIHb — MoOei
ounamiku  IImaCy 6 Henepepsuiti ma Ouckpemuiti  ¢hopmax.
Matlab: Simulink; Control System Toolbox; Partial Differential Equation
Toolbox; System Identification Toolbox;

— omepamii 3 MatpuisMu — mamemamuuri moodeni IImaCy 6 npocmopi
cmawy,  i0eHmuikayis — napamempie  MamemMamudHux — mooesel,

pezpeciunuu ananis;
Matlab: s0po cucmemu,; System ldentification Toolbox; Control System
Toolbox;

—  CTaTHCTUYHI OOYMCIICHHS — NOXUOKU, MOOeN08AHHS ma OYiHKA, 00poOKa
eKCnepuUMeHmanbHux OaHUX;

Matlab.: sopo cucmemu; System Identification Toolbox; Statistics and
Machine Learning Toolbox;

—  eKCIOpPT ONTUMI30BAaHOTO KOAY B IHIII MOBHM MpOrpamMyBaHHS —
CMBOPEHHSL NPOCPAM Ol OOCTIONCEHHS, MOOENIOBAHHS MA NPOEKMYBAHHS.
00 €Kmi6 BUMIPIOBAHbL MA KOHMPOJIIO.

2.2. Po3swupeHi moxicausocmi 8i000padicents pe3yibmamis MoO0ent08aHHs.
Cyuacai CKM wmicTath QyHKITT TPAKTUYHO 3 YCIX PO3AUTIB Cy4acHOI MaTEMaTHKH,
HOiATPUMYIOTh 1HTEPAKTUBHY Bi3yalli3allilo, OJJHy 4YM KUIbKa MOB IpOrpaMyBaHHS, 1
9acTO JI03BOJISIIOTh KOMOIHYBaTH aJITrOPUTMH, MaTeMaTudyHl (OPMYJIH, TEKCT,
rpadiky, aiarpaMu YM aHIMAIio 31 3BYKOM, a TaKOX pE3yJbTaTh OOYMCIICHHS B
onHOMY (paitmi.

Matlab: @yukyii nobyoosu o0eosumipnux ma mpusumipnux 2epagikie 3a
pe3yibmamam MOOentO8aAHHs.




2.3. Pozwupeni modcrueocmi 6sedennsi ma 00podku danux. B3aemomis 3
cuctemamu 300py nanux. Cucmema 300py oanux (CCJl; data acquisition, DAS,
DAQ) - xoMIIIeKkc 3aco0iB, IO MPU3HAYCHUH TSI POOOTH CIUIBHO 3 MEPCOHAITEHUM
KoMIT'IoTepoM abo cnemianizoBaHoro EOM 1 BuKOHye aBTOMaTu30BaHWil 30ip
iHpopMarii mpo 3HadyeHHsS (I3UYHUX TIapaMeTpiB Yy 3aJlaHMX TOYKax o00'ekTa
JOCIIJKEHHS 3 aHAJIOTOBHUX Ta /a00 HMU(PPOBUX JKEPEN CUTHATY, a TAKOXK MEPBUHHY
00poOKy, HAKOMUYEHHS Ta NIepeiavy JTaHuX.

CninbHo 3 mepcoHanbHOI0 EOM, ocHalieHow crnemiaJibHuM OpOrpaMHUM
3abe3neueHHsIM (Hanpukian, Ha 0a3z1t CKM), cucrema 300py JaHUX YTBOPIOE
iHpopMmarniino-sumiptoBasibny  cuctemy (IIC). IIC — wne 6GararoxaHanbHHI
BUMIPIOBAJILHUN TIpWiIag abo cHucTeMa MNpUIaAiB 3 IMMAPOKUMU MOYKIMBOCTSIMH
30upanHs, 0OpoOKH Ta aHAJI3Y JaHUX.

Matlab: Data Acquisition Toolbox; Image Acquisition Toolbox; Signal
Processing Toolbox; Image Processing Toolbox; Neural Network Toolbox; Wavelet
Toolbox.

MATLAB R2020b u LabVIEW NXG 5.10 Community. InctpymenT "Interface
for MATLAB" B LabVIEW NXG, mo m103BOjisi€ 3BepTaTUCS 0 CHHTaAKCUCY
MATLAB i cymintyBatu nepeBaru rpadiyHOro i TEKCTOBOTO MPOrpaMyBaHHS.

LabVIEW (anrn. Laboratory Virtual Instrumentation Engineering Workbench)
— 1I€ CEepelloBHUIllE PO3pOOKH Ta IiaTdopma JUisi BUKOHAHHS MPOTpaM, CTBOPEHUX
rpadiuHor0 moBow mnporpamyBanHs "G" ¢ipmu National Instruments (CIIA).
LabVIEW BHKOpPHCTOBYETBhCS B cHCTeMax 300py Ta OOpOOKH JaHUX, a TAKOXK IS
KEpyBaHHSI TEXHIYHUMU OO'€KTaMM Ta TEXHOJOTIYHMMH MpolecamMu. [neosoriyHo
LabVIEW nyxe 6musbka 1o SCADA-cucteM, aje Ha BIAMIHY BiJT HUX OUIBIIOIO
MIpPOIO OpiEHTOBaHA Ha BUPIIICHHS 3aBAaHb He cTUIbKK B obnacti ACY TII, ckinbku
B ACHI.

2.4.  Moowciueocmi _ aHaNimMU4yH020 __ma___KOMN IOMeEpPHo20 __ IMImayiiHo2o
MOOENIOBAHHSL.

Matlab: Symbolic Math Toolbox.

Jlooamku 3 61acHuM _IHmecposanum__cepedosuwem s  MOJEITIOBAHHS
1HKEHEPHUX 3a/1a4 Ta 1J1s1 PI3UYHUX 00UMCIICHB.

Matlab: Simulink; System Identification Toolbox;

2.5. MATLAB — maker mpuUKIagHUX TporpaMm JUisi YHCJIOBOTO aHali3y, a
TaKO)K MOBa TPOTPaMyBaHHsI, II0 BUKOPHCTOBYEThCS B JaHOMYy makeTi. Cuctema
ctBopeHa kommaniero The MathWorks 1 € 3pyunum 3acobom miist pobGoTu 3
MaTEeMaTUYHUMHU MAaTPULIIMHM, MalOBaHHS (yHKIIH, poOOTH 3 anropuTMami,
CTBOpEHHsI poOouMx 000JI0HOK (user interfaces) 3 mporpamMaMu B IHIIMX MOBax
IporpaMyBaHHS.

B upoMy mnakeri 3amadl  pO3IMIMPEHHS MOXJIMBOCTEH BHPIIIYIOTCA 3a
JIOTIOMOTOI0 JIOJIATKOBHX cremiam3oBanux mnaketiB (Toolbox), mo 3abe3meuyroThb
MOJKJIMBOCTI CHMBOJBHUX Ta aHAJITHYHHX OOYHCIIEHb, CIIEIllaJIbHI 3aco0u
IHTErpyBaHHS 3 1HIIUMHU MakeTamMu. HOB1 BIIaCTUBOCTI Hajana iHTErparlis 3 TakeToM
Simulink, mo mnpu3HAYEHWUN IS IMITAIHHOTO MOJCIIOBAHHS OJOYHO 3aJaHHX
IUHAMIYHUX cucTeM Ta mnpuctpoiB. [laker Simulink mae mmpoky 6i10moTeKy
MaTEeMaTHYHUX MOJENel pI3HUX 3a (PYHKIIOHAIbHUM MpPHU3HAYECHHAM OJIOKIB. Y



CKJIaJl CTBOPIOBAHOI MOJIENl CHCTEMH MOXYTh BKIIIOUATHCS TaKOX TE€HEpaTopu
pPI3HOTO BUAY CHUTHAJIB, BIPTyaJbHI BHUMIPIOBaJbHI MNpWIaTd, TrpadiduHi 3acodu
BiJI0OpaXKeHHS Pe3yJIbTaTiB MOJICTIOBAHHS CUCTEMH.

Ilepesacu: nasBHicTh 0101i0TeK QyHKIIH (TO0OIDOX) 17151 OaraThOX MPUKIATHUX
3aJja4y B Taidy3l HayKud 1 TexHikd. PoGoTa 3 MaTpuissMu 1 BEKTOpamMH OJHUM
orepaTopoM B TporpaMi Ha BOYJIOBaHiIM MOBiI mporpamyBaHHs. Po3BuHYTI 3acobu
Bi3yauti3allii pe3yJIbTaTiB YHCEIbHOTO MOJICJIFOBAaHHS.

3acmocysannsa — npuxnadu ous. n.2. 1.

CmpykmypHi_modeni MICTITh 1HQOPMAIII0 PO BHYTPIIIHIM ycTpid 00’€KTa-
opuriHaia, TOOTO TIEPENIiK €JIEMEHTIB Ta MepesiK 3B’SA3KiB MK HUMH. [HII Ha3BH:
MOp(}OIOTIUHUN OMHC, TOMOJIOTIYHUHN OMUC 00’ €KTA.

Simulink; Control System Toolbox.

DyHuxyionanbhi Modeni BioOpakaroTh MPOIEC 3MIHU CTaHy 00’ €KTa-OpuUriHaia
y 4daci. Lle € monenb nmoBeaiHkH ((PyHKIIIOHYBaHHS) CKJIAIHOT CUCTEMHU.

Simulink; Control System Toolbox; Partial Differential Equation Toolbox;
System Identification Toolbox;

Indpopmayivini modeni MicTATh HaOIp JaHUX MPO 00’ EKT-OPUTIHAT Ta OMHUCYIOTh
MOTOKH JIaHUX B TIPOLIeCi HOTO (DYHKIIIOHYBaHHS.

Data Acquisition Toolbox; Image Acquisition Toolbox; Signal Processing
Toolbox; Image Processing Toolbox; Neural Network Toolbox; Wavelet Toolbox.

GNU Octave — cucrema juisi BUKOHaHHS MAaTEMaTHYHHUX PO3PaxyHKIB, IO
HaJa€e 1HTEpIpeTOBaHy MOBY, 0araTto B uomy cyMicHy 3 Matlab. GNU Octave moxe
BUKOPUCTOBYBATHUCS AJIA PO3B'SI3yBaHHS JIHIMHUX, HEJHIMHUX Ta AUQPEpEeHIIAIbHUX
PIBHSIHb, OOYMCIIEHb 3 BUKOPUCTAHHIM KOMIUIEKCHUX YMCEJ 1 MaTpHIlb, Bi3yani3awii
JAHUX, IPOBEACHHS MAaTEMAaTUYHUX €KCIIEPUMEHTIB.

2.6. Mathcad — cucrema koMm'tOTepHOi anreOpu 3 KiIacy CHCTEM
aBTOMATU30BAHOTO TMPOEKTYBAHHS, OPIEHTOBaHA Ha TIJATOTOBKY I1HTEPAKTUBHHUX
JOKYMEHTIB 3 OOYMCIEHHSMU 1 BI3yaJIbHUM CYNPOBO/KEHHSIM, BIIPI3HAECTHCS
JIETKICTIO BUKOPUCTAHHS 1 3aCTOCYBaHHS /7151 KOJIGKTUBHOI POOOTH.

Mathcad wmae mnpoctuii 1 IHTYITUBHHMI JUIsi BHUKOPUCTaHHS 1HTEpdeic
kopucTtyBaua. Jlns BBeneHHs GopMyn 1 JaHUX MOXHA BHUKOPUCTOBYBATH SIK
KJIaBlaTypy, Tak 1 CHelliaibHi maHemni iHcTpyMmeHTiB. OcHoBHa BinMiHHICTE Mathcad
BiJl aHAJIOTIYHUX TIpOrpaM — Iie rpadivHnil, a He TEKCTOBUH PEXUM BBOIY BHPa3iB.

OOuucneHHs 13 BBEAEHUMU (POpMyJIaMH 3IIMCHIOIOTHCS 3a Oa)KaHHAM
KOpUCTyBaua ab0 MHUTTEBO, OJTHOYACHO 13 HaOOpom, a00 3a KOMaHAOW. Bbyab-ski
3MiHH1, (OPMYJIH, TapaMeTPU MOKHA 3MIHIOBATH, CIIOCTEPIrat0Yu HA0YHO BIJIMTOBIIHI
3MiHM pe3ynbTarty. lle mae MOXIMBICTH oOprasizaiii CHpaBll I1HTEPAKTHUBHUX
O0OYHUCITIOBAILHUX IOKYMEHTIB.

Mathcad mae maxi moscnusocmi:

1. Po3B'sizanHs audepeHIlianbHUX PIBHSHb, B TOMY 4YHCJIl 1 YHUCEIbHUMU
METOJIaMHU.

2. IloOynoBa ABOBUMIpHUX 1 TPUBHUMIpPHUX TpadikiB (B pIi3HUX CHUCTEMax
KOOpJMHAT, KOHTYPH1, BEKTOPH1 TOLIO).

3. CuMBOJIBbHI OOYHCIICHHS, PO3B'SI3aHHS CUCTEM PIBHSHb.



4. Onepatii 3 BEKTOpaMU 1 MATPUISIMHU.

5. 3Haxo/KeHHs KOpeHiB (DYHKIIIH 1 MOJIHOMIB.

6. CratuctuuHi QyHKIIT 1 pO3MOALIN HMOBIPHOCTEH.

JloaTKOBI TTAKETH PO3MIMPEHHS:

1. Tlaker nns oOpoOku curnaniB (Signal Processing Extension Pack). ¥V
JTAHOMY TIaKeTi MICTUThCs Oubiie 70 BOyqoBaHMX (QYHKIIHN 1151 0OpOOKH CUTHAIIB,
3a JIOTIOMOT'OI0 SIKMX MOYKHA 3/1MCHIOBATH aHAJIOTOBY 1 IHUGPOBY 00pOOKY CHTHAIIB,
MIPOBOJIMTH aHaII3 1 MPEJICTABIISITH Pe3yJIbTaTH B rpadiyHOMY BUTJIS/II.

2. Tlaker nns oOpobku 300pakeHs (Image Processing Extension Pack). Ile
posmmpeHHs 3abe3neuye Mathcad HeoOXigHMMH 1HCTpyMEHTaMu MAJii O0OpOOKH
300pakeHb, aHai3y 1 Bizyamizaiii.

3. Tlaker st BUKOHAHHS CKJIAJHUX PO3paXyHKIB 1 pO3B'sS3aHHS 3aaa4y
orrrumizanii (Solving & Optimization Extension Pack).

2.7. Wolfram Mathematica — cucrema komm'toTepHOI anreOpu KOMIaHii
Wolfram Research. Mictuts 6arato QpyHKIi SK ISl aHATITUYHUX IEPETBOPEHD, TaK
1 ISl YMCeNbHUX Po3paxyHKiB. KpiM Toro, mporpama miarpumye poooty 3 rpadikoro
1 3BYKOM, BKJIIOYAaIO4M MOOYAOBY JABO- 1 TPUBUMIPHUX IpadikiB (PYHKIIIH, MaTtOBaHHS
JOBUIBHUX T€OMETPUYHUX (PIryp, IMIIOPT Ta EKCHOPT 300paKEHB 1 3BYKY.

Moorcnusocmi:

1. Auanimuuni nepemeopenns. Po3B'a3aHHSI CHUCTEM DPIBHSIHb 1 HEPIBHOCTEH.
Po3B'si3aHHs peKkypeHTHUX piBHSAHb. CHpOIIEHHS BUpPa3iB. 3HAXOPKEHHS TI'PaHUIIb.
[aTerpyBanHss 1 audepeHuitoBaHHS (QYHKUIA. 3HAXOMKEHHA CyM 1 JOOYTKIB.
Po3B'si3anHs  audepeHiiadbHUX pIBHAHD 1 pIBHIHP B YacCTKOBUX ITOXiJHUX.
ITeperBopenns @yp'e 1 Jlannaca, a TaKOXK Z-TIePETBOPEHHS.

2. YucenvHi pospaxynku. OOYHCIEHHS 3HA4eHb (YHKLIA 3 JOBUIBHOIO
TOYHICTIO. PilleHHs cucTeM piBHSAHB. [HTerpyBaHHs 1 nudepeHuiroBanHs. PimeHHs
nudepeHiaIbHUX PIBHSAHB 1 PIBHSHb B YaCTUHHUX NMoxiaHUX. [leperBopenns Dyp'e 1
Jlannaca, a TakoX Z-TIEpETBOPEHHS.

3. Jlinitina aneeobpa. Oneparii 3 matpuniamu. [loOyaoBa rpadikiB ¢yHKIIN, B
TOMY YHUCJI1 TapaMEeTPUIHUX KPUBHUX 1 IOBEPXOHb.

2.8. Maple — xomepiiiiiHa cucTeMa KOMII'FOTEpHOI aiureOpu Bix KOMIaHil
Waterloo Maple Inc. Mictute monax 5000 ¢yHkmid mms OLIBIIOCTI PO3ALIIB
CydacHOi MaTeMaTUKH, MOJCIIOBAaHHS Ta IHTEPAKTHUBHOI Bizyaii3ailii, MiATPUMYE
MOBY TiporpamyBaHHsi Maple, 1 103Bosisie KOMOIHYBaTH aJrOPUTMHU, PE3YyJIbTaTH
oOuuCIeHHs, MareMaTuuHi (OpMyJH, TEKCT, rpadiky, AlarpaMu Ta aHIMallil 3i
3BYKOM B €JICKTPOHHOMY JIOKYMEHTI.

Moorcrueocmi:

—  CHUMBOJIBHI OOYHCIICHHS 1 YUCEIbHI METOIH;

—  MareMaTh4Hi (QYHKII1 Ta METON;

—  pO3B'sI3yBaHHS PIBHSHb;

—  nudepeHiabH1 PIBHIHHS;

—  JiHIlHA anre0pa;

—  ONTHUMI3al;

—  MpoTpaMyBaHHS;



—  penakTop MaTeMaTH4YHUX (POPMYI;
—  BI3yau3anis, rpadiky, IHTEpaKTUBHI MEHIO;
—  @JIEMEHTH JIsl po3poOKH rpadiuHuX 1HTEPGEHCIB.

3. IIporpaMmn  CXeMOTEXHIYHOT0 MOJEJTBAHHA I  JOCJiIoKeHHS
¢pynkuionansuux By3Jais [ItaCy.

Electronics Workbench, Multisim, OrCAD, Micro-Cap, PSPICE A/D.

[Tporpamu mpoekTyBaHHS eneKTpoHHHX mpucTpoiB (anri. Electronic Design
Automation, EDA) — xomruiekc mporpaMHUX 3aco0iB JIJIs aBTOMATH3aIlil PO3POOKH
€JIEKTPOHHUX TPHUCTPOIB, CTBOPEHHS MIKPOCXEM 1 APYKOBAHMX IUIAT, MOJICITIOBAHHS
NePEexiTHUX MPOIECIB, MATOTOBKA BUPOOHUIITBA.

Cucremn aBTOMAaTW3allii MPOEKTYBAHHS  CIIGKTPOHIKH MOXYTh  MAaTH
MONCIUBICIND _MOOENI0EAHHA _PO3POONI06AIbHO20 NpUCmMpoilo 1 TOCHIIHKEHHSI HOTO
po0OTH 10 TOTO, SIK BiH OyJie BTUICHUH B araparypy.

Kowmrekc  /103BOJIsiE  CTBOPUTH  MPHUHIMIIOBY  €JIEKTPUYHY  CXEMY
IIPOEKTOBAHOTO MPUCTPOIO 3a JOMOMOIOI0 TpadidHOoro iHTEpdeiicy, CTBOPIOBATH 1
MoaudikyBaTu 0a3zy paaioeIeKTPOHHUX KOMIIOHEHTIB, MEPEBIPATU LUIICHICTD JIAHOK
nepeaadi CUrHaIIB Ha Hil.

Cy4acHi iporpamHi MakeTH JO3BOJISIIOTh BUKOHATH aBTOMATHYHY PO3CTaHOBKY
€JIEMEHTIB 1 AaBTOMATHUYHO PO3BECTH JOPIKKM Ha KpecieHHl OaraTolapoBoi
JPYKOBAHOI IJIATH, TTOETHYIOYN THM CAMHUM BHUBOJIM PaJIiIOCICKTPOHHUX KOMITOHEHTIB
BIIMOBIJTHO /10 MPUHIMIIOBOI cxeMmH. BBeneHa cxema moke OyTH TepeTBOpEHA B
3aroTOBKY MPOEKTOBAHOI APYKOBAHOI MJIATH 3 PI3HUM CTYNEHEM aBTOMAaTH3allli.

IIporpamMu cXxeMOTEXHI4YHOI0 MOJACJTHOBAHHSL:

1. Ilakem Electronics Workbench — 1€ cucteMa CXEMOTEXHIYHOTO
MOJICTIOBAHHSl Ta aHaji3y AaHaJOroBUX Ta LHU(PPO-aHATIOTOBUX CHUCTEM BEJIMKOI
ckinagHocTi. Ilaker BkItouae BenuWKy O10J10TEKY HIMPOKO BUKOPUCTOBYBAHUX
CXEMHHUX KOMIIOHEHTIB, MapaMeTpH SKUX MOXKYTh MIHATHUCS B IIUPOKOMY Jl1ara3oHi.
[upoxuit Habip BUMIpIOBaIBHUX NPHIAAIB (ocuuiorpadis, aHami3aTOPIB CHEKTPY)
JI03BOJISIE BAMIPIOBATH Pi3HI BEJIMUUHU TA XapPaKTEPUCTUKU CXEMH.

2. [lpoepama Multisim npusHadyeHa s KOMIT'IOTEPHOT  PO3POOKH
MPUHIIMIIOBUX CXEM EJEKTPOHHUX TPUCTPOiB, IX HaJIAIITYBaHHS, TECTyBaHHS 1
JIOBOJKU JI0 HEOOX1THUX MapaMeTpiB.

NI Multisim (panime MultiSIM) — e nporpama ajist 3anucy Ta MOAEIIOBaHHS
CJICKTPOHHUX CXEM, SIKa € YaCTUHOI HaOopy MporpaMm sl MPOEKTYBaHHS CXeM
pazoMm 13 NI Ultiboard. Multisim € oani€ero 3 Hebararbox MpoOrpaM MPOEKTYBAHHS
CXeM, fKa BUKOPHCTOBYE OpUTIHAJIbHE MpPOrpaMHE MojeNtoBaHHs Ha 0a3l Berkeley
SPICE. Multisim crnouatky OyB cTBOpeHHMI kKommaHiero mij Ha3Bow FElectronics
Workbench Group, sika 3apa3 € migposmiaom National Instruments. Multisim
BKJIFOYAa€ MOJICTIOBAHHS MIKPOKOHTpoJsiepiB (paHime Bigomuii sik MultiMCU), a
TaKOX IHTErPOBaHI (PYHKI(i IMIOPTY Ta €KCHOPTY JO MPOTrpamMHOTO 3a0e3MeUCHHS
I KOMITOHYBaHHs ApyKoBaHux ruiat y nmaketi NI Ultiboard.

Multisim MHMPOKO BUKOPUCTOBYETHCA B HAYKOBUX KOJIaX 1 IPOMUCIOBOCTI AJIs
HaBYAHHS CXEM, POCKTYBaHHs eIEKTPOHHUX cxeM 1 MmoaemtoBanHs SPICE.




NI Multisim g03BoJsie 00'eqHATH MPOLIECH PO3POOKU €IEKTPOHHUX MPHUCTPOIB
Ta TECTyBaHHS Ha OCHOBI TEXHOJIOTIi BIPTyaJdbHHX MPHUJIAAIB JJIsl HAaBYAJbHUX Ta
BUpoOHMUMX 1iiel. 1{g mmatdopma mos's3ye mporecu TecTyBaHHS Ta IPOSKTYBAHHSI,
HaJal04l PO3POOHMKY EJIEKTPOHHOTO OO0JagHAHHS THYYKI MOMJIMBOCTI TEXHOJIOTIT
BipTyasibHuX npwiafiB CruibHEe BUKOPUCTaHHS NPOrpaMHOro 3abe3nedyeHHs i
MOJICTIOBaHHSL CJIEKTpUYHUX K11 Multisim kommanii National Instruments 13
cepeaoBUIIeM po3po0ku BuMiproBaabHuX cucteM LabVIEW nmo3Bosise mopiBHIOBAaTH
TEOPETUYHI1 J]aH1 3 pealbHUMU 0€3M0CEePeIHbO Y MPOIIEC] CTBOPEHHSI CXEM 3BHUYaNHUX
JTPYKOBAHUX ILJIAT, 110 3HIKYE KUIbKICTh MPOEKTHUX 1Tepalliii, KUIbKICTh IIOMHUJIOK Y
MPOTOTHUIIAX 1 MPUCKOPIOE BUX1 MPOTYKITIi.

baza oanux komnonenmie mictuth moHaa 1200 SPICE-moneneit enemMeHTiB Bif
MpOBiIHUX BHUPOOHUKIB, Takux sk Analog Devices, Linear Technology ta Texas
Instruments.

Oco6nuBicTio nporpamu Multisim € nasgricmb 8ipmyanbHux 8UMIPIOBATLHUX
npunadis, KOTpi IMITYIOTh peasibHi aHanoru. B ckimaag Multisim BXoasath epexkTuBH1
3aco0u rpadiuHoi 0OpOOKH pe3ysIbTaTiB MOJICTIOBAaHHS. [HIlla Ba)JnBa O0COOJIUBICTD
nporpaM ToJisirae B ToMy, mo Multisim migTpumye B3aemojilo 3 rpadiyHUM
cepenoBuiiieM LabVIEW, koTpe npusHaueHe ajisg po3poOKU MporpaMHoO-anapaTHUX
3ac001B BUMIPIOBAHHS i YIIPABIIIHHS.

KonmponvHno-sumiprosanvri npunaou (Instruments):

—  1uudposuit mynetumetp (Multimeter);

—  ¢ynkuioHansHul reveparop (Function Generator);

—  BUMIPIOBAY  aKTUMBHOI  MOTYXXHOCTI 1 Koe(QIll€HTa MOTY>KHOCTI

(Wattmeter);
— ocuuuorpad (Oscilloscope);
—  BuMipoBay AUX 1 ®UX (Bode Plotter);
—  reneparop cioBa (Word Generator);
—  noriyauii anamzatop (Logic Analyzer);
—  poriuamit nepetBoproBay (Logic Converter);
—  BUMIPIOBaY HEJIHIMHUX CIIOTBOPEHH B J1ana3oHi yacToT Bix 20 go 200000
' (Distortion Analyzer);

—  cnekTpaibHui aHamsaTtop (Sperctrum Analyzer);

—  TpWIag A aHaJi3y €JCKTPUYHUX JIAHIIOTIB B y3arajJlbHEHOMY BUTIISAI -
Yy BUTJISAAl YOTHUPHUIOIIOCHHUKIB, IO MAlOTh JBa BXOAW 1 JBa BUXOIU
(wotupu nomtoca) (Network Analyzer).

3. llakem OrCAD — ue nporpama MOJAENIIOBAaHHS 1 HACKPI3HOTO MPOEKTYBaHHS
aHaJIOTO-1IU(PPOBUX €IEKTPOHHUX MPUCTPOIB.
CucreMa aBTOMaTU30BaHOTO MTPOEKTYBAHHS €1eKTpOHHUX MpuctpoiB OrCAD e
MPUKJIAJIOM TTOBHICTIO 3aKIHYEHOI CUCTEMU HACKPI3HOTO MPOCKTYBAHHS.
CucremMa MICTUTh HACTYITHI CKJIaJ0B1 MOIYJII:
— OrCAD Capture — rpadiunuii pemakTop CXeM, MporpamMa CTBOPEHHS
MPUHITUTIOBUX CXEM MTPOEKTIB BCIX THUIIIB.
— System — indopmariiina cuctema s poOOTH 3 KOMIIOHEHTaMH), IO
BUKOPHCTOBYE MOMJIMBOCTI JIOCTYIy 10 0a3 qaHux uepes Internet.




— OrCAD Layout — nporpamHuuii 3aci6 a7t po3poOKH IPYKOBAaHUX ILJIAT, 11O
BKJIFOYAE CITKOBUM aBTOTpACyBaJbHUK MPOBIIHUKIB Ha 16 1m1apiB 1 3aco0u
CTBOPEHHS Kepyrouux ¢aiiB ajis oToroTepis.

— OrCAD Express — 3aci6 mojentoBaHHs IU(POBUX MPUCTPOIB 1 iHTEpPeiic
3 MporpaMaMH MPOEKTYBAaHHS MPOTPAMOBAHMX JIOTIYHUX I1HTETPATHHHIX
cxeMm (ILJIIC).

— OrCAD PSpice — mMozemoBaHHSI aHAJIOTOBUX MPHUCTPOIB. 3abe3neuye sk
CTaHJapTHI METO/IM aHAMi3Yy.

— PSpice A/D - MozemoBaHHS aHAJIOTOBUX 1 3MIIIAHUX aHAJIOrOBO-
U(GPOBUX MPUCTPOIB.

— OrCAD PSpice Optimizer — mporpamMa mapaMeTpHYHOI ONTHMIi3aIlii,
BUKOPUCTOBYETHCS CIIJIBLHO 3 Tiporpamoro PSpice.

4. Ilakem Micro-Cap — me makeT CXEMOTEXHIYHOTO MOJENIOBaHHA. 3 MOro
JOTIOMOT'OK0 BHUKOHY€ThCA TpaiuHe BBEIECHHS MPOCKTOBAHUX CXEM 1 aHaji3
XapaKTEPUCTHK aHAJIOrOBUX, HU(PPOBUX 1 aHAJIOro-IM(PPOBUX MPHUCTPOIB, BEAETHCS
aHa13 HeJIIHIMHUX CXEM Ha MOCTIMHOMY CTPYMi, pO3paxyHOK NEPEXITHUX MPOILIECIB 1
YaCTOTHUX XapaKTEPUCTUK. B makeT BKIIOUEHO BEJUKY 010J110TEKy KOMIIOHEHTIB, 10
AKOT1 BXOJIATh HAWOLIBbII MOMYJISIPHI IU(PPOBI IHTETPAIbHI CXEMH JTUCKPETHOI JIOT1KU
1 aHaJoOroBl KOMIIOHEHTH THITY JIOMiB, TPAH3UCTOPIB, JiHIA TepelaBaHHS 3
BTpaTaMu, KBapIIOBUX PE30HATOPIB 1 T.JI.

TSI e TS 57

IIporpama Micro-Cap po3pobiena ¢ipmoro Spectrum Software. Cepen iHImmMX
IporpaM aHaJOTIYHOTO TMPU3HAYCHHS BOHA BUAUIAETHCS 3PYYHICTIO 1HTEpdeiicy y
MO€THAHH] 3 aJIeKBATHICTIO PE3yJIbTaTiB, 1[0 3yMOBJIEHO ii CYMICHICTIO 3 BIJJOMHUM
naketoMm SPICE, 1110 € cBO€piTHUM 3pa3KoM 3a TOUHICTIO OOYUCIICHb.
Micro-Cap 31iiicHIOE TaKi OCHOBHI BHJIA aHAII3Y:
—  PEeXHUMY MOCTIHHOTO CTpyMy (PO3paxyHOK poOOUYOi TOUKH);
—  BIATYKYy CXEMHU Ha Bapiamii JpKepea MOCTIHHOI Hampyru (CTpymy) Ta
THIITNX MMapaMeTpiB KOMIIOHEHTIB CXEMU;
—  YaCTOTHUX XapaKTEPUCTUK CXEMH, JIHEApU30BaHOI HA OKOJIHII poOOUOi
TOYKH;
—  MEpexXiTHUX MPOIIECIB il BIUIMBOM CHUTHAJIB, 110 3aJal0ThCA y BUIJISII
(GyHKIINA yacy, BKIIOYAIOYU aHali3 CIEKTPY.
— - aHaJI3 IIyMiB ¥ mapaMeTpUyHOl Yy TIUBOCTI;



— - OararoBapiaHTHUUM aHaji3, BKIIOYAIOUYN CTAaTUCTUYHUN aHaJ3 METOJIOM
Momnte-Kapiio;

PoGorta 3 mporpamoro BKItoYae B ce0€ CTBOPEHHS EJICKTPUYHOTO Koja B
rpadiyHOMY pEeIaKTOpl, 3aBJaHHsS IapaMeTpIB aHalli3y 1 OTPUMAaHHS pe3yJbTaTiB
MonenoBaHHs. [Iporpama caMOCTIHHO cKJIajga€ pIiBHSHHS JIAHITIOTa 1 TIPOBOJUTH
po3paxyHok. ['padiunuii pemakTop cHupaeTbcs Ha O10J10TEKH EIEeKTPOHHUX
KOMIIOHEHTIB, $Ki MO)XHAa TIOTIOBHIOBAaTH Ha OCHOBI EKCIIEpUMEHTAIBHUX a0o
JOBIJIKOBUX JTAHHUX 3a JOTIOMOTOI0 BOYy0BaHOTO MOayis Shape Editor.

5. Ilpoepama PSPICE A/D (Simulation Program with Integrated Circuit
Emphasis) mnaiikpame miaXomuTh IS BUPINICHHS OUTBIN CKJIATHHUX — 3ajad
CXEMOTEXHIYHOTO MOJIETIOBaHHsA. PaHile BoHa BXoauja 10 CKIAAy MaKeTy
DisineLab. Ilorim Bona BBikinuia g0 maketry OrCAD. Ilg mporpama moxe
BUKOHYBAaTH PI3HI BUJU aHATI3y CXEeM 1 Ma€ psia QYHKIIN Meperiisaay pe3yabTaTiB
mojentoBanHs. JlonoBHena cremianbHuM MoayiieM PSPICE Optimizier, Bona nae
MOXIJIMBICTh HE TUIBKM MOJICJIOBATH, ajié ¥ ONTHMI3YBaTH CXEMH 3a PI3HUMHU
KPUTEPISIMHU.
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OcHOBHI BUIM aHaNI3y, 1110 peani3yroThcs PSpice:

- PO3paxyHOK peXuMy 1o nocriinomy ctpymy (Bias Point Delay);

- OarartoBapiaHTHUW PpO3paxyHOK pPEeKUMY MO TocTiiiHoMmy ctpymy (DC
Sweep);

- PO3paxyHOK YYTJIMBOCTI B PEKUMI 110 TTOCTIHOMY CTpyMy (Sensitivity);

- pO3paxyHOK TepelaBalbHUX (YHKIN B peXuMi MO TMOCTIHHOMY CTPyMy
(Transfer Function);

- pO3paxyHOK MEepeXiTHUX MPOLECIB i crieKTpiB curHaiis (Transient);

- PO3PaxXyHOK YaCTOTHUX XapaKTEPUCTHK ¥ CHEKTpalbHUX TYCTHH mymy (AC
Sweep);

- OaraTroBapiaHTHUI aHadi3 MpU 3MiHI OyAb-SIKUX NapaMmeTpiB CXeMHu U
temriepatypu (Parametric);

- CTaTUCTUYHUI aHami3 no Meroay Monte-Kapno (Monte-Carlo) # po3paxyHok
Hairipinoro Bunaaky (Worst-Case).

- ciektpanbhauii anani3 (Fourier Analysis).

4. IlporpamHi 3aco0m ingopmaniitnux moaesieit IlIraCy.
Cisco Packet Tracer, OpNET Modeler, NetCracker



4.1. Mooeni indhopmauitinux cucmem. Ilpoepammui 3acobu.

UML (anra. Unified Modeling Language) — ynidikoBaHa mMoBa 00'€KTHO-
OpPIEHTOBAHOTO  MOJICTIOBAHHS, BHUKOPHUCTOBYEThCS y TapaaurMi  00'€KTHO-
OpPIEHTOBAHOTO MporpamMyBaHHs. € HEBIJI'€MHOIO YACTMHOIO YHI(pIKOBAHOIO MPOIIECY
PO3pOOKH MPOTPAMHOTO 3a0€3MEUCHHS.

UML Moxe OyTHM 3aCTOCOBAaHO Ha BCIX €Tamax >KUTTEBOTO ILMKIY aHajizy
O13Hec-cucTeM 1 po3po0KH AojaTKiB. Pi3H1 Buam miarpam siki miarpumytotbess UML, i
HalOaraTmuii Hablp MOXJIMBOCTEH TPENICTABIICEHHS TEBHHUX AacCMEKTIB CHUCTEMHU
poouts UML yHiBepcaibHUM 3aCO00M OMUCY SIK TPOrPaMHUX, TakK 1 IIJTOBUX CUCTEM.

JliarpamMu  1al0Th MOXJIMBICTh NPEACTaBUTH CHUCTEMY (SK JAUIOBY, TakK 1
MIPOTpamMHy) y TaKOMY BUTJISII, 1100 ii MOKHA OyI0 JIETKO MEePEBECTH B TPOTPAMHHIMA
KOZ.

Kpim Toro, UML cremianbHO CTBOpIOBAJacs I ONTHUMI3AIlli TPOIECy
PO3pOOKH MPOrPAMHUX CHUCTEM, IO J03BOJISIE 30UIBIIUTH €(EKTUBHICTh peanizaiil
MPOrpaMHUX CHUCTEM Yy KUIbKa pa3iB 1 MOMITHO MOJIMIIATHA SKICTh KIHLEBOIO
MPOIYKTY.

[Tpaktuuno yci CASE-3acobu (mporpamMu aBTOMAaTH3allli MPOIECY aHami3y i
npoekTyBaHHs) MatoTh miaTpuMky UML. Mogeni po3po6isieni B UML, n03BomsitoTh
3HAYHO CIPOCTUTU TMPOIEC KOAYBAHHS 1 HANpaBUTU 3yCHIUIS MPOTrpamicCTiB
Oe3nocepeTHbO Ha peaTizallilo CUCTEMHU.

JiarpamMu miABUIIYIOTH CYNIPOBO/KYBaHICTh IIPOEKTY 1 MOJETTIYIOTh PO3POOKY
JIOKYMEHTAIII1.

UML HeoOX1aHMIt:

—  KEpIBHHMKaM IPOEKTIB, Kl KEPYIOTh PO3MNOIIJIOM 3aBAaHb 1 KOHTPOJIEM 3a

MIPOEKTOM;

—  TIPOEKTYBAJIbHUKAM 1HQOPMALIMHUX CHUCTEM SIKI PO3POOJIAIOTH TEXHIYHI

3aBJIaHHSI JIJIs IPOTPAMICTIB;

—  Oi3Hec-aHaANITUKaM, SIK1 JOCHIKYIOTh PEalbHy CHCTEMY 1 31HCHIOIOTh

THKUHIPUHT 1 pEIHKUHIPUHT O13HECY KOMIIaHii,
—  IporpaMicTam siKi peani3yroTh MOAYJl iH(hOpMaLIiHOT CUCTEMU.

4.2. Mooeni komn romeprux mepedic. Ilpoepamui 3acoou.

Cisco Packet Tracer.

Jlnst Toro 100 po3poOWTH MOIETh MEpEeXi YacTO BHUKOPUCTOBYETHCS
nporpamue 3abe3neueHus Gpipmu Cisco - Packet Tracer 5.

[Tporpamue pimenns Cisco Packet Tracer mo3Bosisie iMiTyBaT poOOTY Pi3HUX
MEpPEKHUX TMPUCTPOIB: MApUIPYTU3ATOPIB, KOMYTATOpPiB, TOUYOK O€3IpOTOBOTO
JIOCTYITy, TIEPCOHABHUX KOMITIOTEPIB, MEpEKeBUX MpuHTEpiB, [P-tenedonin i 1.1.
PoGoTa 3 1HTEpaKTUBHUM CHUMYJSTOPOM Ja€ JyX€ TMPaBAONOJiOHE BITUYTTS
HaJAIITyBaHHS peadbHOT MEpPEXi, 10 CKIANAEThCS 3 JIECATKIB a00 HaBITh COTEHb
OPUCTPOIB. YCTAHOBKH, y CBOIO 4UEpry, 3ajexaTh BiJl XapakKTepy HPHUCTPOIB: OJHI
MO’Ha HaJAIITYBaTH 3a JIOMOMOI0K KOMaH/[1 omnepaiiitnoi cuctemu Cisco [0S, i
- 3a paxyHOK rpadiuHoro BeO-iHTep(deiicy, TpeTi - uepe3 KOMaHAHHUM PpsJIOK
omeparlifHoi cuctremu abo rpadiuHi MEHIO.
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3aBasku Takiii BiactuBocTi Cisco Packet Tracer, sk pexxum Bizyanizaini,
KOPUCTYBa4 MOXKE BIJICTEKUTH TMEPEMIIICHHS JaHUX IO Mepexi, MosBa 1 3MiHa
napameTpiB [P-makeTiB mpu NPOXOKEHHI JaHUX Yepe3 MEpPekeBl MNPUCTPOI,
IIBUJIKICTh 1 NUIAXU TepemimieHHst [P-makeriB. AHami3 mojii, 1mo BiOyBarOThCS B
MepexKi, I03BOJISIE 3pO3YyMITH MEXaHI3M ii pOOOTH 1 BUSSBUTH HECIIPABHOCTI.

OpNET Modeler.
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Opnet Modeler - cywacHe cepemoBUILE MOJCIIOBAHHS, 37aTHE [0

MOJICIIIOBAHHSI ~ TIOBEJIHKM MEPEKEBUX TMpOIEeCiB  (MPOTOKOJIM  KOMYHIKaIlii),
MEpEeKEBUX KOMIIOHEHTIB (CepBepH, aBTOMATH30BaHI poOOYl MicCIls, BUMHKaYi,
MapipyTtuzaropu, tomio), gonarkis (HTTP, FTP, enekrponna momra, VolP, 6a3a
JAaHUX, TOIIO) Ta iX PO3MIMPEHUX KOMOIHAIIN (TIiAMEpPEKi, BUMIPABIEHI 1 OE3IPOTOBI
Mepexi, TOIIO).

[Iporpama OPNET Buxonye aHamiz poOOTH PI3HUX JIOKUIBHUX 1
TEPUTOPIATILHUX  TETEPOreHHUX  OOUYMCIIOBAILHUX MEpeX, B TOMY YHUCIHI
BUCOKOWBUAKICHUX Mepexk FDDI 1 ATM, pamiokaHaniB 3 TUMYacOBUM
MYJIbTUIUIEKCYBaHHSAM Ta 1HIMX. Ha BXigH1M rpadiyHiii MOBI 3aJJa€ThCA CTPYKTypa
MEpEeXK 3 yKa3aHHSM IPOIIECOPIB, HKEPe MOTOKIB JIaHUX, Yepr, TPAHCMITEPIiB 1 T.II.
CucrteMa 103BOJISIE TIOPIBHIOBATH PI3HI apXITEKTypH IMOOYIOBH MEpEeX, BU3HAUATU
PO3MIIIIEHHSI CepBepiB, po3paxoByBaTu Tpadik. Y O10mioTei CUCTEMHU € MOJEl
pizanx npotokoiiB (Ethernet, FDDI, TCP / IP, ATM, PSTN, Frame Relay ta inmii).
OPNET MODELER - nporpamuuii maker, 110 NpornoHye KOpHCTyBauaMm rpadiuHe
CepeIOBHILE /ISl CTBOPEHHSI, BAKOHAHHS Ta aHaJI3y MOII€BOTO MOJICITIOBAHHS MEPEK
3B's13ky. lle 3pyuHe mporpamHe 3a0e3neyeHHs MOXETOYTH BHUKOPUCTAHO IS
BEJIMKOTO psAYy 3aBJaHb. CTBOPEHHS Ta TMeEpeBipKa MPOTOKOIY 3B'SI3KY, aHami3
B3a€MO/11 MPOTOKOJIB, ONTUMI3alllsl Ta MJIAHYBAHHS MEPEXKI.

NetCracker.
NetCracker - cucrema sBasie coboro CASE-3aco0M aBTOMAaTH30BaHOTO
IPOCKTYBAaHHS, MOJIEIIOBAHHSA 1 aHalli3y KOMI'IOTEPHUX MEPEXK. A€ MOXKJIUBICTh



MPOBECTU EKCIEPUMEHTH, pEe3yNbTaTH SKUX 3MOXYTb OYyTH BUKOPHCTaHI MJis
OoOrpyHTYBaHHs BHOOpPY BHIY MEpeXi, Cepel Mepenadi, MEPeKEBUX IHTPEAIEHT
oOjazHaHHS Ta MpOrpaMHO-MaTeMaTHUHOTo 3abe3nedeHHsa. [Iporpamui 3acobu
NetCracker 103BOJIAIOTE BUKOHATH 301p BIAMOBIIHUX JAaHUX MPO ICHYIOUY CITKH 0€3
3YIUHY 11 pOOOTH, CTBOPUTH MPOEKT I11€1 CITKK 1 BUKOHATH HEOOX1HI €KCIIEPUMEHTH
JUIST BU3HAYEHHS TPAHUYHUX XapaKTEPUCTHUK, 3M1I0HOCTI PO3MIMPEHHS, 3MIHU
TomoJiorii 1 Mojaudikaiii MepekHOTo oOJagHAHHS 3 METOK IMOJAJBIIOTO i
BJIOCKOHAJICHHSI 1 po3BUTKY. 3 miarpumkoro NetCracker MOXIMBO NpOEKTyBaTu
KOMIT'IOTEpPHI CITKH PI3HOr0 MacmTady 1 MpU3HAYEHHS: BiJ JIOKAIBHUX MEPEXK, II0
HApaxoOBYIOTh KUJIbKA JECATKIB KOMIT'IOTEPiB, 10 MDXKACPKABHUX TTI00ATBHUX MEPEK,
noOy/I0BaHUX 3 BUKOPUCTAHHSIM CYIyTHHKOBOTO 3B'SI3KYy. Y CKIJIaJi MpOTpaMHOTO
3abe3neueHHss NetCracker B HasBHOCTI cujbHa 0a3a JaHUX MEPEKHUX MPUCTPOIB
MPOBITHUX BUPOOHMKIB: poOOYMX CTaHINM, cepBepiB, cepel mepeaadi, MEepeKeBUX
ajanTepiB, IMOBTOPIOBAadYiB, MOCTIB, KOMYTAaTOpiB, MapUIPyTU3aTOPIB,  WIO
BUKOPUCTOBYIOTHCA JJISl PI3HUX THUITIB MEPEXK 1 MEPEKEBUX TEXHOJIOTIH.

5. [Iporpamui 3acoou kKoHCTPpYKTOPCbKOTro oopmienns IraCy.

P-CAD, DipTrace, DesignLab.

5.1. P-CAD. IlotyxHa cuctemMa aBTOMaTH30BaHOTO NIPOEKTYBAHHS IPYKOBAHUX
IUIaT PaJl0EIEKTPOHHUX 1 0OUNCIIOBAIbHUX IPUCTPOIB.

[IporpamMa 37aTHa BHUKOHAaTH BECh LMKI PO3POOKH JPYKOBAaHUX ILIAT,
IHTEPaKTUBHE PO3MIIICHHSI €JIEMEHTIB 1 aBTOTpACyBaHHS IPOBIIHMKIB, TMOIIYK
MOMHJIOK Ha OyIb-sKid CTadill MPOEKTy, MIATOTOBKY IOKyMEHTallii, MepeBipKy
LIJTICHOCTI BCIX CUTHAJIIB, aHami3 nepexpecHux cnorBopeHb. P-CAD cknagaetscs 3
JIBOX aBTOHOMHUX MOAyJiB - Schematic (penaktop enekrpuunHux cxem) i PCB
(penakTop IpyKOBaHUX ILIAT).

Cucrema P-CAD BHKOHY€ IMOBHMM LIMKJI NPOEKTYBAaHHS JIPYKOBAHMUX ILIAT, a
came:

- rpadiyHe BBEJICHHS EJIEKTPUIHUX CXEM;

- 3MilIaHe aHanoro-mudpose moaentoBanHs Ha ocHOBI siapa SPICE3;

- YIAKOBKY CXE€MHU Ha JAPYKOBaHY IIaTy;

- IHTEpaKTHUBHE PO3MIIICHHS KOMIIOHEHTIB;

- IHTEpaKTHBHE 1 aBTOMaTUYHE TPaCyBaHHS MIPOBIIHHKIB;

- KOHTPOJIb IOMUJIOK B CX€MI 1 IPyKOBaHIN IJ1aTi;

- BUIYCK JJOKYMEHTAIIIT;

- aHaJI13 LJIICHOCTI CUTHAIB 1 MEPEXPECHUX CITIOTBOPEHb;

- miarotoBky QaitniB Gerber 1 NC Drill ns BupoOHUIITBa IpYyKOBaHUX IJ1aT;

- MATOTOBKY 010J110T€K CUMBOJIIB, TOMOJIOTIYHUX MOCATKOBUX MICIIb 1 MOJieIen
KOMITOHEHTIB.

5.2. DipTrace

[Tporpama ckiagaeTbcs 3 HACTYMHUX MOJIYJiB: Schematic (A CTBOpEHHs
OararonmucToBUX ~ OaraTOpiBHEBMX CXeM 3  BOYJOBaHWM  HAWMPOCTIIIAM
cumynaropom), PCB Layout (mis po3poOku miaT 3a JOMOMOTOK PyYHOTro abo
aBTOMATUYHOTO TPACyBaHHS 1 CHCTEM ONTHMI3allil pO3TallyBaHHS KOMIIOHEHTIB 1
po3mipiB muiat), Pattern Editor 1 Component Editor (nis pemaryBaHHsS KOPHYCIB 1
KOMIIOHEHTIB BiJATIOBITHO).
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5.3. Ilakem Designlab — 1e iHTETpOBaHWUN TPOTPAMHHNA KOMILJIEKC ISl
aBTOMATHU3Allli MPOEKTYBaHHS AHAJIIOTOBUX, HU(PPOBUX, & TAKOXK 3MIIIAHUX (aHAJIOTO-
1M(pPOBUX) MPUCTPOIB, CUHTE3Y MPHUCTPOIB MPOrpaMyBaJIbHOI JIOTIKH 1 aHAJIOTOBUX
¢G1apTpiB. Y LbOMY MaKEeTI MPOEKTYBAaHHS MOYMHAETHCA 3 BBEACHHS NMPUHLMUIIOBOT
CXEMH MPHUCTPOIO, il MOJENIOBAHHA I ONTUMI3allil Ta 3aKIHUYEThCS CTBOPEHHSIM
Kepyrounx ¢aiiaiB Uil TporpaMmaTopiB, a TakoX s (OTOIUIOTTEPIB 1
CBEPUTHIIBHUX BEPCTaTIB 3 METOI0 CTBOPEHHSI IE€YaTHUX TLIAT.




