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Abstract. The low temperature co-fired ceramic (LTCC) technology was selected as the
technology under study. This technology has found wide application for the manufacture
of RF and microwave microcircuits of low and medium degree of integration and can be
applied in various industries such as telecommunications, medicine , automotive, military
and space technology.

Variable data of LTCC technology (sheet sizes, pastes naming, time, equipment
setup, and others) are scattered throughout the documentation. The number of documents

and procedures for production, control and management is quite large.
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The presented article proposes a method of structural-parametric description of the
LTCC technology to improve the quality of the of microwave components production.

Based on this method, a database based on MS Access was developed.

The MS Access database has a number of disadvantages, since it is non-networked
and does not allow making multi-user systems.

These problems are being solved by the SQLite DBMS, which will be discussed in
detail in this article.

The process of a database creating in the SQLite DBMS for the microwave
components production developed on the Qt framework is proposed.

SQL.ite is a C ++ Qt framework library that implements a small, fast, self-contained,
highly reliable, full-featured SQL database engine.

Databases are being partitioned into: 1) server databases, to which one can connect
from different devices, and the data itself is stored on a specially dedicated server
(MySQL, MS SQL, PostgreSQL); 2) stand-alone databases, to which SQL.ite belongs.

SQLite implements a standalone (serverless) transactional SQL database engine
with no installation, setup, or configuration required. Its code is an open source, and it is
free to use for any purpose, commercial or personal. SQLite reads and writes directly to
regular files on the disk. Thus, a complete database with multiple tables, indexes, triggers,
and views is contained in a single file. The database file format is cross-platform, i.e. one
can freely copy the database between 32-bit and 64-bit systems or between direct order
and inverted order bites architectures. The Qt framework contains a universal interface for

working with various databases. The databases in the Qt view are the drivers for the QtSqgl



module. By default, when installing the framework, the SQL.ite database is available, for
the rest of the databases, one need to install and build drivers for Qt.

Qt provides an extensive database compatibility, with support for both open source
and proprietary products. SQL support is integrated with Qt's “model-view” architecture,
simplifying GUI applications integration with databases

The way of data aggregation in general form, as well as the relationship of tables in
which the data is stored, and the way of data aggregation into aggregated indicators and
portraits are presented.

Assembly and connection of the other database libraries (PostgreSQL / MySQL /
ETS) are adduced.

A detailed process of a database creating in the SQLite DBMS for the microwave
components production based on the LTCC SQL.ite Qt is shown.

Keywords: SQL.ite technology, low temperature co-fired ceramics (LTCC), structural and
parametric description, database, database management systems, framework Qt.
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BBenenue
Texnonorus LTCC (Low Temperature Cofired Ceramic (LTCC) nepeBoautcst kak
TEXHOJIOTHSI HU3KOTEMIIEPATypPHOH COBMECTHO OOXKMTaeMOW KEpaMHKH) Halllla IIHPOKOE
npumeHeHue aid u3rotoBiaeHuss BU- m CBY-MuKpocxeM HU3KOM M CpEAHEl CTEeneHH

HHTCTpallvi U MOKCT OBITh MCHOJB30BaHA B PA3IIMYIHBIX OTPAC/IIX HPOMBIIIIICHHOCTH,
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TaKMX KakK TEJICKOMMYHMKalMs, MEIMIIMHA, aBTOMOOWJIbHAs, BOCHHAas M KOCMMYECKas
TexHuKa. [1,14]

[lepemennnie nanusie LTCC TexHonoruu (pa3mepsl JIUCTOB, HAMMEHOBAHUS TACT,
BpeMs, HACTpOWKa OOOpyIOBaHHMS W JPYTHE€) PacCPENOTOYCHBI TO JOKYMEHTAIIHH.
KonuyecTBO JOKYMEHTOB W MpOLEAYp MNPOU3BOJCTBA, KOHTPOJIS U  YNpPaBICHUS
JOCTaTOYHO OOJIBIIIOE.

B nacrosimeii pabote npejuiaraercs s MOBBIIICHUS KayecTBa mpous3BoacTa CBY-
KOMIIOHEHTOB METOJ] CTPYKTYpHO-TIIapaMeTprueckoro onucanus texuonoruu LTCC. [2,3]

Ha ocHoBe 3Tor0o Metoza Obuta paspaborana 6aza manHbIX Ha ocHoBe MS Access.

BJI MS Access o0namaer psaoM HEAOCTATKOB: HE TIO3BOJISIET JIENIaTh
MHOI'OIT0JIb30BaTEIbCKHIE CUCTEMEBI, HeceTeBast. [7-13]

Ot npodnemsl pemaer CYB/ SQLite, kotopast OyneT paccMOTpeHa MOApPOOHO B
JTAaHHOM CcTaThbe.

[Ipennoxxken mpouecc co3manms bBbJI B CYBJl SQLite npoussomctsa CBU-

KOMITOHCHTOB pa3paboTaHHbIi Ha (peiimBopke Qt. [4-6]

HNutepdeiic SQLite
SQLite — »sto OmbmmoTeka (peitmBopka Qt Ha si3pike C++, KOTOpas peanusyeT
HEOOJbIION, OBICTPBIA, ABTOHOMHBIA, BBICOKOHAJCKHBINA, MOJHOGYHKIIMOHATBHBIN
MexaHu3M 0a3nl JaHHbIX SQL.
B/l nensatcs Ha: 1) cepBepHble B/, K KOTOPHIM MOXKHO MOJKIIOYATHCS C Pa3HBIX
YCTPOMCTB, a cCaMU JIaHHBIE XPAHSTCS Ha CIENUANIbHO BhIieIeHHOM cepBepe (MySQL, MS

SQL, PostgreSQL); 2) aBronomubie B/, k koTopeiM 1 oTHOCUTCS SQLite.



SQLite peanuzyeT aBTOHOMHBIN (OeccepBEepHBIN) TPaH3aKIIMOHHBIM MeXaHU3M 0a3bl

naHHbix SQL 6e3 HeoOXOAMMOCTH YCTaHOBKH, HACTpOWKH W KoH(purypamwmu. Ee xox

OTKPBIT, U OHA OecruiaTHa JJIA HUCIIOJIB30BAHHA B JIFOOBIX neiax, KOMMCPYCCKUX HWIIN

auaHbIX. [14-20]

SQLite ynTaeT U nNUIIET HAMPAMYIO B OObIYHBIC (alabl Ha AMCKE: MojHas 0aza

JaHHBIX C HCCKOJIBKUMHU Ta6JIHHaMI/I, HHACKCAMH, TPUITCPpAMHU U IPCACTABICHHUAMU

coJiepKUTCsl B oTHOM (paitne. @opMmat daitiia 6a3bl JaHHBIX KPOCCIIaTHOPMEHHBIA — BbI

MOKeTe cBOOOHO KonupoBath bJ] Mexay 32-pa3psaHbiMu U 64-pa3psiIHBIMU CUCTEMaMU

WJIM MEXy apXUTEKTypaMu C IPSIMbIM U OOPaTHBIM MOPSIKOM OalTOB (PUCYHOK 1).

Crenytomnye 18a 00bEKTa U BOCEMb METOJIOB — OCHOBHBIE 3JIEMEHTHI HHTEpdeiica

SQLite:

1.

Sqlite — oObekT moaxMOueHHs K 0a3e maHHbIX. CO31aeTCs MPU OMOIIU METOA
sqlite3_open() u yauurtoxkaercs metogom sqlite3 close();

Sqlite_stmt — moarororneHHbIi 00beKT 3asBieHus (3ampoca B bJI). Cosmaercs
metozom sglite3 _prepare() u yanuroxaercs ¢ nomoripio sglite3_finalize();
sqlite_open() — oOTKpBIBaeT COCAMHECHHWE C HOBOW WJIM CYIIECTBYIOIICH 0a3oii
nanHbx SQLite. Konctpykrop mis sqlite3;

sqlite_prepare() — xommwimupyer Teket SQL B 0OalT-KOJ, KOTOpBIA OyneT
BBIMOJIHATH 3aPOCHI WK OOHOBIIATH 0a3y naHHbIX. KoHcTpykTop s sqlite3_stmt;

sqlite_bind() — xpaHuT naHHbBIC MPUIOKEHHS B TapaMeTpax ucxoanoro SQL;

. sqlite_step() — mepexon sqlite3_stmt k cieayromeii cTpoke pe3ysIbTaTOB WIH JI0

3aBepIICHHS,



7. sqlite_column() — 3HaveHus CTOJIOIOB B TEKyIEH CTPOKE pE3yJIbTATOB IS
sqlite3_stmit;

8. sqlite_finalize() — mectpykrop mis sqlite3_stmt;

9. sqlite_close() — mecrpykrop mis sqlite3;

10.sqlite_exec() — dyukusa-o6omouka, kotopas BeimonHser sqlite3 _prepare(),
sqlite3_step(), sqlite3_column() u sqlite3 finalize() mnst crpoku U3 OAHOrO WM

HECKOJIbKUX omnepaTtopoB SQL.

SQL-xoMaHaBI Cod?;::;ime
T ?
v
SQLite
v l o
B daiin Ha cepsep

Pucynok 1 — Peanmzarus SQL.ite
OcHoBHbIe onepannu npu padore ¢ B/ B Qt

[IyTh arperupoBaHusi TaHHBIX B OOIIEM BUE MPEICTABIEH HA PUCYHKE 2.

Cepsep b/l

Bl bl

T
v v v v
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Pucynok 2 — BJI B o01ieM Buje



Ha PHUCYHKE 3 BHUJIHA B3aHMMOCBA3b Ta6JII/IH, B KOTOPLIX XpaHATCA AAHHBIC, U IIYTb

arperupoBaHusl JaHHbIX B YKPYITHCHHBIC ITOKA3aTCJIN U IIOPTPCTHI.

Cepsep bB/]

Tun_mapamerpa noprpera

Kon_tuna_noxa3zartensi_nmopTpera
Tun_nokasatens_noprpera

Tun_napamerpa

Koa_tuna_napametpa
Twun_napameTtpa

|

IToxa3arenn

Tun_napamerpa Koprexa

Kon_tuna_ moxa3sartesi_Koprexka
Tun_noxaszaTens KopTexa

ID
Parent
Nwms
Tun_napamerpa
Tun_nokasarens_noprpera
Tun_noxa3zaTens KopTexa

3HadyeHue
Pesynbrar Pecypc IIpouecc
Iloxa3zartean Iloxa3zarenn Iloka3arenn
4
Koprex
ID
ITpoussoacTBo YupasneHue KOHTpOIIb
Koprex Koprex Koprex
Ioprper IlopTper IMopTper
4
IToptper
ID
Parent
Nwms

Pucynox 3 — baza maaasix SQL



OcCHOBHBIE OIIEpaLnH:
e cozaanue b/I;
® Co3/aHu€e TaOJHNIIbI;
® TIOWCK 1O KJTFOUY B TaOJIHIIC;
® yJajeHuE 3JIEMEHTOB B TaOIHIIE MO KIIIOUY;
® yrajeHue Tabaulbl;
® yrajeHue 6a3bl JaHHBIX.
[IepBblii U TOCIIEAHUNM MYHKTBI OTHOCATCS K cepBepHbIM bJI, xorma mo ogHOMY
CETEBOMY aJIPECY PACIIOJIAraloTCs HECKOJIBKO pa3nuyHbiX b/I.
®peiiMBopk Qt COACPKUT yHHBEPCAIBHBIA MHTEpQEc mo padoTe ¢ pasInIHBIMU
bJI. B/l B mpencraBnennn Qt siBistores apairiBepamu k moayiio QtSql. ITo ymomuanuto
npu ycraHoBke ¢peiimBopka noctynHa bJI SQLite, mist ocraneubix BJl HeoOxonuma
yCTaHOBKa U cOOpKa apaiiBepos moj Qt.
s pabotel ¢ BJ] Heo6xoaumo:
1) Cosnate B/I ¢ moakimoueHHEM HEOOXOIUMOTO JIpaiiBepa;
2) Hactpouts HOST (ecim 310 mojakitoueHue Kk ceppepHoit bJ1);
3) BeecTtr mopT, UM MOJIB30BATEIA U MAPOJIh (€CIM ATO MOAKIIOYCHHE K CEPBEPHOM
BJ0);
4) Beectu HazBanue b1 (s SQLIte — myTh K daiiny);
5) OtkpbiTh B/ 1 TpOBepHTH, YCHEIIHO JI Obla BBIMOJIHEHA ONEPaIlus;

6) Co3mark 00BEKT i1 OOMEHa coOOmeHusIMHU ¢ JipaiiBepom B/l



HucTpymentsl Qt st padotsl ¢ SQLite

Qt oOecrieunBaeT OOMIMPHYIO COBMECTUMOCTD € 0a3aMU JIJAHHBIX, C MOJIEPKKON KaK
OTKpPBITBIX, TaK M MponpuerapHbix npoaykToB. I[logmepxkka SQL wuHTerpupoBaHa c
apXUTEKTYpoll «Mozenb — mnpenacrasieHue» Qt, uro ynpomiaer wunHTerpauuo GUI
NPWIOKEHUH ¢ 0a3aMu JaHHBIX.

Cosznaaum Hamry BJI. s atoro monanooutcs kinace QSqlDatabase: on HyxeH st
cosnanus oobekTa moakioueHus K bJ1 (pucyHok 4).

DTamnsl:

1) Cosnmaem o0bekT ¢ npaiiBepom BJI (s SQLite: QSQLITE);
2) YcranarnuBaeM umst B/I;

3) OtkpbiBacM/ycTaHaBIMBaeM coeauHeHHe ¢ b1,

Qt Framework

| !

QSQLDataBase QSqlQuery

Pucynox 4 — MactpymenTst Qt st paboter ¢ SQLite

Coopka u noak/04eHue Apyrux o0udaunorek 06a3 1anHbIX (PostgreSQL/MySQL/ETS)

Jnsa mogxmoyenuss b/ HeoOxommmo ¢ apaiiBepoM mo pabore ¢ BeiOpaHHO# BJI.

HpaiiBep b/l yka3siBaercs Tak: var = QSqlDatabase::addDatabase(''</Ipaiisep B/1>");



Crtpoka Ha3BaHus ApaiiBepa Hcnoan3yemas bJ{
QDB2 IBM DB2 (Bepcust 7.1 u HOBee)
QIBASE Borland InterBase
QMYSQL MySQL
QOCI HpaiiBep unrepdeiica Oracle
QODBC MS SQL
QPSQL Postgresql ¢ Bepcuu 7.3
QSQLITEZ2 SQLite 2.0
QSQLITE SQLite 3.0

Hpaiisepsl B/l MoxxHO n06aBnATh B (ppeiiMBopk Qt win ynaisiTh U3 HETro MyTeM

nepecOopku OMOIUOTEK.

IIporpammHuo-Meroanuyeckuii kommieke b/ npoussoacrea CBU-koMnoHeHTOB
Ha ocHoBe LTCC SQL

Co3nanbl TaOJIUIIBI TTapaMeTpoB mopTpeTa u koprexka B BJ] SQLite Qt u 3amonHeHbI
CIUCKHU CYHUTHOCTEH UCXOJHBIMU JIaHHBIMH.

Jlns  TUNOB mapaMeTpoB MOPTPETOB M KOPTEXeW Obula mpeaycMoTpeHa
Bu3yanu3anus (oroOpakeHue). DTO MOXHO ciaenaTh ¢ wucnonb3oBanuem ComboBox,
TreeView mwmu ListView.

[IpenycMOTpeHO peNakTHpOBaHME OTOOPAaKEHUS IOKa3aTesleld MOpPTPETOB U
koprexeil. IlpucyrcTByeT BO3MOXKHOCTH H3MEHEHUs (I00aBUTh U YHAJINTh) THUIA
nokKa3zaTesst IOpTPeTa U KOpTexkKa.

Pe3ynpTar noka3an Ha pucyHke 6.



! B MokazaTens

i - [ 1xi11 ConpoBoaMTensHaA LOKYrEHT lLHA

----- [ 1wiril111 MpoEepuTE HAAMUHE W NPAEMAEHOCTE OHOPMAEHUA COr
----- £ 1wri111 Nposepute Hanuawe ket OTE WaroTOEMTENA W 44T
----- [C3 1w 21 Nyna YeTbipeskparHoro yeenquenua FOCT 25706-53
----- [ 1wit122 Nyna gecaTukpaTHoro yeenwueHwa TOCT 25706-83

----- [ 1ut123 Muwpocken MEC-3 TY 3-31210-72 i Mukpockon ME
----- [ 1wit1 24 Mrwer TOCT 21241-89

----- £ 1wt 25 Nepuatku karepHee TOCT P 12.4.204-89

----- | | Twiv't1 21 MNpoEEpHTE HANWYKE OKMCNEHUE, 3arpASHEHUE, S3XEATOE, NPOLYKTOE KOPPOSHOH
----- [ 1wivt122 NposepuTe MY#EHHE KOHTSKTHER MAOLLAL0K A0MHHO €
----- [ 1wi<t1 3 MHauk aTop peMakHo-syeuatei TOCT 5584-75

----- [ 1wivt1 3 MskepeHue ToAWMHE! NY#EHHA NPOENAHTE BRIGDPOYHC
----- [0 1wvt132 TonwmHa nykeHs aonkHa Seme B npegenas or 0.1 ac

----- [ 1wZi13 3awurcHposaTe 06HApY#EHHEIE AederTe Ha "B nankax
=] 2 Tpapapernan nevare no KTTNAY TKYH.55301.00001 (2 TN 11U

----- (] 1wivt201 NMposepuTe CcOCTOAHME W KaYeCcTED TpadapeTa. Ha Tpa

----- [ 1ut2021 Pacreopurens PC-E5

----- [ 102022 Nyneeepusarop N-4 TY 27-15-1196-26

----- (7 1uvt202 HaHecTH ToHKMM cioer Ha Tpagapet Pacteopurent P Add
----- [ 1203 %E Trane FTOCT 29298-92

----- [ 1uvt203 NpoTepere NoBEpXHOCTE TpadapeTa uicTol XE TEaHEH Delete
----- [ 1u=r204 YerpolicTeo anA pydHoi TpadapeTHOR nevatH M 903.0 r
----- [ 1uvt204 YCTaHDEMTE M SSKDEMWTE NOLADHKEY 407 SHECALMH NE" E kopeHe

----- [ 12051 NanneHan nacta SME2 RS2 44590

----- [ 102052 Wnarens TH £4-1-2144-78 hd
| a|-r ’

Puc 6 — ®opma oTobpaxeHus mokazarenen

Jlanubie 0 KopTexax MpeiAcTaBieHbl B Buie Qopmara (puc. 7.), B KOTOPOM
MPUCYTCTBYIOT CIIEAYIOUIME TIOJIA: TMOJEe C JEpPEeBOM KOpPTEXKeW; TpU IO, T/
CTPYIIHUPOBAHBl MOKA3aTEIW IO THUIY MOKa3aTessi KOPTeXka; IMOJsl, COOTBETCTBYIOILIWE

«Pecypcam», «IIpoueccam» u «Pe3ynbratam.

Wmerorcst KHOTIKHY TS yiaieHus, nooasieHus kopTexa B aepeBo (Delete, Add).
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H-C 0 1w3 3 Tpynnoeas TexHoAOrHYec
d I [ 104 4. Tpynnoean TexHoOMHYECE,
| [ 1U5 5. Tpynnoean TesHoAorHYeck, —
= [ 1UE E MpynnoBan TexHonorieck.: [ Add

B
""" [ 1U7 7 YeraHosouHas [HDBEFIHHTILI KOpeHb
KN N

Pecypckl
Twitl 3 MHgMEaTop peMaskHo-syduaTel TOCT 5524-75

Delete

[pouecce -

Twi't131 MamepeHHe TONWMHE! MYHEHWA NPOBOAMTE BRIGOpOYHD
Twirt132 TonwmMHa NY#eHMA AoMkHa Oeme B npeaenas ot 0,1 go 0,3k,

PesuneTarel

TwiZi13 3adukcHpOBaTE 0OHAPYHEHHEIE AEdekTEl Ha "B NaHEay BUSYaneHOMn

Puc. 7. ®opma oToOpaxkeHUs KOPTEKEH

3akiouenue
B cratee mpemioxkeH MmoAXoa K pa3paboOTKe MPOrpaMMHO-METOAMYECKOTO
KOMIUIEKCA Ha OCHOBE TEXHOJIOTUM HHU3KOTEMIIEPATypHOH COBMECTHO OOKUTaeMou
KepaMuKu C mpuMeHeHueM ¢periMmopka Qt.
Paccmotpens! rnaBHbIe aneMeHTh nHTEpdetica SQLite, ocHOBHBIE onepanuu npu

pabote ¢ B/ B Qt u uncrpymentst Qt st padotsl ¢ SQLite.



[IpencraBieH myTh arperupOBaHMS JTaHHBIX B OOIIEM BUJIE, a TAKXKE B3aUMOCBSI3b
Ta0JINII, B KOTOPBIX XPAHATCS JIAHHBIE, U IyTh arpErUPOBAHMS IAHHBIX B YKPYITHEHHBIC
MOKA3aTeNIA U TIOPTPETHI.

[IpuBenena cOopka W TOAKIIOYEHWE JpYyrux OWOmMOTeK 0a3  JaHHBIX
(PostgreSQL/MySQL/ETS).

[Tokazan moapoOHbIi mporece co3nanus b/l B8 CYB/] SQLite mpoussoacrsa CBY-

xoMrmoHenToB Ha ocHoBe LTCC SQLite Qt.
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