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Abstrakt

3UiFB | DREHRSWLPDOY|VARIRKIUHN WHQ RQRMPKIRNWURQLFNDp
JHQ H U iSVIRDUAX Maka- HRKVR. O \RrieBepD, X U p H @re KYFE N R ChRd¥éme
plazmovejkomory, S U D F XM fré&kiaviciif = 13.56 MHz. Optimalizujesa QiY UK
nastaveniaJ H Q H Upr&/ RMRDO IS Q B | Pi®iviery N W [ WX U p K Quvplyvneniu

povrchu PDWH U DilDXa HPQ B Q O povRRhuYdleEbo ~SUBOHNWURWHFKQLF
Y O DV \poréhw:VPID S U tINV@ B Bdielekirickej pevnosti povrchu izolantov. Pre
monitorovanieY € VW X § @ N RO HN W U R P Dpar@rketkblsE IS RXKKYY-EB R U

sond. Tieto sondy V-VFKR E8QP NRY PW H BHHD LdoLnGgliznejfrekvencie
fm=400MHz. Bola ] R V W LaRRW\HHM \8bRdagdDe@\ihodnocovanienoduluintenzity

HOHN W BIRFEN pEK®Rt | NRIR Bpl@zmy G R S D G bdvpowdh Mzorky. 6\VW p P
HOHNWUR Q HEMNSYIRDJ| Pkanvdra +sondybol po RaL YSRE U REstdQ, é
NWRUENIO NG KU QuXeite

K ~b Roglovi
(OHNWURQLFNé& Y\VRANRORMOHOQP@EREUO RYDp Y WULHG

polmost VSEQBABRO]Qp EXG/HRQIIRHUHSIYBIPEQiI5SRIRZV,NpKR FL
Y\KRGQRWHQLH HOHNWULFNHM LQWHQ]JLW\ RSWLPiOQ\ L

Abstract

This thesis deals with theptimization of ahigh-frequencyclass Dpower generator
designed for power excitation aplasma chambeperating at frequendy= 13.56MHz.
The main goalis to optimizegenerator parametets ensure begterformanceegarding
the given plasmachamber whoseintended application is to affect the surface of the
materials improvement othe surfacevettability, or modification ofmaterials electrical
properties: forexample, an increasement of dielectric stremgftlinsulators For the
purpose ofthe generato§ output power monitoringnd electromagnetic parameters
measurementa suitable set of sensorswhich are able to repeatedijmeasure up to
frequencyfm = 400 MHz were constructed A probe for electricalfield intensity E
evaluationwas constructedand tested This probeis usedin the vicinity of plasma
inciderceon the sample surfac€onstructed evice(power generatotplasma chamber
+sensorkwassubjected tdaestsand resultarebriefly discussed

Keywords

RF electronicpower generatorD class amplifier,half-bridge, switching modepulse
excitation, high-frequency plasma, Rogowski cqilevaluation of electrical intensity,
optimal mode
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N

Q/oD

9éVNXPWRdplastt SOD]PRYéFK BSRPFXM~FLFK |]D DWPRVIpUI
JHQHUIW Rdh XY [BHUHE RIR FDW Q R P Sl&MyH QW L~ [DD.8bQeH/&huje
QHVSRpPpHWQ [ PUNRXP\RKNAEIRTY svetdNa S U D F R YAEKNVBKv Brne
sa tejto problematike verej QLHNR NR SURMHNWMBHUQEBPFRKHUR SUIF
] D R E H U Dsiel prelldmiatikou Qi YW BOD]PRYéFK V\N S PHRaEQD
generovanej zD W P R V | p tlakuFokepiY O HaGddgnier priemysle OHG]L WDNpWR
SUIFH SDWUtS QD/SHXRIRE HUDD ~FFRAQRG'KRXQMBKRDQLD
SRO\SURS\Op @Kadh§ PIRZmMRWK U i P projektu GA-20-14105S JUDQWRY i
DJHQW ~ U Dbof $ybnulostt Y\WYRUYERPRQRYé Y\VRNBRHOQHNYWRQ PQ ¢
své VWX SIQEP KRDRJ P R Q L F Noqudidei SO D] BKRBnYoru[2].

1iSO BYXHGO®R@AdQEBUIFH MH @IRWUKBSMDYHQEé Y\OHSAF
VENRQRNO@HUIWHEXGHMWRLEY MEYOIB@B]a RSWLPDOL]JRYD" M
chod ® zvolenoudodanou plazmovou komoropri presnomY\WeEépHQt ILQIOQHM D S
SOD]PRYpKRsWasRWY DR PLNi-Ch®R LF N p KR pRznRoFHHMRX Yaé ER M
vzniknutp K BUL EXGHQt RBGdidacpiWIRME &LHOHQiI D&®LNiIFLD
SOD]JPRYpKRMHWWPIRITUHBRYDFKX QHUH]RRéd&/HKIS URILOF
pomocou S{VREpEQRMPDGRVLDKY@EEWMDQiI JPipDWQQLYBNGNBRHQLD
DGKpIRWUFKRY W éPpKhR BQJARR P O\RSPazétReY, BKQ tomu bolo
VSUIELSUH SRO\P@BE)\ XYDARYDQEéFK Y\X&QDD\EtUVNSIWDBPX M H
elektrickéF K Y O D \povQew WD W H UK idogtatinutiu ]Y é & Qolirchovej
dielektrickej pevnostiizol i WRBWDIiBFJLQiaD FHQ QpSRM~BBAUPRE\OMRIAH QL D
posupov aPHWyYG QiYUKXmeRbd SEHQDBHWURY HYOHNRMRR/Q KRN p
JH Q H U mnahRarbzdiel o)dJHQHUSWR G W DY HPG K ) gErtdruje na
YEVWXSH)NKDQIFRREG QL XRRE& XMHU QMENY QRYEFK H[SHULP
aprojektov voblagi generovaniaplazmy, spracovania prekurzorozich QiIVOHGQpKR
Y\XaLReEL PR & Q Blatdbvania RNDPALWpKR HYEHNRWYLEREKIRDQpKR
V\VWpPX JHQazoW RNRPRAOD-AL VWRGIGE W ULFNPERS BUUG BHS H
5RIJIRZVNpKR FLMMNQIRWRYRMR X RGCRB/QBX ?@POKYIR p L
[4]. Sondaje XPLHVWQHQi QD HOHNWULFNRP YHGHQt PHG]L
aplazmovou komorou 7DNWLH& MH PRaQ gdo X ®laiwriapdj komdyQ G X
NRPRUD NR® RLSIRWYH @O RAW H W BIWIWEIIKRWR YRIZQPpYHQp D
RWHVWBYBEGRMWUHEQR zRrBdERADNR QDS RIGBIGM ®RYDFt YENRQ
symetriF N é ] QQUIRSM M ipMmesthvp zapojenie SUH G PIRERI®WLPDOL]JRYDQp
JHQeI& 3] aREYRG\ ]Y\aXM~FMNQLHMNWLOQRX" DLQ@QHKR V\\
pre KOPSHQ]IiFhXQQRAOX VRQGD LQWHQ]L WA EHf@ Hiétakdiul FNp KR
modulu intenzity Y R Y\E U D Q H sbbenia@IbzvhWw L S {

9éVOHGQi 8BR]|BEDbidEH@tick\ V~YLViehdvLFKYi REODV" VD YHC
zhodnoteniuV ~ p@pustavuna poli Qi YUKX YEURE\WD/BRRKALAMNYHQpQEé
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JH Q H U i WRHHRRré Budlenieplazmové Fkom{la PR a4 Q &FXO L N n& lpok K
Y\XA&tY pl&mpV D O aHMeVEULHE Q BR Xidkomd W UX NHFQHNWURQLFN
Y &NRQRNMPEIRUBURIUPY RO H Q ~pl&moiksraoxi\& FLH MSIOANIFL
tohto V\VW APWKO H GQtHaobh® SUREOHRBWLRBRQHRNW QLFUKWKR

Y éNR Q RNHEKHRY QN RWHPRRFG L | Lkaidovidkea DO aSRKWUHEQEéEFK |J|DULD
k bLQQRVWWALRIRDQ H U ipdsRiphid a N U L WiLfidkéaRh v procese R & Li¥ H Q

V\VW NBsledue REOPMOQRYDQi YEEHUX ]JKRWRYHQLX D QDVW
XUPHQHM SUH Y\KRGQRFRYDQLMHDBDEMALFERRKQ RDUD SN
HOHNWURQLFN p R R KYCEUWRRREENEG VIR WD- W R 1) B MH DWDIG Y
NRQAWUXNFLH VRQ RWHQHXQRRAX DY RGW H 8§ bhastiH O HN W L
S{VREHQLD BOBEFHKRBWRYHQt YKRG Q é&BKsKHplBEDNtF R pV RQ G
]DULDGH QL H+kahib@ Hroerdé®dondy podroblo | X Q N p@sdms FLH RP
]DSIOHQLD S @&B[PRDPKERpMzNSeNRPRU) . GélYHUH SUiIFH V-~
XYHGRINES RSWLPDORRWDEPKRKR ULH&HQ BN RH@RWVKRR C
JHOH W QiROMHGQH YKUDWMDGIB®RNYLDKQXWp YEVOHGN\
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1.60y$61¢é 67%$9

9 é V N Xdblastiplazmy atechniky V O ~&j heDgenerovaniplazmD W LFNéFKzaY EERMR®
DWPRVIpULFjM ek zZWMORO M MXehM ¥ AIGQ é FK REVOMIVAGIR UR p Q H
]D]QDPHRQEYPDP Q& SRWXFDWORHEXM~FRP WH[WHHKNW ROUPH L
zY\EUD@EFR pOiQPREHUDMgeRdréadt Pa Y\ X aRMazmy pre

S UL E © tdake problematiky Naslede QLHNRSMNRF WiéiN BaMQH ¥ U K X

Y\WWRNRIUHNYHQpQéF BHQO K NNRIRREFKE § KVpariote F K

kom{r.

6SRPtQWEO PW\ SOIiGN\DDSBUHAKG-SWLKOLDGQXWtP QD ]
diplomovej SUIFH Y\BIDUARY@MKVRUp Y SREOLYDMRNRIUHNYHQpC
VIVWpP SUWIREOMDAFW L UiGEBHN ¥ B&@K/@ci f = 13.56 MHz
IRUPXM~FLBOWPRVIpPULFNpKR WODNX

1.1 9\XaLWLH SOD]P\

SRPHUQH VLOQp YBVWXSBHYsledl'lRK URGRBRG OLHpHQLD
SRPRFRX QtJ]NRWHSPDRVWOWHMRVEOWLLPE P&EHS] WeExEndjx
XVSRNRMXM~FIBUYEéDVSBOGNIFLL tegtovatie BibjelkdyD podobe
ODERUDWYU Q\FKMP[EHA[AHS RW Y UEH XKS9Hp Q RV "QPDR XEG& WNLR P
organizme UEFKOHMALRMAHKWMRQDBEHRRNWLYIFLX EDNWHULIOC
vorganizme Y H&GkFQtaAHQLX PQRAVWYD SREDVRYHKMP ORWWRY
RSHUVFblEsti PHGEFIQSOD]PD WDNWLHA& ]DVW~SHQWLH SUL V
SUIBL VD DXWRUL |]DREHQDWOH ®QWHU KRFESRYari&IBraL pid- L R X
GHNRQWDPLWHALIXO ID]i FL XV HQPGR YV YR iSaHautori zamerali na
VWHULBRIGRIXRQWLFXEFRX SLDEO HQRGIPLONNFRNaR FKY HU H
SUIFH QD]QDpLOL YKRGQRVRW AN QDO D H BBERESH IBINUH
dosiDKQXWp SUL SUDNWLFNéFK WHVWRNKGGERNQRAMW YR
RUJDQLFNpKRQPDSMHRERIMS OLNIFLL S®PGP\GC NGHREE
PHUDFLHKRISURAY BBRHMMEBRQWDPLQIFLH SRYUFKRY VD RNUF
ajv DOAREXYHWYLDFKSRWEHDMNLAD GV NRAVRWLIHPVWSHR D O L
PRAQRV" SRXAISWILDVS/HRREMYIFPLAL SUIFH QDYUKOL ]DULD
pomocou plazmyktivuie VR Qp UR]JWRN\ ®RVOWHMHAIFR WPWRANRGRER
SROQRU®}@EVOHGNRP EROD GHDNWLYIFLD YaHWNéFK VN~
zaSUHGaESHREOpPPRY NWRWHAYH SR EM-MWBQREFKWHUWLOL]IFL
Q R azfhatrezovejocels SRWUDYLQIUVNIRIP SULHP\VOH
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ccV  Spot Magn /Dot ————— 500 AccV Spot Magn Det wpD b———m————
Ao ks agn-';/DM\WD olo 200kv b0 138x SE 10.0

200kv 5.0 76x SE 109

2EUi] 1.1 8NiadND Y&VOHENRWHSILIGH]iFLD HQGRGF
SY\XALWtP: §OBdPSOLNRNMDQEOLNRYDQt

D O &diitvdoboVN~PDQéP Y\XALWtR HEH BIH\PYQEFPYRIB.SDGRY L
AutoripUce[11] VD EOLAAaLH ]DRE HOULINW LURRSHER KY R@IONRDM ~F L FK
pri VSUDFRYiIYDOQRUREFKDSUREPEH WH P LNDX aiaWR e [LIFNeERK
YHG DM&atFK 9@RCGHMSWRWHMWR SiakoFgodka&ypre stwdX aL W p
zariadenia VO~AaL@FHKANYLGIiFLX pRetGsRK. W IVOIRW H1Z Ui FH
sa awWRUL ]DREHUDM~ PROQRFNLRMIIWQRMEGKDVSD RYDFtFK
SRPRFRX pHkANHQNKR Y R YB2ZhpK Raniesto SR X aLBAHAD é FK
NDWDO\AWRUVBYIRDYUKOL GYH U{]QH FPRWHEWQHB QUHIH|®
RSLMWestylaSUHG OIRKEHNDR p S SRWERKIWDEHRIKK GHRND]XM~F ~pLQQ
nLPL SUHGORA&HGRKR DXHBEHEHRR G\ QDSUtHN DB RRIPK R/ |
PHUYHQpPKR NDOX NWRUé MH RGRBAD.GQi ]JORAND SUL Yé&UR
NOxO%Load

425 1 P
412 ppm BRI NOX 10% Load

400 47% .
375 25°C, 2 Ipm, 80 pps

350 4
325 1
300
275 A1
250 4
225 1
200 +
175 1
150
125
100 A
75 A
50
25

%35
boe!
K55
RLRLL
eatetototet

KK IKAR KKK X

SRR,

',
o
0

%
5
tae!

277.1 ppm 1.9%

T 1%

&
0
X X
s

XA
ey
RIS
s

NOx Concentration (ppm)

81.5%

91.4%
%

Filtered Red Mud Only Plasma Only Plasma Plasma
Exhaust (60 J/L) Cascaded Catalysis
Red Mud (60 J/L)
(60 J/L)

2EUi] 1.2 8NidND Y&éVOH&ENENWSIENDIiSHUL U{]Q\FK VS
katal&y.
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B3RX&ALWtPVREDMIPVWL ~SSDYHBLWHOHNM DOQHPLVWHQHM YF
autorivSUiFR¥ K[14].V SUIEJJautorL RSLVXM~ PRPid@IW+SQDYWDY
pitnej vody a dokazui~ NRQNXUHQFLHVFKRSMR VPR MBI ViX S X
oGVWUD RYDQtVSHNWWLO-t REYRIWRANRQYHQpPROPAMDAHQLDF
zaobeD MPRAQRV"RX ~SUDY\ Y Ra#&bivah® 2 pMH/[WHQRXKR SULHI
apredkladD Miva novp SUtYVEXOD]PDWLFNHM 1) SSRXYALWRB\SRGYRC
plazmovejGéJa2) WYRUEX SOD]P\ YR Y]|]GXFKRYéFK EXEOLQIFK
SR, Rorp RNUHP WEBPKHYGLVNXWRYDQHEK SUREQDHRRXY
HOHNPWHIGIEZ NWRUéPL SUHELHKDM~ HOHNW WWHEAMNp YEERMLE
,Qé SUMWWXS DM~ DXMRNGHS XY HAXM~ XPaplazewyQeidQLH ]G L
vodn~ K O DsG-LL@IXdREnfekcie ]Qtabb@dhuVR Ot "DaN é FifakbBit RY D
V UIPFL SUH]HQWR YDWIEA pyteriizOHeaN®MGC HDNWLYIFLX YtUXVI
buniek D ED N@Q/DEK itG ] D M ~RFEALHK WY B keNthia RdBaboukazujna
~pLQQPAHRRQWDPLQIFLH YRGWV SWENPBIH NRROIFPLD FKUyP X
sXYHGHQBPHUQH Qt]N\PL ILQDRPOQ&ML PIRPBHGWLOQH SR:
ULHAHQLDP

2EUi] 13 8NiaAND Y é\SOH[EM RG VW Uli QWi Epitvid] vody

SRVOHGQEWOdskuwwmQd RGYHWY prdavxX goMrchrovP DWHWBLIORY
Y\XALWtP Subpixqextu[l5] RSLVXMHSRXPAVEIWH RGVWUIQHQLH
povichuzRORYHQéFK SUHGPHWRY SUWVWLYFHKG FRORS R KB W-IpBi C
DUJyQX D WRR ¢ tS\Esta@edu teplobu reakciet D N ppdwvRhy N U H KiGh~ D
RGVWUIQHQLH MHavs GG E GGQURGPHKE LIRapiedipk@dS RAN R G
AH EROD VOHGERVRQYDRi PD[LPIiONMERMHSORGPHAS WRWWD Y
VUIPFL SUIFH VD YéV Hjgwan®ideii§ M PMARRY YOWYRUHQéEP NRL
povichom a QiVOHGQH QD VNXWRpPpQRP , DURFEKRIRRKO RSIUW FSNDRGFRR HC
SSRILWtYQ\PL V&Y O$3XCWHW LFG)i BRMHG QMWDW iRP HomX U p HQ
pre p L MAWMNHRYY R Yé@&vFcKor R G 1Y \aN R, YOIV WYoptikdintdhto VAV W p P X
TR EROR GRNMNMNDIEDRXWRGCGQRAPRWDYHQLD SDUDPHWURY |
JHQétd) i @i MaGYHKQRLG Q p KrfedA gl&azidovouG E]BRREAHW U RPMMD/QHBLIORP
aXUpHOMRRGQPRAHORPWLPIiOSRPKURY |O9R3EAHWHM FKpPl
SOD|PDWLFAPRKRIEERM ~SUDYD SRYYFKRIYOMR R VIBEOFR'
PDWHUILRQRY YBUD]QH JOHSAL" YODVWQRVWL GDQpKR SR
[16].
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2EUi] 1.4 8NiAND Y éV O H[EGN é¥ahs/W RIS RrivkeWwKR O R Y H (
J X Midfed apo Y\XALWt.SOD]P\

1.2 Vysokol UH N Y HHOD DM W R QHEINW R U \

Zhodnotert Pp U L @Fdeéherovania plazmy pomocou leM/ UL F N é F Kv piyBcR M R 'Y
aPRGHOPL QKRWWBP@HAKGRVWXHBHQE&MNKN WREEAR&BEK JHQHL
]DREBUIBD

V UIPFL YHGHFNEHFKPSBNRQ¥RK QDplath) NURWYDMEHQP U{]Q
WHFKQLHNNI QBRI VS{VRE JHQHURYWMH®D SODM]®\D VDPFR
HOHNWURQH BingR WALHW R SO W pQ EBIQIIN OIMGINYHQFLD YéV'
VLIQIi@XWXSQeé roe@dhRQOWLD ]iNODGH W@FKKWR WRQW ) KRG

NRQFHSFLD Q DIHWQKRMD@RBR Y\XatY DR 4 W URONE{lcKE D
EXG~ UR]JREU®BXEp DOHM Y

1.21 *HQHUIWSRRNALWtP ]RViticdeREDpD Y

=RVLO RSWIIpEXWWHAMWR WULHG®H QFHRYQX DbDV" 9% FKDUD
YENRQRYEFRRSJUDNRNQIi &4H SR FHO~ GREX RSHUIFLH WH
XUpLWEé QH]DQXGED& K WDNG/RUE VB UGIMBNRIGREH QLAa&aHN
~pLQQRVWL FHQ@PKRH GEEU MDBE RH@DO N R P E L Quiabtnostifieli N O D G Q ¢
AaB,kdeMH NODGHQé G{UD] Q bprp¥tdede S FR WbQ EXKReMis\HL
SUt] QXpr®trieduB [17].

*HQHUIWRNRXWR NRBQ®WXMNFL RPO13.0HMNHSH@ VMW X SQéEP
Y € N R @ RFKW zostrojiliaotestovaliD X W R U[L8]SAKMOFHENRQRYé SUYRN SR
DXWRUVY |SXIFKIRP FWO DIBGERSitROQ Db $PW =4kV [18]. 96 KRGR X
JHQHU|WRWDRMHQ pi8[Re WRSRHEIQH MHGQRGXFKRARRY AW U X
pomerng HGQRGXFKR PHQL" ITUHNYHQFLR]FBEWXSQpKR VLJIQ
QDNRaubR Y\XALOL ]D pdddveHarM\DO M\KR & V Bom@® i2apBjéD je
PRAQ®D Grekvenciu RVFLOiIFLt VLJQ izinEny SBla@F@RGLWH QpKR
NRQGHaRNWBMIE sSDUDOHOQHINSUktbSriR WNRBRRQDQPQEé REYR
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[18]. NHY é KRGLIRVXN XWRY DRI N QUK B ,thabkolQ RA\G3 %, toto je
VS{VRIiHa¥@zG{Y REXH&])RV L O Rt AB[Y7].
V1 L1 RFC

c2 C3
F—

R1[

2EUi] 15 3ULQFLSLIiOQD VFK priede2 ARAphdb&INrDepD Y
RV F LaQLiAV R U

1.22 *HQHUIWFRNXALWtP ]RVitigdeRYDpD Y

Takto NRQFLSRYDQp JHQHUIWRU\ PDM~ YH PLVBUWOQONtLHKPRQ
YENRQRY p KR KBALPNHX WS ktQronely SUtSDGH MH KR N®\WWRINV L D
QDSWLDPADN QtP SUEHDFRL®IDPiOQSHRS&INSWHUIPEE RWYRUHQ
WHQWRGQESWRIN PL BSBOEBEGStQDFtP SUY[NRW tejtbitrice
savi\XatYD PRVWRY pieR VDMORMEIK RS RXWSRULDGDQIID].. YENRQR
Teoreticky dosahue WDNiWR NRQFHSELD ~pDQ@BNQHAIODGXFLP
parametrom aMDYRP V~NEDNRWRNEP VWUDWIWMHI W WERQDQAIQ QF
QL 4&1.D

BUIFNWRU&GKWRDL |DREFMHUBRYWURMWMRtRRQPBFNSRYDQEé
JHQHUIWRURY V9] @ PO UOKO NBQAWUXNFLH SUDFXM~ QL
f=1356 MHzZs YEVWXYQEQIORP KDUPRQL¥FANWRGRIERYDINUX V
Rovnako tak obeariadeniaV~ S'UHY W& RRVWRYHM NRQAWUXNFLH NC
VStQDM~ Y &G\ MOBEHT RaQAOtypu NS EXGLDFLPL patdQjBPL Y
[19], [20]. $XWRUL DSOHKEHALD LPSHGDQp EUIS ULVWBIRREDQLH"
SLPSHGDQFLRXa©DSiMD@bsth SRADKQXWp ~pLQQ@RVWL SU
dlhodobom chode boli = 90 %[20] a =94 % [19]. 9 SU[B®Lbol Y UIiPFL
YENRQRYpPKR SUYNX & REYREE D]KAEERY 1€ BIIR @r&vstory typu
MOSFETspolu s ichY e NRERE'X ®ILp NVBRGpY DM~ SFREARGRY P®
do JIDWH HONHNAMBUEE\W R Y éaFRkghRstoov [19]. 7TRXWR YR ERX DXW
dosiahli ]YéEAHQLH ~PUQQRMWHQt QiURPQRVWL ri®&ENVaR GRY pK
NRQAWIWLXNFLH

Autori S UJIR] a[20] iba okrajovo V S R P t aBtdwenieW | Y yehd{ ¥ dead
time), ti doby, vNW R U é F K WU-D R ELDV W RpdinoxgDobubeiMpe budenie
po PRVWRNRBRRKEW IDXNFRUL GLVNXSRYADOBRMKHNM WRILVWLNR
ULHA&Wdole GLVNUPpWQHKR ]DSRMHQ IMH GQR\MdradstEx KV W U L
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VLJ®iO7RWR REZHWUHQSHtYDGHR XBNRAVDPRYRNRQAWUXNFELL
z Y&NRQRangibtsror SURYQDNEP W\SRP YRGLYRNWNH®EVYD S
RED WLHWR WU D,QMWMHGRUY |RWNRPRAERV" GIRIWUXNFELE
DLVNXWRAHDWPHQLH ]DEH]SHNR @aYidotinoH-GH@® HLX]'D Y U
HAWH SUHG WéP DNR VPLGUXKé ]DpQH RWYiUD"
94HREHRERXGIRXLO RYDpPRY SUDEXGHFLRAK-YEKR YRVRN i
QHY&KRGRX SRWRP JORALWHMAaLH REYRGRYp ULHAHQLH

Q

[ E \ IRF540
ANAS Ly G
J w
N @ ) IRF540 A
LA

2EUi] 16 3ULQFLSLiOpoHP R ¥ WERPRNK O RtNebldoD[17].

1.23 *HQHUIWSRRNXNALWtP ]RViticdeBREYDpD Y

-HG QI WR]&&IE8 GUH UHIDH®H AW YRURRWYUG]XMH DM SRPHUQ
S XE O LN RWH®&HFNKEé HXR & H iUF-D MN-RFQ & W WDBENQRH UR M Robdepcie
[22], [23], [24], [25], [26], [27], [28],[29]. 2E ~EHQp V~ KODYQH SUH LFK N
QDNRNRR AW Y XNDFAMOMGILQé YENRQ\RRE WBIDOM~FL YRpL UH
SRWHQ@RLONUHP VStQDFLHKRMEBWRMNMXMWR MW U ldb{icel SRWUH
UHIRQDQPpQEéEFERURERIRIGRW i WAVWEB B RXREE ILOWUXMH Y\aaLH
[23].

*HQHUiW FRRUNWR QIEWARYON BRMAUMP KIA VSRPtQBB]HAIo SUIF
VSRGREH NRPHUpPQH GRVWX®BWQ irkRLitft§30]Q LD 35)

Autori p U ef22] sarozhodli SR Xdko"Y € NR Q R Y &iCSNUIOSREN tranzistqr
kde akoE X @atpH OHN WROUMWEBU RMLOL Y QB N RuEiptyhiltrbrizist@je H
YR YIpaHM dtUNH ]DNYIR QpK&R8i\GRID HURIIQBRIP BRI® SIW't
dosiahnutej~p L Q QRI\QW U QD RUDRVY®Y SUL YEVWXSP@PRERKWENRQH
S3UIFH |DREHEDR QM- BVDH ULWRBJIPE DIS U {28)OKdésa Y\ Xa Ll O
NDVNiIiGRY pe | DENRRMHRINE F Kyp8 Si€ NMOBFET a GaN Tranzistory
ZQLWULGXDLIORDM~ YéKRGX RSURWL HE&aiQa&EdmMVWNUHPtNR
podobeQLadLHKR RWYRWXQRP VWDYH WR ]J]QDPHQi QLAaaL
VStQDQH @D DM Y\aaLX ~pBX QM\O'aib U LYDEKHRGLDDPéjtoW U D Q] L\
NRQAWUXNFLH MH YH Ni 4tUND ]DNi]DQpKR SiVPD XPRa X
aYlpdLH SULHUD]Qp QDSIWLH XPR& X6}~ VA WEBNGRRBSK"F
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SUIE4MH SUH]HQWR Y Bl QEIRAAIODHK G X W iS 1S XA arzistbtby
QD Ei]H *D1

3 Ui f23), [26], [27], [28] @ [29] VD ]DRE H U D M} @K YWUWRILGREP V
YEVWXSQ&P YER|PEEREY :V GRVLDKQPX@@ERWRPALHYG |t

94 %.

96 KBUGRVLO RWDPRNGH ( MH LFK MHGQRGXFKi NRQ&WU X
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1.24 *HQHUIWSRRNALWtP |RViticdeREDpD Y

-HGQi MDVIRO RXPBHBLEBQRX WRSROYJLRX NRPELQXM~FH
ztried D aE [17] SRGUREQH S®RISWHIBYR\EK-HYH KRJRR'X O RYDDpPRY
S U D F X Mtriéde FOKje potreba nabitia aybitia (inherentne) NDSDFLW\ YENRQRY
prvkov aWHGD Y\aaLH YéNRQRY pladpeky /W L FE®H Q {A WEQIIRESE X
QHYLGQR QDNR NR YédoBeQrarzistaS\WDy RNWYAIGDDA SYREL W't
kapacity pomocOREYRGRYpKR ULHAHQLD W\SRPELIKRFEBN @WE K
GYRFK WULHG WHGDYP&RIPIQR QRAWVR UBAWILBSHQLD

V SUIB8] MH SUHG@WBR HQENR QRY ES U B B X frdk e hLii
f 0+] GRGiIYDMP-§L Y:éER'®ZH YSUL GRVLDKQXWt ~plL
QD ~URYSQ% 7HQWR JHQHUifriéde DERYURENXRMY ENRQRYp SUYI
SR X ativaDGaN tranzistoryvpo-rPRVWRYRP XV ERGIDEGD QQLNRYEPL
VLIQ|BWBPL SUITEA MH SRXNi]DQp QD SRPHUQH QiUR®Qp ULDC
Y\d4tFK IUHNYHQFLiIFK SRPRFRX VSRPtQDQ@PKQREBQIQLI
PRAQRV" ULPRHRX DKBRPRQLFNEXKW RWLY GiDHRE@EHL VNXW XM ~
MLHUQM ~PLEAGRV'G O RAHQH YRBYKIDLSLV XM~ MXSMREHQPpPP .
EXGHQLD YENRQRYEFRLMYWWR] IS\RW R UW YD &l GRHODR. Y R Y EEFERO R
SRXaLWi ERRWVWUDS PHWyGD
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1.25 *HQHUIWSRMNALWtP R Viticde R/EDHD Y

Rovnako ako VSUtSD&YHDE sa HGQIKREULBRSRORYLXY RYDpPpRY
Obdobne ako triedeE VWD pt MHGLQEé Y éNRBIRTI&V R RMORBED SWULY RIQ D
RGVWUIQL" QHY é KMRHK:G Q\RUALHEE\" (QDY U K34 O dti WedeVE L HG H ' (
WX SULGDQé UH|REDIPRROREFEREWWRRN |DERIAHPXMH
QDSIMBYR"DaW@NRQRYPIRL.SUYNX

3UIBB] SUHGNODG iv]id&BddE QL HP HQ ISJ D F X M plzddhR Y
UHALRPWpHQPUKR SDVWHUL]IF L& prP foekvéhcDf =NI3.66 MHz
aYéVvVWXSQR P =Y2&kWRIGskinutej ~p L Q QRDV WL RO %. Boli SRXAaLWp
YENRQRYp padobelbaNYranzistoov vpush SXOO XVSRULDGDQt SUH
SRADGRYDQpKR YEéV[BXBDNRRUY &RRQ DQ@RASHoNUj~aj
JHQHUIWRU XUpHQé SUH3SORPIRY XRWIHRRUXS UH YéNRQ
EH]GU{SWRHY@RYV VLJQIiO X S®L[BAN XNGRIY D Q aVRREFDAKR SUiIFDFK
SR X &aMtrpnzistoryy SRGREH YENRQRYEFK VStQDFtFK SUYNRY

VUIPFL 8UiBKWRUL GRVLDKOL SRGV WKW @HA HRaAHM ~p
e QHVWYWPFL GDQHM SUiIFH GLVNXWRYDQp

IHYEKRGRX WRBRDhQHMaMBP REYRGRYi UBMOL]IFLD RSU

LF L Lg C.’
MR 0 . N
|
Vi <t> z—lﬁj vt T C Ry % Viaa(?)
Voi(1) i P -
T

2EUi] 19 3ULQFLSLIOQD VFKpied» BR35L0 RYDpD Y

1.2.6 Zhmute SRIQDWNRY V~p REQRGR VY BFARY MILHHIHDIW R UR Y

'LVNXWRYDQp LHFQHUiOWHAULWER SDUDPHWUHQpHP-WDLEK SIHHK |
1.1
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7DEX 11 5HNDSLW K@ HUIHW XREFR 6 RMAHIHQHU I W

3UiF| Trieda  3UDFRY 96VWX OpLQQ 3RXA&LW 3RXALWLH

zosL O frekvencia | YENR Q| [%] YENRQR
f [MHZ] Pout [W] prvok
[18] AB 13.56 1000 53 WULYGLD plazma
[19] D 13.56 1500 94 MOSFET plazma
hybrid
[20] D 13.56 1800 90 MOSFET plazma
[22] E 13.56 1000 93 SiC plazma
[23] E 13.56 700 91 SiC, GaN QHXGDQp
[24] E 13.56 541 97 GaN EH]GU{WR)
prenos
[25-29] E 13.56, 27.1 : : LDMOS, VF ohrev,
GaN EH]GU{WR)
prenos
[32] DE 13.56 10.6 87 GaN VF ohrev,plazma
[34] - 13.56 1300 94 GaN EH]GU{WR)
prenos
[35] - 13.56 2000 93 GaN SDVWHULTI
[36] - 13.56 1100 92 eGaN plazma
[37] 13.56 400 77 GaN QHXGDQp

3R]QDWN\ ]S\UNDD Q pWHMUBAVX PR & XM~ IRUPXORYD" JiVDG\ Sl
JHQHUBRORURY
1. GHQHUIWRU NRQFLSRY Drigde AB\nRje] R&/\ySDKRWANRQ RY p

DSOLNIFLH YKRGQé& J18H MH BNXSWPLHRWERY 1DVWDUDOé
SUH 9) Yékdm@RYp

SR X AGAM 1aBiC tranzistoroov SRGREH YENRQRYéEFK WBtQDFtFI
v G QHaQH Moj& Badstatnenieprihliadnuc na ich W H R U Magthdsti p
SRStVBQpa YéVOHGNQ XWMLYBE R4H,K27], [35] a[34],

VENRQRYp Ppddobl \GaN tranzistoroMH YKRGQp D/SRCOUNiI FHUEK
sYH PL Y\WVRNRX IUHNYBDRRRRMXRVISEQRBQIDFRYQp IUHNY
SiV BBz [31],

YENRQRYp SRIGREH 6L& WUDQ]JLVWRDEY LM HANWRGEH p Y
Y\aDGX3MQ IXQadadd FQ DY BVI kV, svoje uplatnenie tedaiju hlavne
v]DSRMHQLDFK ]Riate 2B BDpRY Y

pUL QiY UKXY & N\RRINRRHEFHKU i sVR{WDRNM IMVp YROL" YAHWN\ N
SsSULKOPDGDR XWK ~-hEQKPRIWMV" FHIORR QDYWKaA¥HM PRa
kvalitee. . ULWLFNéPL NRPSRQ rb@rwtiadrekoaW BN Q QIIRVUP iWR U |
YEENKRGQpPKR YEéNRQ RjghoKdRdia¢dhoX SoMddeDQHALD G XFH
vlastnosti DP$22],
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6. ptP Y\§@EXPDARYDQIi IVBNYMHPHRD Y\AaAaLD SRWUHED NY
prevedenia zapojenia QiYUKX, BBNR NR VD ]J]Y\@KKHD @ XPL¥FK
YODVWQQIRVWIUHDGOR|GRLYH REEALHAHQLD

7. pri SRXAaLWt YéNR QRNVBRKe@bhYpuRIN spolush YENRQRYEPL
EXGLPRBQR ]JYéaL" ~pLQQRBRP HNQUHD BHIPUPHDX DKpL" R
QIYUHQHUl1%RUD

8. ZSRK DGX GRVLDKQXGW¥NKWRY CPRERRNPIFOQ X YR EX
SUH QYHB OLYeMRXQ R Y p K-RekYa\ @' [RQIEFQ H U WR DD R pV
ULHE&NQIRMYPAt Ydpdjenia] RV L OaRiNedbE dEDatoz SRK DGX FHQ\

bDVRYHIND @L]DpQHM QH]RPWRADOEIRGREH ~pLQQRV
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2.52=%25%$'%$1,%

V QDVOHGtexd MAR B LV NS BYDIG®O R & H Q é F Kafeh Waatnodt \ vV W p P X
JeWX RStVDQi NRQaWkamolyF NV B OUNFRREDSEOWPDX RFBQPL SRX&LW
SUH SURFHW®ANWURLDLF N pISR YIRMD 6 & BWORAHD\ \VRRVWD Q é P
ULH 4H 8 (PH4 RoWRdUoje v texte SR St VIDIFER W Q & J HFNQMRIUW RSIR JRV W i
ZGYRFK: VDVYQIORYpKRYRRBRAXpE R3PREXBNH NRSLWRO\
XYHGHQp 8RB XKaD&tdiekoncorej DSOENIHFOpKR WYWHPERARAHQI
GUXKi NRQFHSFLD SOD]PRXGH/A INTREERABNH MK WIRH) iVeHVWRY |
YKRGQHMAaALD SUH QDVDGHQLH GR SULHP\VOX

21 1IDYUK@OWiIPRYi NRPRUD

-HG Qi YODRPRY ~ NRWFRU XQ Dormhég WXSBIFLWQH YLD]DQ~ Qt]N
plazmu. 7iWR NRPRUR ERODXRPBEQD YW X *HnacoviBDUTEE
FEKT VUT v Brne

IDYUKQRWJPRYi ERVYRQPBLSRNDRLOIVVERRVRYHE@t MHW
JHRPHWULX PRAaQ RuRl®ti tahefgeoReiitMiH SRW U KKEFQIIGGRPL" aH
dobga |D NWRU~ HOHNWURPDJQHWLFNiI YOQD EX®EDFD NR
GRFKIGYYWNUHNRYDQILRXSD WRi¥pg@iy hiH MH ]JDQHGEDWH Qi
vzdialenostibody kde sa formuje plazmad Y é V WXHBXH Ua\MRDUDR VWL UEFKO
atU HQvchove] EMGviny PRAQXRJpL"SWIRE D hilygl8H QV 7RWR MH
WDNPHU RGSRYHGDM~FL SRORYLkIE SFud 3G L BPOGILEAREHIX®
dejov D LFK PBUDM\NRQiIYDQt SRNXVRY VL MhenSRWUHEQT
Y é VeNDHS) H Usiadwitddésoch plazmovejfNRPRUH SREONMWDNR WHIQtP NWR
pDV MH WDNPHU SRORYLFD SHULYG\REGCDAQYPRYKRREXGILHK
sprvou harmonickoty = 13.56 MHz.

0

2EUI] 21 *HRPHWULFSEHRGREHQHM SOD]PRYHM

Ako SO\Q SUH ]D&SIHREBHSND [PRY pKRAVMEXRMARYDQE& DUJ
SYKRGQE&PL S(preRurddiP INWRUEFK NRQFHQWUIFLD MH XUpH
]JDULDGHQLD .DA&Gi DSOLNiIiFLD SOD]PRR® DK QiR M FPYH Y L
NRQFHQWUIFLX DNR X&HEW® RKSM yd W YPDOL]iFLD YR
FKHPLENPKR JOR&AHQLD SOD]P FSYRARH V& BRINGD WIH Q BVNHSIUDY
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VN~VHQRVWt XUpt SRIUANWRPEE@MH |ORAKI QIGH RSWLPXP SU
SRADGRYDQéEFK YEVOHGNRY

S3UH VSUIYQH UR]JORAHQLH HAOHRMLURRPEQNWEERYKR SI
hustotu VRN R®&]A |DEH ]S H plby @riekda nepropagovalaV SI"DNUJYQRY pP X
vstrekovaniuboli Y\KR G Q RIW HV@NFEQHW U XN P Q pNS\DRUDP NW URIEUD [ HC
REUIINXYLQIOQD SRGRED VNRQAWUXRYWDWI®HAM RNRWIRNUX MH ]

= 54mm

' '
!

31.2mm 43 74mm

[

-

R1.2mm —

7

1‘—4 15,49mm

2EUI] 22 .ULWLFNp Sidh®SWHIGIORAHQHM SOD]PR

2EUI] 23 6NRQAWWCORDYBPRYI NRPRUD

3UH ~pHO\ ]DSiOHQRDOE B DABRHEKRRAHQHM SOD]PRYHM
SRWUHE QéGRWRG100 mA, NWRUé géometrbkejf NRQAWUXNFLL NRP
Y\WYRUt SRADGRYDQ~ LQWHQIRWX HEG-N S WH AP SK® HDR 1D
REQ-ONDBI S{YRGQHM SOD]PRYHM NRPRJUHDXMBERYDR@MHM Y
zmenuvSU~GRYRP ERBRYWQBP SUL&FOIH FRBEAR QD

Zavislost impedancie plazmovej trysky na frekvencii Zavislost' impedancie plazmovej trysky na frekvencii
100

1800 1800 1

1600 ‘

1400

100
Modul

1600 - Faza Pl “H a0

1400 | 6o

= 1200 =200

Modul [€]
- Modul [Q]
-Faza [

1000 1000
'

800 [ 800 F

Impedanica - Faza [

Impedanica
Impedanica
Impedanica

600

400

200 J

0 i FE T "
0 1 2 3 4 5 6
Frekvencia [Hz]

0 ——— e -100
108 107 108 10°
Frekvencia [Hz]

a) b)

2EUiI] 24 =iYLVORV" LPSHGDQFLH SUHGORAHQHM
D OLQHIUQD RV [ E ORJDULWPLFNI RV

26



3UH ~pHO\ |RVCBRNGEHYHQEREFRADSDEBDPUHHDMQU RWENRRYéEé JH
SOD]PRYIi NRPRUeranéd] i X UV Wvipad¥¥pieZ danej plazmovekomory
V]IYLVORVWL DEAVBNEND WRKWR PHUDWPEPBLVREQIIRX QHC
aEXG~ SRXaLWp SUH QiY@ DPUFH GNIBESAKHWXKG\NIiFLD SDUDPH
plazmovej komory pre frekvencfu ) N+]‘MH ]QiI ] RIURAHQREUI]N X

X

2EUIiI] 25 EOHNWULFNp SDUDPHWUH8@GD]PRYHM N

V UiP ptacoviskaUTEE FEKT VUT vBrne bolo vVPLQXORVWL SXEOLNR
YLDFHUR SUiF NHG\ SOD]PRYi NGUBRNDSE REEHQARRQ a W U X R
QDSUtBIWIEBE a[39). ZWEFKEWIRR-G{OHYLWYOIiIFLH D QiVOHGQp
Y\NRQD/GRMNREMOIUQRX NRPRURX SRPBFRX\WkEPORYHM
boliv EOt]NRVWL SOD]P\ JHQHURY D QHHND IS BiRRHEIFDR @ DFHNNR U |
YEVWXSQéEP VLIQIORP SUDEX366 MRA YORRIGWOGIRIFRIQD-QL JOR
HOHNWURPDENMG) 8 RFESpEKREVOHGNRY REBB]JHQHM QD REU
26 Y\SOéYD J]QDpQé SRPHU Y paimbubudHDQ PR RiRiakFeK
VLIQYOXL DpKIRQQtP D pXNRP@aMy. Tieto VLY Q]QDpQH REPHG]XM
PRAQRV" SKXILWLOQHM WHFKQLN\ NDPHU\ 3& PHUL
DQDOYyJRNEPKtFK SUtVWORMRF RRRGtYSOD]|PRW YK [WAMER
DM VN~V HPRawLisKAUTEE FEKT VUT v Brne. 3UH XY D BAR&nRQ p
REG AQLNRYéPSVHEHERWRB@MNGE PY |paLH(rdsa\-OREQ HM  (0*
spektra

' 20 ———

oo A E
E I |RF (13.56 MHz)
— 1141 . .
x

—

P [dBm)

y
ef 80 F
d3mm & Mo
- I\ 90

100

? © 01 02 03 04 05 06 07
L IGHz] "

a) b)

2EUi] 26 8NiaND Y é\SH[B3K Reranie(0* JOR & LRINNRD t
SOD]PRYpKR) NRERMXUiF L DbSYDFRYER N
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22 2SWLPDOLJR@BQEAVRU

-HG QielkroRL FN & \VRNR | U HNEWN-RIPANGEH UIWR U  Y\X&tYDM~FL
JRVLO RYDpD StieddX MVFRBARKRFLSLIOQD VK QPR YDFHRNM H Q
QD REUTENZ2EYRGRYp UL HaAHHH HOWRRKMIRY UiPFL $BUiFH
7HQWR JHQHUIWRYRFR VHPRGW D:WQ8 DKORREKRRY YENRQF
NWRUp EXGR WREQPRWDI®EH]SHPHQEK PRADEBMR BIRIPHURY
3RGUREQ@& SRSLV pLQ GRMHL PiREQ R BSERMOMNRNG ~ Y
SUIFL XYHGHQpP Y&aHWN\QVFEKPI®SRMHQLD D
'DQEHQHUIWRY SXWD)ORM UMABVRMHKSQEP VLIJQIORP REG &
tvaru sSYH RLWN\BREDPL VSH@®NQYDQp SULHE HXN QML i WERAWDX
SSULKOLDGMXDMUPEXBHHQt YENRQRYEFK VStQDFtFK SUYNR

2.7 b). Pripojenie Y & N R Q RIMp® &Rk azmovej komoreMH XYDARYDQp SULI
SRPRFRX NRD[LBPQHM VSRMN\

T 20.00 symetricky polmost.cir
16.00 ;
\ | \
- 12.00,‘ | f i
| i |
vi C) 8.00/ i I .
+ | | | |
+300V 4.00) ¥ H ‘
0.00L 1 | 1
;_: X1 70.00n 24.00n 48.00n 72.00n 96.00n 120.00n
— v(v2) (V) v(v3) (V)
. 600.00
400.00
V27 komora AN S
OUT 200,00
R1 0.00—
50 -200.00
=N %2 W e e
ﬁ) -400.00 55, 24.00n 48.00n 72.00n 96.00n 120.00n
N W(R1) (V)
12.00
V3N 800
¢ 400/
- 000
V4<) -4.00
+300V -8.005 o0n 24.00n 48.00n 72.00n 96.00n 120.00n
I{R1) (A)
T (Secs)
a) b)

2EUi] 27 3UHGOR&H Q&) 3UQ QE LYSRKAI D) teorH WL F N p
YEVWXSQPpEBULHEHK\

221 6LJQIORYé PRGXO

6LJQIORYEJRRBXROFREDNMEHURYDQLH EXGLIEHR VLIQiO
REG &QLNRY pRR& QRN DHENjeVo striedy [3]. V UIPFL WRKWR PRGXC
]DEH]SHpHQY ] WVRRRUEDH UWR Y D QER AHW.UBOQBRY KD]DUGQEP
SUH ULDGHQLH Y&NRQR Y epoKmhsR@mRD/S R KKHQMXSNRH Q 8 FK G
YENRQRYRPBPR®RAHWUHQLH MH ]DE B KX [PHGRRER N B F R X
NRQAWUXN FL® W I RERRYECHB). K RNFOIDYCREEXEF L VL JQRB &\DH WD N\
JHQH URiMd2du exH UQpKRD J@UWRRMN RIUHN Y HQ pNOWKWRE WLHQP®R% Q
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S U L Ynaldosku pomocou BNC konek#dB]. FrekvenciaH[WHUQH SULSRMHQPpKI
QHP{&aH SUHNIORfHz'aYH NPWRKWR FXKYQiR&ES KRGEIR'WIP

Uow=0Vpre Qt] ODRILFN~ ~URM@A=50RRAUHOY\VRN~ ORJLFN~ ~UR’
[8. ORGXO MH SRWUHEQpP QDSIiMD" SRPRURX=HIWHUQpPKR Q
[3]. 1HRVDGHQé VLIJQiIiORYé PRGXO28RAQR YLGLH" QD REUI

= swrmemenew e300 -

2EUi] 28 '36 VLIQIORYpKR PRGXOX S&JHGORA&HQp

222 VENR@RPRG X O

9éNRQRYé PRGN B DRFPRIRBXMH LPSHGDQPQp RGGHOHQLELC
aSUH QDIMPRUBGORYEFK EXGLpRIOSHU Hranzisthirig3D R Y p

9éNRQRYp SHYRUYLMNGOQRP ,SURHYWHIENHODNR WRRH, IO R SUL S
vUIiPFLQY KWRBdIraXPLHVWQHQé YENRQRYé 026)(7 D[Bl. MHKR E
NiIVOHGQH GRVND REVDKXMH &RMRSEUR ¥quobeltiméidikpteH QD Si N
ILOWUIFLX Y\daatmNR QWBHHNY HORFFULRY SUH SUHPRV"RYDQLH V
UHIHUHQ p QenkeR pre]ddanie D GHN Y i B/ ERASIEIKLHN GRFKENRQR®
hybridQ é F K S bfildRhrkoncovpstume[3]. Pre QD SiMD-@asdt MRCG RWUHEQ p
SULSRMIV\ABWRMFNpKR QDIAWRVDGHQEé YENRQRYE PRGX
YLGLH" QRREUIINX

° e
oooooo

2EUI] 29 DPSY&NR QRPYRERO X S U HIEHIIRAWH QUIRKURD
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23 &LH RYi DSOLNIFLD SOD]PRYpKR V\VWpP

6NRQAWURRYYCHEMW HY WRYDOQMN WRULD GERQR S)RBOMWDDp Y\dal
WHFKQRORJLF#NEERI PRIURMKUFHHORY PHG]L]OWSR&HQIDHW L
YEVOHGNRY SURFHVX nerezsudjQdcele SYIRDEFORXWURWHFKQLF
YODVWQRVWYEéaRQUHAKE Lpoadhoveypeinest Hikblantov D DOAaLH
PomocouDSOLNIFLH SOD]PY SR BRYQHFKR pfituUdy 8 Ynalk R
GRVLDKQX" Y\adHM |PipDWBOGCYPRDWL]CRSUHBXHDDGKpP]Q\
IDGYI]XMH VD WDN Xa QD SUUHGRP ¥8RPSADAREQGH IFXRFHV
QD SRO\PpWRMIWR DSOLNIFLL EXGH SRWUHEBQPHQIMR'UR S
aRSWLPIiOQH JORAHQLH FK@PIBR SV B HEREFKR YEHORNG N R F K
RSWLPIiO Gtdeea LHXQ H U idbRddd) plazmove] trysky anastavenia
SRADGRYDQéFK JSMUHIAVWRDRYRYi NRPRUND PDWHULIOX
SUHGSRNODGiI XPLHVWQHQLH RMYRNRx PULHP\VEPIOQRRAaMY
~pHORP DXWRPDWL]iFLH SthbfRdvHVK G HBEMWRL DN OMDEHKQMER G L
QDMPHQAaLH UR]JPEHMHKRUPBGKRQQDFN.~V NRPAFQBENWRRAMTF K
WHVWRY VD URY Q2R RpDDANe) kOMDAX NIPISLOIUQRP 2a\KRWR Y |
SOD]PKeMforus YEVW X SNRYDUH SORAQMWNWR AWWH HRD]REQHRK
210. 7iWR S OD]P R HalaNRARRRQADV W ¥ Rt ViskdJTEE FEKT VUT

vBrne sSRGSRURX JURGWXatSWIFHGFKiIG]DM~HFAOF&[48]JUiFDFK
WD N D] MRGQIRPMRNVWRU~ ERO S[BYRGIQHQEHQHU

2EUi] 210PID]PRYi NRFRUWXSWRMUH SORAOHM aW L
SRNURPLOMMIALH WHVW\
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3.237,0%/,=E&,$ 1E952%92'29¢e+2
35(9('(1,$*(1(5E725%

BUHG VDPRWQRX RSWLPDOL]JIFLRX SUBHGQKQR/RYDGQQLH
PHUDQLH 7HQWR VWDY MH JREDOHGE ROYD SREVBRFNRAE F K
NRQWUROQEéEFK INUBKQRtYERGRRYPIHRRE UD BURFHKDOHQEéFK
QLHNR NR SUREOpPRY NWRUp MH SUHG SURFHVRP Ral
HILVWXMH QLHNR NR PRAaQéFK drifaLad@odbilUHHQ HOH WRHERLH Q|
QHEROR PRAaQp JLVWL" fIHEHR QIK X M3 [OMHY B D p DFOHM ]DPH!
QiY Uhodné F K potrebré FEmen v REYRGRYRP, hastareM HNQUILWLFNéFK
parametrov aFHONR®W L P D QH|JQHWXWRIUDMMOBWNp SUDY D NRQHpPQ!
RSWLPDOL]IFLH PRaAQ@®locb&élM SRStVvD" Y
1. 1DVWDYHQLH RSWLPIOQ\FK SULHEHKRY EXGLDFLFK
JHQHUIRVR/YDB G Rtime),GHDG
2. YR EERVWDWPRDYEKRLFNpKRSEGGROpKR. BROVLOQHQLD
VLIQMEYLGQpPKR YENRQRYpKR VStQDFLHKR SUYNX
3. ~SUDYD JDOYDQLFNpKR RGEB8ABHQQNLBPU@PDSIMDQLD pDV
3UH SURFHV RSWLPDOL]iIFLH EROL SUL PHUDQt SDUD
SUtVWURME XYHRXKHQ$ Y
V]iYHUH NINSQWROPRAQR RVWL P LQtaPDEMG] Mhkrtiana
elektrickom YHGHHG]L GDQéP YéENRQRYéERI"DHAQMdddWERURP L
plazmovej komory.

2EUIi] 3.1 Podoba pracoviské&s UY R \W€¥ank Bred procesom opti@ O L ]i |

31 2SWLPDOL]JIFLD VLIQIORYpKR PRGXOX

+ODYQi pDV" RSWLPDOLJiFLH VLJMSEORYPKR @RGW D XHWQS RA
G{E GWDBRY SUH VLJQiO\ EXGLDFHtranzisthR QRYp 02¢
V N X W RICORRAM Wbt LIO RAH QR DFHUEFK W UminjdsibVeR URY Y
XV SR UL PIB/D\tSadQULHP B VD EXBWULRBANWY QD YH NRVWL
QDSIWLD JHQHUIWRUD DNRi VFH SIROS\DERDDY & H\DNV{RIY |

~VHN\ SRpDV NWRUEBFK V~ ~P\VHOR®RED] YUNRQYRQp W UL
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1HGRGUADQLH WEFKWR pDVRY é FKHEQWEKWN¥FDD R ¥ NER PRK&H
QDNR NR E\ PRKRO QDVWD" VWDY NHG\ E\2REBIo WUDQ]L
QDSUtNODG S{VREHQtP a4XPX QD YVWXSH GDQpKR EXG
tranzistorov VWHMWR WRSROyJLL VS{VREt SUHNMNWIHPPHEHKH SL
YENRQRYE&FK SUYNRY 3RWUHED QDVWDYHQSRXWIEWKIVR
YENR@RK SUMMBYREP W\SRP YRGIIYRDVBIUHIGRRAHDRP JHQ
MH WRWR RaAHWUHQLHL QWHGO UJYED@uMARLRIP[EF Heh je

]DSRMHBALYPH ULDGHQLD SRPRFRetly3n ® UL YHRERHEH ULDGLD
3:0 VLIJQIOX REYRG JHQHUXMH VLIQIiO\ SUH EXGHQLH
Y&NRQRY pigtda paichbs@[42] 9VWXSQé VLIQIiO SUH WHQWR RE
SRPRFRX NU\RWFORYQIREE QRX PRAQRV"RX XSUDYHQLD V\
SUHNOiISDFLHKR[RESBGKEWKS X LJQiOX JHQHURYDQPpPKR SF
RVF L@pdjehtd~SUDYH SUHNOiISDFtP REYRGRB2RBRAORBR YLGLH'
~pHO\ RALYHQLD EROD QDVWDY H@IRYWLIGELHSE XBD).R E WiHQXV
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PoVSUIYQRVFWDYHQt VWU L HastaverRuzedimsw) the &4 VPV
PyGH REYRGX [#QFdaj~ QDVWDYL" MHGQ&WOARMEptSW H RED
pomocou trimrovRio aRis[3] NWRUp V-~ spdliGdd\ywHIhd-MG121042] na
VEKpPHHGHQHM Q) Rria DPRMWXdenepa R E Ui 3M b).
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[3].
Teoreticky je obvod[42] VFKRSQé& JHQHhREPD[GRID®RX GRER?
tdead_max QV (3 Dndsavenie jeALDG¥ EHK DGLVND GRVLDKQXWLE

vpPDVRYDQLDFK NWRUp VD P{&aX OtaL" SUL DO&RP VSUDF
YENRQRYpKR K\EULGX $Y&DN SUL WDNRPWR QDVWDYHQ
EXGHQt KO YRGIRIE pDVRYEFK ~VHNRY NHGO&YOMGDP]LV
SULHEHK\ YEVWXS@EPRVWRYPERYEXGI42D SB* QDVWDYHQ
VSRPtQDQ pK RieRdiMYWWHWYDPH QDEH]]SQIRVS{VRERYDBDFtFK RE
zachyteppQ D REBS]N X

2EUi] 35 Nastavenie dea®WLPRY EXGLDFLFK VLJQiORY !
EH] SULVS{VRERYDRBEN RENRI}NR Q5 S i]

1iVOHE®RFIRWUHEQP Y\WYRUL" REYRGRYp ULHAHQLH |DE
YEVWXSQEFK EXGLDFLFK VLJ@IDRWRREBDREBXOMGEH SRALD
SUYNX SRXUHWPIORDQLFNp RGGHOHQLH VLIJQIORY SUH GF
sa ORSWRPOHQ[4B]3 NWRU& EXGH GLVNXHYRHUDFHQIVRH R SW
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obsahuenaVWWLHODFHM pDVWL GLYGX NWRUHM RSWLPIiOQ\ S
listu[43] GHILQRYDQé PS8 RIEVWXSQp EXGiv@k HME121@IPD \ ]

V~ WHGD XSUDYHQRoSRP RREXVUH]NWRREBP MH ]DEH]SHpH
GLYGRX P$ SUL XYHGHQRP W\SLFNRP ~E\WNX QDSIWLI
U=16V[43] 3UH JOHS&AHQLH QDSI"RYHM VWRERD/|WQ éE-XKGQD
R EAMU 3.5) je paralelne sezistorom R RVDGHQé NRQGHMWRVURUERO
H[SHULPHQW i t&patithyRGHE 8 WH ]DEH]SHPHQLH RGVWUIQHQ
SRGNPLWRY SUL Y\StQRUp(' YCBRRDAQWISSUHGRP VSRPt
NR Q G HaX)iwsRldcejpDVW p CRHIEWRSURWL S{YRG@pFEVW XHSHQL
obvodu LMG1210[42] R&EHWUHQD:G@Ly GRPUD]HQp Q B).RRE X &INWX

boli SFKRW W Ny KE&SIPH44EV EVOHEGERNLDKQXWp WDNRXWR ~SUD
QiVOHGQH QDVW D YirHd RaX GRERXI2GEMREA QR YLGLH" QD REL
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5LH@H B R pt BRXIDWRMHQLD MWSSTR6[42]DvibbdobeD, +De
JREUD]HX D REUS]NSO SRMHQLH WEFKWR GLYyG ULH&EL RGVW!I
DNR SUL Y\WRNHM ~URYQL VLJGOXYV)apiURNYBIN [DEW I t] NIt
SUHGRAOH GLVNXWRYD QEPXOS Ui REK YEKRRADHQY@ONRE LY G\
kapacitouCo QDNR NR SUH Y\34aLH KRG QRW)NWYD SVIDR WX P\ B HHQGQ
EROR SRJRURYDQp SULIBHASRLPAUDbEN: 3G %Q D R E Bi] N X

=MHGQRGX3HQi SULQFLSLiOQD VFKpPD ]D®®&MHQLD
obvodom LMG121Q42] a R S W R pTDRRGER[U3] MH XYHGHQi @D IR 8 UDJNX
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2EUI] 39 9SO\Y NDSDFLW\ GYg@VDOYRPRROXQQH]D"
obvodu LMG1210.

1D REUIPNEX PRAEA&QR YLGLH" Y&UD]Qp NPLWDQLH VLJIQiC
Y\44LH SRP REBRO&1GHE WE. Toto je S{VREHQp Y R [45RsXY GilayRX
NDSDFL®WRX 34 =OHS&AHQLH SULHEHKX MH PR&Qp SRPRF
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GR VpULH SRSUtSDGH YéRpERXIAIRXY KRPEDHEWRXS GL SRXA3
GLY@LAEARX KRG QRMBBIPGNA) SKBFatitdlor =40 pFPRAQR YLGLH" QI
REUIN.

3R VSRPtQDQéFK ~SUDYiFK EROL SUH-timpMOURABQYHQL
tdead= 17 NS.

2EUi] 310 2VDGHQi '36 VLIQiORYpKR PIRIEHQPONSRIH
SURFHVH RSWLPDOLJiFLH

32 2SWLPDOLJIFLD YENRODHRYHWHYRVRRIGX O X

2SWLPDOL]IFLD YENRQR ¥BKHRD PR GEHOWWWD N X BB M IOR FNp KR
RGGHOHQLD SUH YENRQRY~ DM VLJQIORY~ pDV" RSURW
VWH[WHBpBd&YiEBVWDYHQt YKRGQéEFK SDUDRHRHWWIROM EXGLDF
SULSRWMHQtORYpKR YRRGRRO®R¥@RIX SUL EXGLDFLF#e VLJIQIO
riadenie pol-mostu  JH Q H U RsYrek@e@¢id(f = 13.56 MHznebol na vstupch
K\EULGQéRXY €K RRQ Y N R FK6] Bgmerarp a Liie @levantrpbudia®

VLIQIO

321 *DOYDQLFNp RGGHOHQLH EXGLDFLFK VLJQIORY

VUIPFAEDUDPHWULFNpKR QEWYW X@EEPRDD PIHA ] LvbvddQ iO P L
LMG1210[42la YENRQRYéPL K\EUL ORFEARL4BBARSPHV N~PDQEFK
aUHDOL]J]RYDQéFK YLDFHUR SRBABHIQp NWRUp EXG~ DOHM
TLP2367

S3RXALWp GLILWIiOQH TRR¥SHR4DHQI\Y JRYKDLMERVWDWRpPQ ~
QDSI"RY~ ©EWitlDP RMRODpPpQp YODVWQRVWIL éYWWN R HQEQY HIQWV
7DNWLHA SRVN\WXM~ PD[LPiOQ\ YEVWX5R&=SA0m& XGDQEé
%ROR JLAMWMPIOWR YEVWXSQé SU~G SUL SRADGRYDQHM
f1 0+] QLH MH GRVWDWRpPpQéEé SUH EXGEBDWH H/QH Q VOWRYY
YENRQRYpPKR PRGXOX WU ] INMVWRRIER Y\AD)GXMH PLQLPiO«
YVWXSQplo3dt=@00 Da mA (v danom produktovom listi46] WiW R
VNXWRPQRV" QHEROD X3 1K &HDQié PS\URHVGR PRIQIRK{EQGFP SU~
QHULUIWBAULPHQWIOQH YaAaDN EROD RYHURZI67[43[ PP QRV " W
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budiace frekvencief ” O+] puL QDPHUDQRP YéVWXSQRP
ITLP2369_expour 50 MA.
UCC23511Q1

SUH QHGRVWDWN\ Y\84aLH JPhE& EHERPHK R RGEGH YREWIDAH. GI® B
SR]PHQL" $NR YKRGQi YR ED VD -RID#7L O NR\VSRAUR p © E\DW X &
VLIQIO QHLRMHWAKRNIDED GRGIiY D'aloti@dWXSe Qé SUHHW D
]JPHQD Y\ADGXMH UR]JVLDKOX ~SUDYX QDSiMDQLD NHG\
YENRQRYpKR ]G UR MDW48} &2 SRNH Q@iévaQdh¥rezistar SRG D
DSOLNDPpQHM[4AGR]@OBNM YEPHQX SRXALWpKR OLQHIUQF
UHJXORYDWH Qé YéVWXSPB@ avxYWDD/BLDY HQMIRU MBKR Y&V WX S
QD KRGQRWX YKRGQ~ SUD1RSW RPHOMMBV 8&EEVWXSQpKR \
optop O MPDSRWRP RGYtMD RG YH NRVWL QDSIMDFLHKR QDS
XSUDYL" QDSI"RY~ ~URYH YéVvVWRDPGHKRY pKIRI QGO LPRP F
]DEH] YHKRGG~NRV" EXGLDFHKR QD SJp® RDY RGW XYSEHN K QR
tranzistoa (DRF1201[46]) U =5 V.

9 & UR Epr@luiovom listg47] XGiYD PRAQRV" |[DSRMH @YD W]Y L
NWRU& ]DEH]SHpXMH SUHGtGHWQIYQ PRV RW D NCREQ | BR & VDR
LED MHGHQ WHWRpPIOEHID MHGHQ YéHnhBst RY|2 AjSHapfiekN Y
nastaveniu deatimov pomocou obvodu LMG121[#2] e WD NW R QBp6jeteQ X W p
YKRGQp SRXA&L" SUMHARAREGHENID\WRRWEH QDSI"RYE&FK &SL
VSt@apt
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2EUIi] 3.11UCC23511Q1, zapojenie interlocjd7].

7RWR ULH&HQLH VSR DKOLYR SUDFRYDfOR SWH]IUHNYF
aSUH QLHINNWRYHB@FLtO+] 3R QiVOHGQRP ]Y\ARYDQt IUHN
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RSWRpOHQ VSUDFSYBMWFRGWIEIQENRQRYé K\EULG JHQHU
2SWRpPOHQ EXGLDFL YUFKQé YENRQRY éfnkdEISIMHzZSUDFR YL
3{YRG SUREMNJPXYWNHMYGREH DNWtYQHKR VWDYX KLJK
K\EULG GDQé RSWRpGCGKHWE NEDJRH DMHQUBFWRNEWR VLJIQI
VPHGILDFK IUHNYHQG+]} Y] N prévdepodobnSs UREOpPP VR ]KRGF
frekvencie EXGLDFHKR QMVREIMKP IUHNYHQFLH PR GOHPmpKR
ORAQRV" SUHG AL" DNWtYQXNGRRERX gRE @\RWADLON IRURWRNIE | W/éH (
deadtimovbudLDFLFK WIQNORHSULSD&GIDBR. ¥ NDKREGHWUHQLD K|
stavov.
713 YENRQRG®ED

DO¥tHU ULHGEEHIL DEVWBNVNRUEé E\ SUDFRYDO GR Y\VRN
SYKRGQéP pmDa/RR\DWDWRpPQEP YEVWXSQéP SU~GRP MH S
SRGVWDWQH REPHG]HQé $NR YR GEQpY R WHAEHH\QIORH B B K\Y
SQtJN\P YEVWXSQéP SU~GRP [4BRVKLE&D V7/3SRSUtSDGH H
UEFKOHMAatP RSWR[PD A@ARAB®/S) 2R S O QAHEAERAGpRSinerie na
YEVWNHHEWRGIYD GRVWDWRpPpQé YENRQ GR VLIQIORYpKR
2SWRpPOHQ [[R E\ SRWUHERYDO G R GQbdabR ppivedenid U D Y X
QDSIMDFLHKR QDSIWLD QD VWUDQX Y\VLHODpD VLJQiO
ULH&4BRA[4Y] QHY\ADGRYDOL 6SRPtQDQp SU~GRYp SRVLOC
E\" UHDOL]JRY®IQHON BKW Q R P p8ddbe Y&pGehi@ & tvanzistorom, alebo
SRPRFRX LQWHIJURYDQéFK REYRGRY XUpHQEéF&o8UH EXGL

3UY @&kusom o U L HealdlQ zapojenie zGLVNUpWQ\FK V~pLDVWRN
WUDQ]JLVWRU E\ VD SUH GDQ~ UHDOL]JIFLX PRKRO MDYl
Y\WWRNRIUHNYHQpPQp DSOBY i FADINp0O R ULHBEHQLH E\ PDOR
YVWXSQé VLIQiCGedaQYBBWRYDVUR MSERPtQDQEéEP [BBPWRpPOHC
E\ ERO YENRQRYé KYB®BULGLD®B)HQEé VIRQQORIR Xkbuj e X V
JHQHURY DxQuéobsdilr RVG121(¢42] 3ULQFLSLIiOQH ]DSRMHQLH Mt
R E U i3N2X

Schottky 40pF - 1A peak | ~
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2EUIi] 3123U~GRYp SRVLOQHOLHHPPEG/REAS & LIR'SNVUR \
zapojenia MMBT2222A.
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ZdrojVi SUHGVWDYXMH VLJQiO JHQH URYQE Ra8aViRp OH QR
UHIiOQ\ |GURM @SUMGEDWHETERM OLQHIUQ\ VWDELOL]iWRU
MH ]JYROKHG®5DMRaQDVWDYHQé SRERFRX UHJLMOMBLORH MH
]JYROHQé& UH]LVWR WaRdR Ei]H WURQGIHWMRORBEL SUH UBFKOL
otvorenie tranzistar aré FKOMK RW W N\KRQtGMNRE DN DD FALWHR X/ O ~aL
k USFKOHMALHPX R Gtedthlt8 B X HM & RHFDX DX | ® MdlkoN L X WUD Q
modeluje QHAL D G X F L QBXHINVEBWA 'Ly G |DEH]SHPpXMH RGVWUI
JiISRUQEFK SUHNPLWR¥VWRS HN L] DPE®EH Gniodelu takto
UHDOL]RYDQpPKR [RERMH@IpBAD REUI]NX

postienie opto.cr
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2EUi] 313 3ULHEHK\ VLPXOIMMBTA2ER MHQLD V

Z priebehowbvodovej(numerickej)) VLP XORFEWIi]RNPRAQR YLGLH" SRPD
QiUDVW YéVWXSQpKR QDSIWLD 7RWR MHaGPRQWYRSRPDO
RQHVNRUHQLH YADN QHWYRUt DQL SROMRLYALFEX POV M \KD L
MHGOR&Qp ULHAHQLH SUREOpPPX

1HY é KR Gpgdobepomalp KRX] D W Mi ttdanggstoa ULHMRPSOHPHQWIUQ
zapojenie tranzistovn -HGQi YD RELSROIUQH pRKBRQVWHGHRU\MH W
PNP,GUXKé 131 SULpPpRP LFK FKDUDN WHKIHA/DIANGjENEP WD N P F
WDNWR UHDOL]KRD®RYROUHEED P RREBRAN X

Priebehy R VLP X0OdéillMVDNWR UHDOL]RYBQRERODSQRME D LFOE U
315.1D UR]GLHO RG REYRGRYHM VLPXOiFLH SUH®@IFKiIiG]DM-
YEVWXSQpKBWYWLKQLOXG @XFLtV I BYEER SULHEHKRY PRAQ
]JYEAHQ~ UEFKORSWRNQHNDYVWYIQ@ YEVWHKSWRKEDQPSSWLDFt
NRPSOHPHQWIUQHKR [DSROLWHQISD QNHGAIEMDMER VWDUI Y
SRSDpQéP W\SRDDNR®IMNMRXYWOH RWYRUHQé WUDQ]JLVWRU
WYDU YEVWXSQpKR QDSIWLD RSURWL YVWXSQpPX EXGLI
zapojenia byteda QHREUDFDOD I|i]X ULDGLDFHKR VLJQiIiOX 5L
UHDOL]RYD" SRPRIFPRHPX@WIIN QAP ]DSRMHQjeBnobHDOL]R®
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SX]GUH 7DNWR MH ]JDEH]SHpPHQi pR QDMYIpaLD SRGREQR
QDSUtNODG =53] (
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2EUIi] 314 3U~GRYp SRVLO Q HOLHHRoBéhe WK B X ORHFPW R \
zapojenidranzistorov
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TiSets)

2EUi] 315 3ULHEHK\ W.RX®OHFH apojdni@rangigoov.

JLQIOQH Y\SWHREHOPIPK GLVNXWRYDQpPKR Y\44LH SUHGV
RSWRpPOHQRM43]7YR IRUPH ORJLF N &otobe SNHLYO2BHIRY Y
54 7LHWR LQYHUWRU\ MH PR4Qp VSRML" SDUDOHOQH SU
SU~GK DGLWNRY PRt VIQMMG&FKROHMAELH GRVWXSQp ULH&H
SR&DGRYDQpPKR YEVWXSQpKR SU~GX MH SRWUHEQp ]DSR
([SHULPHQWIiOQH SRPRFRIXRW B bl ©R NOBPaRE Wpfiebihov
]QiIJRUQHQp GIBRERONILVWHQi SRWUHPRDveBER[B4]," SDUDO
]JDEH]SHpXMFLFEIOQH ]DUXp B Q SEHIE-ONMIGEBBDRA pre
dosiahnie RSWLPIiOQ\FK WYBWUIR YS EXRREL QIFQY HUWXM~FLP
RSWRpPOHQPL431/9~ WHGD QD Y&VWXSH WRKWR SU-~GRY
GRVLDKQXWp EXGURFADMRXQDMNRX BROL JHQHURYDQp
po-PRVWRYpKR EXGHEHDPOOLPiOQ\P pDVRY&P RQHVNRUHQt
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PLOQRV" LQYHUWRURY MH SEBWGREBpPOYRELUQYMDIS MO
VFKRSQ&FK GRGD" SRAD|¥ROMQ& WAWREL ORFOVIHEE), 0, &
NWRUp V~ VFKRSQp SUL= ¥ ¥\GRGHO RFU O® DWW BYDARYDQp
SULQFLSLIiOQH ]JDSRMHQLH LQYH@WRURY MH XYHGHQ),
448 °C. TP 431 ' gy . ]

2EUI] 316 THSORWQi NRQWUROD LQ-QHIOMOEBOURY 61
termokamerya) IR spektrum b) RGBspektrum UHIHUHQpPp Q

V QN

20 I el )
o
‘ ‘ ‘ ‘H

2EUI] 3173U~GRYp SRVLOQHQLH podobM/&dérar SW R p
SN74LVC2G14Q1.

1D REUI18 X H ]DFK\WiddD® FWKIRU pol§ QD@ W Biye&vBm
ULHAHQt SU-~GR Y(B kKRertSrBWLYOeQIHDQ @idknhiitmi a podkmitmi. Pre
R & HW UNHRQLUWID YriekgRu  budeniaje znovu SRXAaLWp REYRGRY®pH
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sSchottkyho GLYy G INPALBAbpG LV N X WKRIMD P BL NBILWROMGQH EROL
WHVQH SUBGH §YRG\L BFHUVGIJEPK REY R4BRYUIGGDQp 796
GLYG\ SUH XSQXWIOHR\QDS IKODGE MRX ~SUDYD YHGLH QD W
]QI]JRUQHQPKR QD REUI]INX

—
2EUI] 318 BULHEHK EXGLDFHKR VLJQIOX QD YVWX

K\EULGQé&FK REYRGRYDVIYRpQH USID-CARR
SRVL O Ged @WHPD URE DFGF K

2EUi] 3.19 Priebeh budiagho V L JQa@stupeM HG @ ¥ERRQRY é FK
K\EULGQ&FK REYRGRIWIERPiOQ\P SU~GRY
a~SUDGRYGDPL

322 *DOYDQLFNp RGGHOHQLH SUH QDSiMDQLH
V QiYUKX[Z EREGL SRXALWp EH]SHpCYRTW DRHEN R QMEGRB Yi W R U\
VFKpP\ QD 3BUWNRULDFH RFKUDQX YENRQRY6REH, PHQLpR
NWRUp VO~&4LD QD RGGHOHQLH UHIHUHQpPQ&FK SRWHO(
K\EULGQéFK REYR@®WRSWRPOHQRY3F/MPLHVWQHQEFK Q
YENRQRYRP PRGXOH 7LHWR NRQGHQJiIWRU\ MH SRW
Y\WWRNRIUHNYHQPBQp GWMKRAWXKDNWR VD QiVOHGQH HOHN
i() GRV W i YROOVGH O D& WK GRS Y diskiiR} VSR OR p Q HIND (b DIVRILLF 1Dp

RGGHOHQLH Wé&P SiGRP QHHQNWENH BGVWUI®|IMOLD W
NRQGHQ]iWRURGHEWWLDHGFAD REMB.GX /0*

FND_| 1 I 1
D I : . ’_L‘ = ! LR,
L | CH

2EUIiI] 3203UREOPPOYDQLFNéEP RGGHOHQtP Yé&NRC

o
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l1iVOHGQH ERO SUL RYHURYDQt VSUIYQRVRHM D VHILKEX

SUREMNIPSDFLWQRMG]I] BRR RRY®HOHR EéPL UHIHUHQpPQEéPL
MHG]L WéPLWR RGGH®&Q@P P HURV/QH QRIS CSPLW DN R NDSDFL
sa SUL ITUHNY HQ FEL13%6 MpzCSRIYH M pp¥dbeYkapacitnej reaktancie

oYH NRVSVLN PR QHPRAQR SRYDARYD" |]D JDOYDQLFNp F
VS{VRERYDOL SUHNU\WLD D V~EHK YRGLWEEFKEEIQHNML |\PR |
VDPRWQéP PDWHULIORP VXEVRGYWX iQ 6 @RIGIAHEGHNRRO/R
NWRUp QHSUHGVWDRVWRYD®RRIXUREWPPRX '36 PRERYMWR VL
VSRMH YHG~FH NXCHMRQY HOWRVWRIJ EROL NY{OL SUREOpPX
Y\44LH X4 RGVWUIQHQpPp 3UREOHNRWLFNP BBRW\WLD' 7R RGN
V~ ]Y@UD]QHQpP Y UiPFL QiYUKRYpKR SUQRV3IRUHSUDY (&K (
aRVDGHQt '36 EROL YENRQRY pKIOIEQUIRNEGROYRBRBILH VYW QHQ@ DQ BF
PRGXOX MH J]DFK\W22Qi QD REUI]NX .

- SUREOH]
EH]SHD - o] YRGLY&
NRQGH i

i1 :
1o o
1|4 s
. Ty
problematic Em:
vodiv éspoj EH]SHD I i
: NRQGH( ;D
3

2EUi] 322 2VDGHQi '36 YENRQRYpKR PRIEXIDK0OSBH |
SURFHVH RSWLPDOL]JIFLH
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33 OLQLPDOL]JiIFLD VWRMDWHM YOQ\ QD E
YHGHQt

91paLQD JHQHUIWR WeRtY kaplidy GHoDaFue naY VW XSH YENRQRY
SUYNRY UH]JRQDQpPQé REYRG NWRU& YEVWXS@&LIQiO >
SUtSDGH VSRptYD ~ORKD PLQLPDOL]iFLH VWRMDWHM YO
REYRGX LPSHGDQpPQpKR SULVS{VREHQLD NW®EHEiWRUDY
Zoevw-iQD KRGQRWX LPSHGDQFLH apranbshbRe) Dedti{22]. ]i"D & H
NDMSRXAtYDQHMALHZMH RSP LV S{WREWR GI) NDQWM GREH V\
v priemysle AWD Q G[BE) GRPL SRXA@DWRWYEPL NRPRUDPL MH VLW
RGOLAPY &H VD LPSHGDQFLD SOPDRRY P HIQMR/RRRUAWR{ -
DNWXiOQRP VWDYH SOD]PRYpKR YEERMD pR EROR JLVW]I
v Ui P BriacoviskaUTEE FEKT VUT v Brne[57]. 9 UiPFL UH@BLWMRAGH pDVW
SRXALWE JEQ@ULHMWRBHG]L JHQSIODWRRIYB NRPRUX VD YNOD
PbOHQ NWRU& XSUDYXMH Y \PP8]X S@+ & PISHH & D @F Y X) KIRRFPP R P S |
SULVS{VREHBUISWRAEW WX SQEP KDUPRDORPEPFHQXM~ DXW
VSRPtQDQE&FK SU[PP] aedBA)NORGQDNR WD N66P XMRH LV -SUiF
SRURYQDQp EHA&QpPp SUtVWXS\ SULVS{VRERYDQLD PHC
HOHNW U R B Q FNigisotou: )W UDQVIRUPiIWRURY DOHER E SDV

V UiPFL |DGDQLD WHMWR SUiFH MH SRALDGDYND QD E)
VLJIQiOX R E GpaeDdhNRiviakisiRo(pulznom) E X G W@t NRUHNWQHMAELH
X Y D & R YIRELAL H Q R N iclE $tdjat@bhieFX YD&ARYD" SREPLO@N\-FH
odraz EMGviny QD HO H N W U LAF&I® IR K\DHUG HR(@UL @Wdiko takQ HP R A Q R
KRYRUIP'SRGDQPQRP SULVS{VREHQt QDNR NR LPSHGDQI
jedine SUH VLJQiO KDUPRQLFNPWR YW&DINURR §6 R UHDAKIUDNG L
SHULRGLFNé RXJ@DOUBRPRFNEFSK SULHEHKRQYLNRYEFK SUI
V~WSHNWUH WRKWR VLJQiOX |DVW~SH [B8§]. Ted®tickp $8SiUQH K
Gi pDVX QiVWXSQHM KUDQ\ REG 8QLNRYpPKR VLJIQiOX VWI
je vVWDNRPWR VLJQiQ68]. [DWWMBHRQ &FMKKWRPQRVWL Y\SOEYI
PLQLPD QobpiZa LEMGviny v SRGREH QiYUKX 4LURNRSIVPRYpKR
GLVNXWRYDQpK Fs UQPDIERK N (6D]G 7" DNpWR SULVS{VREHQLD
NRQAWUXNpPQH JOR&LWp Y\ND]XM~ YENRQRYp WWUDW\ C
HNRQRPLFN\[BQiINODGQp

ZK DGLVND VNXWRpPQRVWtWHR[WBHBRBK] WR®HPE YRGOL
k PLQLPD @drjz& IEMG YOQ\ QD EXGHQt XYD&RYDQé& X& SUL
RSWLPDOLJROBIQBKNRHMWR SUtVWXS MH JDOR&HQé& QD pD
kG &NH SRXALWpMR &HWBGNKOW R YD[ELEa¥62D LWWH VDIWQOHS UHM
HOHNWULFNé&P OBDFISQtPDWILPDI/ELX GREX DNR MH GRED
KUDQ\ Y\EHUi V61 éFMI® MVEN pGHRMYHGHQLH GHILQRYDQp
[62]. Pri elektricky NUIWNRP YHGHQt RGUD]JHQé& VLJQiO VWLKQH
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VNRQPHQtP NUDWAHM |RVHG DQQHRWRFHWUGBWOM QLX SUHQI3
VLIQIWXIDURYDFt REYRG XSWDNEKNRWIR STHEOHPHWEWHGD C
[62]. AXWRU[EBUYRIDt N U Lespriniegad®ienky na elektricy UiWNH YHGHQ L
ako:

v R G
54 '

HO (3.1)

kdel MH G AND YHGHQLD SUH VSOQHQL[BELNUMLNVY p@ E B ONRN W
4tUHQLD YOQ\ SR SRHQR VERREM VFHYBWMLD QiVWXSQHM DC
VLIQIPDXLYORVWL QOQLWRMNWRIDIWAaLD

3RE6P MH REY\NOi U&FKOR V% 0/22hnsDobay&sbipnejfirany
EXGLDFHKRMNLQQRIPXODGH QHVNRUAtFK RSWLPDOL]DpQEéF
ako 2 . QVGRBRDGHQOERMH Y\KREAREPWMBOHQLH QD PD[LP]
G &NX YHGHQLD P H Q]dznibMoR kbthoWBiRpo®Be = 17.6 cm. Toto
REPHG]JHQLH MH SRGVWDWQHOSUNEHWEXE H N R ONHQLPNV P
NULWpUNWR WdeR pri procese RSWLPDOL]iFLH Y\FKiG]D" SUH
PLQLPDG)IHALHG X FhaFelekidRonY Y Ghdidehia plazmovej komory
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4, 1E95+ 35$&29,6.852&(6 24,9(1,%

V QDVOHG XM MR X YVBEBO¥ SRXA&LW e FEKUS DG/MQLERIVRRAYUBI E Q &
SURFHV Raddsté\aga. Pariadenia/ U iP Fextu je SRStVDYQREOOHQE SRV WX
RALYHQLD HO M &NRIRRPHENRHWRUHDGROHHGHQp YEVOHGN\ RA&
JHQH Wi PMRUWRDY ePL SULHEHKPL EYXE/WVDXS © I KIRH Q@ IEmRGRD D

41 6\PHWULFNézQ® SiMDFt

=D ~pHORP QDBRWHXLM S BBWUHEQpP VNRQAWUXRYD" V\PF
2droj Pout N: VFKRSQé GROABVERSWBWRNQF ~ VFKpPX |G
QDYUKQXWpKR ]D WEPWR ~pHORPP PRAQR YLGLH" QD REU

oddelovaci mostikowy vyhladzovac!

o -
NTC termistor — transformator | usmerfiovaé | kondenzator

+
2200uF / 500V
Regulovatel'qy Lyl istic GA
autotransformator
oddelovaci mostikowy vyhladzovac x

transformator usmerfiovaz || Fondenzator
2200uF / 500V

NTC termistor ~ |—|

2EUI] 41 %ORNRYi VFKpPD V\PHWHQHNpWR QD SiM

+ODYQRX pDV"RX GLVNXWRYDQpKR JGURMD MH UHJIX
M10-52210 [63] VFKRSQ& UHJXORYD" Y&VWXS®pzsdhW ULHGD

V,sPD[LPiOQ\P YEVWXSQEP $U=BRORX YEVWXSQpKR
]JYROHQpPKR DXWHRPRADAVURURORRD" K EWW KK R &V YRHWR QL F N

QDSIMDFLHKR JGURMD 3R[B3 PWé&Q@RXWRSEWHDIJEIRUPiWRU

2EUi] 42 5HIXORYDWH Qé DXWRWQMREWW.IRUPIWRU

$XWRWUDQVIRUPIWRU QDSNRDRLBQ@M®D\RRLIW R U\
SWUDQVIRUPDpQ&P SR&kARRN JDVYDILIDAN\ RGGHOHQE&FK
QD SiMNDRXQFR Y é F Kpokimoxts YRIM N R QEaNBMENRIRE B H U Ték® U D
RGGHOMMWY\ V-~ SRWRP XVPHUQHQpP GYRMFHVWQéPL
SDGHNYiWQ\PL FKQ@DPGODPLIRKDBGHQP SRPRFRX HOHNMW
NRQGHQJB®RBRWYW REPHG]HQLH SU~GRYé&B® balsprpd HN SUL
RGGH RWDBQH IRYPVWRIWLRIUQ\P YR\DXMFAmermistory[67].
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3U~GRYp aSLPpN\ YJQLNDM~ SUL ]DStQD QWRRIRGE B (R MIF& U
bez vzduchovej medzy. Takisto saNTC termistory SRXatYDM~ SUL REPHG]HC
QiIVOHGNRP SRXALWLD Y\KODGIRNBKtER NHaIDEHRERW DU R Y
NWRUp VD SUL QIiEHKX ]D U [GBIGNTQ tebnistdt RYWDtIS B MHN RR\BNQXDW
SUHGVWDYXMH YWNBNEREGHBRUX M H66ISLIHNEBME GaR-tGD KU LD
YSO\YRPISNUWEBXKEé 17& WHUPLVWRURP SUH®BNGNRGNSARHVW
[66]. 9éVWXSQp V\PHWAdija Ngn j© M8 WML JQDOL]JRYDQp SRPI
SDQHORYpKHRYBOW®@HRRL SUtVWURMRYHM'NWNDXEW RK DMR K
PDWRQAWUXRYDQeXRHMWMGBLMPFKRKGURMD MB. XYHGHQIi QI

ey

ey . . \ f-'
2EUI] 43 6\PHWULFNé |JGURVWHQUN I QVRIJIMDQLH

411 .RPSHQJIFLD ~pLQQtNX 3)&

=RVWDYRYDQé JHQHUIWRU URYQDNR WDN DNR YIpaLQD ]
SUHGVWDYXMH NRPSOH[Q~ ]i"D& NHG\ SUL RGIEEMUH HQH
li]H V QSI3y& SRZHU IDFWRU FRUUHFWLRQ D®WHER NRF
NWRURP GRIFKRBPPXN]RV~ODGHQLX SU~GX D QDSIWLD C
MDORYpKIR6fENRANWRUp |]DULDGHQLD SUL WRPWR GHM
harmoQLFNp VSI'T668R VLHWH

Input voltage Input voltage

\ .\\ X t /:' M \ \
v Load current | : i Load current
! .L: - 2n H
2n ! 0]

a) b)

2EUi] 44 3ULHEHK\ GDSGL Q) prelrELL, b) pre
PF < 1[68].
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6DPRWQi NRUHNFLD MH UHODU]®YTHID LDRY QRPH Q @ §WR.U
v WURFK Y\KRWRYHQLDFK DNWtYQH 3)& VZLWFKLQJ
(semi switching)]68].

3DYQH 3)& SULGIYD SUHG PRVWtNRWZ2RX\EPHNRRSHE |LXC
NDSDFLWQé FKDUDNWHU ]i"DaAH 7iWR WHPROQRD"MMHHMF
SRXALWDLWWMRHREPHG]HQiI QD ]iNOPB&H SDUDPHWURY ]i"D4a}l

SNWtYQH 3)& Y\XatYDM~ |DSRMHQE® WDWV26R(VDVSBERALY
Y VStQDQéFK ]GURMRFKVRND GERMEERNEDQpP V~ pDVWR SUHI
ANIiOX YVWXSQéEFK QDSIWt D 1Q H/NOYKBIGEL tX W ReKBIRBGLPNVGLRW L L
modelu zariadeniav AHWNEFK RE@BIVWLDFK VYHWD

2NUHP ]YéaHQLD ~pLQQRVWL GDQpKR JDULDGHQLD Y\SC
(XUySVNHM ~QLH ] SODWQéFK KORUEHRNSWH QDEHDSH
HOHNWURPDJQHWLFNHM NRPSDWLBHHQUHUXY®RERMNHAPER ]
Y\NRQDQt SURFH\SU YRAM QERK DIXQNpQEéFK unedstdeni® FK ]D U
DNWtYQ\FK 3)& PRGXORY Y UiPFL V\P mdduPFGIquKifyl GUR M D
TDK Lambda[69] 3RG D SURGXNWRYpKR OLVWX SUDé&EIM~ RG -
Un=85V[69] WIiWR VNbMAMRRP-QRMUDQIRGRED 3)& PRGXORY MH ]
QD REU4]NX 9 UiPFL NRUHNFLH ~pLQQtNX GRVDKXM
PF = 0.95[69].

~ PF1000A-360

“givioia

2EUi] 45 PFC modu TDK-Lambda PF1000/860.

42 2aLYHQLH Y élRQRYIpKRUD

S3UH ~pHO\ RALYHQUB QWHANWR@RBOKRYKRGQp KQH SULSRI
SOD]PRY~ NRPRUX 7RWR MH YKRGQ p QQHAUSSANNERGHOUHQt |
SDUDPHWULFNpKR QDVWDYHQLD $E\ JHQHUIWRU QHSU
RALYRYDQLD SRXALSRGRPHHD D WH@GXYWIR D X %aNGOQWV+V D

[70] NWRUiIi MH XUpHQfmaStUHGCML, SQDO\DQGWRYDQEP ~WOPRP
aimpedanciouZ Y PD[LPiOQ\P VWUDWRY¥é&P0 YENRD&PVH
JREUDJHQiI QD REUIJNX
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2EUI] 46 =i"Da %1 : SRXALWi SULURQHYRWRBQD

1DNR NRP¥FL SURFHVX RSWL P DkafitdleBL & SERRSQVRW KR/ RY D Q
oboch modulovJHQHUiWRUWIR&Qp SUH S UnReHV" BaRXHSRUDRY QiY D
YEVOHWRXWR pDV"RX SUiFH 3R V\HXEHSIMRQUDR/OHVGR R QBY

1. Pripojenie zdrah QD SIS¥L,D 9 $ N VLIQIiORYpPX PRGXOX

SULSRMHQt MH SRWUHEQpPp RYHUL" ]KS@MKciviaHWN éF
VLIQIiOPL XY KPitd®@B8PINRIQNUPWQH Y&éWWXSWEORY p& RO
RVFLOIWRUX Y&VWXSQé SULHEHK SR JPHQH VWULH(
typuDaY&VWXSQp SULHEHKRRBWAXEXGCHOQLRIYOR® SRPRF|
LMG1210[42]. 1L HN W R U priebélevFARER R YLGLH" QD REUIJNX
. 0OGSRMHQLH QDSiMD@uWbasyUlQ RMIYPKR YENRQRYpKR P
REVDKXM~FD K\f DREZDP [4REN RGIQiORYpPX PRGXOX
REVDKXM~FD ULDGLDJR2]) REMWRGIG@QH MH PRAQpP JQRY.
QDSiMDQLH VLIJQIiORYpKR PRGXOX
. overenie YEVWXSQpKR QDSIWLD LR Q RBQRRONS
[48]. ZPHUDQLH WYDUX EXGHQLD Y&VWXS@@Fio VLIQiO
]D"DAHQt RSWRPOHB)PLEVOHGQE WYDU EXGHQt MH ]
REUi}8,X
. zmeranie tvaru budeni¥ 8 VW XSQ&FK VLJQiORY ]D JDOYDQLFNG&F
RSW R pTOR28BRA3]. 7LHWR VLJQiO\ V-REUIRWQHQpP QD
. JPHUDQLH WYDUX EXGHQLD QD Y&VWXSH SU~GRYpKR
SN74LVC2G14Q1[54], V O ~ & LpBefbuderieV L J Qi O RiM@mFK\F UL G Q 8 FK
YENRQRY&FK VWXBRY YD)U\ EXGHQt V~ |REAIOD]HQp QD
NRQWUROD WHSORWQé&FK SDUDPRMRI)MR W RERRK D6 U2
VD 4&LDGQD V~pLDVWND DOHER YRGLYi FHVWD QDGP#
SR RYHUHQt VSUIYQHKR WYDUX EXGHQW KSELRVEQ&FK
SDUDPHWURY PR&QR SULSRML" VIPHWULFNp QDSiMLC
XPR& XMH REPHGEMWQRIGpKRK SR XV 14X S RBWWRMQ p K R
vkapitole4.1 SULVW~SL" D& SR SUYR®HRY WBEIQIHF KRB M X M -
tento VAPHW UL FNJ&H QGHWRW RDU PXVLD ENO HRNW WRI PO $IWR\F
UXZHQLX SRPRFRX IHULWRY&FK MDGLHU
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8. QIVOHGQH MH PR&Qp ]Y\4RYD" QDSIWLHPDORHFWULF
LOQNUHPHQWRFK QUnS$+BN, Y AGPBVYRWPODBLQ~WULpPRP
MH SRWUHEQpP VOHGRYD" WHSORWQp SDUDPHWUH S
YeVWHSHHUI R PD\aXM~FLP QDSIWtP VD WRWLA EXGH
timov. VUiPFL SURFHVX RALYHQLD WUHED GRGUA&D" F
SRX&LW p KoRi [TOYWPH Q00 W/

9. vSUtSDGH EH]SUREOpPPRYpPKR EHKX MH SRWUHEQp XV
sSWUYDQtP EHEX hedm. Pri tomtoVWH VD RYHUt WHSORW
ULHAHHL P PaQp RGKDOL" PRAQp QHGRVWDWN\ Y UHD

3RGRED SUDFRYLVND SUH SURFHV RBLYHQLD MH ]DFK\

% Agilent Technolagies TUE MAR 07 17:10:16 2023
0 200v/ @ 200v/ @ 200v/ @ 4 00s 1000y Auto §f E 163V

T.W

AX =-15.30ns
1/AX = 65.358MHz
AY(1 ) =00V

Channel 1 Probe Menu: 10.0 : 1
Vo || 2 100" e
2EUi] 4.7 Priebehy budiacich/ LIQi GRMMNOiSDFLH#pu® REYR:
aYEeVWXSQp/VEJQi®H] SULSRMHQEFK RS

1D REUWTNPRAQR YLGLH" SULHEHK\ EXGLDFLFK VLJQIiOF
A0OWé SULHEHK JQi]RU XMH WY préK ipatidh ovEdutyypd \LX S X M ~ F |
7THQWR VLJIJQIO MH DOHM VSUDHRY IBERE REROR GNR\PR UP*K R
QDVWDYHQMWRED SWHEG L 8 Quds QID KR GEHOMQE VLIQIO UHS!
EXGHQLH SUH YUFKQEé -Y"éestuRaQIRDYGRKVE S UG HERHX MH VLJQi
Y € N R GQwybNdépolmostu.
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.2 Agilent Technologies FRI MAR 03 20:30:46 2023
0 200/ @ 200v/ § ] # 00s 15500/ Auto £ 75.00

[AY(1} = -8.28125V

Y1: -1.893/5V
Y2: -10.1750V

Manual

) Mode Source Cursors 34.00ns
1 X1 X2 %2: -44.00n

2EUi] 48 PriecbehyY VWX YQEGKORY SR ]D"DA&HQt RSV

1D REUABNPRAQR YLGLH" &H SULHEHK\ QD [#28MOWXSH RE
]JD"DaA&HQt RSWRpPOHQPL QHNNDKXWDMMQDEGHONALWDYp FKR
SULHEHK\ QD YVWXSH RSWRPOHQRY YHG~ QD MEVWXSQ|
7LHWR SULHEHK\RPBRAQR SBBVP®LQHD pDVRYDQt SRAD
QDSI"RY8FK VWUPRVWt SRADGRYDQE&FK QDSI"RY&FK ~UR

Vystupny signal optoclenov
7 T T T

Vrehny Elen
Spodny Elen

1
I

r‘l

3

5

A oot ||
:‘.Plrwl |L rﬁw-”ﬁ"ﬁ Illwh,ww"'.t[lr“rlll l ||| I| ﬁwhvﬂ
/ \ '

l. | Ul

I\]IJ

.
T

Napatie [V]

w

]

""‘bl* N ‘\J .
, {’r‘m«lﬂ‘ﬁﬂf“'\,‘"”.*\*'f'-w,}#~h,'-'f(9i£'1'?I rd-\“vyl'%"-‘.v“ Wbl e;-"ﬂw} f

K 4 -

-

0 2 4 5] 8
¢as [s] %1078

2EUI] 49 3ULHEHK\ EXGLDFLFK VLJQIORY QD Yév

3R RYHVUSIDiy QREWWIXSQEFK WYDRRVRERBEQR SUHMV"
k Y\KRGQRWHQLX VLIQIiORY PHUDQ&FK ]D URR OMHRYTHIO® |
UHDO LR YQI'M EVANR QR WeP K\EULG®P 1DPHUDQpP SULHEHK
VSUIYQRP GLPHQ]RYDQt SU~GRYpKR SR¥.LOQHQLD PRAQR
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Vystupny signal pridového posilnenia

Napétie [V]
L] L=

=]

2EUIi] 410 3BULHEHK\ EXGLDFVYEKQYQRY WRYR®M¥ANK
K\EULGQéFK REYRGRY '5)

Overenie teplotnej stability prebiehalo v intervaloch pomocou termokamery Flir e4,
XNlaND w]eonEND]HQu QDLREUIINX

zahrievani
PHQLpD 7&
THM-20W

b)

2EUIi] 411 =i] Q D Rerfnokamery prusym= “25V: a) IR spektrumb) RGB
spektrum UHIH U W@l N

3RGRED SUDFRYLVND SULzaShyth\EpHdélﬁélRlEtRléNXHQLD MH

2EUIi] 412 3UDFRYLVNR SUH BHURFHWREBDYHQLD

3R RYHWIHD@ELDFLFK VLJQiOR YripgsjBd Ryn8 WIUN\WNBKR p] G UR |
QD SiMIp@stupré P]Y \ &R Y DA B i M DVF\IPHHKARU IQAINSNAR. BUH Qt]NH
KRGQRW\ QDSIiMBRLKR G QRO/BIVIHIPEO PRGOR VOBGRYH"
GHIRUPRYDQp SULHEHK\ RG LGHIOQHXKWRREE ¥GLWNREIERF
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aH GLVNUpWQH V DQ K \WENAMBEEHA BENWMRGR Ynzikt6h, ale zcelej

siecte WUDQ]JLVWRURY SULpPRP SUL Qt]N\FK KRG GPDWEK YV
okamih YAHWHNQWR MDY MH iFOFAK RENQEEXY SUHY i QD@ & H

Y | p & tBdnotamideal-time QHa& DNR EROU i @RMAWGDNHQIR VX ULDGHQ
K\EULGQpKR REY[REGE BUH) Y\aadLH KRG Qdpn¥ \“Z5DS XN DERLDR
SR]JRURYDQp &H WYDU\ YEVWXSQpKMHEDIRRAR R KW XY R ¥

VStQUDSIUi WEAHWN\ W U DaRdjLAWWMRANWKER HV LW XiFLD MH ]Qi]RL
REUI]NX

2EUi] 413 98VWXSQé V4D i'G\Sh)L*10V, c) “15V, d) “20 V.

-i%- Agilent Technologies WED MAR 08 16:17:16 2023 % Agilent Technologies WED WAR 08 16:2052 2023
0 20w 8 a8 @ #  00s 20008/ Auto £ 0 20v/ 8 [} ] % 00s 2000y Auto £ H 176V

JML’JMLJM ﬂ ,-“‘ ﬂﬂl\k\ f

Channel 1 Probe Menu: 10.0 : 1
<3 Units Probe Skew 43 Units Probe Skew
0:1 ] 0.0s Valts 100:1 0.0s

Volts 10

2EUIi] 414 98VWXSQé Vd®'e58 b)L" 35V
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3R SURFHVH R&LYHQLD ERO JHQHUiIWRU XPLHVWQHQ#é
REUiI]NMRF&4.16 .UDELFD XPR& XMH SULSRM H@é&Ktbrovtda HWN & F
aYRGLPREWSHPXMH YKRGQé& SDPHIW RN &F]IGC XVHKXO RW Q é FK
REUIJRINEROR Y\KRGQRWHQpP ]D YKRG Q& YPRLGL\VPW QLU DLAR ¢
THM-20W [48] QD SD\K® DOt NRE P Gdavpdko Bak D N Wt KQGIDFRAH.O p
]JDULDGHQLH SRPRFRX GQORWKQYHONUBGRMBURY QDSiMDQ
VSRPtQDQE&FK LJRORYDQéEFK PHQLpPRY 9VWXS\ QDSiMDQL!
0 ILOWUERQPHPQRVWHPRHUY SUH SkRetPQGLRDSI"RY & FK
prekmitov. YLDF SR aptbl@7). ¥UtV W WrRbieRXH Q H UVMARRED WU H Qi
QH]iPHQQE&PL NRQSMNMSRWPHQBMHYRGLpPRY V(@KibWeULFNpKR
]JDEUIQHQp $SYRBAOHMIBRYDDNR WDN EROL QHJiPHQQpP NR
ajvUiPFL SUtVWURMRYHM NUD REKH D/QRH\WE BDNYp K FH PQUIR)!
Y & VWDHSOH UWWHRHDSRWRE FLIO V\P HWER G R pKE H GHIGR D
SULSRMHQLD UHIHUHQpPQHM H Qakih WR\WW D JSHIE B RYRIW  NNH
SULSUDYDIQZLEDP HBIRIBREHYIXQNPQEFK WHVWRY

- f{h—q

e . 8.0e2el0lt 92 0T0 %¢ 00 Yaze

2EUI] 415 3UtVWURMRYi NUDELFD SUH JHQHUIWRL

2EUIi] 416 3BUtVWURMRYi NUDELFD SUH JHQHUIWRL
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5.1E95+ q5%$&E&#621"

Existuje mnohoparametrov NWRUp PR&BGR SWOEB]RRYEPL NRPRUD
azdromiSUH QLFK XUpHQéPL GLDJQRVWLNRYD" 5RYQDNR W
GLDJQRVWLN\ pLPX& D/@OL M FHE®WQ D R&mor] RoQernyW NIGH V ~
SRGPLHQNSUNW{OAQRVWL S/ODiR®BUDAHHD WHGRVEBUHELHK
pomocou sond, alebmerania MimMoSOD]PRY ~ : NRWPSFOUMXULD QDSUtNODG
PHWYG)\ Pre ~pHO\ S UHRHH ViWpRkhi®Wukbmoroubola QDY U KQ X W i
JRVWURMHQ$ RGREGID 5SRIRZVNpWR KFRHWMDFHUEéFK Y\KRW
VUIPFLYEEAHQLD XQLXadddéna Qdlav WWOHRVWURMHQiI VRQGD
Y\KRGQRFRYDQLH LQWH@VWRWNROOHNODMYRRNpKR SBERMD

51 5RIRZVNpKR FLHYND

-H G Q iméiaciicievku SUV W H Q F R WHKRUW N I DK@ L W ~stheRdy KRV X
elektrickp KB Uu-i()) S UH F Ki&pDMVHMF Y (¥3]WWNa Refo cievke sgotom v
]JiYLVOR\BWH PRI® @DVYKRNVLFBp KRY BE&B QWKRHQtP VWULHGD
HOHNWBSUFBPERHFKiG]D W~ FHMBRWPKIMX MY, QOISDWRH-PHUQPp
W DN p BXWRE L DS UHHPEKN{71]. 9éVOHBIPIWLH LQGXNRYDQp QD 5

FLHYNH PRADSK G7I), ako:
8L 06L JU# UaU+6 (5.1)

kdeV MH QDSIWLH LQGXN&®KFDDPHWOLAFME YBRINHW JiYLWRY F
A MH DNWtY Qeez8 Oy KiPp&ideabilitprostrediadje PD[LPIiOQD KRGQRYV
striedavp Kekektrickp K B Uu-&U H F K i €pDMIWFt Md@HoiXsenzora.

5RJRZVNpKR BIHWIND/WMHMAELH UHDOL]RYRB]Qat®B R Y]GXF
~pOSUHGt QHDYIEWWHQHXEWHQLX e [a&kE® DEQOIMEAEGN VRQGD
potompracuje akoOL QH iU Q\ S U M ¥RRELQL R&NFIHU R[BY DiesH[LVW X M ~
RNUHP WUDGLpQ éFRI RARNGHPK BSERUBH Y BI& % Y\KRWZR,YHQt
SRSUtSIKGHULGQRP Y\VKRWRDKW@tFK P Radr@Qraédel Takto
NRQAWUXRYQGBGOpPDM~ MSHCRIRGUHROH MMINRIMNRPHWULFNI
SUHFtJQRV" YLQXWLD MM GGDSERENKOM REsaB& WL |DFKRYDQt
pomerne dobregitlivosti [72], [73] DO&atPL YpeKR@EPRIbtni ]IYLV@ERYV

Podrobne samenouN R Q & W U pakamét®taR J R Z V digvkyRich vplyvu na
YEVOHGQé VHQ]RU |DREHUDM]- QDSUtNODG DXWRUL SUIF

511 .RQAWURRFRDVNpPpKyR FLHYN

$NR EROR S RONSUMIEPLD € [7BlKa [74], existuje viacero NRQaWUXNFLt
5RIJRZVNpKRtELBDYGWREB UvNOMNH UNWRLS & XaRiHdro cievky, vo
vlastnostiachS R X a LYARpGiRuimav type(tvare)vinutia +V 3NV Qi VOXpND UHWXU
[74)aVSIWQp YLQXWLH74Y, HRWE R MG LY GIIKENSRIE [BAD pvary
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WEFKWR YLQXWt V~ JGBJRUQHQpP QD REUIJNX

2EUi] 51 =Qi]RUQH QUM pRERSs YLQXWEPDWH D VSI
E VSIWQpPKR YLQXWLD

ZiVDG\ SUL NRQaWMISKIRROYPEH SRORRMVNpKR FLHYN\
1. -H A&LD @byFodl priemer cievky v NDAGRP MHMYERDGNHE D DE\
URJPLHVWQHQLH b WRY QRIHPXYWPEP VD ]JDEH]SHpt
QHFLWOLYRV" QD S{VREHQLH SRPt PLPR DNWtYQX pC
2. pUH REH NRQE&RW XN E QhsekBraM 8QIEHYV," YRGLpH
3. pre ~pHO\ ]DIL[RY D QL Doj¥dracQSRpIDDY FUHRYAMHV X QDYtMDQL
SRXaL" YRVN
4, SUL NRQAaMWNItRWYFD A KRWR YWURtVSIWQEP YLQXWtP MH
GRGUA&D" SRWBRGRI® WD YRGLpH SUHNUtALD
Boli zostrojenpa Wadod U{]QHM N R®D ¥\\CGIXANFRHeP MDGURP DE\ VI
VDWXUIFLBUMDGIBRIE) GBDOL]J]RYDQi SRPRgffercaVw\R H R8P KR
avinutie mlo UHD OL]BRI@RE M V S | WDQUHAEH trettvaipritbol realizovanré
QD WHpGS/\@IRMrpe PRAQp GRGDWRpPQH SULSHYQL" QD X& LU
vedenie Boli SRXAaLWp WHIOWQRRPEKSUWQ\F K SR X AlSUH¢P
PRAQEFK W\SRNSIVW@iIXWAXOpND D g L\USIRBQRYY M UGB RQWHH ODVW
senzoraY\X4tYDM~FHKR VSIWQpKR YLQXWLD UHWHUQ ZLQ¢
aURYQDNR WDN MH ]iNODGR[P2]STUMN 3R NRA KWEBRXRIQLAE \
SRG/OHPDO Y\ND]J]RYD" OHSALX RGROQRV" YRpL YRQNDMaAL
pR MUYSDGH X RBéridoray R H@lleb UbezprostredneE Ot]NRVWL SOD]PR
komory SRAaD G RMD Qp Q YIRROH®{EY R Y ®D V Wagrietickejt alektrickej
vodivosti, permeability a susceptibpitavysokejtepelnejstabilite. & W &Jdriiéint ol
realizovarénajadro vpodobeelektricky amagneticky nevodiveW U XELPN\ YR Y\KRWF
VR VERBMNVNOXPpNRX

MecKkDQLFNp SOMDOHMYBQEéFK VHQ]RURKERNR&dQWR YLGLH"
QDYLQXWEéFK FLHYRN PRABDR YLGLH" QD REUI]JNX
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7TDEX 51 OHFKDQLFNp SDUDPHWUH Upo@oBel I[RYDQ €
SRIJIRZVNpKR FLHYRN

ODWHWarO | Rozmerjadra | 6S{VRE YL 3RpHW J]iY

jadra [mm] vinutia [-]
Senzor pl 7 H I Qpr&enec | 7x15x1.5 VSIWQi VC 14
Senzor p2 7THIOWQV LN 5.6x1.5x50 VSIWQi VC 15
Senzor p3 7THIOWQVLN| 9.6x15x50 sSIWQp YL 18
Senzor p4 PVC- WUXEL 21x¥4.8 VSIWQi VC 19

Priemera PDWHULIO YRGLpPD YLQXWLD SUH YaHWN\ VHQ]

SHQ]RIU

a) b)

2EUIi] 52 Vyhotovenie Rogy VNp KR FIDHYWRHN\Q |R Wu VR MN R
VHQ]JRU VR VSIWQéP YLQXWLtP

3R QDYLQXWt FLHYN\ BaHD 5 RAS U\HED ¥ \IPREGQ@RW M QDO L b L
6SUDFRYiIYDQLHRIVRZIQNGXRMAHLRRBQpP YLDFHUIEPNRVSRVREF
QDSIWLH LQGXNRYDULD PR £RMIYHIR DK N Q HNMOPLFRS XK R
im je NaMPDVWHMALH Y\X aSRXGEON DH i FROIRIRQ pKR REYRG X
GLVNXWRYDQpPpKR QDYUILNILHG 'R &OH @ WD \Mealddghhied SR X &t
v podobe tzv. samd. QW H J WiWWRM\X AaLOL DM [FXWRnhldstdSIRK &L W LD
LQWHJIUSWRRBEHY RSHUDp @i RS RR keYkEorR ¥ idalou hodnotou
HOHNWULF NmakkBromG@®eest)samb QWHJIUIFLH ERME INHKBG RV LD K C
YIpaLD FRHUMB L H KBnBid?7F ®pLDVWRPQH DM KM IDORS QiL @ FHHOpPLDV
WDNWR Q Banddfay PWPIKRK iG]D 8D REUI]INX

Néhradnd schéma cievky: - LA
Rz - Odpor vinutia cievky R1 L1
L - vlastna indukénost cievky Rz L
Cp - kapacita cievky 4

2EUi] 53 6FKpM®MIRSUH GHWHN RogoMVINIEIK R X T HY N\
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Prvky R, LaCy, SUHGVWDYXNWR ®HIOUDB @& HK R RV R NSRS XG |
Rogav VN p KR FR: hadRlbje odpor vinutiaC, kapacitu medzi] i Y L Wiévky aL
YODVWQ-~ LQGXMSpRRagarkd IHQWMJIUIFLH MH GRVLD&QXWé S
Ro = RezistorR3 =47 VO ~alL BPHHRG AP YBS{VBEHROHEXGH DOF
SULYHGHQé @EkdrédmpéiRnQiolZ

UmiestnenieGHWHNp Q p WD XE''DRARGXIH SULDPR QD WHOR FLHY
SUHELHKDOR pR QDMEOL&&ELH RHIWDRD RXH B DLQiiDH B &AQ
REUI$M.X

2EUi] 54 DetailRoggv VNpKRYBEIYHKRGQRFRYDFtP REYR

Pre vyhodnocovaie Y&V O HEE{MRYE\" |DXMtP D Y peSYARRURXsp® QL H
R RGO Lha@biy5LHAHVQAIMHGD XS UD YSHRX@ td@istos@DY H NRV W L
R2 7iWR ]PHQD E\ PDOD WHRUWBNX RNMYradBeHSOky " WY DU
senzoraChovaniesenzorgritom Y\ F K i Gugd¢neM QiKUDGQHM VFKpP\ JREU
R E U i%8 X oblasti za medznou frekvenciféw bude pismo, vktoromsenzor funguje
akolineiUQ\ SUHYRGQN QUUSEGWMLMNKREQWRWR SiVPR BRIOR pR
Y\FKiGZ]PRALDGDYLHN, $IDAOOQHLD 1D eky kde SUHQRVRYi
charakteristikanieje WOLQHIiBIVMMMPRAQp ]DEH]SHpPL" VSUiIiYQ\ SUHY

URYQLFH DUDB|LiNMhbd MNy) a QiVOHGQp VSUDFRYDQLH
PLNURN R Q akebRvyytvdreRie look-up tabX NA QDPHUDQ&RKVOHGQp
VSUDFRYDQ UHPHFRLGQYPRNREQWUROpPU

512 98VOHGN\ GRVISHIKUQRWQWiO Q\FRRRBHWUNHIKR FLHYN

9éVOHCG@UDPBWWHNDQpP REogM G NDHEGRBY Y\FKiG Jdam ~
elektRPDIJQHW LT NE WIQRWMHQ BH HP H G ] Qfikd 8&nkarddoYS-HROWAH
PHUDQLH ITUHNYHQpQHMaRKDLDReWaHEIROGW VNP KRGHLH Y N\
V]iYLVORKEWENCQID1IIVOHMBMEHIPHUDQI SUHQIRtKRs€énzdfadK DUD N W
OHUDQLH MH UHDOYHNWDRWRY R RARBERIZ.S ivpir dd\R_L

9VOHGN\ GRVLDKQXWp SUBRIREYDNQ K R\PF HHBB® KLpH
v REUIBSXY éV O HfieMhig prenossenzoraPRAaQR YLGLH"5.0D REUI]NX
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Zavislost' impedancie senzoru na frekvencii
100 T T T T T T T T

A A
90 - > N,

80 ! Yy
/ A
o ' / \\‘

7 T
60 . -~ W'T"

Impedanica - Modul [Q]
N
Impedanica - Faza [

50f \k{h

40 L L L L L L L L L 40
o 1 2 3 4 5 ] 7 8 9 10

Frekvencla [Hz] x 108

2EUI] 55 ZiYLV inRedanciesenzorana frekvencii

Z priebelu modulu impedanciesenzora REUiI]JRNmMRAQRLHSULEOLAaQH
NRQAWD@WQHGQH SR]Y RddduirmpedaitieF SUH Qt]JNH NPLWRE
charakteristiky tu saprejavujerezistivita modelwinutiaRogov VN p KR & testdd\

R NWRUREMBIH/GF&KpPH QD S5BEkOIRNX47 .Z SULHEHKX PRAaQF
XVXG]RYD" &H RGSRU SRQRWQEEWWRYWHPULRYR UDGHQéP
]DQHGEBWHO @@PUDVWRPel SHN F €& B&ER MHR Bodulimpedancé

QDU MmMWO H @Grejddaniasa L Q G X Ndakrahdd cievky X.. Stav rezonancie

Q D V Wtom Bkamihu,v ktorom 1i]D LPDJLQiIiUQD ]JORAWN B F K ifcS.B GDXIFR)
ZSULHEHKX PRaAaQR LGHQWLILNRYD" ITUHNYHQFLX SUL
fre = frez = 838 MHz.

DO&LH PHBRE]DBR XASGpiambetrov[76] SUHQRVRYp SDUDP}
scattering parameters)/ LHWR SDUDPHWUH GHILGRNW RB&H K DQLLHH
YIpPALQRX GYRMHEWBDDHENamNBHA]V QDVOHGXM~FLFK PHUDQ
Y\XALWp SUiIYH GYDVORMW S ULISRAMERUW Y\WYRUHQpPKR PH
aGUXKé SRUWRNHOQLXRIMEAWWWHEKR FLHYN\ OHUDFt SUtSUD
N R D [ L i O-gonektrom pre priame pripojenie dHNW R UR Y p KaRolBapwpeO \ ] i WR U
LPSHGDRWIOQMS{VRERGDW SUH DQDOVYiIWRRA XMH XPLHVWC(
5RIRZVNpKR VHQ]RU WDN D E ‘+kénekosaut GGCRO NWW\RUUHE R EMYHR G L
Y\WLHODQé PHWBWRASWDRYRND RNUHP LQpKR ]JDEH]SHpPXMH |
elekrtRPDIJQHWIRNDPKRRGNODG\ SUH YéUYREXRSBGFEHNEY NX ER
Autodesk Fusion 36& module pre tvorbu modelovRKEEDQéFK SOHFKRY 3RG|
YEUREX SUtSUDY NoU VORKMRZEPHDQYQYHWLIO SUH YEUREX EROD
SIVRYLQDUNRX KAP~-BNRX ORBMO PRAaQR EUGIBHK' QD R
alLQiOQX UHDOL]IFAX SRJGREHOI]RKG]L UHIRWHRRIOQ R PD
ULHAat@tP~SUDYH NRQAWUXNFLH QD7 R\RRR KR B&amMél Q& YD
YLDFHUéFKEWHH GIRWRBRME\ GHAWUXNFLH SUtSUDYNX

SUHG PHUDQG&nzZBrabblQRFWUHEQpP XUpL" SUH ke TUHNYE
fma) YVWXSQpKR VLIQiOX MH RPWQR X hiekajBERe&da iddIpN é F K
IUHNYHQFLt Pi JP\WVHO SUHE@RWR YXRPBVORE ParaD&irS,;,
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WHQ XGiYD DNiYpDOD@RKQIGR SRUWX PHUDFt SUtSUDY
QHDGHNYiIWQHKR LPSHGDQ QBKR SiERSENN Ranbva DB
RGUD] YéENRQX |RD>= ~URYQRPX SUL SRXA4LWRP PHUDFR
Pgsm= 0 dBmP P: RGSRYHGiI KRGQRWDGW GBRXSBDYRN Y\ND
WHQWR ~WOP SUL IfybiNYHQFLL3MWH. FOALBQHIUHNYHQFLH
kYIpatP RGURHEREY DiPFL Y\KRGQRFRYDQLD SDUDPHWURY ¢
frekvencie fiss o6 WHGD [D"DAHQp YidedifX 2FXUBRXV~ VS{VREH
JHRPHWULRX SUtSUDYNX SULHPHU preheHiGtiOonei® YRGL
WYRUHQPKR SUtSUDYNRRIL®EXNRKQRIVORWS BUREN SRMHQ!
SUtSUDYNX SUHFt]QRVRRELDBIMNEYQPRQLPD FHOHM SORF
spojeniuvSiU ERGRWK 3UH GRVLDKQXWLH OHS&tFK YEVOHGN
SUtSUDR®OLY¥QRX JHRPHWULRX LGHIiOQH WDNRX NGH
YRGLMOLHDQHQLD ]BRKRIYWEPLY PHUDFtPL YRGLpPPL 7DNiW
vUIPFL SUIFH QHEROPDNRVNRUSRG D YEVOHGNRY PHUDQ
REUIBSXMH GDQé& PHUDFt SUtSUDYRN GRVWDpXM~FL SUF
SDUDPHWURY ]DGDQLD SUiFH

SMA konektor Rogow N pdieikky——

r\ SMA konektor
= SRIJRZVNpKF

-

e —\|l.
S — N-NRQHNWRU

2EUI] 57 3UtSUDYRN SUH PHUDQLH SUHM DO ]5RU
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Zavislost' Odrazu vykonu pripravku na frekvencii, P = 0dBm

250 T
impedancia (realna zlozka) | s
atm (S11) | J‘
[ 1 aly
111 ] S — TL;":"'_ — g —==
a { | 14
|
. | “J" \]
=N " i
S50t f / : / |
8 | | i @
2 H | H’v | =,
‘% _'||I [ f : { - %
W =1
g 100 [ [ | / )
= I | ,f 'ﬁ 2
I | J..rf
Vel L/ |
50 !"-1“'4—-. L. M
M My — e ppt |
[ |
|
0 L
1 2 3 4 5 4] 7
Frekvencia [Hz] x 102

2EUIiI] 58 OHUDQLH RGUD]X SUtS)DYNX SDUDPHW

3R X Unpadrb@eho rozsahY KRG @KHRY\KRGQRWHQLH 5RIRZVNpPpKR
PRHPQSUHMWPHRLX S WHIBRORWeDA0beFKYLVORVWL QD IUHN
PHUDQpPKR YXMNQDOX X aleNsti BWMRD® XWiYD SRPHU VLIJQiIOX N
zSRUWX YEéVWXSnmRIKRVZIVINAKRXGLDFHPX SRUW PHUDF
[76]. Zo znalosti parametrS, MH QiVOHGQH PRaQp XUpL" SUHQRVI
senzora Detal PHUDFLHKR SUtVI/QR B D US2PAbr it R hodnotou
R.=0.05Y SRG D WDEX MNMUDQWMH pREUD]HQé 9iardneteBiN X
MH JQiI]JRUQHQé W\UpatanREBR>MWWRBHRX¥ ®HQEé DHOHQRX VWR

IR MwaFle Trace Channel Nwa-Setup Help

Stirnulus Mkr 1 P

Trc2 dBMag Trc3 i

Tre4 GEE] Trc5

memb[Trc2) EREEEN <BMao [

P et v
A >
LN . T 1
4 | L
Y. | .
~ |\
) — N 1
l ‘

| Conter 50005MHz  Pwr 20dBm

1D ]iNOpbiébéhuSy: MH QiV®RG&@giameterS, NRULJRYD" 7DNW
NRULJRYDQp SUHQRV\ SUH Y&HWNYJQY)R B GHEIR FREUDNX VH
510 E 1D REUI]JNX V-~ ]Qi]RUMAHMDQp SULHEHIK\ SDUDF
MHGQRWOLY&FK VHQ]JRURY EH] NRUHNFLH
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Meranie prenosu Rogowského senzorov, P = 20dBm Meranie prenosu Rogowskeho senzorov, P = 20dBm
- or —

-

atlm senzaru €3 - 0.10 (821) [~
utim senzoru €.3 - 0.05€) {S21) [~
i 1-010(821) |
1- 0,050 (S21) |
Gtim senzoru £.2 - 0.050) (S21)
e

ru
ru &1 - 0,050 (821)
Utlm senzoru €.2 - 0.050 (S21)

-30

O S S A Wl S S

A
=

Prenos [dB]
Prenos [dB]
Il
o

&
o
\
\
\

-

o
\

\

&
=]

o
)

05 1 16 2 25 3 35 4 45 § 05 1 15 2 258 3 a5
Frekvencia [Hz] <108 Frekvencia [Hz]

a) b)
2EUIi] 510PrenosS: 5RIRZVilgvékR D QDPHUDQé .E NRLU

VUIPFL PHUDQ&4S, s PBAGRWHIGPR"VLNQHOXD ~URYH ~W(
MDYt NRQFWWEAWUH JDEH]SHpPpHQYSRPR®B P R X KRobddBER®PH Q L D
same LQWHJIJUDpPpQpKR ]D S RedysaW R W)RJJENWFERQ PFDXOR E\" PRA&QD
RYSO\YQL" SRP RioBRnNe Y8 BENHRMW B (R)HAL MdvorLproces samo
LOQWHJUIFLH78B HPERAHXPD |DEH] SsErfztréy @ L Q &RBRILW NI P F L
HISHULPHQWIiO YIDKRERPHGBBRYDDKQXWp SUL FdoleH UH]LYV
R.=0.1YaR:=0.05Y YH PL QHOtaLOL

Z QD P HUD Qigbdob&armetrols, MH QiVOHGQH SRWUHEQpP JRVW
charakteristky. ZW&FKWR FKDUDNW H U L \pWtUNp WNEK WDR ¥ Q H GYQHH NIRF
Y\KRGQRFRWIDQBER XU pLWHMrée XWhHW@ HKWR FKDUDNWHU
SRWUSEQRIDVOHGRYQEéEFK Y]"DKRY

Eoal 822 (52)

kdeimer MH YHHNORRMNW U LFUB QR BRI-IEXpKR YHNWRRWRYEP DQI
je~URYH PHUDFLHKR YBGERQX i QR B \BRWALRBHCO QFLD ]i"D

Qaul ¥2:4yuU<, (5.3)

kde UrRog MH YH NRV" HOHNWULFNpKR QDSIWLD LQGXNRY

YSO\YRP Y\KRG QR F R BriyIMHK R USRUY-HGYXWEW R X MortE2IEK R ]
ZMH LPSHGDQFLD ]i"DAaH

# L oy

S )
eYu o

(5.4)

kdleAMH Yé@VOHGQEé SUseNRIGiRY B HS RPMMHNRV" HOHNWULFN|
JHQHURYDQpKR YHNWRURMEPMIBD QDD WNRWRURBHNWULFNQp!
LOQGXNRYDQpKR QD 5RIRZVNpPpKR FLHYNHIneSO\YRP Y\KRG(
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9 & V O HSBUHY RoBaRaktpristky SUH NRULJRY BOPRAQRQRVGLH" QI
R E UijNIX

160 Prevodova charakteristika Rogowského senzorov

r P
—— Prevodova charakleristika senzoru €.3 - 0.10Q
Prevodova charakteristi
Pre:
Prew
— Prew

e~
=

va charakleristika senzoru €.1 - 0.05Q
ova charakleristika senzoru £.2 - 0.050

N
=

ampér / volt [A/V]
2w S
= =] =

B
=

(%}
=

| | | | | | | |
0.5 1 1.5 2 2.5 3 3.5 4
Frekvencia [Hz) %108

2EUIi] 511 3BUHYRGRYi FKDUDNWHURMWD R D XSVNX WS
SRPRFRX 5RIRDKNpKR FLHY

9 UiPRNEQPDQEéFK SULHEHKRY YLGQR AaH QkedueHS&t W)
Rogov VNpKR FLHYND QDYLQXWi QD {&%HRUFRLG/GRPREBGpP H U
S UHFt] QuddvhéatRod jadraa VD P RW Q p K. RMeYahi) X @V @ &enzorm je
QiVOHGQH PRAQR Y\KRGQRFRYD" SRP& K& sa/ BreiNW UiOC
MHGQRWIONYHQPQp ]J]ORAN)\ pz2ddokdjchMakte@stity OTakto je
pomocousenzoraPRaQp Y\KRGIONRRWMWL SU~GRY U{p@\PKAHJ EN"Y HC
YKRGQp QDSUtNODG SUL Y\KRGQRFRYDQt ]DVW~SHQLI
vmeranomV LJI@QRBG AaQLNRYpKR SULHEHKX

7TDEX 52 (OHNWULFNp SD WP RIGWREH \5HRQ@ RRAVRNY KR

OHUDQL 6HQ]R! 6S{VRE YLR:  fr:
(tab. 5.1) > Y ¢ [MHz]

Senzorl | VSIWQi VC 0.1 | 960
Senzorl VSIWQi VC 0.05 930
Senzor2  VSIWQi VC 0.05 >1000

Senzor3 | VSIWQp YL 0.1 | 838
Senzor3  VSIWQp YL 0.05 920

g W N

2EUI] 512 9\KRGQRFRYDQBPRGIREHRWRIRZVNpKR FL
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51.3 3RXABLWIRZVNpKR FLHYN\

SondaP {&aH E\UiP pracesu generovania plazmyP LHV W Q' H Q F i@iiRét&ak

SUHGORAHQ pRoReMtY DIPWDSOLNRYBQERtP MH XPLHVWQHQL

NRD[LiOQ\ YRGH® WIS WIRQ-HHNW RWpobobe plazmovej komory

3UL WRPWR ULHA&aHQN R D[ Q ONDEZEEREHR)BdRdaBa umiestni na
VWUHGRY & iWRGIGHQHEH VD WREQRWIHN RQRSKXVRE MH ]JQi]JRU
REUI|NMZX V UiIPFIDGDQLD XVYiP&RYVDQAMKRIQLD MH WRWR S
QHDSOLN RYDNRHNRp VISROMHIQWdRMbej komoryEXGH UHDOL]RYD
SHYQRX NRD[LIiOQRXRD$RINQERBERIO je zG{YRGX |[DFKRYDQLD
QDMNUDWA&HM Y]GLDOHQ RiVBVARBRF@hr Budextetial UVRNURHP QR

YR Y Q\N-R\DUdj sofy VSIiMEPIMOGANWUR QL FplaZnmbM @ HNURIMRRUWX D 7 R X W
sondouie PRaQp PHANR'Q GR Gpl(znQvej keory 'UXKi VRQGD E\ PRK
E\"XPLHVWQHIQHUHQpPQHM H O Hdhwiry. wGCHJ tSOIB| P RSYRAXM L W LD
senzorovie PRaQp Y\KR GQOWR B RWHR'R@RzYe
X P LHVW Q H Qplagnbldp koRor¢Umiestnenissenzorow XYDARYDQRP V\VWp
PRAaQR YQLs RHE"S.13N X

Koaxialny kabel

Stredovy vodic

—e
Rogowskeého cievka
@
Obnovenie tienenia
| —

2EUi] 513 6S{VRE XPLHVWQHQLD 5RURZNNP&R YRG

Rogowského cievka 1

VF vykonovy generator

Plazmova komora

— Plazma

Rogowského cievka 2

Elektroda s referenénym
potencialom

2EUIi] 514 5R]PLHVWQHQLH 5RIJRAVNPKWRpFFDHYRN Y
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52 6RQGD LQWHQ]JLW\ HOHNWULFNpKR SR D

VUIPBWWiFH EROD ]RVWURMHQiIi VRQGD XUpHQi SUH PHUD(
SRBD 7iWR VRQ Gliagno€dikedaX.O NV WI&RYW WN R Q N Uspanb@ediu N
HOHNWULFNHM BREQI]NRWHIQ JUWNH U plazmcye] Momd®@ HNW Uy C
SULQFtStigchH@RH |JDORaAHQé QD SUHYRGH WHSORW\ QD YH
SR PQWHQ]LWD H O B saWwaULHFNL v RMRUYBRHYOH SUHYHGLH QD SU~
J Y\FKIiGRKRRYpKR,INNNRRQD Y]iSIWt Y\ WYRUt RGSRYHGDM ~
QiV@pH VQtPDQi NDORUL PoEW D G BaY @D @hieYpdddbnej sondy
Y\FKiGpoznptkovSUHGFKiG][PUWMPBEFULAKHAHQt JUDGWRLIRWID Q é FkK
v Ui P priacoviskaUTEE FEKT VUT v Brne[38 - 41], kedy bobv UiPFL VLPXOIiFLt
odhalenpproblematickoU R ] OiRidgtéh@ty HOHNWULENEK R FHIRRWDHQPQHM HO
plazmovej komory=DWLD pR SUH SOINPEYGINRRRUWAKRWRYHQ!t I
SRPHUQH MHIRERG®XBPFLY REU5) YK, pre komoru sYEVWXSRP
VWYDUH SORM} MLAWXWELL \S RGN CREQ H]LE] @ Robilaxédl M a L D
UR]JORAHQLH H O HEMDY ULHINHIKHRQ B @ kil je HORHNXH B G SiVPR
SSUXGNEéP SRNO MnfeRAry PR SO BB SIF IDAAH QW LILNIiFYD VARKWR
NRQaAWUXRYDQi VRQGD

E Field [¥/m]

2, 1417E+E4
. 1.@532E+a4%
5. 1733E+B3

2, 547BE+B3
1.2525E+83
6. 1596E+BZ
3.0291E+82
1. 4896E+82
7. 3254E+B1
3. BBZ4E+BL
1.7715E+81
8. 7119E+88

4, 264 2E+BE
2. 1B66E+88 I e
l 1.8361E+88
5.@951E-81

2EUi] 515 6LPX0OIFLD UR]JOR&AHQLD L QR HSHWODJI
NRPRUX Y NISKRWERPQt

]

piVPRSUXGNEéEP S/RNOHVRPEPF
/

/

2EUI] 516 6LPXOiIiFLD UR]JORAHQLD LQ®WHYHWODQI
komoru voY\KRWRWH@UUHW SORAQHM awWUELQ
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5.2.1 .RQaWwUsehzbraD

6HQ]JRU MH SULQFLSLIOQH NRQAWUXRYDWENDRR XD |SH'QRER
pre meranie teplotfy. V WRPWR SURYDAHRMHQpPp GYH ULHAHQLD SU)
NTC termistooy[[77]]a GU XK p S&FXQlt BRT10[78]vSMD SUHYHGHQt $NR
UHIHUHQpPpQé UH]LVWRU SéridtoGshbonotouMdibo@RAkhBKBU, YaRoO H Q é
MH UHIHUHQYRE@ HIPKEBHay. Pri zmene teplotyep ateda ajintenzity
HOHNWULENIX RP SR tDH O H NRtethidtdd é DROGHERRUS ODWLQRYpKR
atento javie |D]QDPHQDQé SRPRFRX PHUDQLD QDSIWLD QD Yé
UHDOL]RYDQREMDKXaMHBH URYQRPHUQH UR]JORAMPEFK QI
Y\W\p XM~ SORFKX ]iXIM$i Xl IPHIHD Q DXBIRWM H HEH)® K6 B GNRIP V
na PD[LPIiOQ\ PHURFYQ@EBBERY WWHEBRRWR SUtSD@é@éid MH YR
Uec=5V(@3.3Vv). =D ~pHOPL DOALHKR VSUDFRYDQLDVXBDE@iOX N
NRQHNWRU SUH SUL SRMdkQrekiordb/R$/ DIGEHIDE | kodidW RY éP L
pre SRWODDYWWRNHRIUHNYX@HEQHWH NRQAWUXNFLX EROL SRX
termistorov, @0 v SUHYHGHQt N RD=22 N ([77]] SUH ~gokb@ania
YEVOHGNRY MH @ &aNa LsplaBV 1 ROMWE R M H/ Q t R[E8 R/LU BFFF L
SUDNWLFNHM UHDOL]IFLH VD XYDAaXmNR SRX&NMWLEMQHNM IY
kalorimetranaplochu pod termistormlareOHER V@TPODpPFHQWR QiVWUHN ]DE
premenu elektrickej intenzitg QD SU~GR¥plo8 ROHVIWH WRK&LRVQLWWUH
b D ¥énzoraPT100 MH SRWRP SULORA&HQi SUIYH QD WHQWR Q
Y\WY REEHQIXSUDYHEPLVHHUPLVWRUPL NWBUQ@RWAH@GHV
kontaktnou (EU~VHRQWRXQRX QD GDBQ4E @IWWHKMKN 36 MH SRWUH
vVPLHVWDFK QiVWUHADO G & HRCRGHENKP FHPRYAH QLD D QiYUK
GDQsek@RraPRaQR Y ISAL B'FKIF K

JLQiOQD SRGRED '36 MH |RIF&HI$H QU I DDFEEKRIY®XLH JUDI|
QiVWUHNX MH SRWUHEQpP GED" QD GDNRtNFNESRMAKAE UK R
PQRAVWYDSWDWISIMNRYDQt WHQWR QiVWUHN QDUXAat

DNWtYQD
senzora

a) b)

2EUi] 517D 1HRVDGNGQG®@6LQWH Q PLHW\DH®, BYR & 00
JUDILWRY éUQRVFW UHEN Y
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toroidQ ¢
IHULV
MDG

DNWt
plocha
senzora

a) b) c)

2EUi] 518 2VDGHQsoh@BL QWHQ]LW\ HO HMNMUDLFRNBK &
NTC termistory, b) PT100, c) konektorldd U L WtBraidnie. L

Vyhodnocovanige v GDQRP SURVWUHG t CBIRN? RHIDRHN @ URRAIQ H W |
UXﬁaHQLVNXV\kRp‘ith@ponenpS{VREHQtPMSH)lPH YIpaLQX HOHN)
REYRGRY QH~QRVQp

SUHStQDQLH NDQIiORY PHUDFtFK VHQ]J]RURY QD MHGHQ
DNR QHYKRHZO@DLMR NR ULDGHQLH PX®RWESOHVRWR S FER REF
YH PL ORKW QD UX&HQLH O5RYQDNR WDN RYOIGDQLH S
Y\aDGRSDORt]QH WLHQHQLH )LQIiOQH ULHAHQLH WHGD
NDQIORY ZEXWROS SUH VSUDFRYDQLH MH W YRWHNREGIQOWR B D
QDSIWLD @dnofRX¥-GUHYHGHQLD VLIQIOX QDb S WIERYIEAMH
interakca PHUDQpPKR VUKXIQYPXKDNARWRiI®K PRaAQp SRPRFRX LQV
obvoduXTRll 7é6PWR MH URYQDNRQW DN [DEBISQRLHQOQYHQ]R
PHUDRG®DGi WDN SRWUHBERRRV OaWYDDRBRRIMEHRD @ SI"RYé
VOHGRMWDDPHGQRHUDQpPp VLIRIOD WREBNRWD\OSHYY SULSRNM
PHUDFLHKR 7XU WDV X RIMIDXWHH LW R'UPL SUH X]IVOXHWHMN S
aSRORKRYDWH QéP PHFKDQLFNéP SUHStQDpRP NWRUEé E
PHUNBIQIOSIWLH QD SDORRP MH]IERWREPRBRRFRYD" QDSU
pomocou multimetr alebo osciloskopu NWRUp DOH PXVLDo ERddn¥PLHV W C
Y]JGLDOHQRVWL RG UXALYpKR SR D VS§PreRmipoepi& R SOD
PHUDFLHKR SUtVWURMD MH 3véeXKavhic8uQéo PRSGBNC RVDGH
konektorom.'DQp ULHAHQLH ERGRGRERWRYRIKXp VDPRVWDWQE
'36 6 FKHPDWLFN\ MH ULHAaMHRLL EJFOERKDOHARYDYIG PRG X O
YEVWXSQé PRWBGX|® '36 V~ SRWWRIPFELYBGMITRKOFFRYDFt PRG X
aH Y éV W XPRELGPO@ba modulovpred 8 R RV MBEHI@tF KXWRKL REUIJNRY
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519 D422 )LQiOQD SRGRED VRQEMH XREDDQHIKER REUI]N X
5.23,

2EUi] 519 1IHRVDGHQi '36 WRIQGL WY $HOD FRRY DFt PR

2EUi] 520 2VDGHQi '36 VRQG\ L QWSHI@]ERM DFQD PR )

2EUi] 521 1HRVDGHQi '316) WRI@GL WY MW XSRQB PR G X
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2EUI] 522 2VDGHGIVRQG\ LQWH:QMEWW XI®QE RRXG X O

svorkovnica do DP.

BNC konektor SUtSUD

VSUDER" sYéVWX:
ol \ modulom

) PHUDFt F

2EUi] 5.23SkompleizRYD Qi WROQ-@ DW® CRuBhQdulu intenzity
HOHNWULENpKR SR D
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6.)81.yle 7(67< 6<67e08

V tomto texte sa D Ozdriveriam ngopis a vyhodnotenid X Q N[F@sbv RALYHQpPKR
JHQHU kéRrieBtoD W H Q XisWaR YXola SRXALWi goddbé p¥zmovej

komoryv NDSLOIUQRP . WY\WRWRRYHQUtSDGH MH SRWUHEQpP Y]
QDPHUD@@PFL N LM/\RLO/\O RV" L P@adrtoe@diory na frekvencii

f). Tento priebelpoukazug QD NDSDFLWQé FKDUDNWWUIPiIFD&RESDN WU
]JIXMPDA Y\aAaLH KDUPRQLFNp EX®GINIRFNRRSVHIQ@IIDNWR GHILC

MH SUDNWLFN\ QHPRAQp S Udl DJHY $K GHERREDISEEG HROWIR U E
XSUDYXMH FKDUDNWHU KatoMWR ]i"DAH SOD]PRYHM

6.l PUHGUDOG®® D] PHMéra tJHQHUIWRU

PHGUDIBHEQ Y\FKIGIHMDGCGRPRGXaHQpKR PRGHOa0ob@@®]]PRYHM
YKRGQp SD Whadadendore FdsahnuiH VSUIYQHKR WYIDSXOHREGEMWMQL
SOD]PRY pHE&N&&® prikyR Y HU WadybEH. DFLFK VRUXKIYVIRAMR YD Qi
~S U D/\Shaat WzaradH Qt UMRRWBWWRG SOKHBRY ¥H NRVWLN
SsYKRGQéP VWUDW Raréziztor &R @WKBS U D GQpHEOD XPLHVWQH
5RIRZVNpPKR FLHYND XUpHQi SUH Pved 2drexistoQstupW YD UR'Y
prHGUD GQ@QMHEMO |DUDGHRGEé ERYQ+tMINRFNRQWUROQpP PHUDQ
UL WHMWR SIRGIUD XN LQD V Wdod@he Y 8l UNREFTKp IS RYY é F K
ASLpdi/tH D& A/O0INns(zDFK\WHDQREUI,MXWR SUL SULORAaHQt V\PF
QDSIMOQNBEM KWRE QRW\9Tieto véV O HBINS RW Y U Gpéh@@uD M
QiV O HikvadbMei(numericke)) VLP XOIiFLH

I\‘ N
___vll |‘
SUREOHPLC L I :‘*\
~
SU~GRYp # N PR ~ SUREOHP
D T LR _~ SU~GRYp
~a | Y-
v/ v/

2EUi] 61 3U~GRY pdaBiripMXGHQt SOD]JPRYHM NRPR
induktoru vUiPFL SUH QOBIGIKEHK QD ERpC

3UtpLQD WEFKWR S WG RIYR FXKR BapapiidMiNi PFL SUtSUDY N
(C1,C2,Cs). Pre SRW O Boptel QHE L D GMBMK RV H  JORVD G LGROY HRQ \
ali1 NWRUG&FK KRWRRWR BREEIFGG D

L¥0g, (6.1)
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kdeL je hodnotal Q G X N INGRROMWKIU X R Y D @ K5\ LR RIAYHNQ p QHDCSHIW WMHU L F |
(15 V), dje PD[LPiOQD DPSOLWSIGEMSIRERWHMWDQLD SU~GRY!
Rovreko takje SUH Y & SR p H WL1L RFEAXNBQRYV W R U H F

LAY O RO@L 2 O ON (6.2)

kdeL MH KRGQRWD LQGXNpPQRVWIM N BSHLUPHOEYRQWER F LM
UHODWtYQD SHUPH D E LBje Wddul reagrétickéandikisie Sje obsah
plochy cievky ar; je polomer]iYLWXHY N\ V MHGQ S8R Hi XIRvipBt&rL H
SODWt

4L t U§—i, (6.3)

kdleRMH KRGQRWD RGSRU X GeHQ ® iR HDKGRX APEEINWNMRBIY L
SUHGU DOHE@OBROpFH) aL MH KRGQRW M Q'ld MLIRY @<4RDIG.RV WL

SRG D WEFKWR XU p K@M DERRDADARIL: = 2 nH (jeden 1iYLW
spriemeom E= 5mm) aRy = 2 . VUIPFL SUtSUDYNXVERDDLDV®RIXAalL
s QDVOHGpamdiraRlys =2nH MHGHQRiIiYLW. IDNRWSRRPtQDQI
UR]OR&MHHXE L DKapaEia e UR]SURWWPBRHWIFHOpKR SUtSUDYNX N
XPLHVWQL"RIUMHR L \D\W RIE Glugud pBIHGEUD GQ pIOBQ G XNRQ RV ™"
vVVDPRQRVQRP Y\KRWRYHQt GR EH]SURYWWHGOHSL I DQMD
VFKpPIDHNWUR QHENHRAWU DIBOES OD]PRYi NRPRUD MH ]JREU
REUIBEXV UIPFL PRGHOX ERDOPHUMNERPQERUID LGHQWLILNIF
budenia plazmovej komory pX Y DARS DG U p®PIEKERV OHGN\ WHMWR VL
PRAQRGQB"REB.B]NX

2EUI] 62 6LPXO0ODpQ éJRBHRGWREL [PGHR@Mora
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2EUIiI] 63 9VOHGN\ REYR G RMW ¥BPKGIFD 8Kp@omO

3ULVS{VRERYDFt pO HNR RS$ID NRWVQRFR M MERE RMWHQSDLDP I
SULSRMHQLH P HSQID PAKBOMBFUpoMETL dojice - NRQHNWRURY )LQi

podobu pedradnp &K p O HRREA QR YLGLHN'XQ D HREWR pEHGHpXMH YKRG
tvary EXGHQt SUH SOD]|PRYLEPNDFORRIFXRX SU~GRYéFK a&SLpLH

2EUi] 64 PUHGUPGH)@ DO.L]iFLD

2EUI] 65 PrHG U [Dh®@#azmovou komorou.
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2EUi] 66 GHQHUISWRG UDG @ ®RFi NRPRUD

6.2 3UtSUDYD SUDFRY Ly WDWVSWW plXX Np Q

YXQNpQp WHVW)\ |1DULBDZOE2BQ U DP BIU K EJIDH-KRDE/MNNXP QYFRRP FH Q W L
CEITEC VUT vBrne. 3UH VSUIY QX HQ ) QMM LB W H EWQRG L p H
QDSIiMDQLD |IRBDWRM&Ehtam (CMC) SUH SRWGDPHQLB
HOHNWURPDJQHWS&R]\GMQRY,HW&BDVSUi V UiPFL
SUDFRYLVND MH SRWUHEQpP ]DEH]SHpILPQHRLH MR QRIYQPL R BW
QDSUtNODG NRYRYé UPRKOURADSDWLWOWRXEHY'I|ERMDRYS
SULHEHK\ YAWQIRPRHQtP YH NHM SWPUGRY¥FHSIL I QWO KPIiNIR U (
pracoviska pre tesi H Q H Wsigld&ndvudu komoros SULKOLDGQXWB{YRBXLHAF
meraniaMH JQiI]RUQHQpPp7QD REUI]INX

2EUi] 6.7 3ULQFLSLIOQH ]Qi]R pQIXQND Gp) BVA-RM
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DOAGROHALWEP DWVIS HINWBENFQEFK WHVWRYchMiy ]JDEH]S|

RV{EIYUK RFKUDQ\ XNMKAGEI0DQH S O D WdpiénkeKQ D\KLAY & RINXD t
y61 (lay61 (1 ,62FKUDQD SUHG GRW\NRP 4LYé&FK pDVWt
zariadeniaVUiPFL WHVWRY MH GRRED R [HQ@PVGBUMREIPNXQ i

D O HiékteY6 \PHWULFNé QDM DPE H (&hRMIOEU\WORPIDYUHW é
v SUtVWURMR¥FHM VWLUIPEGILFAARIR Q BN @ H M WHRWQ H M spoit [INRV W L
splazmovowkomorouV ~ |DEH]SHpHQgr&pBlehblR>XU i P XKIDWYiIUDWH QH
pracovnej bunkys UIGLXVRP5m 3UH VStQDQé JGPRN QBSIQ@RDP
9# $ MH RFKUDQD ]DEKMMMAHWt ANRFUN/WK I VN.iBER X N3
SRX4LWp YRBEDHSUYDFRYPLIQDPPDMH ]iNOD ®E¢hramL]ROIFL
Y € NR QR YpiMorpdh&MH. |DEH]SHpH @ D B R ph&R@RENEod zdroja
(LVWUPPWAPHWULFNPRBRHGURUBGQR WIANARLWIH '\ EROR Y|
X]DYULH" VStQD|@G& RN URW HE ULF NP KRFLQ MSRE QDU \W X
SFHUWLILNIFLRX LGHIOQH ,3 ;

2EUi] 68 3ULQFLSLIOQH ]Qi]RUQHQWH GLUD ERY:

6.3 SULHEHK IXQNpQéFK WHVWRY

5HiOQ X SRGRE XprisptbbeBdRlY testdv@aniaDULDGHQLD DNR FHONX
JHQH Ui BVUIRHUG U D G20 PORHRYY i NRzBrRIDDP D W $1JILHOXP ]DSiOL™
SOD]PRKF@®~N PRAQR YLGLHY9]@DNXEBOWKRAWRXSWUWtSDGH W
SRYUFK UHIHUHQPQHM HOHNW U ykaVvo8-SD| P RIQEEINNER PR U\ -
oceleo rozmerochS U L E 8DIx8Q dilimetrov.
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SUHGUDGQ¢

YENRQR vzorka

JHQH\ /PDWHU
u

VAPHW \PHUDFtr
QDS"M‘\ sondy
zdroj intenzity

HO SR

DXWRWUDC SOD]PF

~—~ komora

2EUI] 69 5HIOQD SRGREB BH DX@NpYNDVHV W\ ]

SRpDV WHVWRY EROKRS8QRERYDQp OBHNW Btk p K R
SOD]PRYHM NRPRU\ SRPRFRXPRADPRRNPE ¥ VINXHNERBOGIEFKR
PHUDQG&K QD-ERPQtNX BS5RIRZMNWRRSBLHENRXWPIR&EQR YLG
REUIIND 60HGRY D Qpdomsrd iGM¥ ]RE U D |&@fp&(IMéRanie na
bopQtN Xprib LAQH V ~ffiéhEhvhivykdnanée FK REYRGRXPHK LFNEéFK
VLPXOPRIGHO JREUD]JHQEé VDL XEYWDidRX DQt GDQEFK.YVWXSQ
1DSI"RYé S UJIRHEEJHDH ph@bebextlenejstopy.

2EUi] 6.10 Priebehy budenia plazmovej komaryUiPFL IXQNpPpQEé

IDNR S\RRX &GO ]PRYi NRPRUD NDSLIHHER @ DY SKRVERPHWY HN
sLQ&P 9) JHQHUIW RPRRRYPOMERO RS USSIRODHRY phodom a
]JDSIOHQtP SOPEPRKPKFREHQp N RT@®A PV pRPtvotnom
priebelu IXQNpQ é F KandviddiWWBRVLDKQXWLX SR&DGRYDQHM NI
HOHNWULFNaWH GR QH®RIOBOID PR Y p K RPr&dedahmie
Y\WépHQKRDiISDOX REEROD H[SHULPHQWIOQH ]YéaH
HOHNWURPDJQHWLFNpKR e®Rritky S RBR ¥R X RVHIQBUPM R KIp K R
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Y UiPRFEWipNL1a6.12) 3R WDNHMWR ~SUDYHLMWRBREIDDGHQY NR\Y D
SUH ]DSIOHQLHREOBNTRYpKR

Podoba plazmRYp REEONRDPRYDQpPpKR |]D SRBRHL BWOWIYZPR YYH M
komory  YNDSLOIUQRP W\K RV R DHREOQPEN i 1ND¢tal WRKWR REO~NI
jepotom |IDFK\WHOQRRYEUIIN2X 3OD]PRYEEREERMYQDNR WDN ]DF
termokamerou ®ov UiPFL REU3]NX

2EUIi] 6.11POD]PRYé YEERM

2EUIi] 6. 12DHWDLO SOD]RRYpKR YEERM

a) b)

2EUI] 6.13 =i] QD Rrinokamery SOD]P RY éa)Yredp&kivum b)
RGB spektrum( UH I H U W@uaE N
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/.1E95+'3632 237,0%/,=E&,(1(5E725%

3R ~VSHAQRP XNR RS\l PODUR A HLRWHR LR Y@ DDDV ~ |QiPH
SRWUHEQpP QPHUXX SUH |DEH]SHPHQLH VSBIO\QVAKQW®DM
]QiP\FK SURE@IPRXYHGXM~FRP WH[WH V~prbikdd Qvsriyp SRAL!
QRYEFK '36 SYEHI BORY¥E Y\VRNRIQHNMWHRWQ &

71 '36 SUH VLIJQiIiORYé PRGXO

OSUDYD GRVNS WISRIEXPDGRY p KR I LYHpskdxsdvp K E X @ L p
LMG121q[42]] SR ®tyHRapiold3.]a ]REUD]HQpKRIABD REUI]N
1iVOHGQH VD MHIPRQOMWRURY SUH GRVLDKQXWLH OHS
1. .RQHNWRU @D-~SIUHIYYMWHXIRPKR YRGRIBEHK LQWHUQ¥
NU\VEAWIiORY p &R HR WHLLGY MR VIIRIH)Q®I R p  ]:DXSFRRVEH QM H
YR EX RERFK NRPELQiFLt RE\pDMQR XroStupds RMN R X
2.54 mm
2. VEVWXSQp NRoQUUNSWRU \Q D S i préngsudiaddh V L JoR i @
YENRQRYpKR PRGXOX EROL QDKUBGHQMHNIDPRGEF KN
prepojenie DPSboch module. 3SUH YKRGQp HRHNRMUBRPRBIQHWLF
SR D DPMONRQHNWRU S U LDNWVGHYIQRIQ UMW ITHIUHGIPYOR SRWH
(zem}) WDNWR ER O R FGYRY/RHD KR8 pN@LSID F t W
3. ]Y é & Hhqdndty odporu trime SULVO ~FK BMHMNHAEINFLHKR REYRG)
pre PRAQRV"enkaSstiiedy v ALUARP URA/DERPHUX DNWtYQt
aQHDNWtYQE:50 ~URYQH
4, e[SHULPHQWIiOQHY IhADOD YISRWHI@SIED FXBEGHEGRNK RN & FK
IUHNYHQIFANRKNR PRGXO XPR& XMHKSRXANWH®F DM DY
f, = 13.56 MHz, boL Y\PHQHQpP OLQHIUGKLDWID EI OH ] Q\DFSUM I
obvodov za Y éNR Q QMIE2D51I VNRPELQINHUDWLFNéPL
aWDQWDMRQY@RAR]IWRUPL SUH ]DEH]SHPHGIXHD MEBAFIK Q +
priebehov
7DNWR XSUDYHQi VFKpPD ]DSRMHQLD VLIQiORKHKR F
aREUD] '36 MH X YHGHSIEt R K\

7.2 '36 SUH YENRQRYé PRGXO

DPSYENRQRYREROK PXVHQDFHUERY"~SpOPBBLpLMQWAU SRW
vytvoreniadoskymierne Y IpatFK UR{PBDYRY pDVWL ~SUDY EROL
1. , PSOHPHQWRYDQLH SU~GRYpKR SRVLOQHQLD SRF
invertorov SN74LVCZGl-'Q1 DPSXPR& XMH |BIRMWHID&RYDQEéEF
REYRGRY PpRPX SULVO-~FKDVFKRBQEMBERKNBRESQE O
SU~GGRa~UIRYSQHNA. 7TRWR MHpV RBREHPWt EXGLDFLFK V
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Y\44tFK |UMNXRIC@BISIMDEALKWR LK MH D WRISRNE6UQ p
NHUDPLRNEF&CKWMD QWD GRPOEPH VFKRSQp GRGD" YH N
NRQGHQ]iIiWRURY SUH GRG B {ILEHH FRMpHIDE RIp BREVEG R {
G D Qéhvddoy

2. pridanie R E Y R G RUYL&-Fastipttkyho(MSS1P§[44]) a TVS (ESDIL[[80])
GLYGDBELVNXWRWODOHBEKIG]DM~FRP YWeH[WX¥XS SU~GRY
posilneniaaW HVQH SUHG VLJQIiORYé YVWXSIMENRQRYpKR

3. rovnako ako vSUtSDGH GRVN\ VLIQoSaRMp KBNRRQKM®&tFK
OLQHIUQ\FK VWDELO [B5}VR WRY VOR& SUDXSHGHGSRNODC
KRULJRQWiOQH XPLHVWQHQLH QD GRVNX &KODGLEL
v kontakte svyliatym SR O\Jy Q BR G V \WDUEKIM YUFE® M\QHE3dktoi O
bude dosiahnyt H | H N Whi&dénk¢ pomocoaelej plochy YRGLYEFK FLHVW W
SRWHQFLiOX

4, PRAQRV" PHUD" YE\RBXRPOMDRYIGERPRFRX PHUDFtFK
NY{OL VWLHVQHQé&P SRGPLHOHNDPQQD WRGMHERB&QU I
pomocouprekovov.

5. zosilnenie YRGL ¢iédF KRN R Ot WaOYRLVWI K SHomé&kBRrylpridanie
konektorw pre DKaLH X Eikiviekih&DAS

6. oOGVWUIQRQIGHHQ]iIWRURY D, XNWRUSHEFKE BYBOWaHQLH
LPSHGDQpPQPKR RGGHO Hapitd§3. B LVNXWRYDQEFK Y

7. pPULGPRAQRBUDWAVWXSQp Q DIBOWKR' & |RDEIYAcO
[48]] pomocou QDVWDYRYDFtFK UHJLVWRURY SUH ]Y&aHQl
QDSIWLBBREXSB X SRIBSODQDHR MMIBR]QiPNH

8. pri testoch zariaghia bol QDPHUDQé SULEOL&Qé SU~GRYé F
po-PRVWRYHM N&RQUE3 N priNAnafHIn zahrevant RGGH RYDFtFK
DC-'& PHQLPRY QD twidSHMREE X&APEFK\WHI@PEFL REUI]NX
4.11) 3R X &L W pie®D-S&MFCH QTrficd THM20W[[48]]V~ VFKRSQp GRGE
Y&VWXSQ éra&d =G1.67 A. 91pdt SU~GRYé RGEHU MH V
implemeQWRYDQBPGRYé&P SRVLOQBQR YPY #IN REFKY
hybridné Fptvkov DRF120{[46]]v podobe invertoro8N74LVC2G14Q1[54]]

9 UIPRISWLPDOL]IFLH '36 EXG-~& VHR@®LPRPI® QDKW DGH
YENRQQHMAtPL PRGHOPLNWRNPHR VA OWFKRSQA GRGD
ITracoso= 2.5A([81]

9. SULGDQi RENRMEY pKR IHBHM RMPRET XSQp VYRUN\ ¢
SULSRMHQLH V\PHWuiLG N $ K'R ¥BE S NpRdDbe varista
JVR-14N391K[B2]] RFKUDQD S U R WLSRIGHREYHARTBINRDARG
[83] aRGUXARNRRIGHHQ]iIWRU\ 7DNLVWR EROD SULGD
HOHNWURO\WLFNp Y\KODG]RYDFLH NRQGHQ]iWRU\ S¥

10.dRVNX MH SRADGRYDQp KUY E EEXjQstvy38UNVEOLAQH
h=70 .

78



7DNWR XSUDYHQi VFKpP Do FORSGMHQ VD (SENRRIKIRADD K

LaREUD] '36 MH X ¥YPHGHIEE R K
PoY\NRQDQt RSWLPDOL]iFLH VD YENRQRY& PRGXO PLH!L
YIP4ALH&&PHQLPH 7 U-BOE]7 ¥R WR DOHUXPRADROBRIHQHUIWR
QD MHGLQ~ G ROIWWOIRNHGU LENR® Q LBIR Y p K R PERGIPGIRWR Y D Q
vUIPFL '36 Y&NRQR YRS RRIGHHEX ]V | paHQRdiaMdsE RKUR]P H U
5-QiVREQPKR ]JPHQAHQLD U [ MUGRLYIPAHHIERH MR EPRRIEBRY DR V W L
QDNRMMRFHOpP |JDULDGHQLMiPFS OHPGQBWRYER PRGX0iUQH
jednoc GRVNRYp ULH & HaDtyy Pi VYR SBUGRBK @BEB B LEEazQLD
'36 SUH ULHEAHQLH(®RSREPRE RYHal HH & HEIQH WaWIRBR Y p K R
jednej DFS) MH X Y Y GUHi @88t O &K
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8.=+2'127(1,( 5,(a4a(1,% 35E&(

V UiPMMHM W RoIISSUHGOQBHRWHRRIBPFR SO Ltplafmmyv U{]Q\FK
odvetviach spolu SRGND]PL QD NMWRENGH RGD Qi S U REQ/HIXIWRLYNDOD i
sSUtSDGQéP SRSILIMWREF ¥ MHRQYDD BF KQ WIDHVBR BN QWRYDQtF
GRVLDKQXWEéEFK YEVOHGNRY

1iVOHG QWS ERPRBYMHPBEREE F K R Q 4 Wit NF W RRNRWURMH Q é F K
vVUIPPLEVNXP@@dkiSy, s GLVNXWRYDQtP dFKtSEFKQORNWQL D F K
GDQHM LPS@GHPHQWRBDHFBREH BMERRQRNOPNWHNRQLFNEé
JHQHUIWRDPXM~FLPL ©®13B66HMHZISGEHOHQEéP \BoRIXsELWtP
JHQHURYDQLD SOD]P\ =iPHUQH EROL Y\QHHmKddIZp NRPH
KRWRaY@B KW U K X GriodidX SNQ8RK p E\ E RORRLIEED LRIRW DVEHD Q p
QDYUKQXWp. SRAQD@WMDYNBUND @G YN XCWROM ~FHEGKDOBRW\ D
YKRGQHM O LSRMXADW-pUS LEHRNEQ & Bi@ticel B i Y UKKHNWURQLFN @&
JHQHUIWRVURNEY YEVWXSQERDFENWRFRIFEFK QD YHHNRAHQLFLI
Ui G RiasRtokMHz.

BROD |RVWURGHNR pre diagnostiku EOt]N R P pR2vR @pbdobe
Rogov VN p KR F Paiafmétre tejto sondypoli oveeQp SRPRRRWURMHQpPKF
SUtSUDNYWRUEé MH SRG D Y\NRQD Q p(HRFE 0l R.6 WittRED@ p KR P H |
PHUDQLD SUHQRVX 5BRAaRFWAhoK @ DF £ HRNIQOMHz V texte
EROL EOL&&LH GLVNXWRYDQp SUtpLQ\ IUKDYERPYQEKR
PRAQRBWWL]OHBEHRYW URIMHQHU p séeixbravDYQX\Alt YeBane F
LQWHJIUDpQf[RHs YR PLSEDUDPHWUDPL W\S YLQXWLD S
FLHYN\ YH NROW IR QapidAndd jEdraRrany R bl gt $enzory bola
V W D Q Reéktefria na ktorej]Y\ND]XM~ UHMDDXQ RDXQ iV O Ha&@Q H
zmerania D QiVOHGQH prendse ¥ MNDFQRBYUHHYIRGRYiI FKDUDNWHUL
frekvenciedof =420 MHz RE U i]RINSenzoryY\N D] X R&D G RWHORY®Qré
charakteristiky ajpre frekvencie ddm § 0+] DY@®ONMLHURKRIGDOARLH
SUHYRGRYéFK FKDUDNWHULVWIN E\ WX EROR SRWUHE
SUtSUDYRN Y\ND]XM~FL PDO#>B2\EMHz. SUH MBHRNWNHORENM H-Xp
senzory boli priecbenfNRULJIJR WEQ8PKSQEFK FKDUDNWH,BGIHMOON YH
SULHEHK Y\ND]JRYDO VHOQYRUO WHRDR |RQRORY REAHR E\"
VS{VREUAGFt] QedvMeArRXinutia Q Hilko v SUtSD G H WHHQ]RWIRY DQEéFK
RK\EQp WHIOYQ®RK pS SL\BEMNODH Q@D VSHNWUIOQ\VBRMABJIWR
SO]QDARXVSUHYRGRYHM FKDUDMNRAKUL Y VK IRNG\ QNRAV Q"I WHH IS R\-
MHGQRWOLYé&FRHWHYNKRF.QMNWE MH PR&Qp Y\KRGQRFRYI
SU~UR&A4tFK KDUPRQHRDKN&AFWEG AQLNRYEP YEVWXSQéP SU

SUH PRAQRV" GLDJQRNRMHNN BF-ODHOHM HOHNWUYG\ EROL
XUpHQi SUH PHUDQLH YH NRVW E. RPorabdhke]tb iagrieiky N W U L F |
Y\SO&SDHGFKiG]DM~F L F KUHR BratbvisReH TERARKT VUT v Brne
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a bola EOLAGLWNXW RN P Répitfy [5.2 . RQA&W U XMF LYDF K iG] D
SUHGFKiGMNW-VAHF RV Prtoviska UTEBFEKT VUT v Brne kedyje na
]1 N O byGddnocovania teplotySRG UHIHUH Q p @pR2mdve€) kbmdadoBR X
WHSORWQEéFK VQOPDH QM WD piH QEavdM rRiesmEK R SSLR YOQ H P X
vyhodnotenitbolo SRWUXHERUPYHYRGRY ~ FKderud@d WW B LY Wik & K
YH NpKR UR]VBKXBEHD G QKNO/D GR%RQIL |RVWURMHQpP VQtPL
aobvody pre spracovani¥ LIQIRK WGRP QD SRWODPHOH@ERINFEOD]|Qpl
SOD]PRYé&FK WRERRORY |DEH]SHpHQpP SRPRFRX IHULWRYE&T
aSUHYRGX QDSI"RYpKR PHUDFLHKWRVVERGBR WN\Xas W+ GRU
Q HV N Rtéstothk Kplazmovou komorou R Y\KRW RMWHQUWHY SORAQHM awu
YHULILGWLVFNXW RKPOIAHNNRXRIFLt

Bolo QDYUKXRWEGRYp XVSRULDGDQLH SUDFRYLVND SUH SU
bDVWOQHU I WRWDPDOL]IFLEK JDGL\DNH € LIDN WR IY Q WR D Y WHIPE
VWRMDWHM YOQ\ QB KIRJK YV QR F1H QIR F\N RS Q/iLYRIKXL D F L H
HOHN W KR [QDNANDEH-UbidlW RUB V N ~ PRYQHUBL@FEHUpPp PRAaQp ULHA&AH(
~VNBOERRGNAGQDOR VD R LWS—RJS]WIDJ‘QQFBNI@}SIHMNRFOW@* ERO
]QDpQH pDVRYRDYWR pQEi XY B RNRGIRTpRBEoliYXYBE GO X
YKRGQp WHRUHWLFNp SULHE KV QHEEHR WK phEIBK) D] IHIGDL E
QDPHUDQEéEFKpShicesEREWY P® OLRIFQRDNR WDN HEROWRUYPB GF
FK\EQp WYDUASEXBREWQULUPDOL]IFLH WEFKWR SULHEHKRY

Bol ]RV W Dpostup &a metodikaR 8 L¥HZDLQpKR HOHNWURQLFNpKR
JHQHUIWRBMRIUE ERO QiVOHG®RN XMHD@W FRYYIDER WERJ U R ULRH
aQDPHUDQEéFK )S\{JI-L(EHEE\ﬂ(KﬂRBYeVUiPFL WHMWR NDSLWRO\
SRStVDQp NRQX¥WIHAXRNQPP]DWLDGHQLD SRBoHRSWURHGL R
UHDOL]RYDQRP Q[IOKPRIO HM (B-RIBALREH QueP I6QWY P F L
SUDFRYLVND QD Yé&@VNXPQRP v~Brit Iy WHs ROM Q& &R aHQ
plazmovou komorow NDSLOiIiUQRP ¥ioKiR]\WW RYRQa L W Ifddmujelndy Q X
YEVWXBISDFLWQHQtNBRWIRIRW|@~ DWPRVIpULFRpKR WOI
]JDEH]SHPHQLH RSWLERQHRR VEURIGH)QE QAVROB QXSUDY XN\
H O H N patam&tngpf@azmovej komory

SR SURFHVH RSWLPDIGRQINPIQHE FR AW MHRY ROROR F RO QD]JELHU
SUL WEéFKW Rt BIHRFIWNMEBSFKSOREAQEFK VSRMRYJHQHWRBM PR G
1R Yyerzie DPS UliaH¥ aHVGNR\W H U D Jte FKI@HFNp SYREDHPAWRURP
a]OHXMH-UJRQYPL X ISQ HH WhRnakRakolo SUHGORAHQpP ULHAHQL
vUiPFL MHGQHM GREWNRGRENODKXHEHQLH RERFK PRGXORY

9éWHGNRP H[SHULPHKWRO GH A Hf EMRWME Wi xdBrGep
v podobel X Q HjjpZQrky.
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9. =E9(5

9 SUHGOGBEASQRPIRIiYHoIE SHHIEW X GRWDFp®H SRStVDQi SURE
QiIYUKX Y\WWRNRIUHNYHQpPQEéEFK V\VWpPRY VR |DPHUDQt
JHQHUIWRERRUKUPOR]|PRYp X Ri¢hRafiek@htidF13.56 MHz

Bola UHD O L JRYW QR DB OHRNMDU R Q L F N peRmadvejkenbiy\pReU D D
GRVLDKQXWLH RSWLPIiOQHXRANDG KR WDQY SHFEX. Y &WAE® MGHRI\RWIRYY
so zvolenouY]RUNRX PDWHULIOX NH®REWODNE DWPRXA pWILMON
YEVWXSH SOD]JPRYHM NRPRU\ IRUPRYDQi NDSDFLWQH YL

IDYUKQXWp REYRGRYp ULH&HQLH SUH RSWLPDOL]IF
JHQHUIWRUD SUDFXNM=BHKR+)EROHRNYHDQGL]IRYDQp QD '36
ULHBHQHQHUIWRDD\ DG{OHAaLWéFK VLJQIORY EROL ]C
IRWRGRNXePGHHIPHBDIPEFK SULHEHKRY

PUH SURFHV RODMUXPXBR®RGLILNRYDQi SRGRED SUD
LQpKR ULH&L PLQLPDOL]JIFLX RGUD]X (0* Ye@\PBIG]EXGL
HOHNWURQLFN é Plazid@@dti loMoRUW R P D

PUH VOHGRYDQLH SDUDPHWURY EXGQDNMWFIXYHWIQIQRERD |
VRQGD SUDFXM~FD QD YKRGQRP SULQFtSH

VUiPFL SUIFH EROL ~VSH&AQH ULH&HQpPp Y&HWN\ ERG\
NRQXWFLX RGGH RYDFL H EyRetriokg KIRzQrEjaY paséndy pre
vyhodnocovanienodulu intenzty HOHNWULFNYRRYSRUDQHM REODVWL
plazmy 7LHWR ]DULDGHQLD EROL Y\KRWRYHQp QDG UiPHF
YKRGQpKR FKRGX\BWMPRARRYpKR V
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