Munka M. Ilorpeduh
Hejan B. Tomuh

INPOJEKTOBAIbBE
MHUKPOTAJIACHHUX
OPUJITAPA

AKkasieMCcKa MUCao
VYuusep3uteT y beorpany - Enektporexauuku dakyaTeT
beorpan, 2019.



Munxka M. Ilotpebuh, Jlejan B. Tormuh

MMPOJEKTOBAILE MUKPOTAJIACHUX ®UJITAPA

Uzoaje:
Axkagemcka mucao, beorpan
VYuusep3uret y beorpany — Enekrporexunuku gakynrer

[ITammna:
Axagemcka mucao, beorpan

Tupaoic: 200 mpumepaka

HCBH 978-86-7466-781-1

HATIOMEHA: ®oTtokonupame WiM yMHOXaBamke Ha OMIO KOjU HAYMH MIIM TIOHOBHO 00jaBJbHBambe
OBE KIbUTE —Yy LIEJIMHU MIIH y JIETIOBMMA - HUjE JI03BOJbEHO 0€3 NPETXOHE U3PUUUTE CarJacHOCTU U
MHCMEHOT 0100pemha H3/iaBaya.




Mom yjaxy Muaary Lgjemkosuhy

Muaxa






Caapixkaj

1. YBoa 1
2. OCHOBHH IIOjMOBH M TeopHja puarapa... .

2.1. OCHOBHE BETTIHMHE (DUTITAPA ...eevvveeureernreenreesnreensseenseeassseeseessseessseesssessnsesssssesssessssessssess 4
2.1.1. CHCIADUKAITHA DUITTPA. ... eeuveeereeererriereereereeeestesseesseesseeseesseesseesseessesssesssesssessesnses 7
2.1.2. ATIPOKCHMAIIHIJ ... evevreveenreenreesseeseesseeseessesssesssesssesssesseesseessesssessssssssssesssesssesssesssessees 9
2.1.3. lllemMa GpunTpa ca UACATHUM CIIEMEHTHMA ......cvveevrereenreeseenseeseeseessesssesseesseessesssennes 14
2.1.4. PCANM3BAIMM]A QHIITPA ....cveeveenieeeresieensieseesestesseenseenseessesseenseenseessesnsesssesseesseessesnsennes 15
2.1.5. TIpOyYaBaAEHE UMIICPDECKIIHJC. ..c.vvenvrerrrenrerresererseenseensessresseesseaseessenssesssesseesseensesssennes 17

2.2. Mlpototun u LC-necTBUYACTa PEATU3AII]A DUITTPA ...vevvvenreeeiererereieeeeeeeeeseenseeneeeeeens 18

2.3. Peanuzanuja CeKIMja BOJA KACKATHOM BE30M.......ccveeverreerersesseesseesseessesssesssessesssesnsenns 31

2.4. PuuappcoBa tpanchopmanrja u KypoauHU HICHTUTCTH. .......ccuverveerreerreeresrenseesseensenns 31

2.5. VIMUTAHCHU MHBEPTOPH ... .veeeveeerienureenureensreeseeenseesseesseessessseessessnsesssseesssesssessssessnses 36

2.6. UCTBPTTAIACHH PEBOHATOP «..eeuveemverureruienteenteaseeateenseeteensesnsessaesseesseenseensessesseesseenseensenns 40

2.7. TIOTMYTATACHH PEBOHATOP ..eeuveemveenrermtertienteenteaseeattenseenteetesstessaesseesseenseenseensesseesseesseenseens 41

3. CtpykType 3a Boljeme e1eKTPOMArHeTCKUX Tajgaca 43

3.1. OCHOBHE KapaKTEPUCTHKE CUCTEMA 32 BONCHHE TAMACA ....c.veevveveeveereenveenreeneesseesseesenns 43

3.2. THUIIOBH BODEHIX TATIACA ...cuveeuveeureaneensiateeteeneesueesseeseenseeneeeseesseenseanseensesnsesneesneenseensesnes 46

3.3. [Ipoctupame Tanaca KOX MPABOYTAOHOT TATACOBOA. .....cuveeueerrereeneeaneenneesseenneenseaneennes 47
3.3.1. TIpOCTHPAE TE TATACA.......iiiuiieiiieiieeieeeiee et e cteeeteesteeeeaeesbeeseaeeseaeesaee e saeensneenns 48
3.3.2. TIPOCTHPAEE TM TATTACA......eecuveeeireireeieeeieeecieesteesaeeseseessseessseessseessseenssesssseensaennes 51
3.3.3. CHara ko0ja ce IPEHOCH IPABOYTA0OHUM TATACOBOIOM -.....euvemeervereenuerreaeeeneaneensensenens 54
3.3.4. MukpoTajacHe KOMIIOHCHTE Y TaJTaCOBOTHO] TEXHHIIM ......eeveerveerrerreeveensensennennnns 54

3.4. [InaHapHN BOJIOBH U OCHOBHE KOMITOHEHTE .....euveerentienteantenetenueenieenseenseeneesseesseenseenseens 56
3.4.1. OCHOBHE KapaKTEPUCTHKE MUKPOTPAKACTHX BOJOBA......veeeveerureenereennreenveesveenueenes 56
3.4.2. OCBpPT Ha MOJJIOTE 32 MUKPOTPAKACTE QHIITPE ...vvevveerreereerreenreenreeseenseeseesenssesssesses 58
3.4.3. JIMCKOHTUHYUTETH Y TEXHUIIM MUKPOTPAKACTUX BOJIOBA ..vvvevreerereenreennveennveenneenns 59
3.4.4. KOMIIOHEHTE Y TEXHUII MUKPOTPAKACTUX BOJOBA....veeruveerureerereenureennreenveenmeeenueenn 60
3.4.4.1. KoHUEHTpUCAHU €JIEMEHTH: KaJIEMOBU U KOHACH3ATOPH ...cevvveeeveernreennreennreenneanns 60
3.4.4.2. KBa3U-KOHLIEHTPUCAHU EIIEMEHTH. ...ccuuveeererreearienieeensreenieeensreesseeenseeeseeesseeesaesns 60

3.4.4.3. Pe30HATOPH Y TUTAHAPHO] TEXHUIIH ......vvenveenrernreeneesneesseeseeseensesneesseeseensesnsesseesses 62



Canpxaj ii

4. Onmra Teopuja cuHTe3e GUITAPA €A CIIPErHYTHUM PE30HATOPUMA........ 76
4.1. OcHOBHH MOJIEN (PUITPA Ca CIIPETHYTHM PE3OHATOPHMA ... .evvrerreereeeeeeeneeeneennsesnessens 77
4.2. OnpehuBame KOSHUIIHJCHTA CIIPETE IBA PE3OHATOPA ..vvvvervrerreerrearrenseesseesseesesssensnesses 86
4.3. OnpehuBame Q-hakTopa ONTEPEHCHOT PE30HATOPA ...vvevvererenrierreeereereeieereeveesresnenenes 88
4.4. OnpehuBame Q-thakropa pe3oHaTopa onTepelicHOT ca JBA IPUCTYIIA. ......cevevereeveneennns 91
4.5. locrynak peanuzanyje Gpuirpa (HE)IPOMYCHUKA ONICETa YUECTAHOCTH ....eveeeeeneeneeneens 93

4.5.1. Peanuzaiiuja MEKPOTPaKacTor GUATPA MPOMYCHHUKA OTICera YIECTAHOCTH ............. 95
4.5.2. Peanuzanuja TaqacoBOIHOT (PUITPA HEMIPOIYCHHUKA OTICETa YUCCTAHOCT . ........... 101
5. ®UATPU Y MUKPOTPAKACTOj TEXHHUIIM «eeververersseecsssecnn 105

5.1. ®unrap IpOIyCHUK HUCKUX YYECTAHOCTH PEAI30BaH KacKaoM CEKIHja BojoBa ... 105
5.2. dunrap NPOMyCHUK HUCKHUX YUECTaHOCTH PEATM30BaH KaCKaJIoM OJiceuaKa BOJOBa

U OTBOPEHIX OTPAHAK ....veeuvveerereenereeureeseesnseeeseessseesseessseesssesssseessesssseesssesnsseesssesnsees 109

5.3. KBasu-koHIeHTprcanu Guiitap NpOIMyCHUK HUCKUX YUECTAHOCTH Ca KOHAYHUM
HYJTIAMA ...veeuvveeneeeentreeteeeteeesseesaseessseesaseessseessseesnseessseesnseesaseesnseesssessnsessnseesnseesnseesnseesnses 112

5.4. ®unTap NPoONyCHUK BUCOKUX YUCCTAHOCTH Y MUKPOTPAKACTO] TEXHHUIIH ................... 115
5.5. ®unTap HEMPOIMYCHHK OIICETa YYECTAHOCTH Y MUKPOTPAKACTO] TEXHHIIH .......c.neen... 119

6. ®UJATPH NPOIYCHULH OIICera Y MUKPOTPAKACTOj TEXHUIIM «cveeernreesenees 126

6.1. Peanu3anuje moJIMHOMCKOT (priiTpa MOMONy UICATHUX EIEMEHATA .....eveveeeeeneeneennans 127
6.2. [Ipernen peaau3aiyja MOJTHHOMCKOT (HITPA Y MUKPOTPAKACTO] TEXHHIIH ................ 131
6.2.1. ®unrap ca mapajiesHo CIPETHYTUM MOJTyTaJaACHUM PE30OHATOPHMA.......c..eeveennenn. 132
6.2.2. DUITAP CA YKOCHUIIAMA .....veeuveerereerareenneeesnseensreessseenseeessseessessnseesssesssseessseessseessseens 136
6.2.3. IHTCPAMTHTATIHIA QHIITAD ....vveeveerereereeseessessseseessessesssesssesseesseessesssesseesseessesssenns 138
6.2.4. UCTIIBACTH DHIITAD ...vvevvveveereereeeeienteesseeseeseesseesseesesssesssesseesseessesssesssesseesseessesssenns 143
6.2.5. Momu(pHUKAIH]a YETIIIHACTOT (PUIITPA ...vvervrerreenreesrenseesesssessnesseesseessesssesseesseessesssenns 147
6.2.6. ®unTpU NPOMYCHULIU OIICETa PEATM30BAHU Ca OTPAHLIUMA BOAOBA. ......ccvveenrennenne 149
6.3. ExciepyMeHTaIH pe3ynTaTy GUiITpa IporyCHHUKA OTCera y MUKPOTPaKacToj
TEXHHIII . .....ueenveemteentenueeteenteesseeusenttenteeaseeasesasesstesseenatemsteasesueenteenteeasesenesanesueenseenseenneenne 150
6.3.1. CHCIUDUKAIII]A QHITTPA ....evveereererrereereeseenseeseesesssesssesseessesssesssesssesseesseessesssenns 151

6.3.2. AnroputaM 3a peanu3aiyjy ¢uiTapa ca J0KaIH30BaHIM UMIYJICHAM OI3UBOM.. 151
6.3.3. [Iperien ekcriepuMEHTATHAX pe3yTaTa peannsamnyje gpuirapa

Y MAKPOTPAKACTO] TEXHUIIH ......evveenveeneerneesneenseenseaneesseesseaseanseansesssesseessesssesnsesnsesnes 153
6.3.3.1. @mrtap ca mapajesHO CIPETHYTUM IOIYTaJaCHUM PE30HATOPHUMA..........e.n..... 155
6.3.3.2. MomupUKOBAHN YEMIIBACTH (PHIITAD ...c.vvenveeieenieiiieiieeiieeiienieenie et sece e ee e 158
6.3.3.3. DOUITAP CA YKOCHUITAMA ....euvveenrreenreennreennreensreesseensseessseensesssssesssessssessssesssseessseess 162
6.3.3.4. VIHTCPAMTUTATTHE DUIITAD ....ecveereeereereesreereereeseeseeseessesssesseesseessesssessessseessesssenns 168
5.3.3.5. UCIHIIBACTH (DUIITAP. ... eecueereereerreireeieesreesseeeesseeseeseesseesseesseessesssesseesseessesssessessees 173
6.3.4. 300p ONTHMATHE PEATH3AMUJC DHIITPA. ...c.vverreerrerererrerressrerseesseesseesesseesseesseessenns 179
6.3.5. KopumihieHa TeXHOJIOTH]a U 3aTAKAHA TIPH MEPCEDY ...vevvervvevreveenreesrenseenseesseesenns 181

7. MukpoTajgacHu GUITPH ca KBa3U-KOHIEHTPUCAHUM eJIEeMEeHTHMA ....183

7.1. Pe3oHaTop KajgeM-BHja-KOH/IEH3aTOP Y BUIIECIOJHO] TEXHHUIIH ....c.veveverrenrerneaneeneennes 183
7.1.1. Peanuzanuja KajieMa y MUKPOTPAKACTO] TEXHHUIIH ....c.vveverererveerseersessesnenseesseessenns 184
7.1.2. Peannzanyja KOHAEH3aTOPa Y MUKPOTPAKACTO] TEXHUIIN .....nveuvenvenrenrennenneeneennennens 187
7.1.3. Peannzanuja Bija y MEKPOTPAKACTO] TEXHUIIH ....c..euverveerremrenterensentensensenseseesennens 191
7.1.4. EKkBUBaJIeHTHA [IeMa Pe30HATOPa KaJleM-BHja-KOHJIEH3aTOP Y BUILECIOjHO]

TEXHIIIIZ <.t e e e et ee e e e e eeee e eeeeeeeeeeeeeeeeereeeeerereeeeereeeeenaeeeeeaaaes 192

7.2. Peanuzanuja GUATPa MPOITYCHUKA OTICETA YUECTAHOCT . ..uenvenrenreneenreneniensenseeneeneennes 193



iii

ITpojexToBame MUKpOTaJIacCHUX (uiTapa

7.2.1. ®uitap NpOMyCHHK OIICEera yUeCTAHOCTH IPYTOr Pelia ¢a KamaluTUBHOM CIIPEroM
YBOJHHKA H KATTEMA PE3OHATOPA ...eeueveeereerureenureernreensreessseenssesnsueesseessseesssessnseesssees 193
7.2.1.1. OnpelhuBame TUMCH3H]A PE3OHATOPA. ...veerveeererrrereerereresseesseesseessesssesseesseessenssenns
7.2.1.2. ®akrop mobpote ontepeheHOT pe3oHaTopa.... .
7.2.1.3. KoeUIH]EHT CTIPETE TBA PE3OHATOPA ...vveeuvererereenrereressresseesseessessesseesseessesssenns

7.2.1.4. Peannzanmja QUATPA M EKCIEPHUMEHTATHH PE3YIITATH ... ecvveuverrerenrenuenseeneennenens 202
7.2.2. ®duntap NpOIyCHUK OTCEra y4eCTaHOCTH APYTOT PEAa ca HHTEPAUTHTATHOM
CIIPETOM YBOJHUKA U KAJIEMA PE3OHATOPA ..euvveurrernreerureeereerureesueessreeseeesseeeneenne 205
7.2.2.1. ®akrop mobpote onrepeheHOT pe30HaTopa ca HHTEPAUTHTAITHOM CIIPEroM
D 2:000115071 0 10 < B () Y ;IO 205
7.2.2.2. ExBuBajeHTHA IIIeMa YBOIHHUKA U PE30HATOPA Ca MHTEPIUTUTAITHOM CIIPETOM
YBOJTHHKA F KATTEMA ... vvveeuvreenreennreesnseennseesseensseessseensseenssesnseesnssesnsessnseesssessseensseens 207
7.2.2.3. KoedurujeHt crpere 1Ba pe30HaTOpa ¢a HHTEPIUTUTAITHOM CIPEroM
YBOJTHHKA F KATTEMA .....vvveeurrernreeenreesnseennseesseensseesssesnsseesssesnseessssesssessnseesssesssesssseens 210
7.2.2.4. Peanuzanyja v €KCIIEPUMEHTAITHH PE3yNTaTH (QUIITPa Ca UHTEPIUTUTAITHOM
CITPETOM YBOJHUKA M KATIEMA......veeureerureerreenureenteeeueesseesseessseesssesnsseensnesnseesnseesnne 210
7.2.3. ®untap NpoMyCHUK OICEra yueCTaHOCTHU APYTOr pefia ca HHTEPIUTUTAITHOM
CIIPErOM YBOJHUKA U KOHACH3ATOPA PE3OHATOPA ...vvveenrreenreerureenuveenireeneeesseeeneennne 214
7.2.3.1. daxTop nobpote onrepehieHOr pe3oHaTopa ca MHTEPAUTUTATHOM CIIPEroM
H3MEl)Y YBOTHUKA F KOHIICHBATOPA. ¢ veeuveererreeseeneesnresseenseasesssesseesseensessesssensesnsens 215
7.2.3.2. KoedunumjeHT cripere 1Ba pe30HATOpa ca MHTEPIUTUTAITHOM CIPEroM
M3MEDy YBOTHUKA A KOHIICHBATOPA. c..veuvereeereeeeeeesneeaseeseenseeneesseeseanseeneesseesseensens 216
7.2.3.3. Peanm3anuja GunTpa ca MHTEPAUTHTAIHOM CIperoM m3mel)y yBOIHUKA H
KOHICHBATOPA ..cnveemveeueerutenteenteenteeuteaueanseenteessesstesseesbeenbeemsesatesaeenseenseenseeseesseenseansens 217
7.2.3.4. ExBuBajieHTHA €JEKTPUYHA IIeMa (PriITpa ca HHTEPIUTUTATHOM CIIPETOM
H3Mel)y YBOTHIKA F KOHIICHBATOPA. ¢ vevveeeerreenteeneesutenseenseeneesueesseenseensesseesseenseensens 219
7.3. Peanuzanuja uirpa nporrycHUKA TPH OIICETa YIeCTAHOCTH KOPUIINEeHeM
€KBHUBATCHTHHUX CTEKTPUTHIX IIIEMA....c.veenreemrenmeesueerseenseeeeeneeaseesseenseenseensesnsesseenseensens 227
7.3.1. EKBUBasIeHTHa eJeKTpUYHa [1eMa (uiITpa ca KarnaluTUBHOM CIPEroM
YBOJTHHKA F KATTEMA .....uvveeuvreenreeanreesseennseesseensseesnsesnsseesssesnseesnssesnsessnssesssessssesssseens 228
7.3.2. AnipokcuMaTuBHE POPMYJIC U TapaMeTPH eJIeMEHATa CKBUBAJICHTHE
CIIEKTPHUHE IIIEME .....c.uveeeureerureerureenieeenureeteeenseesnseesseesaseessseesnseesseessseessessseeeneesnn 229

7.3.3. YTHuaj BpeIHOCTH efleMeHaTa eKBUBAICHTHE IIIeMe Ha Kapakrepuctuke ¢uirpa 236
7.3.4. IIpojexToBame GuUITpa NPOITyCHUKA OIICEra y4eCTaHOCTH KOpUIThemeM
EKBUBAJICHTHE CIIEKTPHUHE IIEME ......c..eveemremrenrenuersentenieeseenrentensensensensessesneeseeseensens
7.3.5. IIpojexToBame GUITpa NPOITyCHUKA TPH OIICETa Y4eCTaHOCTH
7.3.6. IMmuieMeHTaIija v pe3yiTaTiH Mepema QUiITpa MpoITyCHUKa TPH OIicera
DA (5102 21 < (0 o1 v GO RR 248

8. Ilnanapuu ¢uiarpu ca peoHaTopuMa

€A BUIIE PE30HAHTHUX YHECTAHOCTH «evvvrecssrrsseesssssssssssssssssssssssssssssssasssssss 29 1

8.1. @uTpH MPOITYCHUIN OTICETa YIECTAHOCTH Y MUKPOTPAKACTO] TEXHHIIH .......cnvenvennene 251

8.2. Peaym3zanuja ¢uirapa npomycHHKa OICera y4eCTaHOCTH y BUILECIIOjHOj TEXHHUIH ... 260
8.2.1. OunTpHU MPOITyCHUITH OTICETa YIECTAHOCTH Y BUIIECIIOjHOj TEXHHUIIN

MIPOjEeKTOBAHU Ca PE30HATOPOM Ca IBE PE3OHAHTHE YICCTAHOCTH ......veeveneeenvennnens 260

8.2.2. OunTpHu MPOITyCHHUITN OTICETa YIECTAHOCTH Y BUIIECIIOjHOj TEXHHUIIN
MIPOjEeKTOBAaHHU MMOMONY pe30HATOpa ca TPU PE30HAHTHE YUECTAHOCTH ........cnv.e.... 265
8.3. Peammzamnmja (rnTpa ca 1Ba MpOITyCHA OTICETa y BUIICCIOjHO] TEXHUIIN ................... 272

8.4. Peamm3anuja pekoH(GUTYpaOUITHOT BUIIECIOjHOT (PHUITpa ca IBa MPOITyCHA OTIcera
KOPHIITNEHHEM MEMPHCTOPA. - nveeeeneeaneeeneeeneeaseanseesesnsesseesseenseensesneesseesseensesnsesseensesnsens 279



Canpxaj iv

8.4.1. Buriiecsi0jHE pe30HATOP Ca IBE PE30HAHTHE YUECTAHOCTH Ca MEMPUCTOPOM........ 280
8.4.2. Buriecsojuu ¢uiarap ca aBa mpoIycHa orcera ca pe30HaTopruMa
ca JIBE Pe30HAHTHE YUYECTAHOCTHA MOJU(PUKOBAHUM MEMPUCTOPHMA...........c.v.en.... 282

9. TanacoBoAHM (PMJITPH NMPONYCHUIIU OIICETra Y4eCTAHOCTH

y H-paBHu 289
9.1. KommiieMeHTapHU TOTYTAIACHA PE30HATOPH Y TATTACOBOILY -.envenvereereenveeneeaneesneennes 289
9.1.1. KomniieMeHTapHU TOTyTaJaCcHUA PEe30HATOP Ha BUIIECIIOjHOj
TUTAHAPHO] TIPETPAIII ... .veenveenteenteeueeateenteenteensesmtesueesseenseensesneesseesseenseenseensessnesseensens 289
9.1.2. KoMIuieMEHTapHH MOJyTaJlaCHU PE30HATOP Ca LIEHTPAJIHOM CEKIIMjOM BOJa Ha
TUTAHAPHO] TIPETPAIIIL ... .veenveenteenteeueeaseanteenteensesmsesseesseenseenseensesseesseenseenseensessnesseensens 292
9.2. TamacoBoAHU (GHUITPU TMPOITYCHUITH OIICETa ca KOMIUIEMEHTAPHUM IOy TalACHIM
PEBOHATOPHIME ...eeuevreerieaureenereesteensteesseessseessseensseessseensseessseessseesssesssseesseesssessssesssseenns 301
9. 3. @unrap ca JBa NPOITyCHa OIICeTa ca MOIyTaJaCHUM IUTAaHAPHUM PE30HAHTHUM
TIPETPAIIAMA «.vvveenvreenereenereeseesteeasseessseesnseesnseeanseessseesnseesnsessnseesssesensesssseessseessseesssessnses 309
9.4. ®uittap ca 1Ba NPOIyCHA OICEra ca MoJIyTalaCHUM METATHUM PE30HAHTHUM
TIPETPAIAMA «.evvveenereenereenereeseessaeaseesseeanseesnseeanseessseeanseesssesenseesssesensesssseeensessnseesssessses 313
10. TanacoBoaHu GUITPH NPOIYCHULH OIICETra y4eCTAHOCTH
N2 T8 1 1123 ¢ 1 (RN 328
10.1. TamacoBomHM (HUITPH MIPOITYCHUIIM OTICETa YYECTAHOCTH PEaNTn30BaHU
€A METATTHOM TIPETPATIOM .....uveeueeeueeeneateeneeenteeseanseensesseesseesseanseenseeneesseesseenseensesseenseensens 331
10.1.1. IToyTanacHu pe3oHATOp MPOITYCHUK OTICETa PeaIn30BaH IOMONy MeTalHe
TIPETPAIIE - eenvveenvreenteeieeenuteebeeeseesabeeeabeesabeeeabeesateesaeeesateesabeeabeeesbaeabaeenseesabeeebeenane 331
10.1.2. ®unrap npomyCHHK OIcera yaecTaHoCTH Tpeher pena
€A METATTHOM TIPETPATIOM ....eeuvrentienreentenseenseeseesesseesueenseenseeneesseesseenseenseessesseenseensens 332
10.2. TTomemaBame CENEKTUBHOCTH (DHIITPa MPOIYCHHUKA OTicera moMohy
YETBPTTATACHUX PE3OHATOPA. c..cueeenteenteantenteeteenteentesseesseenseeseaseesseesseenseensesneesseensessens 335

10.2.1. KommnaktHE (prTap MpomyCHHUK OICeTra ca IITaMIIaHUM Iperpagama u
Y4eTBPTTAIACHUM PE30HATOPHMA 32 MOAEIIABABE CETIEKTUBHOCTH ................

10.3. TTomena mpomycHOT orcera (GmiITpa MPUMEHOM YeTBPTTAIaCHUX Pe30HaTOpa

11. ®uarpu HenponycHuuu oncera y H-paBuu

NMPABOYTA0OHOT TAJACOBOMA «eeeeersensrressssssessssssssssonnns 344
11.1. [TonyTanacHu TanacoBOJHU PE30HATOP Y H-PABHM......coovviiriiiiiiiiiiiicciceiceeee 344
11.1.1. AnropuTtam mpojeKTOBamka TaJacOBOJHOT pe3oHaTopa y H-paBHH.........c.coueeneee. 345

11.1.2. ExBuBaneHTHA IIeMa MOy TalacHOT pe3oHaTopa y H-paBHu
11.2. dunrap HENPOMYCHUK OICEra yUeCTAHOCTU Y H-PaBHHU .......cccocevvviniiiiniinicieenene
11.2.1. ExBuBaneHTHa memMa (UITpa HEMPOITyCHHUKA OTICera ca IperpagaMa

y H-paBHU IPABOYTAOHOT TATTACOBOA. ...ccuuveennreeureenrreenirernueeeseesseesseesseesseesseens 354
11.3. @unrap Tpeher pexa ca qBa HEMPOITYCHA OTICETA YUECTAHOCTH .....vvenveeneeaneeaneeeeennens 355
11.3.1. KoMmakTHE TamacoBogHU Guntap Tpeher pena ca aBa HEMPOITyCHA OIIceTa
DA (510 21 2 (0 o1 v SRR RRRRR PR 356
11.3.2. ExBuBaNieHTHA IIeMa KOMIIAKTHOT (MIITpa ca Ba HEMPOITyCHA OTIcera
YIECTAHOCTH Y H-PABHU ...ceveiniiiiiiiiiiieiiieicee ettt e 360

11.3.3. ExcriepumeHnTaiHa BeprduKalja KOMIakTHOT (PUIITpa ca J1Ba HEMpOIycHa
OTICETa YUECTAHOCTH Y H-PABHHU ....c.evveiiiiiiiieiieciieeiceciteeee et 362



v [pojexToBame MUKPOTATACHUX (uiTapa

12. ®uiaTpu HeNPOIYCHULM Oricera yyectanoctu y E-paBuu

L E: U E:TV1) ;701 € OO 364
12.1. ®unTpu ca YETBPTTATACHUM PE3OHATOPHMA ...c.uveeeuvrerereeereensreessreensreensseeneessseeenseennns 364
12.1.1. UeTBpTTATACHU TATACOBOIHU PE3OHATOP ..eevvvreerernrreerereeseeassreesseessseessseesseessseens 364
12.1.2. EkBUBaJIEHTHA IIEMa TATACOBOJIHOT YETBPTTAIACHOT PE3OHATOPA. ..ceevvvenvrennneen. 368
12.1.3. ®uarpu ca yeTBpTTAIACHUM PE30HATOpHUMa BE3aHUM 3a HACIIPaMHe 3UJI0BE
MIPABOYTAOHOT TATACOBOIA. .. .vveeuvrerureernreesnreensreesseenseesseesseesnseesseessseenssessneeneesnns 370
12.1.3.1. ®unrap ca jeTHUM HENPOITYCHUM OIICETOM YHYECTAHOCTH ...vevvenvenvevenieeneenneneens 370
12.1.3.2. ®untpu ca ABa HENPOITYCHA ONCETa YUECTAHOCTH......evvenveenreenreenrenieenneeneennenns 373
12.1.3.3. ®unTap ca TpU HEMPOILYCHA OTICETA YUECTAHOCTH ....ueevveneeenreemreenrenueenneeneennenns 376
12.1.4. ®untpu ca 4eTBPTTAIACHUM PE30HATOPUMA BE3AHUM 32 UCTH 3U]L
[IPABOYTAOHOT TATACOBO ... uveeureeureenureeruteenureenseeenseesseesseesaseessseessseesseesseeesaesn 377
12.1.4.1. @untap npyror pena ca jeIHNM HEIPOITyCHUM OIICETOM YYECTAHOCTH............ 377
12.1.4.2. ExBuBasieHTHA IeMa (QHiITpa Ipyror peaa ca jeIHNM HEIPOIyCHIM
OTICETOM YUECTAHOCTHL. ....cuveenteenteeneeaneenseenseenseasesneeseeesseenseenseeneeeseenseenseensesneesseensens 383
12.1.4.3. MunmjaTypu3aiuja TasacoBoHOr (GUITpa ca JBa HEMPOIyCHa Oricera
VUCCTAHOCTH ...vveeveenereensreesreensseenseeanssessasaseesssessssesssseesssesnssessssesssessnsesessessssesnsseens 387
12.1.4.4. EkBUBaJICHTHA €JICKTPUYHA I1IeMa (HIITPa ca JBa HEMPOITyCHa orcera
YVUECTAHOCTH «.vvveenveernrreenseesnseensseessseessseensseenseesnseeenseessesssesssseessseensseensesnseeenseesnne 390
12.1.4.5. YnTpa-koMIIakTHU (riITap ca JABa HEMpPOIyCHA OIICETa YYECTaHOCTH.............. 391
12.1.4.6. CHara TaJaCOBOTHOT (DHITTPA........eervereerrerresreenseeseesessaesssesseessessesssesseessesssenns 393
12.1.4.7. ®untap ca TpU HEMPOILYCHA OICETA YUECTAHOCTH ......eevveneeenreenreenreenrenneeneennens 394
12.2. ®untpu ca MOIYTATACHUM PE3OHATOPHME .....eevvreerernreernreesreesseesseesseessseesseensseenes 395
12.2.1. TlonyTanacHu TaIaCOBOIHU PEIOHATOP Y E-PABHMU....c..cevvuviiviiiiiiiiiiiiiiiieen 395

12.2.2. ®dunrap apyror peaa HEMPOIYCHUK OIICEra ca MOJTyTalaCHUM pe3oHaTopuMa ...399
12.2.3. ®unrap tpeher pesa ca jeqHIM HEPOITYCHAM OIICETOM Ca MOTyTATaCHUM

PEBOHATOPHMA..c...eeuerieniteatteeniteeteeenteeeateeebeesateesaeeesateesabeesuteessseesbteenbseebeesbeesseeas 402

12.2.4. ®unTap apyror pena ca Ba HEMPOITyCHA OICcera
Ca TOJYTATIACHUM PE3OHATOPHMEA ....eeuveerureeureeireeieestteeseesseeseeessseesseessseeseesnne 403
JIutepatypa 405
OIIIITE PEDEPEHIIE ..veevveerrieereirrerreesreereereieesseesseesseaseesesssesssesseesssesseessesssessesssessesssesssesnns 405
PEDEPEHIIC AYTOPA ...eveeerieeiiieeiiieeiie et eiee et e etee st e eteesbeeesbeesbeeasseesssaesnseesnsasasseessseeasseenns 413
JIOKTOPCKE JIHCEPTAIIHIC. ... veveenreenreeerereresseeseessesseesseesseesseesseessesssesseessesssesssesssesseessesssennns 422

TEXHUTKA PEIIICEDA ...enveenveeneeaueesseenteeteeeesueesseenseenseanseenseeneeeseeaseenseenseansesnsesneesneesseenseenseenes 423






IIpearosop

IIpojexroBame PD® m mukporanacHUX QuiaTapa je jeqHa o CTPYYHHX OOJIACTH Koje Cy
3aCTYIUbEHE KpO3 NpeIMEeTe Ha aKaIeMCKHM MacTep M JIOKTOPCKMM CTyaujamMa Momyna 3a
MHUKpPOTaJIaCHy TeXHHUKY EnexTporexHndkor ¢axynrera YHuBep3urera y beorpany.

YubeHuk koju je mpea Bama, moj HacioBoM lIpojekToBambe MHKpOTaJacHUX (uirapa,
HACTA0 je O] TpeaaBarma Ha UCTOMMEHOM MPEIMETy KOja ayTOpH IYTW HHU3 TOMWHA IpXKe Ha
aKaJeMCKHM MacTep cTyaujama Ha EnekrporexuuukoM Qakyiarery YHuBep3utera y beorpany.
YubeHuk caapku cBe 00JacTH M 0Opa3oBHE jeIMHUIIEC TpelBUl)eHe caBpeMEHUM IUIAHOM U
nporpamMoMm mpeaMera IIpojekToBame MHKpOTalacHHX ¢Quutapa Ha EIEKTPOTEXHHYKOM
¢akyntery y Beorpagy. OcHOBHa 3aMucao yIOCHHKa je Ja MPYKH CTYICHTY CBa MOTpeOHA
TeMeJbHA 3Haba TeOpHje U Mpakce mpojekToBama PO u mukporamacHux dunrtapa. Ca apyre
CTpaHe, YUOCHHUK je THcaH aa OyJae CaKeT M MeJarollki yOOINYeH TaKo Ja CTYACHT IHUJBHO
TPagrBO MOKE YCIIEITHO CaBJIANATH Y TpeABH)eHOM BPEMEHCKOM OKBHUPY.

VYcnemHo capiagaBame rpaauBa mnpeamera [IpojeKToBame MHKPOTANAacHHUX (QHITapa
MoJipa3syMeBa Aa CTyAEHT IOoceqyje 3Hama U3 MpeAMeTa IMPETXOAHUX CeMecTapa, a Ipe CBera
u3 mpeamera MukporanacHa TexHUKa, EnekrpoMaraetika u Teopuja eneKTpUIHAX KOJa.

Ilopen m3narama TeMEJPHHX 3HaMma IPOjEeKTOBar-a MHUKPOTAJACHUX (QuiTapa, YOEHHK
npy’ka YBOJI y CHHTE3Yy €JIEKTPUYHHX MpeXa M OCHOBE IPOjeKTOBama CTaHAAPIHHX
MHUKpOTaJIaCHUX (uiTapa, Kao IITO cy (UITPU ca oOJceyllMMa W OTpaHIMMa BOJIOBa,
caMepJbuBH QUITPH, GUITPH ca MapajieTHOM CIPEroM, HHTEPAUTHTAIHN (QUITPH, YEIJbacTH
¢untpn M GUNTPU-yKOCHUIE. YHOSHHWK yoOiM4yaBa CTpy4YHE CaJpkaje ca HariackoM Ha
(1) pasymeBarby OCHOBHHMX KOHIIETIaTa W KOpaka IPHJIMKOM IIpOjeKToBama (uiITpa,
(2) npenozHaBamwy crenudukanyje GUITPa U TEXHOJOMIKUX OrpaHuuea, (3) IpojeKTOBabY
CTaHJApIHUX MHKPOTAIACHUX (HITapa CHHTE30M, MOJACIIABAHEM U ONTHMHU3ALH]OM, Ka0 H
(4) Bepudukanuju npojexta GUIATpa CUMYJIALMjOM Ha HHUBOY MHKpOTalacHOT Kona. Takole,
YiOeHrK Ha KOHIM3aH HAauyMH IIpeJCTaBjba HANpPEAHA 3HAamba M METOJE IPOjeKTOBamba
RF/mukportanacHux ¢unrapa, OMIo Ja ce paad O KOHIEHTPHUCAHUM (QHITpUMA, TUIAHAPHUM
¢unTpEMa WIM TalacoBOIHMM (QHITpHUMAa ca NperpagaMa M CIOXKEHHM pPE30HaHTHUM
ymeruuMma. WimycTpyje ce TpojeKTOBamke OBAaKBHX CIOKEHHX MHKpPOTalIacHUX (uirapa,
CHHTE30M, TNOJCIIaBalheM W ONTUMH3alMjoM, Kao W Bepudukanuja mnpojekra ¢GuiTpa
HOTIyHOM 3D eeKTpOMarHeTCKOM CUMYJIALHjOM.



IIpojekToBamke MUKpOTAIACHUX (hriiTapa viii

[ToceOHOCT YIIOCHMKAa YMHHM HCIPIIHA JIATEpaTypa Koja caapu U OpojHe pedepeHIie
ayTopa, a Ha OCHOBY KOJUX Cy YOOJMYEHHU M TOjelMHU NMPAKTUYHU MPUMEPH NPOjEeKTOBamba U
(habpukaije MUKpPOTAJaCHUX (QuiaTapa HaBelAcHH y Y1OeHHKY. Jleo eKcrepuMeHTaTHUX
pesyiTaTa ayropa, MepemeM Ha (aOpHKOBaHOM NPOTOTHIYy (uiTpa, Takohe je H3JI0KEH Y
Yubennky fna OM ce YMTAOIly INTO CIMKOBUTHjE NPHOJIMDKWIIA peajiHa CIMKa nephopMaHcH
NpOjeKTOBaHUX (uiTapa.

AyTopu ce 3axBajbyjy KojeramMa KOjU Cy HX OXpaOpHBalld M TOJCTHUIAINA Ha THCAHE
ynbenuka. 1 mopen u3y3erHe keJbe a yOeHUK Oyae HammcaH mTo je Moryhe Ooske, ayTopu
CYy CBECHHM YHMICHHIE J1a Y HBEMY MOTY MOCTOjaTH I'PEIIKe W MPOITYCTH, T¢ Cy CBa 3alaarba
YyHUTajana o yigoeHuky 1o0pozoria.

Beorpan, jyn 2019. ronune
Munka M. [Torpebuh u [lejan B. Tommh



1. YBOAa

Pa3Boj caBpeMeHHX CHCTEMa W CEepBHCa KOjU paje Ha MUKPOTAJTACHUM YYECTAHOCTHMA,
moxpasyMeBa Belly HOTpaxmy 3a (PPEKBEHIMjCKHM OIICe3MMa, a CAMHM THM W IUIAHUPAE
pacrozienie OJMCKUX KaHalla 3aMHTEPECOBAHUM KOpUCHUIMMA. DHITPH Y OBOM CIIydajy Urpajy
3HAYajHy yJOTY y pa3/iBajamby (PPEKBEHIMjCKHUX KaHaa, a CI0KEHOCT CaBPEMEHHUX MPHMEHA
YeCTO MOCTAaB/ba MPOTHBPEYHE 3aXTEBE IPH HHHXOBOM IMPOjEKTOBAKY, Ka0 LITO CY Malld
rabapuT, BUCOK KBAJUTET M MPUCTyNayHa eHa. OBaKBU 3aXTEBH TPXKHUILTA MOJCTHYY Pa3Boj
MHUKpOTANacCHUX (puiITapa.

MukpoTanacHd QUATPH CYy HEM30CTABHH EIEMEHTH CBAKOT CABPEMEHOT KOMYHUKAIIMOHOT
chcTeMa KOJU pPajd Ha MHKPOTAJIacCHUM YdYeCTaHoCTHMa. [IpuMepu TakBUX cCHCTeMa Cy
MoOmiHa TenedoHHja, pamapcku cuctemu, carenurcku cuctemu, GPS (Global Positioning
System), WLAN (Wireless Local Area Network), Bluetooth 1 MHOTH pyTH.

IpojexToBate MHUKpOTANACHHX (HITapa TMpecTaB/ba aKTyelnHy o0JacT caBpeMeHE
MHKpOTAJTaCHE TEXHHKE, LITO MOKa3yjy U MeT NOCeOHUX u3aama peHoMupaHor yaconuca IEEE
Microwave Magazine nocehena mukporanacaum ¢unrpuma (“Focus on Filters”, vol. §, no. 2,
April 2007; “All the World is a Filter”, vol. 8, no. 5, Oct. 2007; “Microwave Filter Synthesis”,
vol. 12, no. 6, Oct. 2011; “Filters, PAs and Propagation and Refraction”, vol. 13, no. 5,
July/Aug. 2012; “Flexible Variety of Filters”, vol. 15, no. 5, July/Aug. 2014) u mner
peneBaHTHHX  MoHorpaduja. JemHa MoHorpaduja TpHKasyje HalpeaHe MOCTYIKE
mpojexToBama MUKpoTanacHux uirapa (P. Jarry and J. Beneat, Advanced Design Techniques
and Realizations of Microwave and RF Filters. NJ: Wiley, 2008), nok aBe nziaxy merojne
cuHTese Qunrapa y tanacopopnoj texHunu (I. C. Hunter, Theory and Design of Microwave
Filters. London, UK: IET, 2006; R. J. Cameron, C. M. Kudsia and R. R. Mansour, Microwave
Filters for Communcation Systems: Fundamentals, Design and Applications. NJ: Wiley,
2007). ie moHorpadwuje 1ajy mperiel CaBpeMEeHUX pealn3aiija MUKPOTaIaCHUX IUIAaHAPHUX
¢unrapa (J.-S. Hong, Microstrip Filters for RF/Microwave Applications. Hoboken, NJ: Wiley,
2011; R. Garg, 1. Bahl, M. Bozzi, Microstrip Lines and Slotlines. Norwood, MA: Artech
House, 2013).

U name ce MHTEH3MBHO paayl Ha pa3Bojy HOBUX MHKpOTANacHHX (ritapa KopuiiliemheM
pasNMYMTHX TEXHOJOTHja, Ca AaKIEHTOM Ha HOBHM IpHMEHaMa M CBe MONYJIApHHjO] U
3aXTEBHHjO] MHUHHjATYpPH3aIMjH CTPYKTYpa, y3 3aJ0BOJHABAE 33aTUX KapaKTEpUCTHKA Y
(PEKBEHIIMJCKOM M BPEMEHCKOM JOMEHY. Y (PEKBEHIIMjCKOM JOMEHY 3a/ajy C€ YCJIOBU Yy



2 IIpojexToBame MUKpoTaNacHUX (unrapa

IIPOITYCHOM OIICETY, Kao IITO Cy MHHUMAJHO YHETO ClIabJberhe U NMpuiiarolerme, a mpu npenasy
ca TPOIMYCHOI Ha HEMpOIYCHH OIICET 3aJajé CE CEJIEKTUBHOCT. Y BPEMEHCKOM JIOMEHY
IIOCTaBJbajy CE 3aXTEBH 3a OOJIMKOM HMMITYJICHOT OJI3MBa M EErOBUM LITO KpahuM TpajameM,
OJTHOCHO KOHILIEHTpHCAHOIINy y BpeMeHy.

Pa3Boj mukporanacHux ¢unrapa onsuja ce Beh HEKOJMKO JelieHHja. Y 3aBUCHOCTH O
obiacTi HameHe (uiTapa, OCHOBHE TEXHOJIOTHje 33 HMMIUIEMEHTAlUjy Cy IUIaHapHa |
tanacoBojHa. [lepcoHanHu ypehaju cy HaMeHmEHH 32 KOMYHHKAIIMOHE CEpBHCE Kao INTO CY:
MobmiHa tenedonnja (900 MHz, 1,8 GHz, 1,9 GHz, 2,1 GHz), GPS (1,6 GHz), WiMAX (3,5
GHz), WiFi (2,4 GHz, 5,8 GHz). 3a oBe HameHe ce 3axTeBajy YCKONOjacHH (QHUITPU
MPOIMYyCHUIM OIICeTa YUCCTAHOCTHU, MAJIC BEJIMUYUHE U IITO MakhE€ LICHE IMTPOU3BOALE. HaBeI[eHI/I
YCJIOBH €€ MOTY HCIYHHUTH YHNOTPeOOM IUIaHApHE IITaMIIaHE TEXHHUKE 32 U3pay pe30HaTopa
uenor ¢uirtpa. Mako tanacoBogHe CTPYKType MOTY OUTH BENMKHX NUMEH3Hja, OHE W Jalbe
MIPECTaBIba]y HE3aMEHJBMBA PEIICHa 3a CUCTEME y KOjuMa Cy OTpeOHE BEJIMKE CHATe U Mallid
ryounu. [IprMepr 0BaKBHX CHCTEMA CY PaJapCKu U CATEIUTCKH CHCTEMH.

Kmura je opraHnzoBaHa y JBaHAaecT IJ1aBa, a MOpEN Tora JaT je M CIHcaK KopuinmheHe
muteparype. Ilopem ommtux pedepeHiy, TpHKazaHe cy pedepeHile ayropa H CIHCAK
TEeXHUYKUX pelremha. JlaT je mupu crnucak pedepeHid ayTopa, KOjH MOKE MOCTYKHTH
YHUTAOLy 32 MPOIIMPHBabE 3HAKA U3 00JIaCTH MPOjeKTOBamba (Guitapa. Y KibH3M je NpHKa3aH
JIe0 pesyiraTa ayTtopa KOjU Cy TMPOUCTEKIM U3 TEXHHYKHAX pelIeHha, IITO TOBOPU O
aKTYEITHOCTH TPOjeKTOBamha MUKpOTallacHuX ¢uirapa. Ha kpajy je mat u cnmcak IOKTopara,
KOjU Cy ypal)eHH MO MEHTOPCTBOM ayTopa OBe KibHre. J[eo MCTpakMBamba W3 JOKTOpAaTa
MPUKAa3aH je Y KEbU3H Kao JOIPHHOC HOBUM METOZaMa IPOjeKTOBAbA.

[Topen yBomHe riaBe rjie ce jaje OCBPT Ha akKTYENHOCT o0iacTH, Jpyra IjaBa jaaje
OCHOBHE NIOjMOBE M BenuuuHe 0 ¢uinTpuma. HaBeneHe cy OCHOBHE ampoKcHUMaldje Koje ce
KOpHCTE KOJ NPOjeKTOBama MHKpOTalacHuMX ¢uirapa. Pe3oHaTop ce yBOOM Kao OCHOBHH
rpaguBHU eneMeHT ¢unTpa. [locmarpajy ce mosyTanacHH M YETBPTTAIACHU PE30HATOPH Kao
OJICeYIY BOJOBA.

Tpeha rmaBa mgaje mperyien CTPyKTypa 3a Boheme eJIeKTpPOMAarHeTCKux Tanaca. Jlate cy
OCHOBHE KapaKTepHCTHKE CHCTEMa 3a Boheme Tajlaca, TUIIOBU BONEHHUX Tanaca, IPOCTHpabe
tamaca kpo3 mnpaBoyraoHu TaimacoBox (TE u TM Tamaca), cHara Koja ce NPEHOCH
MPaBOYTaOHMM TallaCOBOJOM, Ka0 M TAJIACOBOJHE KOMIIOHEHTE. AHAIM3UPAHH Cy U IUTaHAPHU
BoJOBH. JlaT je mperyien pe3oHaTopa y IUIAaHAPHOj TEXHHIM, K0 U OCHOBHHMX KOMIIOHEHTH
peanu3oBaHuX MMoMohy IUTaHAPHUX BOJOBA. AHAIM3MPAHU CYy PE30HATOPH Ca JETHOM U BHIIE
PE30HAHTHHUX YYECTAHOCTH.

VY deTBpPTOj TNIaBM ONKCaHA j€ OMIITa TEOpWja CHUHTe3e (Quitapa ca CIPETHYTHM
pe3oHaToprMa MMO3HAaTa MOA HasuBoM JlumranoB meroa. MeToa je ommcaH Ha MpUMEPY
¢uiaTapa NpomMycHHKAa ¥ HENpOIyCHHKa OIcera ydecTaHocTH. lIpeicraBibeHa je oOmMITa
Teopuja cuHTe3e (uiTapa mocpeAcTBoM KoeduiMjeHara crpere JBa pe3oHaropa, Q-dakropa
ontepeheHor u HeomnrepeheHOr pe3oHATOpa, M IICHTPAIHE YYEeCTAaHOCTH (HITPa, Koja
omoryhasa na ce Haljy cBe moTpeOHE reoMeTpHjcke auMeH3uje hunTpa 6e3 003upa Ha IHJBHY
TEXHOJIOTHjy peajin3alnyje. 3a HUbHE TeXHUKe ofabpaHe Cy IUIaHAPHA M TaJaCOBOAHA TEXHUKA
Kao jelHe O Haj3aCTYIURCHHUjUX MIPH MIPOjeKTOBAKY CABPEMEHUX MUKPOTAJIACHUX KOJIa.

[MnanapHu GUITPH Cy aHANTU3UPAHH Y YETHPH INIaBe KbUre (IeTa, MiecTa, ceiMa U 0cMa
TI1aBa). AHAIM3UpaHU Cy QWITPH Y MHKPOTPAKACTO] TEXHHIM Kao INTO Cy MPOITYCHHIN
HHCKMX YYeCTaHOCTH, BHCOKHMX YYECTaHOCTH, IIPOIYCHHIM M HENPOIyCHHLH OIIcera
yaectanoctd. Jlar je mperiies peanusanyja ¢puiitapa ca U 03 CIperHyTux BojoBa. AHaiu3a je
MpPOLIMPEHa Ha TMPOjeKToBabe (UITapa y BUIIECIOjHO] TeXHUIM. PasmaTpaHe cy peanuzanyje
¢buiTapa NporycHHKa OICera Y4YeCTaHOCTH W (riTapa ca JiBa M TPH HPOIYCHA OICera.



1. VBox 3

AHanmM3MpaHO je ¥ TMpOjeKTOBame (miTapa ca KBa3H-KOHLCHTPHCAHUM €IEMEHTHMA.
[Ipukazane cy u peanmzaiyje peKoHPUTYpaOmIHUX (praTapa KopumhelmeM MEMPUCTOpa Kao
MpeKuaya Ha MUKPOTAJIIACHUM ydecTaHocTHMa. [Ipuka3aHo je u mpojexToBarme GuiTapa Kaj
ce KOpUCTE PE30HATOPH Ca JIBE WIN TPH PE30OHAHTHE YUECTaHOCTH.

[pernen TanacoBoaHux (uitapa IaT je y 4eTHPH IJIaBe (JEBETOj, AECEeTO], jeaHaeCTO] U
JIBAHACCTO] TJIaBH). AHATM3MPaHH Cy TPOIYCHHUIM OICera YYeCTAHOCTH Ca PE30HAHTHUM
nperpajama nocraBjbeHuM y H-paBan TamacoBoma. IIpBo ce naje mperiien pe3oHaropa ca
CKBMBAJICHTHAM €JIEKTPHYHHAM IeMaMa. [lpukasyje ce mpumep peanusandje (uiTpa
MPOITYCHHKA OTICETa y4eCTaHOCTH Tpeher pela ca pe3OHAHTHHM TperpamaMa. 3aTuM ce yBOIE
¢untpu ca aBa mpolycHa omcera. Pasmarpa ce u peamusaipja Guirpa ca pe30HAHTHUM
mperpajama IOCTaBJbeHMM Yy FE-paBaH TamacoBoja. YBOAM ce (Quirap ca MeTalHOM
mperpagoM. AHanmsupa ce MoryhHocT moBehama CeTeKTHMBHOCTH (DHIITpa, Kao W Tojena
MIPOITYCHOT OTICeTa Ha TO/IOTICETE.

VY jemanaecTo] M ABaHAECTO] TJIABM HM3JIOKEH j€ MOCTYNAK IIPOjeKToBama Quirapa
HEIPOITyCHHKA OIICera Y4eCTaHOCTH Y 3aBUCHOCTH OZ PaBHHU Y KOjy ce IIOCTaBJbajy Pe30HAHTHE
nperpaje y TanacoBody. Ilpukasyjy ce M eKBHBaJECHTHE LIeMe, Kao Pe30HaTopa, Tako M
¢unTpa. AHanu3upaHu cy W GWITPH ca IBa W BUILIE HENpPOIyCHUX oricera. [Ipukasyje ce
MoryhHOCT peanu3aiije HHBEpPTOpa UMja je Ay >KHHa Mamba Of CTaHAap/IHe.

Y KBHM3M Cy NpUKa3zaHe W CTPYKType 3a NPENU3HO MO3MIHOHHPAHkE PE30HAHTHHUX
Iperpaja yHyTap TajJacoBOZa, KOJ pealn3alyja Koje pe30HaHTHe Iperpaje craBibajy y H-
paBaH TajacoBoja.





