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Tporpec B cyvacHiil TeXHilli Pamioss'ssKy, pamioNokanii, Hairamii, pagioacTpoHOMii, 05OPOHHIX 06IACTX
PATI0eNeKTPOHIKH, B TOMY MHCTI i B 0GMACTi pamioeneKTPOHHOI GopoTBOH, a TAKOK HAYKOBHX JOCTIDKEHHIX
HEMOKIHBHII Ge3 BHIePEVKAKMOro PO3BHTKY PaNiOBHMIPIOBATLHOI TexHIKH. IIpH UBOMY iifle 0CBOCHHA HOBMX,
OiMbII BHCOKOMACTOTHHX MAMAOHIE XBHIIL 3 POJIIHPEHHAM cdep 3ACTOCYBAHHA Takoi TeXHIKH 3
MepCIeKTHBOK i MACOBOrO BHKOPHCTAHHA B OGMACTi CyNYTHHKOBOTO 3B'A3KY Ta MOBNEHHA, iHdopMauiiiHo-
OGHCTIOBATLHAX CHCTEM, MEAHIHHN, YIPABIHHI TPAHCIOPTOM, GesmeKn i 1.1,

VIOCKOHATeHHA PAIioBHMIPIOBATLHEX N30M/Mb MeHHA WHPOKOoCMyAKoBocTipnnanie HBU iie mo mumaxy
NiXBHIEHHA TOYHOCTI | POSMIHPEHHA MeK BHMIPIOBAHB,, PO3IIHPEHHA TIACTOTHOr0 NANA30HY B 0671acTh
MiTIMETPOBHX ~JIOBKHH XBIUb, WiABHINEHHS HAGHHOCTI, 3MEHUIHHA TAGAPHTIB i MACH, CTBOpeHHA
GAraT 0 YHKIL 0 HATL HIX NP HWIATIE, WiTBHIeHHS CTY e s ABT 0MATH3 AL,

Tpurnun mi Simbmocti pamioBHMiploBambHIX npitanie HBU nianaszoHy 3acHOBAHHI HA BHKOPHCTAHHI
nep eTBoproBaAviB uacToTH. Ile — BXinHi NpHitoMHi aG0 BHXITHI NepeTaBabHi TPHCTPOL.

Jlna neperBopenns uactorn HBU CHIHATB BHKOPHCTOBYIOThCA HAMIBNPOBIIHHKOBI NPHIATH PizHOTO
OPHHIUNY il | IPH3HAIEHHSA, HA OCHOBI AKHX PO3POGIACTLCA MIHPOKA HOMEHKTIATYPA NMePeTBOPIOBAIIB YACTOTH:
METEKTOPH, 3MIWIyBai, CTPOGOCKONMYHI MepeTBOPIOBAIi, NOMHOAKYBATI, IUMbHHKH, TeHEPAropH TapMOHIK,
MOZIYIATOPH

HAlGib I MOINp eHIM, 0CHOBHHM THIIOM Ne eTEOPIOBAMIE ¢ SMilIYBATi TA MOMHOKYBATI MACTOTH. A
HAIG1/IBbITe MOMIHPEHHA B CAHTHMETPORBOMY 1 MUTIMETPOBOMY JIANA30HAX XBH/Ib, 3aBIAKH MEHIIOMY PIBHIO IyMiB i
GBI BHCOKIT IBHIKOZIL, OTPHMAIH JioXHi ep eTBoPIoB A (B MOPIBHAHHI, HAIPHKIIAM, 3 TPAH3HCTOPHIMI )

o 3MiLIYBATIB BIHCYBAKOTH CS TAKI BHMOTT:

— BHCOKA Iy TJIHBICTD, IO BH3HATAE BHABILIKOMY 37aTHICTB MPHIIMaTa;

— Masa BeHIHHEA KoeilieHTa Iy y:

— MiHIMATHi BTPATH MepeTBopents;

— IIHPOKA CMYTA POGOUHX TACTOT, AKAB OCHOBHOMY 3a/Ie;KHTh BiJl KOHCTPYKI 3MIilTyBata;

— TapHe MPHAYNIEHHS NOMHIKOBOTO CHTHATY MO J3ePKATLHOMY KaHATY, a TakoK KOMOIHAUINHHX CKIATOBHX
YACTOTHOTO CIEKTPY:

— BEJTHKA PO3B'A3KA MUK MOMIOCAMH;,
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— BEMHKHIl JHMHAMIMHHI JANa30H BXIHHX CHIHAMB, U0 XaPakTepPH3yeTbcs AK AKTHBHHMI eNeMEeHTaMH, Tak i
CXeMOI0 OGYIOBH 3MIlTyBava;

~BIIHOCHO HH3bKA HeOGXITHA MOTY/KHICTH TeTEPONHHA, AKA BH3HAIACTBCA AK AKICTIO TOMIB, PE/KHMOM iX poSoTH,
TaK i KOHCTPYKTHBHHM BHKOHAHHAM 3MILITYBava.

OCHOBHI NP HHIHITH MOGYXOBH MOMHO/KYBAYEll ACTOTH 3aHIIAKTHCSA, 3BHYAIHO, cupaBeqmuBuMi i B HBT
mianmasoni. OfHAK cmoco®H IX peamizamii MATb IeBHY cmemH(IKY AT LBOTO JIAma3oHy 1 MOKYTh HOMITHO
BapIIOBATHCA 17 JENHMEeTPOROI, CAHTHMETPOROI Ta MiMiMeTpoBOi oGmnacteil. EHepris BXimHoro i BHXiTHOTO
KOMHBAHb MEpPeNAcThCA 3a JONMOMOIOK BIINOBIMHHX MiHill mepenadi. QUMBTpamia KoMHBAHbL BHKOHYeThcs HBT
PE30HATOPAMH: KOAKCIATHUMH, XBIICBOIHHMH T iHITHML. [T y3rOLKeHHA IMIeTAHCIB TAKK BHKOPHCTOBYIOThCA
cneniambHi moromwkysamai HBU npuctpoi. Budip nminiit mepenaui, pesonaropis, Tuny HBY miona, y3romkyBabHIX
NpHCTPOiB i CMOCOGIB PO3MIMEHHA iOTA B CHCTeMi — Taki OCHOBHI (paKTOPH, M0 XApAKTePH3ykOTh KOHKDeTHIt
MOMHOKYBAT

TakuM HHOM, 3 BHIIECKA3aHOTO MOBHHHO GYTH 3p03YMLIO, [0 3AXAYI NP 0eKTYBAKHA Ta JocTikenus HBU
MiOTHHX TepeTBOPIOBATIB ACTOTH, IO NOCTAB/EHI B JAHIIl arecTauiiiHiil poGoTi, € He TIIBKH AKTYATbHHMH,
ATe i BUMArAKTS BKHBAHHA NPABIWILHHX PIlleHb Y BHGOPI AKICHAX AKTHBHHX eJeMeHTIB, PEAHMIB ix poSor,
CXeMHHX 1 KOHCTPYKTHBHHX ITITXOIB .
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NEPETBOPIOBAYIB HACTOTH B HBY

TPHCTPOAX

3nimyea YacroTn

2 XA AKTEP OM OIIOPY Ile €TBOPIOIOTIOro elleMeHTA 32 THIIOM IIep €TBOPFOKOIOT0 €TTeMEHTY:
® Pe3HCTHBHI (MAKOT HEMiHIFHY BOBT-a MITEPHY © MaCHBHI (Ti07Hi),
XapakTepHCTHKY (BAX)): ® AKTHBHI (TP aH3HCTOPHI).
@ ) EAKTHBHI, 3A3BHMATL €MHi CHi
TLep €TBOPFORO*IIIMIT €/TEMEHTAMII 3MILTYBAHE € 3 CX€MOKO BRITIOVICHHS HETIHIITHOT 0 e/TeMeHT A
© oGepHeni TyHenbHi giom (OT/T), © HeSATAHCHI 200 OTHOTAKTH,
® BAPHKATIH,  GanaHcHi a60 ABOTAKTHI,
® TOUKOBO-KOHTAKTHI Jioan (TK]T), ® MOJBIITHI GamaHCHI a60 KiMbLIeBl.

 gioan 3 Gap'epom Mottt (JBIIL).

3 TOYIKH 30PY P 060TH 3 IePLI0K0 200 iHIIHMIT HOMe]p AMH I APMOHIK
o GanascHHMH (B3) aG0 mOABIFHIMH GamaHcHHMH (I1B3), AKi MPALFOIOTE 3 TIEPLIO TAPMOHIKOKO TeTep 0HHA,
® TAPMOHIKOBHMH (Cy GrapMoHiKopHM) (I'3, CT'3), AKi MPAITOIOTH 32 MATHMH HOMEDAMH FAPMOHIK TeTep OIHHA.

EKCIUTY ATALHITH AK 0 CTi 3MIlYBA'IE BH3HAIAKOTE CA B eJTHKHM
“IHICTTOM OK AZHIKIB

® [Tiana3son pobowsx Yacmom 1o KOK#CHOMY 3 ROpIis;

© Bripamu nepemeopenns;

o Koegbiyienm nepemeopenss abo xoeiyienm nepedati

® Koepiyienm wiymy,

® Pigens i AKICMy CUSHany eemepoduna;

* Foss'aska (i30n9yig) nopmis;

® V32000CeHH NOBHILX ONOPIE (iMnedancis);
 HeninifiHicms nepemeopenis abo HemHiilsi Cromeopesis
nepemsopents;

* OorodayubensHa motka xoMnpecit;

o JunamiHuil Olanason;

® Touka nepemuxy mpemso2o NOpaoxy.
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Tonopriv Hegostikom HBC ¢ TMepeHeceHHs aMITHTYIHIX IIYMIB IeTepOHHA Ha CHTHAT MPOMiAHOI wactotH. Ie
TPH3BOJHTB 10 3HATHOTO POCTY KoeillieHTa Uy My 0COGMHBO IPH HH3LKIHX 3HATeHHAX ITU, 60 B BHCOKOYA CTOTHIN YA CTHHI
AiamazoHy HBU, KOJH LIy MH TeTepOHHIB iCTOTHO 301bIIyIoThcA. Uepes He B HB3 KoeilieHT Iy My Moke Z0csaraTH 10 — 15
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Iepeparn B3 mepenHB3:

1) 3ABA1 230BOMY TIPHY LIEHHIO LIy MiB T€Tep OTHHA KoeiLlieHT LIy My JHILKY €ThesiHa 2 — 5 1B;

2) BCA MOTYAHICTh CHTHATY TeTePOJIHA HAAXOTHTL Ha 1iof, TOMY MOAHA BHKOPHCTOBYBATH IeTepONHH MeHIUOI
TOTYAHOCTI;

3) 30BIAKH MPHIYUIEHHIO B GanaHCOBiH (XeMi MAPHHX TApMOHIK reTepOIHHA PiBeHb MOOIMHIX CHIHATIE 3HATHO
MEHIIHIT, AK HA C/Ti 10K — ML ABHIITY €Th CA CTIFKI CTh 1 JHHAMIMHHI JiaTa30H;

4) TJBHUTY €ThCAA €EKTPHYHA MILIHICTB 3MILBaYa, TAK AK MOTY KHICTh HAAXOZHTB Ha 2 1i01a;

) MPH BHXOI OHOTO Ji0TA 3 TAZY CXeMA 3aTHIIACTHCA TPALIEAATHOI, TPOTE PIBeHb BHXITHOTO CHIHATY IPH LBOMY
Tagae aeck Ha 316, a KoedillieHT Iy My 3pocTacHa 5 —61B;

6) BIPATH MPHIHATOTO CHIHATY 33 PAXYHOK MPOCOMYBAHHA €HEPTil B KT TeTep OMHHA He3HATHI 3aBIAKH BHCOKII
P O3B'I3LH MOCTOBHX CXEM.
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TIB3 X03BOILTOTH 32 GE3MENHTH (a30Be IPHIYIIEHHA Ha 9ACTOTI J3epKATLHOTO KAHATY i BiJHOBMEHH eHepTii Kommarh T B
TIY Ge3 BHKOPHCTAHHA BXiTHOTO GUILIPY, IO A03BQNIAC 3MEHITHTH BTPATH, 301TBIIHTH JHHAMIHIIT TiaTa30H | MAKCHMATbHY
JIOTTY CTHMY TIOTY AKHICTb, 353ty e GLTBII IIHPOKY CMyTY P 0GOMHX A CTOT.

oc e HEJOHKIL 3P0CTAHHA Heo GXiIHO1 MOTY KHOCTI TeTep OAHHA Ha 3 1B B MopiBHAHH 3 B3
TIPH BiICY THOCTI 3CYBY; He3PY™IHE P 03TAIIYBAHHA i O/IiB.

7 CHy
Kinbueri 6ananci smimyea (KB3)

Soim 3ae3MeTyIoTheA  HATKDAIL  eMeKTPITIH
- MAPAMETPH  3ABIAKH  BHKOPHCTAHHIO
* BC AioaHOro MocTa (JIM) 3 YOTHPBOX JiOMiB i

- IIHP OKOCMYTOBHX AHep eHIIATLHIT
TpaHcpopmatopie.  KB3 € Oimbimn
IHPOKOCMYTOBHM, HiK ITB3 OCKITBKH B
HIX MK TPaMH JiodiB HeMAae MiHifl
37 € JHAHHA.
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V3TONLAYIOTHMI
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cxema ITK3

EdextieHe sacrocypamHA KB3 B Texmiyi HBU JiamasoHy MOKTHBO JIHIIE TPH BHCOKOMY CTyTIeHi CHMeTpii
mHdep eHLI ATBHIX TP AHC) OPMATOPIB 1 J10/1iB.




[image: image8.png]He JMBIAMHCH HA 1CTOTHE 3MEHIIEHHA ralapHTIB, NPH BHKOHAHHI T€p €TBOPIOBAIE B OJHOMY KPHCTAT BaKKO
peanisyBaTH HeoGXiTHI PO3B'TKH KAHATE, WO NPH3BOIHTL J0 OGMEKEHHA MHHAMIYHOTO Miar3oHy MpHITHATIX
CHTHATIB.

TIput riep ereopermi HBU CHIHATY Ha OCHOBHIll A CTOTi TeTepOIIHA B Aiama3oHi wactor prmme 18 ITHI, 5K Npapmwo,
BHKOPHC(TOBYIOTh (XeMY SATAHCHOT0 3MIIYBaIa. TIPH LLOMY i30/UL1A (PO3B'A3KA) KAHATIE JOCATA€ThCA 3ACTOCYBAHHAM
JBOKAHATLHOT 0 (inbIpa (Iyrriexcep) ado MOCTOBHX NPHCIPOIB, B AKHX VI TepeTavi CHIHATIB BHKODHCTOBYIOThCS
KOMGIHAIII MAp XBHTEBOTHIY, MIUTHHHIY, KOIMIAHADHHX Ta iHINHX MiKDOCMYAKOBHX JIHIff, B SKIX CHTOBI JIil
/TEKTPOMATHITHILX TIO/iB MAIOTH OPTOTOHATBHY OPi¢HTALII. OHAK, AHATL3 TIOKA3ye, 1O LA PO3B'AIKA “aCTO HEX0 (TATHS
AT BHKOHAHHSA BHMOT 1O SHCTOTH CTIGKTPY BHXIZHOTO CHTHATY, TOMy AOJATKOBO B MOXYIAX IIEpETBOPIOBAYE TaCTOTH
HeoOXiTHO BR/OINTH B KaHAT BHXiZHOro curHamy ITU QinbTp HIBBKOI “IACTOTIL B TIeTep OMIHHIIT KaHAT XA
P XYL CHHA TAPMOHIK — CMYTOBHIT (PTBTP, B KaHAT BXigHoro HBU CHIHATY — CMYTOBHIT QUMb J1A NPHIY LU CHHA
A3ePRATHHOT 0 KAHATY, a /1A MMM eHHs Ha BHXOTi Bi/JHOIIEHHs CHIHAT/IIY M MizK AHTEHOIO Ta TI€p €TBOPIOBAYEM 1A CTOTH
BKTIOYHTH i AcHmopa1 HBU cHrHamy.

3"CTHAHHA OKPEMIX eIeMEHTIB 3 HEBUIOMIMH iMIEJAHCAMH B JiaIIA30HI MACTOT KOMOIHALIFHIX CKTAJOBHX
SMITYBAIa MOZKYTh IPHIBOMITH 10 Pizkol MopBaHOCTi Ta NpoBatie AUX B PoGOHOMY iarma3oHi wactoT. ToMy OULTHHO
PO3PAXYHOK i MPOEKTYBAHHA WIHPOKOTIATIA30HHI 3MILIYBAYIB 3iICHIOBATH K CTBOP €HHA KOMITIEKCHIX TPHCTPOiB, WO
MICTATE  QUIBTPYITI elleMeHTH B KOAHOMY KaHATL. KpiM TOro, BAKTHBIM MHTAHIAM ¢ MIHIMBAUIS MOTYRHOCTL
reTep O[FIHHOI 0 CHIHAIY. 10 3a0esriedy ¢ M/ BTPATH Iep eTBOP eHHA Ta Heo GXiIHI AP aMeTPH 10 iHTepMoIy A=

CTIOTBOP €HHAM.
TLopiBHAHHAAP AMETPIB PiHILS 3MIIYBIIE 1 CTOTH
Thapaxerp Saiysan
03 53 153
Posp'aixa cirnaz-rerepoun * Bemka | semika
cnrnaa-ITd cepeans | _cepemun >>
retepom-TTT > Bemixa >
BiAHOCHA WLIBHICTS CHIHATY KOMOIHALLIHILX HacTOT 1 05 025
Tipiiymenns uysy retepoina nexac fcnye icnye
BiHOCHITE UHAMi THILI Jianazon 0 3B 616
BLAHOCHA IOTYAHICTS TeTepotiy 0 3ab 616
BLAHOCHA MAKCHMATOHA IOTYAHICTE 0 316 615
Hanpyra npo6oto zioza, e Eo w14 1153 2E, Eo Eo

* _ 3a71eKITh BUI METOJTY NOJAHHA CHTHATY IeTepoITHA
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[image: image11.png]B namminaace manasoH HBY BHKOPHCTOBY€ThCA 3Ae0LTbIM € §ATAHCHI CX eMH, K MAIOTh CBO1TI€p €BATH 1 HEJOMIKI, 1 1
OGMACTH iX 3ACTOCYBAHHS 3ATE/KHTH BiJi KOHKDETHIK BHMOT 10 MMIA30HY ACTOT, KPATHOCTI MHOKEHHS TI0 SIACTOTI,
PiBHA Me€peTBOPIOBAHOI TMOTYKHOCTI, NPOCTOTH peanizamii, radapuram, Basi Ta iHmme. Ha wactotax Jo
TPLOXCAHTHMETPOBOTO JAIA30HY HATIGITEIIOTO TIOMIN €HHS HAXOATH KOHCTPYKILi [0 y MikpOCMY/KKOBOMY BHKOHAHH.
BOHH Jy/ke TEXHOTOMNMHI, 3PYuHi A1A CepiiHoro BHPOCHHUTBA, MPOCTi B HATAIITYBAHHI, MAIOTH MATi FaGApHIH i Bary.
3HAMHO MeHIIe 32CTOCYBAHHS SHAXOIATH KOHCIPYKLIi B KDAKCIATHHOMY Ta C My’KKOBOMY BHKOHAHHI, V GUTBLI BHCOKOMY
YACTOTHOMY JiaTIa3oHi 3pOCTAIOTh BIPATH B MIKDOCMY/KKOBHX JTiHIfX, i TOMEIPHMHI POSMIpH LFIX TiHill CTAIOTH Jyike
MATHMH, WO YCKTAJHIOC TPOLEC HATAITYBAHHA Ile MPIBBOTHTE 10 HeOGXIAHOCTI BHKOPHCTAHHA XBHTEBOTHIX
KOHCTP YKL

Cxema modynoBn IToU Moke BIBHAIATHCA i KOHCTPYKINCK HASBHIX THINB TOMHOKYIO'INX TiOWB, 110
AAIOTH HANKPAII eHePTETHHI Ta CTIEKTPAThHI MOKAZHHKI B 3a1aHOMy JiamasoHi WacTor. TIPH BHMO3i MAK CHMATHHOT 0
PiBHA BHXITHOI MIOTYKHOCTi BHKOPHCTOBYIOTh KOHCIPYKIIi, B AKHX KATOMH 000X TioiB 3'cIHAHI 3 Terwopixsozom IIpH
MOMIPHIX PIBHAX MOTYAHOCTI GUTBII JOLWTBHHMH 3 TEXHOMOTMHOI TOUKH 30pY € CXeMH, 10 J03BOIAI0TE BHKOPHCTOBYBATH
Ai0JH 3 GATOHIIMH BHB 0712 MH.

V THX BHIAZKAX, KO He NpEXABJACTHCA O0COMIBIX BHMOI J0 CMYTH POGOSIIX “IACTOT, y AKOCTI
GanaHCHIX TPAHC(OPMATOPIB Ta MGPHAHIX MOCTIE MOZKY Th Gy TH BHKOPHCTAHI SLTbII 1P 0CTi, TEXHOMOri*Hi it KOMIAKTHI
CXEMH i, HABIAKH, BHMOTA JI0 MAKCHMATBHO IIHPOKO CMYTH aCTOT MOKe MPH3BECTH 0 HeOGKiAHOCTI 32 CTOCYBAHE GibIIl
CKITAJHILS CXeM.

JTesKi 3ar A7Ib Hi I HEINIIH BHOOP Y ONTHMAJbHOI KOHCTD YKIHi IIOMHOK YBAIA “IACTOTIL

— CHMETDist CXeMH,

— OP TOTOHATEHICTE MOMIB BXiTHOTO/BHXIIHOTO CHIHATIIB,

—npoctoTa p eanizauii PLTBTpiB;

— MAKCHMASTEHO T O CTHIT Ta LI OKOCMY TOBHIT 38'5T30K TIOMHOZKYIOMOT0 BY'37Ta 3 BXiTHHM/BHXi THHM TP aKTa M,
— MOKITHBICTb Ta JIETKICTD P eIVIIIOBAHHSL
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TIPHHLIIOBHM ITHTAHHAM Ha CaMifl MOYATKOBIH CTaZii MPOEKTYBAHH Iep eTBOPIOBAIIB ¢ MHTAHHA MPO BHGIP MeToTy
P OIPASYHKY

UACOBi MeTOWH PO3PAXYHKY J03BOMIOTE PO3PANOBYBATH 3 BHCOKOIO IOMHICTIO BCi OCHOBHI XApaKTePHCTHKH
HeTiHITTHITX MPHCTP OB B PeAIIN BeTHKOro CHTHATY. OHAK BOHH XapAKTEpH3YI0TheA CKATHICTIO ANITOPUTMIB, BHMATAIOTH
BHCOKOTO MATEMATHMHOI O PiBHATIT OTOBKH ) 030 SHHKIR , BLDi 3HAEOTh ¢ BEMHKHMH BHT] aTAMH MALIHHHOTO 4aCY.

UaCTOTHI_METOIH PO3PAXYHKY OUIBIN MPOCTi, HADLLTHI, aTe iX MOKIHBOCTI B IUIAHI PO3PAXYHKY XapaKTeHCTHK
HIiHITTHIIX TIPHCTP OB GLTBII 05 MesKeH:.

Hali6ims1 ONTHMATLHII [TX1 NOMATAE B MOETHAHHL MaCOBOTO Ta MACTOTHOTO METONIB PO3PAXYHKY 32 HACTYITHHM
aropHIMOM

1. PO3paxyHOK Iep eTROPIOBAMA ACTOTH B UACOBIIT OGMACTI B PeAIMI BETHKOTO CHTHATY HA LIEHTPATBHIN MaCTOTi 3
METOK) BIZHATEHHS JHHAMIMHIX iMIEJAHCIE JioNiB B GATAHCHOMY PeXHMI i MApaMeIPiB MPHCTP O, BiATOBUTHIX
OMTHMATBEHOMY P eAHMY p 0GoTH — MakcHMy My KK a0 MaKCHMYMY BHX1THO1 IOTY KHOCT

2. Anp OKCHMALIISTHHA MiTHIT. HMITETAHCIB 10Ty IO CTTiTOBHHM €KBIBATIEHTOM;

3. Po3paxyHOK TIepeTBOPIOBAYA B “ACTOTHIiT 06NACTI HA MIACTABI PE3YILTATIE, OTPHMAHHX B TIOTIEPEHIX MYHKTAX, 3
METOkO ] 03paXyHKY HOT0 XaPAKTEPHCTHK B CMy 3i P 05O 14 CTOT i [105Y JOBH LIHP OKOCMy TOBHIX Y 3T OUKYIOHX Kill.

Po3paxyHOK Y YacoBiit 0GmacTi Moske Gy TH I OBEIEHHIT B JEKUTHKOX YaCTOTHIIX TOUKAX, 4 JHHAMIHI iMITeTaHCH AiofiB
AT OKCHMY BATH GLTTBLL CKITA JHHM eKB{BATIEHTOM.

BHKOPHCTAHHA THY YH {HITHX MOJeNeli 1i0IiB BH3HAA€ThCA XAPAKTepOM BHXIIHOT iH(OPMALIii, HeoTXi/IHOI TOUHICTIO
VHKY, JHATIA30HOM P OGOUILS 1A CTOT, CXeMOFO BKITIOeHHA 11012 B 30BHILIHE KOJO i IEAKHMH iHIIHMH (aKTOP a M.

popa:

Kop 0TKo p 031sIHYTo Moeri xoais /TH 3 11 1ep eTBOPIOBAYIA IACTOTIL
— mudyiiiHo-Apeiidopi piBHAHHS,

—mozens Johnston-B ooty -
—mozems Burckhardt C.B. " G
—Monens B.€. Tetpopa; 5% L] o

—mMozenb Schunemann; P

— T. AraxansHa L)
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BHKOPHCTAHHA 33 CO0iB ABTOMATH30BAHOTO NP 0eKTYBaHHA. Cep e HaIIGLITBII Oy IAPHIX € Ha CTYTIHI 3aCOGHG

m Advanced Design System (ADS;

m Ansoft Designer
u Microwave Office

u CST Microwave Studio

m HFSS (High Frequency Structure Simulator)

Ha ocHoei

Microwave Office)

MPOEKTYBAHHA TA AHAJII3 HBU SMILIYBAUA YACTOTH

B aTecTaLiiiHiit poGoTi 0NpaLkoBaHO GATAHCHHIT 3MILIYBAY TPOXITHOTO THITY 3 (OPMYBAHHAM MPOTH(AHOTO CHIHATY

TeTep OHHA MIUTHHHHM ] €30HATOP OM.

3 MTOI0 3MEHIEHHsT BIPAT TIepeTBOPEHHS B 3MITYBAUAX, 3HILKEHHA HEOOXUTHOTO DIBHSA 110
3MeHIIeHH HePIBHOMIPHOCTI AUX NpOTOHY €ThCA NMPOEKTYBATH GATAHCHI 3MIYBadi Ha Ge3KOpITy CHHX Jiomax 3 Gap’epon

MPOBENEHOTO AHATZY TPOIPAM  MOTETIOBAHHT
TPHCIPOIB, AIA BHPIIEHHA 3aBJAHb ATECTALHITHOI POGOTH MOKYTH
GyTH 3aCTOCOBAHI TPOIPAMHI KOMITIEKCH, SIKi 3a0€3TIEdyIoTh JOCTyTl
A0 miHiffHOTO i HemiHiiHOro MomemoBaHHA (Ansoft Designer Ta

OCTi TeTep OHHY,

IorTsar (JIBIID) a60 AioqHIrs 36ipKaxX AK € HHIET HBU BY3071 CHIUTBHO 3 BXITHHMH T2 BHXITHHMH (iTbTPaMH.

ArOpHTM P 0 eKTYBAHHA MOJIATAC B
HACTYIHIIX €TANAX:

1. BuGip 3araneHol
3ninTyBaYa YacToTIL

2. BHGip CIpYKTYpH i pO3pAXyHOK
KOHCTD YKTHBHO-TEXHOMOTIMHHX

KOHCTPYKIIii

mapaMeIpis  QUIBIPIE  BHXOLTIH 3
HeoGXiTHIT XAPAKTEPHCTI
3MilIyBata.

3 ONTHMI3AMIA  KOHCTPYKTHBHHX

€/IeMEHTIB 3MIITyBaa T 10 CATHEHH
32 JAHHX APAMETPIB.

fe.TTu | fr.TTu | fia, ITu | Jlianason wactor 3 meoGxiammm oc1abaennam 45 a6, ITu
Tepxambiut xanan 20 — fuap
32 0-14 32-46 50-64

Poapi3 kopnycy 3 eudom nnam, WO POIMAaWIO8aHi Ha U020 IUKLOEIU CMOPOHI

Ulinunwuis pesonamop

{

Tepeniuia 5 ponbzu
ECKi3 3MIIIVBa4ua 14 CTOTH TP OX1,JHOTO THITY

Bxid zemepoduny |
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PO3PaXyHOK CMyTOBOT0 4edHuIeBcbkoro pinstpaana 14
TIP 0€KTY €MOT 0 TTep eTB OPIOBAYIA “1a CTOTH BKTTIOUAR B Cede
HACTYTHHi eTamnI

@ BHOID NPOTOTHITY HILAHIX CTOT 3 Heo G THIM THCTOM
PEAKTHBHIX eNeMeHTIB, 1o 3adesmeuye 3agaHy Qopmy AUX
gimeTpa:

® HAXOLKEHHA Mo (YHKUii (LTBIpaLii HOPMOBAHIX
eeMeHTIB  (iMbIpa, WO 32J0BOMBHAOTE YMOBI peaizaLi
Pimetpy

® BIBHAIEHHA MapaMeTpip Himefiie i BiAPI3KIB MiHIl 110
HOP MOBAHIM eTTeMeHTa M.

CIpYKTypH (QiTBIpY CKTaJaeTheAd 3 JAHOK Y BHOLA
BIAPI3KIB /4 THiIT Mep e1ati Ta KOP 0TKO3aMKHEHIX ULTefi(in

o

f g ——
—a—————— o

Ps

oo o0

LI rrrrte |

Frrrererr |

29.51

OTpHMAHO: BXiJHITT QLTBTP HA KBAPLIOBIT ITiKTA JHHLE TOBIIHHO0 0,3 MM 3
BIPATAMH B CMy3i TPOITY CKAHHA MeHII Hik 1 1B, Ta piBHeM 0CTaGreHHA B HeOGXiHIl CMy3i 3aMHKAHHA He MeHIe 45 1B.

UHCTO0 P e30HATOPIB

11. BRaskae Mo, 10 JOXATKOB € 0CTa GNeHHS BHO CHTB BICK THIiT P HU
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crzsszen TIpH MOJETIOBAHHI CXeMH (iNBIPa 32 JOTIOMOTOK TAKETa

AWRDE B AKOCTI Moeleii 3’ THYBATHHIIX eTeMeHTIR (BiIPi3KiB
MCTL, TPIfHHKIE i 3a3eMTIOKMIX OTBOPIB) BHKOPHCTOBYBATHCA
BGY10BAHI MOJIEI IIHX eTEMEHTIB.
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HEES

1812
5]
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——3
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freq [GHz)

freq [GHz)
JaCTOTHI Xap AKTEPHCTHKH Koe(illi ¢HTIB TTep eXati Ta BIAGHTTA GinbTpa: 1
3 — (pLIBT ¢TI ONTHMI3ALI 1 4 — (IMBTP Ha Mogenax MWO

ineaNbHITT GimbTp: 2 — GLILTP J0 ONTHMI3ALII

HactynHiii KpoK aBTOMATH30BAHOTO PO3PAXYHKY Ta MPOEKTYBAHHA — ONTHMI3AIIA KOHCTPYKTHBHO-TONOIOTi*HITX
€JIEMEHTIB 3MIIYBa*Ia. ] IHOT0 BHKOPHCTOBY €MO TIPOTPAMHIIT KoMITIeke Ansoft Designer, sKiii Mae eeKTHBHI i TOUHI
METOH Ta TOTYKHi A7ITOPHTMI MO ETIOBAHH
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ChyroBi (iTETPH B TPAKTI reTepomiTHA

Mozenb 3MuryBada p 0Xi JHOro THITY

MisK TOUKOIO T IKITIO eHHA i 01iB i

‘Brrsi gemn S HT BBoHTE C1 Bigpizok MCTT (12, 12)
3 METOK CTBOPEHHT Ha Cep eIHiil poSouill 4acToTi
TYYHOCTI HATPYTH BXLZHOTO CHTHATY B TOWLL
THAKTION eHHA A1 018 MPH BiAGHTTI Big OHL

So0om MisA BXigHiM CTI® i TOUKOK T AKTIONeHHS
Ai0TiB TeK BBeIeHHIT BiApizok MCII (W1, i1) ana
Buxid 3aT0GiraHHA WYHTYBAHHA BXiTHHM CII® HAnpyTH
_ I 3GymKeHHA TiofiB 3MIIIYBATa MOXETIOCThCT
TUJKTIOMEHHAM  UKEPEIA  TETEPONIHA  'Iepes
BHCOKOZI05P OTHI CMyTOBL GBI, mo
3a0esMeayioTh  GesrepelukoqHe  MPOXOIKeHHA
Usinwt  CHTHATY TeTepOIHHA i KOPOTKE 3aMHKAHHA Ha
BXON 14 BXigHoro HBU T1a BHXigHoro IIT

CHIHATIE.

€ JOMOMIKHIMII eTeMeHTAMIL 3MOTETBOBAHHMI HA 30CepeTkeHix L, C-

eeMeHTaX, JUTAiMITALIT ) €ANBHOTO P eAHMY [ 0GOTH 3MIITYBaa. ONTHMI3a11is 3MIITYBAYa MOMAT¢ B BaPiaiii TOMOM 0N MHIX.

dB(TG31<H1-H1,HO+H1>)

N

oo
A

8

—— Pa<H1+HO>=0dBm
T P2<H1+HO>=50Bm

P2<H1+Ho==10dBm
P2<H1+Ho=15dBm

19 20 21 22

freq [GHz]
acTOTa 3165KHi CTh BTP AT I1€) €TBOPEeHHS [P H Pi3HHX Pr

23 2a 25 26

MAPAMETPIB B 30IAHIX. MeAKAX — IWHPHH i JOBAIHI BUIPI3KiB
MCIT (W1, ., W2, 12) Ta HAMGMHAMHKS 10 TOUKH
THAKTIOMEHHA TiONB  eTeMeHTiB  (imbIpis  (Wend, lomd,
W, IQHI) 3 MeTOKW XOCATHEHHA MiHIMATBHI BIPAT
TIep eTBOPEHHA B ) 050OMY ialla3oHi YacTOT.
mpoueci  POPAXYHKY  3MILIYBAR
ap ceri-raieps JBIIL 6 aMHCh HACTYTIHHMH:
Cy=0,03pF R =5,50hm I, =30md
B OHH B1IIOBI JaF0Th ITAP AMETPAM P eaTHOTO i 01a AAI7B.
MisiMamsHi i PIBHOMIPHI BTPATH TepeTBOpeHHs
Peani3oBaHi IpH MoTykHOCTi Pr=5 xBm, HepiBHOMIpHICTH
BIPAT MEpETBOPEHHSA He NepeBHmye 3 4B y BChOMY
poGouomy aiamasoni 18 —26 ITTu.

mapaMeTpH

1071,





[image: image17.png]//
x =
) 1 £
2. === 2
] Zs E o
H 2
5" T 2
%F e T g
T 20 21 22 23 a2a 25 26 % 5 o Tz s
freq [GHz] froq (GHz]
PireHb 0cm1a GneHHA BXiaHoro HBU curHammy Ha prxoxi ITT PiBeHb 0cmadnenHa curHamy ITU Ha HBU xoxi
o 1
: J - =S5
3
§. / A
) g ~ -
z L\\) £ N /
E £ s
% 35 A 1
g f ° f
20 .
W e 20 21 22 23 24 25 26 Yo 10 20 21 22 23 24 25 26
freq (GHz) freq (GHz)
PiBeHb NP HTY I HHA iHTep MOTYIALUTHILK CK/Ta JOBHX 3 -0 MOPAIKY JacTOTHA 3anekHiCTh IP3

PipeHb ocTadmenHa BXimHoro HBU curHamy y poGouoMy fiamazoHi wactot (18 — 26 I'Tu) 55...100 aB. PireHb
ocmadnenns craany ITU va HBU BXozi B JianasoHi YacToT curHamy I (6 — 14 ITL) CTAHOBHTL -45...-90 1B. PibeHb
npuaymenHsa IP3 craHoBHTE 33 — 45 A5 MPH LHOMY MOTYAHICTh IHTEPMOTYIAIIHIN CKTaZ0BHX IP3 3MIHIOCTHCA B MeAKAX
5.5-12.5 nBm.

BepxHA MekKa JHHAMIMHOTO JIAMA30HY 3MIUIYBaYa BIBHAYACTBECA DPIBHEM IHTEDMOMYIALMIHIX — CKTAJOBHX.
XapaKTePHCTHKI TIOKA3YI0Th, 10 MAK CHMATHHIA PiBeHb TOTYKHOCTI HA BXOJ 3MIllyBa'IA He TIOBHHEH I1ep eBHIIYBATH -
15...-20 ZBM 47151 0CTTAGIeHHS iHTep MOTYALIHIX CIIOTROPEHD T €ThOr0 [OPSIKY He MEHIH Hizk 50 1Bc.
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BiAGHTTA (1epPBOHA KPHBa) Piexs konmpecii (115)

PiBeHE 0CIAOTICHHSA B EPRATHHON 0 KAHATTY CTAHOBHTL 75 — 100 4B B niamasoHi 38 — 41 ITr, 30 —40 1B B giamazoHi
42-43TTui 70 — 180 1B B miamasoni 44 —46 T,

PiBeHb 0CTAGICHHA (YMAPHOT0 KAHAIIY CTAHOBHIb 65 — 95 1B B Jiamazoni 50 — 56 IT i 55 — 65 AB B Jianasowi 56
— 58 TTu HeloCTaTHe 0CTa&MEHHA J3€PKATHHOTO KaHATy 30 — 40 AB CrOCTEPIraeThes Ha THX AVIAHKAX JiaNasoHy 4acToT,
e BX1THI TTICHITIOB A CHIHATTY BHECY Th 104 TKOBI BTPaTH He MeHIe 30 1B,

HepiBHOMIPHICTH KoedimienTa mepeTBop erEa Kp=10lg(Pout/Pin) He mepermmrye 1 a6, TyT piBeHb Konmmp ecii
JOCAT A€TH CA NP H PiBHI BXLTHOr 0 CHrHAIY Po abm.
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. 18 — 23 TTu cTaHOBHTL 140 — 180 1B, a B miamazoni 23 — 26 ITi
-3 CTaHOBHTH 50 — 140 xB. Manmii piBeHb rapMOHIIHIX CTIOTBOPeHb
g OCATACTECS1 3MILIEHHAAM POGOYOi ToIk Ha BAX Tiogie 30BHimEin
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sty TIPOEKTYBAHHS TA AHAJI3 HBY

PiBeHE Tap MOHIFHITS CTIOTB Op eHb /ATt Maap 3T =2(T¢).

Hei1eHTIMHICT Map AMeTPiB Ji0iB 5%. OTMHOKYEAYA TACTOTH

CTOITh 3aBJAHHS CTPOEKTYBATH GATAHCHHI TOXBOIOBAY 1A CTOTH V1A AiaMasoHy 26 — 40 TTII Ha BApAKTOPHHX Ji0fax 3
Gap'epon MlotTia (3A643). Matepian migkmanki MBC® ToBIIHHOI 0.3 MM, JieTeKTPIFHA TP OHHKHICTS £=2,3. 3aranbHi
BHMOTH 0 iX XaP AKTePHCTHK:

— MAKCHMATTHHA LIHPOKOCMYTOBICTS:;

— BHXiIHA TIOTY /KHi CTh GNIH3BKO OXHHHLE MBT;

— PIBHOMIpHICT BHXiTHOI MOTy KHOCTi He ripme 1,52 1B;

— [P XYL €HHA 110 GiTHIX TP MOHIFHILX CK/TaJ0BHX B CIIEKTP1 BHXIJHOTO CHIHATTY He MeHiue 20 — 25 1B
—poGOTa B JTiaTa30Hi BXiTHIX CHIHATIB Bij 10 10 20 TT11 3 moTy AHicTIO 30 MBT;

—I1POCTOTa B EKCIUTy aTaLLi.

3 MeTOK 3MEHIIEHHA BTPAT IEPETBOPEHHA B TOMHOAKYBAAX, 3a0esnedeHHa MakcHMambHoro KKJI B 3amaHOMY
JiAT30Hi 9 CTOT, SHIVKEHHS HeoGXiTHOTO PIBHS TIOTYAHOCTI, 3MEHIIISHH HEePIBHOMIPHOCTI AUX HeoSXiTHO TIp 0 eKTyBaTIl
SaTaHHI MOMHOAKYBA IACTOTH Ha Se3ropmycHux JBII ado miomsix 36ipkax sk e¢mmomi HBU BY301 CimbHO 3
BX1THHMH T2 BEX1THHMH (QLTbTpaMH.

AUIr 0P HIM HAIOTO TIP 0 €KTYBAHHA ITOIATA€ B HACTYITHOMY:

1. BuGip 3TATBHOI KOHCTP YKL TOMHOAYB .

2. BuGip CIPYKIYPH i PO3PaXyHOK KOHCIPYKTHBHO-TEXHONMOTMHIX MapaMeIpis (LIbIpiB BHXOITIH 3 HeOGXLTHIX
XapaKTePHCTHK

3. ONTHMi3A11i51 KOHCTP YKTHBHIIX eMeMEHTIR [0 MHO3

BaUA T4 10 CATHEHHS 32 1aHIX [TaPaAMETPIB.
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EXBIBATIEHTHA eTEKTPIFTHA
CXeMa Ta eCK13 KOHCTP YKL
TIOABOKOBAYA TACTOTH

3 GOKY BXOJY «3eMTISIHI» JTiHi1 KOITIAHAPHOT O XBHITEROTY
L BiJl ITTOUIHHH BKTIOMEHHS Ji0MiB, YTBOPIOKOMH BiAPI3OK JiHii “Bep TbXBHTHOBO1 JOBKHHI
HA CepeJIHil YaCTOTi BHXIHOTO CHIHATY. KOpOTKO3a MKHEHITIT BiPI30K, 3aBIAKH IIYHIYIOHUO1

TI0/1BOIOBAY 1A CTOTH BHKOHY €Th A1 Y BHIIAN KOMGIHALIi 1BOX 20
TiHiil Tepexati: BXiAHOI — KOITIAHAPHOTO XBHTIEBOTY Ta BHXIZHOI
IILTHHHOI JiHi1, IO MA€ ITIABHHIT MePeXil Ha XBHITEBOAHHIT TPaKT. JIiHi]
BHIOTORTAIOTHCA HA TOHKIN [TieMeKTPHMHIf MAKTALI, Po3MillleHoi B
PO3PI3i MO LIEHIPY IIHPOKOI CTIHKH XBHTeROAY. JIiONH BKTIOYEHI B
TUTOLIHH 3'€JHAHHA K. BXiHHIT CHTHAT I02 €ThCA 1€p €3 KOAKCHATBHO-
CMYTOBHIT Mep exifl. [IIA peanizariii pesiMy aBTO3MILEHHA BHBOTH i0fiB
JI0 «3eMIAHIX» JHHIH TAKIIOMeH! Hepes GMOKyBaTbHI KOHIEHCATopH 70
n® Ta pesHcropu 50 On.

A MKHY Ti TT€p eMIMKOI0 Ha BUICTAHI

i1, 3MEHUIy € PiBeHb 1eTBePTOl FAPMOHIKH B CTIEKTPi BHXITHOTO CHTHATY, TAK AK CTAHOBHTH
ST HeEl TIOTIOBHHY JOBKHHH XBHITI.

L, L

R
wactotiy AWRDE

TIoMHOAYBAY ~ JOCTIUKEHO 32

JOMOMOTOR TporpaMH

MozemoBannst HBU mpHCTpoip
€Ma IT0/IBOIOBAIa AWRDE, BHKOPHCTAHHA MeTOTY
TAPMOHIITHOTO  GanmaHcy. v
Tp oweci PO3PAXYHKY
TP OBOJHBCA ONTHMATLHIT BHOID
OCHOBHIX KOHCTPYKTHBHO-
TOTOMOTIHIL eTTeMeHTIB:
JIOBAHHH | MIHPHHH IITHHHOTO
pesoHatopa i Biapiskie MXJL,
TAPAMEIPiB  KOIUTAHAPHOI JIHiL
WlimeEm  peoHaTop, MU
POAXYHKY GyB TpeICTARNIEHHIT
Y BHDLAN KOMOIHALUI Bipiskie
MXIL Ha BHXOIH AKX
MAKTIOUAeTbe  PasoodepTau 3
pazoBHM 3cyBOM1 80 IpaxyciB.
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Ua CTOTHi 3A71€AHOCTi 0B OIOBAMA 14 CTOTH 3 BXi JHHM CHTHATIOM Y JHATIa30Hi 26 —40 TTYL: 2) I UTY LI €HHA 1P MOHIK
BXIIHOTO CHTHATTY HA BHXOJIi TIOMHOKYBa; §) BHX1THA TIOTY AHiCTh

OTPHMAHO HACTYTIHi XAPAKTEPHCTHKI:

— PIBHOMIpHICTE BIIXiHOI 0Ty AHOCTi — 1 1B:

—BTPATHIIEP eTBOPeHH:A He Ginbine — 10 1B;

—IPHTYIIEHHA 110 GiHIX TapMOHIITHIX CKIAJ0BHX HA BHXO/i TOMHOZKYBAa B Y CbOMY Jiarla30Hi IPH HeiJeHTHHOCTL
TIap AMeTpiB TioiB GTH3EKO 10 % CKIATAK0Th: TIEPIIA FAPMOHIKA — 33 4B, TpeTA rapMoHika — 40,15, 1eTBep Ta rapMOHiKa —30
AB.

IlHpHHA BIXTHOT IUTHHHOT iK1 cKTama 30 MKM, IO BiATOBiTa€ XBHILOBOMY OMopy MOpATKY 50 —70 Om. BxiaHa
iHis BHKOHAHA 50-OMHOK. I Y3TOI/KEHHS OMOPIB, HA BXOMi MO/KHA BCTAHOBHTH TMQNIKODOBY ITIACTHHY 3 BEDXHBOIO
METANi30BAHOKO ITOBEPXHEN0. [I[0 CTBOPIOE BiAPI30K SHIKEHOTO XBIITHOBOTO OTIOPY.
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B arectauiitHiii poSoTi MpoBeaeHo 0 CIiIKeHHA MepeTRopoBatis qacTorn HBY mianasoHy XBHI.

Ha mifcTapi aHI3y AKTHBHIX eNeMEHTIB, AKi BUKOPHCTOBYIOThCA B JAHMIl Mac A MepeTBOPEHHS TacTOTH,
3pOGNEH0 BHCHOBOK NP0 Te, M0 HAMGLILIN NepCHeKTHBHHMH NPIIAXAME NPH M0GyI0BI MIHPOKOCMYTOBHX
TepeTBOPIOBAMIB YACTOTH MPH MiBHIIEHIX BHMOTAX 0 BENHTHHN BTPAT MePeTBOPEHHs Ta THHAMIMHOTO TianasoHy
IIHOT OTY/KHOCTI € miomm 3 6ap'epom loTTiH

Ha mifcTapi MOPIBHATLHOTO AHAMI3Y BIJOMHX CXeM MOGYTOBH MepeTBOPIOBAIIB TacTOTH 0OpAmHi
CXeMH, AKI J03BOJMIOTH MPANKBATH B GiMbIN WIHPOKIH CMy31 9acTOT NPH BIBIYI GiMBIIOMY PiBHI IOTY:
MepeTBOPeHHs, MAKOTh Kpallle NPHIyLIeHHs MAapasHTHHX FapMOHIK 1 MEHIINIl B3a€MHHIl BIUIHB BXiZHHX 1 BHXITHHX
KiB MOPIBHAHHI 31 3BHYAMHHMH OTHOMIOTHHMI CXeMaMH.

AHATI? MATeMATHTHHX MoXeTeii ToXiB MOKa3aB, MO HANGLTBIN NPHITHATHOK NPH J0CTIDKeHHI GalaHCHIX
CXeM MHO/KEHHA 9YACTOTH € MONeTh ATAXaHAH, AKa OPH MPOCTOMY MATeMArHdHOMY 3amicy mudepeHmiamHux
PIBHSAHD J03BOJIAE 3 IOCTATHHOK TOMHICTIO OMHCATH BCI OCHOBHI (Di3HYHI POLECH, 0 NPOTIKAKTh B IO

OKpiM mhOTO y pPOGOTI MPOAHATI3OBAHO SMilIYBaY MPOSITHONO THILY, POSUUAHYTI KOHCTYKTHBHO-
TEXHOJOTIMHI OCOGIMBOCTI, AKI BHKOPHCTOBYIOTBCA JUL1 BH3HAIEHHA XapaKTePHCTHK 3MILIYBAUIR, 3aNPONOHOBAHO
AMTOPHTM PO3PAXYHKY NAPAMETPIB SMILIYBatiB.

HocnipkeHHa 0GPaHOTo 3MINIYBaMa MOKA3AMH, WO 3 YpaxyBaHHAM ocnadnensa B CII® ta ®HY moxnmea
pearizalis J0CHTE MAIIX BIPAT MepeTBOpeHHs 3MillyBata 6,6 — 8,0 2B IpH MK PIBHSX TOTYKHOCTI TeTepomiiHa
Pr=5 — 7 nbm. PospaxyHkoea HepiBHOMIpHICTS AIX B cmy3i 40 MI'n ne nepepmurye Pr=0.1 — 0,15 nB. Henocrarue
ocnabneHHA MOGIMHIX KaHamiB npuiomy 20 — 30 1B cnocTepiraeTbes TUMBKH B THX AUBIHKAX MIama3oHy YacToT, Je
BXITHI MACHTIOBAI 3 MATHM KoedilieHTOM UIYMY BHeCYTh JOJATKOBI BTparn He Menme 30 nb. XapakrepucTHkm
HEMHIIHIX CTOTBOPEHb NMOKA3YIOTh, M0 MAKCHMATBHMII PiBeHb MOTY/KHOCTI HA BXONI 3MILIYBAa He MOBHHEH
nepesmmryBari —15...~20 ABM 2T 0CTIAGIeHHS iHTePMOTY TANIHEIX CIOTBOPEHD 3-T0 MOPATKY He MeHIIe Hik Ha 50
nBc. BinHocHo Mammil piBeHb KOMIpecii i NPHIYNIEHHA TAPMOHIHHX Ta IHTePMOIYTAUINHHX CIOTBOPEH
NOB'MAMMIT 3 MiHIMI3ALICIO MPH POSPAXYHKY XapAKTePHCTHK SMilyBawiB HeoOXITHOTO DIBHA MOTYKHOCTI
rerepomuna (Pr=5 — 7 1BM). mo B CBOK Mepry MPOAMKTOBAHO MIHIMATLHHMI BHTPATaMH MPH peamisamii mKepes
reTepoIHHHHX CHIHAIB.





[image: image23.png]TIOMIiTHOTO MOJENINEHHA XAPAKTEPHCTHK 3MIIIYBAUB N0 HEMiHINHHX CHOTBOPEHb MOKHA NOCAITH 32
PAXYHOK 3MileHHA Podoroi Toukn A BAX miomie 30BHIIHIM JUKepPeNOM HANPYTH 3 OMHOTACHHM 30iMbIUIeHHAM
Ha Kimbka 1B (20 Pr=10 aBm). TIPakTHMHO peKHM 3 MIABHIIEHHM PIBHEM NPHIYUIEHHA HEMIHIHHX CIOTBOPeHb
Moke OyTH peAT30BAHNII 31 PAaxyHOK BKTIGHHS OB “Iepes PeSHCTHBHO-MHiCHi Koma (peamizamia
ABTO3MIilIeHHA) a60 BHKOPHCTAHHSA JHOMIB 3 MiBHIIEHHM IOTEHIIHIM Sap'epon.

Cli BI3HAINTH, MO JUIA 3MEHIIEHHA BTPAT MEpPeTBOPEHHA B 3MIUIYBAIAX, 3HIDKEHHA HEOOXITHOro PiBHA
MOTY/KHOCTI TeTepolHHA, 3MEHIIEHHA HepiBHOMIpHOCTI AUX MOKHA NMPOEKTYBATH OamaHcHi sMimyBawi Ha
Gesopmycnux IBII abo mionuux 36ipkax Ak exuanit HBU By301 CIMbHO 3 BXITHHMH Ta BHXITHAME (imbTpamMu

OKpiM 3MillyBa4a CHTHATY CHPOEKTOBAHO Ta NPOAHATIZ0BAHO IHIINII MePeTBOPIOBAY YACTOTH — SATAHCHHIL
NOXBOKBAY MACTOTH, AKHIl Mae NPHPOTHOK CHMETPI€, PO3B'A3KY BXIJHOTO Ta BHXIZHOTO TPAakTiB i J03BOTAE
POGHTH HACTDOIOBARKA XAPAKTePHCTHK MOMHOKYBAIAB POGOIOMY PEAKIMI.

XapaKkTepHCTHKH NOMHOKYBa4a HACTOTH TakokK SK 1 3MIYBava 9YacToTH (MO BIPAarax, pIBHK BHXIZHOL
HOTY/KHOCTI, CHEKTPATLHOI UICTOTH CHTHATY i iH.) 3HAXOZATBCA HA PiBHi 3apySikHuX aHatoris. JTocArHyTi pisHi
MOTYKHOCTI: OMMHHII MBT 103BONAIOTE CTBOPIOBATH JelleRi, KOMIAKTHI TBEPAOTIMBHI HIHPOKOCMYTOBI JpKepena
CHTHATY B CM JIaNa30Hi 1acTOT i BHIIE.

3apaHHA HAa aTecTallilHY MaricTepch!

/ pOGOTY BHKOHAHO B IOBHOMY 0631,




	№ докум.
	Позначення
	Найменування
	Прім.

	
	
	Текстові документи
	

	1
	ГЮИК.ХХХХХХ.001ПЗ
	Пояснювальна записка
	110 с.

	
	
	Графічні документи
	

	2
	
	Титульний лист презентації
	А4 ел. ф.

	3-4
	
	Актуальність
	А4 ел. ф.

	
	
	
	2 шт.

	5
	
	Особливості побудови та застосування діодних
	А4 ел. ф.

	
	
	перетворювачів частоти в НВЧ пристроях. 
	

	
	
	Змішувачі
	

	6
	
	Небалансні змішувачі
	А4 ел. ф.

	7
	
	Балансні змішувачі
	А4 ел. ф.

	8
	
	Подвійні балансні змішувачі та кільцеві 
	А4 ел. ф.

	
	
	Балансні змішувачі
	

	9
	
	Порівняльний аналіз змішувачів
	А4 ел. ф.

	10
	
	Помножувачі частоти. Характеристики
	А4 ел. ф.

	11
	
	Помножувачі частоти. Діодні та на ІС
	А4 ел. ф.

	12
	
	Помножувачі частоти. Висновки огляду
	А4 ел. ф.

	13
	
	Аналіз методів розрахунку та проектування 
	А4 ел. ф.

	
	
	НВЧ перетворювачів частоти
	

	14-19
	
	Проектування та аналіз НВЧ змішувача частоти.
	А4 ел. ф.

	
	
	Конструкції та характеристики
	6 шт.

	20-22
	
	Проектування та аналіз НВЧ помножувача 
	А4 ел. ф.

	
	
	частоти. Конструкція та характеристики
	3 шт.

	23-24
	
	Висновки
	А4 ел. ф.

	
	
	
	2 шт.

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	
	
	ГЮИК.ХХХХХХ.001Д1

	
	
	
	
	
	

	Ізм
	Лист
	№ докум
	Підп
	Дата
	

	Розроб.
	Грищенко
	
	
	Дослідження діодних НВЧ перетворювачів частоти

Відомість атестаційної роботи
	Бук
	Лист
	Листів

	Перевір.
	Гавва
	
	
	
	
	У
	
	1
	1

	
	
	
	
	
	ХНУРЕ
Кафедра КРІСТЗІ

	Н.Контр.
	Мілютченко
	
	
	
	

	Затв.
	Антипов
	
	
	
	


