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3AT'AJIbHA XAPAKTEPUCTHUKA POBOTHU

OO0rpynryBannss BuOOpy TeMu HoCHaia:KeHHs:. OCHOBHMMH KOMIIOHEHTaMHU
O0YMCITIOBAJIbHUX CHUCTEM € JIOTIUHI €JIEMEHTH, SIKI pealli3yl0Th HAWMPOCTIII JIOTT4H1
byHKIII1 1 € 6a3rcoM 7151 TOOYI0BU OLIBII CKJIAIHUX JIOTTYHUX cXeM. Ha cborojiHi mmpoke
3aCTOCYBaHHS OTpUMAajd JIOTIYHI €JIeMEHTH, TOoOy/IOBaHI Ha HAaMiBIPOBITHUKOBHUX
cTpykTtypax. OJHaK TOCTIHHUN PO3BUTOK 1H(MOPMAIIIHHOTO CYCIUIBCTBA TOTpPEOye
OEe3yNMHHOr0 TMOKpAIIeHHS MapaMeTpiB BXKE ICHYIOUMX €JIEKTPOHHUX KOMIIOHEHTIB,
0COOJIMBO B HANPSIMKY IMIJABUIICHHS MIBUAKO/Ii €IEMEHTIB 1 Ta iX eHeproe(eKTUBHOCTI.
He3Bakatoum Ha  BENMKUH  OOCSAT  JOCHiKEHb, 3aBOIKH SKUM  THapaMeTpH
HaIIBIPOBIJHUKOBHUX €JIEMEHTIB MOCTIMHO MOKPALLYIOThCS, TEXHOIOrS HAOIMKAEThCA 10
CBO€1 TEOPETUYHOT MeX1. J{J1sl 301IbIIeHHS MBUAKO/AIT Ta 3MEHIIIEHHSI €HEPrOCTIOKUBAHHS
HaIBIPOBIJHUKOBUX €JIEMEHTIB HEOOXIJHO 3MEHIIYBaTH ix po3mipu. Ha cborogi Bxke
OMMaHOBaHO  |4-HM  TEXHOJOTIYHWUW  TPOILEC, OJHAK  TONAJBIINK  PO3BUTOK
HAIIBIPOBIJHUKOBUX JIOTTYHUX €JEMEHTIB CTHUKAETHCA 31 3HAYHUMH TPYJHOIAMHU.
[IpyunHamMu  CHOBUIBHEHHS CTalM HAA3BUYAMHO CKJIAgHI TEXHOJOTIYHI  YMOBH
BUTOTOBJICHHSI Ta OOMEKEHHS uepe3 3aKOHM KBaHTOBOI (izuku [1]. Tomy akTyanbHUM €
MUTAHHS PO MOIIYK albTEPHATUBHOI'O 0A3UCY JIOTTYHHUX €JIEMEHTIB, 3aBJISKU SKOMY OyII0
0 MOXXJTUBO JOCSITHYTH HOBOT'O PIBHS MOKPAIICHHS MapaMeTpiB 00YHUCTIOBAIBHOI TEXHIKH.
KpiM TOro, chorojiHi iCHyIOTh OOMEXKEHHS UIsl ACSKUX Tally3edl 3acTOCyBaHHS, Kl
YHEMOXXIIUBIIOIOTh BUKOPHCTAHHS KJIACHYHUX JIOTITYHUX €JIEMEHTIB, MI0 MOTpedye
BUKOPHCTAHHS CIICIiaTli30BaHUX JIOTTYHUX €JIEMEHTIB, sKi O Oynu CTiMKiI 0 3aBaj Ta
HIKIJIUBUX (PaKTOPiB.

[le 00yMOBIIIO€ aKTYaIbHICTh MONIYKY HOBUX (DI3MUHUX SIBHII, HA OCHOBI SIKHX OYyJ10
0 MOXJIMBUM MOOYyBaTH MPUHLMIIOBO HOBI JIOT1UHI eleMeHTH. Ha choromHi icHye Bxke
JOCTaTHS KUTBKICTh JIOTIYHUX €JIEMEHTIB, SKI BUKOPUCTOBYIOTH fK 1H()OpPMATHBHI
napaMeTpy CBITJIO, TUCK PIIMHKM a0o0 IMapu, MarHiTHI 10JIs, O10JIOT1YHI MPOIECH Ta 1HIII
¢13uuHi sBUIIA. Bubip Buay iH(GOpMaTUBHOIO MapaMeTpa JOr1YHOr0 eJI€EMEHTa HailyacTiie
3YMOBIIIOETHCS IXHBOIO (PI3UYHOIO MPHUPOAO abo MOoTpedOor y MOKpaIeHHI IIEBHOIO
napamerpa. Hampukian, MOMINIIEHHS 3aBaJOCTIHKOCTI a00 MIABUINCHHS IMIBUAKOAI
JOCSITAETHCA 33 PAXYHOK BUKOPHUCTAHHS ONTHYHUX CUTHATIB. X04Ya TaKi JIOTIYHI €JIEMEHTH
IpOrparoTh 3a OararbmMa MOKa3HWKAMHU HAMiBIPOBIAHUKOBUM JIOTIYHUM €JIEMEHTaM, BOHU
3HAXOMATh 3aCTOCYBAHHS B CHELIaTi30BaHUX CHUCTEMaXx, SKi, HAMpHUKJIaJ, BUPILIYIOTh
3aBJaHHs 00poOKM iH(pOpMaIli Ha YacTOTi CUTHainy 0e3 TMepeTBOpPEHHs ii Ha CHUTHAIH
B1JI€OIMITYJILCHOI (pOPMH.

Taki 3aBmaHHs MOXYTh OyTH BHpINIEHI 3 BUKOPUCTAHHSIM paJiodyaCTOTHHUX
MOHOIMITAaHCHUX JIOTIYHUX €JIeMEHTIB. SIK iHpopMaTUBHUN MapamMeTp B MOHOIMITaHCHHUX
JIOTIYHUX €J1€MEHTaX BUKOPUCTOBYETHCS OJUH 13 BUAIB IMITAHCY — aKTUBHUM, 1HTYKTUBHUM
ab0 emHICHMUA. 3a yMOBM BUKOPHUCTAaHHS IMITAaHCY CTa€ MOJIMBUM IiJBUIUTH
3aBaIOCTIMKICTh JIOTITYHUX €JEMEHTIB 3aBISKH TOMY, 10 BHUXIJHUN 1HGOPMATUBHUUI
rapaMeTp MOHOIMITAaHCHHUX JIOT1YHHMX €JIICMEHTIB HE 3aJICKHUTh BiJl €JICKTPOMArHITHUX 3aBaJl,
CTpUOKIB Hampyru Ta cTpymy. lle m03BosiE BUKOPHUCTOBYBATH MOHOIMITAHCHY JIOTIKY Yy
MIPOMUCIIOBUX, OOPTOBHUX, CIELIAIbHUX OOYUCIIOBAJIBLHUX CHCTEMaXxX, SIKl MpalioiTh B
yMOBaxX BHMCOKHX 3aBaJl Ta I SKUX BaXJIMBa HE MIHITIOApU3allid, a BHCOKa
3aBaIOCTIAKICTh. TakoX MOHOIMITAHCHA JIOT1Ka 3a0e3Meuye BUCOKY IIBUAKO/II0, OCKUIBKU



y il CKJa/Jl HE BUKOPHUCTOBYIOTHCS TPAH3UCTOPHU 1 TOMY BIACYTHI IEPEXITHI MPOLECH, IO
3a0e3neuye poOOYy YacTOTY MOPSAKA COTHI Tirarepi] Ta 4ac nmepeMUKaHHs, 110 JTOPIBHIOE
JIECATKAM 1 HaBITh OJUHUIISAM MIKOCEKYH/I, 110 3HAYHO TEPEBUINYE MOKA3HUKH CydacHOI
HAIIBIPOBIIHUKOBOI JIOTiKKM. KpiM TOro, MOHOIMITaHCHAa JOTiKa TPAKTUYHO HE MAae
OOMEXEHb 3a MIHIMAJBHOIO MOTYXKHICTIO BXIJJHOTO CHUTHAJy, IO J03BOJISIE€ MPAIIOBATH 3
HAIpyramMu, 3HaYHO MEHIMMH 3a TMOPOTOBY HAIMPYTy >KUBJICHHS HAIiBIPOBITHUKOBHX
€JIEMEHTIB, Ta IMiIBUIIYE CHEPTeTUYHY €()EKTUBHICTD JIOTTYHUX €TTEMEHTIB.

MOHOIMITaHCHI JIOT14H1 €IEMEHTH € Talxy33l0 IMITAHCHUX JIOTITYHUX EJIEMEHTIB, SIKi
TaKOXX BIJIHOCATH JIO PaJiovacTOTHUX JIOTIYHMX €JIeMEHTIB. Taki eleMeHTH
XapaKTEepU3ylThCAd THUM, L0 OOpoOJsAl0Th 1H(OpMAII0O Ha 4YacTOTI CUTHANY 0e3
NEepPEeTBOPEHHsI 11 Ha BIJCOIMIYJIbCHUM CcUTHAI. PanioyacTOTHI JIOTIYHI €IEeMEHTH
nociipkyBanu BueH1 Jlosruii 1. JI., Kynekin A. I'., Kugak B. M., Cemenona O. O. Ta iH1mii.
OpnHak BUILIEHHS IMITAHCHHUX JIOTIYHUX €JIEMEHTIB SIK OKPEMOTO JIOTIYHOro 0asucy O0yio
3p00JIEHO HEMIOJaBHO. 3HAYHUI BKJIaJ B PO3BUTOK TAKHX JIOTTYHUX €JIEMEHTIB 3pOOWIIH
BueHi @inmuniok M. A., Jlimunceka JI. b., JIazapes O. O.

OpaHak moKH 110 1eH HANPSAMOK 3HAXOJUTECS Ha MOYATKOBIM CTaaii pO3BUTKY 1 TOMY
norpedye MOJaNbIIMX JOCHIKEeHb. Jl0 IUX Tip IMITaHCHI JIOT14HI €JIeMEHTH Oyiu
aKTUBHUMH 1 BUKOPHCTOBYBAJIM TPAH3UCTOPH Y CBOEMY ckiani. IlutaHHsS cHUHTE3Y
MACUBHUX IMITAHCHHX JIOTTYHUX €JIEMEHTIB 1 JIOTIYHUX CXEM Ha TXHI OCHOBI 3QJIUINIAETHCS
BiIKpUTUM. 3 OIISAAy Ha IIe, TeMa Ii€i JUCepTaliiHOi POOOTH, SKY NPHUCBIYCHO
PO3BUTKY IMITAHCHOTO METOMy TOJ@HHS JIOTIYHUX PIBHIB 1 PO3pOOIli MOHOIMITAHCHHX
€JIEMEHTIB 1 JIOTTYHUX CXEM Ha HOT0 OCHOBI, € aKTYyaJIbHOI HaYKOBO-TIPAKTUYHOIO 33/1a4€IO.

3B's130k po0OTH 3 HAYyKOBHMM @porpamMamMu, IUIaHAMH, TeMamMu. Pobora
BUKOHaHa Ha Kadeapi eNeKTPOHIKM 1 HAHOCUCTEM BIHHUIBKOIO  HaIllOHAJIBLHOTO
TEXHIYHOI'0 YHIBEPCUTETY Y paMKax JAep>KOI0KeTHUX TeM: «P0o3pobka TeOpeTUUHUX OCHOB
noOyZ0BH Ta CTBOpPEHHS eHepro30epirarounx iHGOpMAMiHUX TPHUCTPOiB Ha 0asi
OararornapaMeTpUYHUX y3araJlbHEHUX IMEPETBOPIOBaUiB iMiTaHCY» (Ne nmepxk. peectparii
0111U001112), «PamioyacToTHi 1H(pOpMAIliiHI €IEMEHTH Ta MPUCTPOi 3 MOKPAIIECHOIO
3aBaJIOCTIMKICTIO Ta mBHUaKomier0» (Ne mepk. peectparnii 0117U000571).

Mera i 3aBAaHHsl AoCjaiIKeHHs. MeTowo nucepTaniiHol poOOTH € MOKpaIleHHs
CTaTUYHUX 1 JWHAMIYHUX T[apaMeTpiB JIOTIYHUX €JIEMEHTIB IUISIXOM 3aCTOCYBaHHS
1H()OPMATUBHOT O IMapaMeTpa y BUTIISAI IMITAHCY Ta CHHTE3 KOMITOHEHT1B OOYHMCITFOBAIbHUX
CUCTEM Ha iX OCHOBI.

Jlns  TOCATHEHHS IIOCTaBJIEHOI MeTH y pPOoOOTI TOCTaBiIEHI 1 BHUPIIIYIOTHCS
3aBJAHHS:

1. [IpoananizyBatu Cy4acHi TOCSTHEHHS B Taly31 pO3pOOKH JIOTTUHHUX €IIEMEHTIB, SIKi
BUKOPHCTOBYIOTH Pi3HI (I3WYHI sBHUIIA SK 1HOOPMATUBHUM TapaMeTp Ta MPOBECTH
KpUTEpiaJIbHE OIIHEHHS 1X €()EKTUBHOCTI JJii BU3HAYEHHS JOIUIBHOCTI MOJAJBIINAX
JOCH1/IKEHb.

2. Po3poOutu mMaTeMaTU4HI MOZEII Ta CXEMHU peaiizaiii MOHOIMITAHCHUX JIOTTYHUX
€JIEMEHTIB, SIK1 BXOJIATh O MIHIMAJIbHOT'O JIOTIYHOr0 0a3UCy 1 BUKOHYIOTH JIOTTYH1 (PYHKIII1
«HE», «cABO» 1 «I».

3. Hocmiautu poOOTy pO3pOOJICHMX MOHOIMITAHCHHUX JIOTIYHHUX €JIEMEHTIB 3a
JIOTIOMOT'0}0 KOMIT FOTEPHOI'0 MOJIETTIOBAHHS.



4. Po3poOuTn KOMOIHALIMHI JIOTIYHI CXEMH HAa OCHOBI MOHOIMITAHCHUX JIOTIYHUX
€JIEMEHTIB.

5. Po3pobutn KOMIOHEHTH OOYHMCIIOBAJbHUX  PaJlOCUCTEM HAa  OCHOBI
MOHOIMITaHCHOT JIOTIKH.

06 ’exmom OocniddcenHs € TPOIEC TepeTBOpeHHs 1HdopmMallli B MOHOIMITAHCHUX
JIOTIYHUX €TIEMEHTax Ta KOMOIHAIIIHIX CXeMax.

IIpeomemom oocniddncenHs € MOHOIMITAHCHI JIOT14HI €JIEMEHTH Ta MPUCTPOi Ha iX
OCHOBI.

Metoau nocjigzkeHHsi 0a3ylOThCsl HA BHKOPHUCTAHHI KPUTEPIadbHOI OIIHKHM JIJIS
BU3HAUYCHHS €()EKTUBHOCTI JIOTIYHUX €JEMEHTIB pI3HUX BUIIB, alreOpu JIOTIKU IS
PO3pOOKH OCHOB MOOYAOBH MOHOIMITAHCHUX €JIEMEHTIB, TEOPIi MOMNPEHHS €IEKTPUYHOTO
HBY curnany y MIKpOMOJIOCKOBUX JIHISX JJIsi CTBOPEHHS MAaTEMAaTHYHUX MOJENen
MOHOIMITAHCHUX JIOTIYHUX €JIEMEHTIB Ta KOMOIHALIMHUX CXEM, METOMIB CHHTE3Y
KOMOIHAIIMHUX JIOTTYHUX CXEM IS PO3POOKM MOHOIMITAHCHHUX KOMOIHAIIIWHUX CXEM,
MPUHIIMITB 00MIHY 1H(pOpMAITIEI0 paaioyacTOTHUX TpaHcnoHaepiB y HBY mianmazoni mms
CTBOPEHHSI TPAHCIOHAEPIB, CYMICHUX 3 MOHOIMITAHCHUMHU TPUCTPOSIMHU, TeOpii
IUTAaHYBAaHHS €KCIIEPUMEHTY 1 KOMIT IOTEPHOTO MOJIENIOBAHHS [IJIsl IEPEBIPKU OTPUMAHUX
pe3yNbTarTiB.

HaykoBa HOBHM3HA OTpUMAHHX pe3yJabTaTiB. Y poOOTI OTPUMAHO TaKi HayKOBi
pe3yNabTaTH:

1. OTprMaB noAaJIBIIOrO PO3BUTKY IMITAHCHUI METOJ] CHHTE3Y JIOTIYHUX EJIEMEHTIB,
B IKOMY, Ha BiZIMIHY BiJl BIZIOMOTI0, JIOT14Ha (PYHKIIIS pealli30BY€ETHCSI HA MOHOIMITAHCHOMY
0a3ucl 3a paXyHOK TpaHC(OpMYBaJIbHUX BJIACTUBOCTEW BIAPI3KIB JiHIN nepenaul y HBY
Jlana3zoHl, IO JO03BOJISIE BUKOHATH TpSIME Ta 3BOPOTHE IMEPETBOPEHHS IMITaHCY Ta
3a0€3MeYNTH BUIIY IMIBUAKOAII0, YAaCTOTHUHM Jliama3oH POOOTH 1 3aBaJOCTIHKICTh MpH
HU3bKOMY €HEPTOCIOKMBAHH1 JIOTTYHUX €JIEMEHTIB.

2. Bmepie 3ampornoHOBaHO MaT€MaTH4YHI MOJIEl TMAaCUBHUX MOHOIMITAHCHHUX
JOTIYHUX €JIEMEHTIB, $Ki, Ha BIAMIHY BiJ BIJOMHX, BHUKOPHUCTOBYIOTH BJIACTHBOCTI
YBEPTHXBWJIBOBHUX 1 MIBXBWJILOBHUX BIJIPI3KIB JIHIT IIepeaadi 1 He 3a1eKaTh BiJl CTAaTHYHUX
nmapaMeTpiB  CJICKTPUYHOIO CHUTHAIy, IO JIO3BOJWUJIO OTPUMATH TepeaaBalibHI
XapaKTePUCTUKH, AKI BIAMOBITAIOTH JIOTTYHUM (QYHKIISIM 1 JAIOTh 3MOTY pO3paxyBaTH
3HAYCHHS JIOTITYHUX PIBHIB MPH MEBHUX IapamMeTpax XBHUJILOBOI'O OIOPY BIAPI3KiB JIiHIT
nepeaayi.

3. 3ampomoHOBaHO MaTeMaTH4YHI MOJeal KOMOIHAIIIMHUX JIOTIYHHUX CXEM,
noOy/I0BaHMX Ha OCHOBI NTACUBHUX MOHOIMITaHCHHX JioriuHuX R-enementiB «HE», «<ABO»
Tta «I», fKi, Ha BiAMIHY BiJ BiJIOMHUX, MalOTh MOXJIMBICTH JOAATKOBOI ONTHUMI3aIlii Ta
CKOpOYEHHSI KOMITOHEHTIB 32 PaXyHOK BJIACTHUBOCTEH YBEPTHXBUIBLOBUX Ta MIBXBUIbOBUX
BIJIPI3KIB JiHIT Iepenayi.

IIpakTyHe 3HAYeHHSI OTPUMAHMX Ppe3yJbTaTiB. Y poOOTI OTpUMaHO TaKi
NPAKTUYHI Pe3yJIbTaTH:

1. Po3pobneno noriuni R-enementun «HE», «ABO» ta «I», C-emement «I», L-
esieMeHT «I», siki BIZIPI3HAIOTHCS Bij] ICHYIOUHMX THM, 110 TOOYI0BaH1 Ha YBEPTHXBUIbOBUX
Ta MIBXBWJIBOBHMX BIApI3Kax JiHII mepenadi, M0 J03BOJIWIO MiJBUILUTH IIBUAKOIIIO Ta
3aBaIOCTIAKICTh, 3MEHITUTH MOPIT MiHIMAJILHOT pOOOYOT HAIPYTH JIOTTYHUX CIIEMEHTIB.



2. Po3pobieHo METOMKYy pO3paxyHKY BIUIMBY J1€CTaOUTI3yBaJIbHUX (DAKTOPIB Ha
iHGOpMaTUBHUN MapaMeTp po3pOoOJIEHUX MOHOIMITAHCHUX JIOTITYHUX e€JeMeHTIB R-
enemeHnTiB «<HE», «KABO» Ta «I», C-enemenra «I», L-enementa «I» Bia nectabiaizyBaibHUX
dbakTopiB, IO JO3BOJISE iX ONTUMI3yBaTH.

3. Po3pobiieH0 MOHOIMITAHCHHI CyMaTop 3a MOAYJIEM 2, MIBCyMaTop Ta CyMaTop Ha
OCHOBI MOHOIMITaHCHHX JioTiyHUX R-enementiB «HE», «ABO» Ta «I», siki, Ha BiIMIHY BiX
BIJIOMHX, MMOOY/I0BaHI Ha YBEPTHXBWJIBOBHX Ta MIBXBHJIBOBHX BiJpi3Kax JiHII mepeaadl,
CHOKMBAIOTh TUIBKM €HEPril0 BXIJHOIO CUTHAITY 1 HE MICTATh aKTHMBHUX E€JIEMEHTIB, 1110
JTIO3BOJIMJIO TIJIBUIUTH IIBUAKOJIIO, 3aBaJOCTIMKICTh Ta 3MEHIIUTH TOPIT MiHIMAaJIbHOL
po0O0YOi HANIPYTH TAKUX CXEM.

4. Po3po0iieHO MacUBHUM PA/l0YACTOTHUN NEperaBad Ha NPHUHIMIAX 3BOPOTHOIrO
BiIOUTTST a00 TIOMHOXKEHHS 4YacTOTH, $Ki, Ha BIAMIHY BIJ ICHYIOUMX, CYMICHI 3
MOHOIMITaHCHUMHU JIOTTYHUMH CXEMaMH, 10 J03BOJMIO Ha X OCHOBI pO3pOOUTH MACUBHI
paaioyacTOTHI TPAHCTIOHJEPH 3 BUKOPUCTAHHSIM PI3HUX MOHOIMITAHCHHX JIOTTYHUX CXEM Ta
MIPOBECTH KOMIT FOTEPHI MOJIEIIOBAHHS, K1 JOBOASATH iX pOOOTO3/IaTHICTb.

[IpakTuuHi pe3yabTaTH AMCEPTAIIMHOTO JOCTIKEHHS BIPOBAHKEHO y HAYKOBO-
BUpoOHUYOMY mianpueMcTBl «BTH» (M. BinHuUIM) y pamkax HayKoOBO-JOCIITHOI poOOTH
43-]1-387 «PamiouacToTHi iH(pOpMAIiiHI €TeMEeHTH Ta WPUCTPOi 3 MOKPAIIECHOIO
3aBaJIOCTIAKICTIO 1 IIBUAKOAIEIO» I TOOYyAOBH OOYHUCITIOBATILHOI TEXHIKH Ta
PAIOTEXHIYHUX MPUCTPOIB 3 MIJABUIIEHOI 3aBaJIOCTIMKICTIO 1 MIBUJKOJIE€I0, & TaKOX Y
HAaBUAJIbHUI Tmporec BIHHUIIBKOTO HAIIOHAJIBHOTO TEXHIYHOIO YHIBEPCUTETY 3a
crnerianbHicTIO 6.050903 — «Tenexkomynikaiii» B qucuuiniini «[Ipuctpoi Ha eremMeHTax 3
B1JI’€MHHM OIIOPOM.

Oco0buctuii BHecok 3100yBaua. Bci pe3ynbTaTi, 1110 CTAHOBISATH OCHOBHHM 3MICT
po0OOTH, OTpHMaHI aBTOPOM CaMOCTIHHO. Y myOiiKalisX, HamucaHUX y CIIBaBTOPCTBI,
aBTOPY HaJEXKaTh: KpUTEpIAIbHUN aHai3 ePEeKTHBHOCTI MOHOIMITAHCHHX JIOTTYHHUX
enemenTiB  [26], [29], cuHTe3 mepenaBaIbHUX XapaKTEPUCTHK MOHOIMITAHCHUX JIOTTYHUX
enemenTiB [1], [2], [14]-[16], [18], [23], [24] — mocnimkeHHs 3aJIeKHOCTI iHDOPMATUBHOTO
napaMeTpa MOHOIMITAHCHHUX JIOTIYHUX €JIEMEHTIB BiJ] JiecTaOuT3yBaibHUX (akTopiB [3]-
[7], [22], [25], [27], [28], [30], komm’toTepHE MOJIEIOBaHHS POOOTH MPHUCTPOIB IMITAHCHOT
agorikm [13], [17], [19], [31], po3poOka MaTeMaTHYHUX MOJEICH Ta NepeAaBaTbHUX
XapaKTePUCTUK KOMOIHOBAaHUX CXEM Ha OCHOBI MOHOIMITAHCHMX JIOTTYHUX €JIEMEHTIB [8]—
[10], po3poOka MmacMBHUX paJioYaCTOTHUX IIepeaaBaviB, CYMICHHX 3 MOHOIMITaHCHOIO
norikoro [11], [21], [32], po3poOka MacUBHHMX PaaioduacTOTHHUX TPAHCIIOHIEPIB 3 OCHOBI
MoHoOIMITaHCHUX TipucTpoiB [12], [20], [33].

Anpobaunis marepiajgiB aucepramii. PesynpTaTi moCHiKeHb OOTOBOPEHO HAa!
Xllth  International Conference «Modern problems of radio engineering,
telecommunications, and computer science», (Lviv-Slavske, 2014 p.); IV MixHapoaHa
HAyKOBO-TIpAaKTHYHA KOH(pepeHiis «Di3uKo-TeXHOMOr1uyHI npobjieMu TepeaBaHHs,
00poOku Ta 30epiranHs iHpopMallii B iHPOKOMyHIKaIIHHUX cucTemaxy», (YepHisui, 2014);
MixHapoaHa HAYKOBO-TeXHIYHA KOH(epeHInis «PaqioTexXHIYHI OIS, CUTHAIH, almapaTy Ta
cuctemn», (KuiB, 2015); MixHapogHa HaykoBO-TexHIYHa KoHbepeHiis «CydacHi
1HGopMalliiiHl Ta eNeKTpoHH1 TexHoiorii», (Oxpeca, 2015); V MixHapogHa HayKOBO-
npakTudHa KoHpepeHIs «[HpopMalliiftHi TEXHOIOT1T Ta KOMIT'IOTepHa 1HXKeHepisn», (IBaHo-
®pankiBebk, 2015); 22— Bcepocuiickas MeXBY30BCKasi  Hay4HO-TEXHUYECKas



KOH(epeHIUs1 CTYIEHTOB M acnupaHtoB, (Mocksa, 2015); Ilepas mexmyHapoaHas
Hay4HO-TeXHHUYeckass KoHpepeHuus «[IpobieMbl 31EKTPOMArHUTHON COBMECTUMOCTH
MEePCIEeKTUBHBIX OecnpoBOJHBIX cerel cBszu OMCy», (XapbkoB, 2015); MikHapoaHa
HayKOBO-TexHIYHa KoH(pepenuisa «IIpobmemu inpopmaTtuku Ta MomemtoBaHHs», (Omeca,
2015); XIX Bceepoccuiickass HaydyHO-TeXxHHUYecKas KoH(pepeHuss «CoBpeMEeHHbIE
npoOsIeMbl pannodsiekTpoHukny, (KpacHospek, 2016); X MikaapoaHa HAyKOBO-TEXHIYHA
koH(pepeniia «[Ipobnemu Tenekomynikamitt 2016», (Kuis, 2016); 17-ra Mixnaponna
HAyKOBO-TIpakTH4HA KOH(epeHuiss «CyvacHl iHOpMAILiiiHI Ta eTeKTPOHHI TEXHOJOT1i,
(Onmeca, 2016); 26-1 MexnaynapoaHas KpsiMckas koHdepenmus «CBU-texnuka u
TEJIEKOMYHUKAIIMOHHBIC TeXHOJIOTunY, (CeBactonob, 2016); 16-ra MixkHapoHa HAyKOBO-
TexHIuHa KoH(pepeHiis «BumiproBaibHa Ta OOYMCITIOBAIbHA TEXHIKA B TEXHOJOTTYHHUX
nporecax», (Onxeca, 2016); V-a MixHapoaHa HayKOBO-TIpaKTHIHA KOH(pepeHIis «Pi3uko-
TEXHOJIOTIYHI MpoOJieMH TiepenaBaHHs, 0OpoOseHHs Ta 30epiraHHs 1HQopMauii B
iH(poKOMyHIKamiitHuX cucremaxy», (Yepnismi, 2016); MixHaponHa HayKOBO-TEXHIUHA
koH(pepeHIis  «CydacHl  mpoOJieMH  PaJIOCICKTPOHIKHM,  TEICKOMYHIKAIlli  Ta
npunanodynyBansas», (Binmaunsa, 2017); 4-a MikHapogHa HaykoBa KOH(EpeHIIis
«BuMiproBaHHS, KOHTPOJIb Ta IIarHOCTHUKA B TEXHIYHUX cucTemaxy, (Binnuis, 2017).

HyOaikamii. Pe3ynpTat gocnigpkeHb OIMyOJiKOBaHO B 33 HAyKOBUX MpaLsX,
30kpeMa B 11 cTaTTsSX y HAayKOBHX >KypHaJlax, 3 SKHX 2 CTaTTl MPOIHJEKCOBAHO Y
MDKHapoAHiA 6a3i Scopus, 12 Tezax koHdepeHiid, 9 mareHTax YKpaiHM Ha KOPHUCHY
Mozenb Ta 1| MoHorpadii.

CtpykTrypa Ta o6car aucepranii. /luceprariiina podoTa CKIaga€eThCcs 31 BCTYIY,
YOTUPHOX PO3/1NIIB, BUCHOBKIB, CIIUCKY BUKOPUCTAHUX JIKEpeN Ta NOAATKIB. 3arajlbHUN
o0csar maucepTallii cTaHOBUTh 178 CTOpPIHOK, 3 SKUX OCHOBHHMM 3MICT BHUKJIAJeHO Ha 146
CTOpIHKaX JIpykoBaHOro TekcTy. ucepraiiss mictuth 93 pucyHka, 6 TaOIuIb, CIHUCOK
BUKOPHUCTAHUX JIKEpPEN CKIlalaeTbes 3 121 HallMeHyBaHHS.

OCHOBHMUM 3MICT POBOTH

Y Berymi onMcaHo cTaH AOCHIAKYBAHOI HAYKOBOi 3ajayli Ta OOIPYHTOBAHO
aKTyaJbHICTh 11 AOCHIIKEHHS, cHOPMYyIbOBAHO METYy Ta 3ajaadl JAOCHKEHb. OmnucaHo
HAyKOBY Ta MPAaKTUYHY HOBU3HY OTpUMaHHUX pe3ynbTaTiB. [lokazaHo 3B 30Kk poboTH 3
HAyKOBUMHU TEMaMHU.

Y nepmomy po3aiji A MiITBEPKEHHS JOUUIBHOCTI PO3POOKH 1 JOCHTIIKEHHS
MOHOIMITAHCHUX JIOTTYHUX €JIEMEHTIB 1 KOMIIOHEHTIB O0YUCITIOBAIbHUX PaJIIOCUCTEM Ha 1X
OCHOBI MPOBEACHO aHAJI3 1 KpUTEpialbHE OIlIHIOBAHHS MapaMeTpiB Cy4aCHUX JIOTTYHHX
€JICMEHTIB, 1110 TPAITIOIOTh Ha PI3HUX (PI3MUHKMX e(eKTax, MOPIBHIHHSI MOHOIMITAHCHOTO Ta
MYJBTUIMITAHCHOTO METOJly CHHTE3Y JOTIYHUX EJIEMEHTIB, a TAKOXK aHalll3 1 MOPIBHSIHHS
Cy4aCHUX pajJlio4acTOTHUX TPAHCIIOHJAEPHUX CHUCTEM.

N KpuTepiaJbHOrO  OLIHIOBAHHS  OOpaHO  HAMIBIPOBIJIHUKOBI, ONTHUYHI,
TiApaBliyHi, MTHEBMAaTW4HI, O10XIMIYHI, MAarHiTHi, PaJio4acTOTHi, MYJIbTHIMITAHCHI Ta
MOHOIMITAHCH1 JIOT14H1 €JIEMEHTH, SKI TOPIBHIOBAJIWCh 3a IIBUIKOJIEI0, TPUBAJICTIO
3aTPUMKH CUTHANY, CIIO’KMBAHOIO MOTYKHICTIO, MOTYKHICTIO IEPEMHUKAHHS 1 Ta0apUTHUMU
po3mipamu. OTpuMaHi pe3yIbTaTu MOKa3aJH, 10 HAMOUTBI €()eKTUBHUMU 32 HABEJACHUMU
KpUTEPISIMU € MOHOIMITAHCHI JIOTIYHI €JIE€MEHTH; 1€ CBIIYUTH MPO JOLUIBHICTh iX



MOJAJIBIIOI PO3POOKHU 1 JOCHIKeHHS. B pe3ynbTaTi aHami3y BUSIBICHO, III0 MOHOIMITAHCHI
JIOT1YH1 €JIeMEHTH MOpPIBHSHO 3 1HIIMMHU BUJAMHU JIOTIYHUX EJIEMEHTIB MAalOTh BHCOKY
IIBUJIKOJIII0, SIKA MOJKE CSTaTH JIECATKIB IMIKOCEKYHJ, BUCOKY 3aBaJIOCTIMKICTh 3aBISKU
BIJICYTHOCTI BIUIMBY Ha 1H(QOPMATHBHHI MapaMeTp €JIEeKTPOMATrHITHUX 3aBajl, HU3bKE
€HEProCIOKMBAHHS Ta MM MOPIT MiHIMAJIBHOI poO0OYOi HANPYTH 3aBISKH BIJICYTHOCTI
aKTHBHUX CJICMEHTIB.

[TopiBHSIHHA MOHOIMITAHCHOT'O METOJIY CHHTE3y JIOTIYHUX €JIEMEHTIB 3
MyJIbTHIMITAHCHUM  METOJAOM  BHUSBWJIO, 10 MOHOIMITAHCHI JIOT14HI  €JIeMEHTH
CXEMOTEXHIYHO  TPOCTINI,  MalTh  MIABUIIEHY  IIBUAKOAII0  TOPIBHIHO 3
MYJIbTHIMITAHCHUMH JIOTTYHUMU €JIEMEHTAaMHU, ajie MPOrparoTh iM 3a 3aBaJ103aXHUIIECHICTIO.

Y pe3ynbTaTi aHamizy nOapaMmeTpiB  CydacHUX ~PaJlO4acTOTHHX MaCUBHUX
TpaHCIOHEpiB, 110 mnpaiooTh B HBY niama3oni, BUIIEHO MepeBard TPaHCIOHACPIB 3
MOHOIMITaHCHOIO JIOTIKOO, SIKI HOJIATAIOTh y BIJICYTHOCTI AKTUBHUX KOMIIOHEHTIB, IO
JTO3BOJISIE 3MEHIIUTH TOTYXXHICTh 3YMTyBadiB a00 30UIBIIUTHA JAJBbHICTh 3YUTYBaHHSA,
MIJBUIIIEHOMY YacTOTHOMY Jlara30Hi, BUKOHAHHI orepariiii 6e3 BHUKOPHUCTAHHS 4YHIIIB,
BUCOKIH mBUAKOAIT TpaHcTioHAepiB. ToOTO, Taki TpaHCIIOHAEPH MOXKYTh OyTH BUKOPUCTaH1
JUTSL HECKJIQJHUX JIOTTYHUX OIepalliid 3 BUKOPUCTAHHSAM MPHUHIIUIIIB «OKOPCTOKOI JIOTIKU»,
HANIPHUKJIQA y CEHCOpaxX /UIsd BUMIPIOBaHHS (I3MYHUX BEIWYUH 3 MaJUM CTyIEHEM
JUCKPETHOCT1 BUXIJTHUX JaHUX, CEHCOPaX JUIsl KOHTPOJIIO T€PMETUIHOCTI TapH, CIIPAaBHOCTI
00’ €KTIB TOILIO.

Y apyromy po3aiji yaJoCKOHaIE€HO METOJ CUHTE3Yy IMITAHCHUX JIOTIYHUX €JIEMEHTIB
Ta po3po0JEHO MaTEeMaTU4HI MOJENl Ta CXEMH OCHOBHUX MOHOIMITAHCHUX JIOTTYHHX
€JIEMEHTIB 3 BUKOPUCTAHHSAM PI3HUX BHJIIB IMITaHCY K 1HGOPMATHUBHOTO MapaMeTpa.

MOoHOIMITaHCHUI METOJ] CUHTE3y Tependayac BUKOPUCTAHHS K 1H(POPMATUBHOTO
napaMerpa OJHOTO BHJY IMITaHCy (aKTMBHOTO, €MHICHOTO ab0 1HIYKTHUBHOIO). Jloriuxi
piBHI BU3BHAYAIOTHCS /Tialla30HaMu 3HAYCHb IMITAHCY, JIJIs1 aKTUBHOI MOHOIMITAHCHOI JIOT1KA

noriuniit omuuuui «l» Bigmosinae mjamason sminm RY > Ry, @ joriuHoMy Hymro «O»,
BIJINIOB1Aa€ Alaria30H 3MIHUA RO < Ry, me Rp — pe3ucTvBHA IpaHHUIS JIOTIYHOTO PiBHS.
AHasiorivHo U1 €MHICHOro omopy: «I»= Xél) > Xco: «O»= X((:O) <Xco; AnA

iHIyKTHBHOTO omopy: «I» = X |(_1) > X o; «O»= XI(_O) <Xio-

Sk p13uuHy OCHOBY MOHOIMITAHCHUX JIOTTYHUX €JIEMEHTIB BUKOPUCTAHO BIIACTUBOCTI
YBEPTHXBUJIBOBHUX 1 MIBXBWILOBUX JiHIM y HBY miama3zoni, sKi 3a BIATOBIAHUX YMOB
MO>XKYTh BUKOHYBATH (DYHKIIIIO IPSIMOT'O 1 3BOPOTHOT'O MEPETBOPEHHS IMITAHCY.

Hust  peamizarii moriunoi  ¢yskmii «HE»  BukopuctaHo — BIacTHBOCTI
YBEPTHXBUIBLOBOI'O  BiApi3ka JIiHII TIepemadi, IO pealidye «UBEPThXBUIbLOBHM
TpaHcpopmaropy» (puc. 1, a).
ne Zg—

Buxinuuit omip Takoro Biapiska miwii mepemaui gopisuioe Z,, = ZZ / Z,.

XBUJIBOBHIA Omip minii mepenaui. Slkmo Z, =R, , Toxi Z,, =R, =23 / R,, . BBaxaroun,

o Zy Mae aificHe GikcoBaHe 3HaUYCHHSI, Tepe/iaBaibHa XapaKTEePUCTUKA TAKOTO eJIeMEHTa

Ma€e BHTJIS, MOfaHuil Ha puc. 1, 6). 3 rpadika BuaHo, mo 3a ymoBu R, >Zy, Ry, <Zp i



HaBIAKH, L0 BiAmoBimae TalOmuml icTuHHOCTI Joriynoro eneMmenra «HE». Taka cxema
MIPAIIOE TITLKK 32 YMOBH BUKOPUCTAHHS aKTUBHOT'O OITOPY SIK iHPOPMAaTHBHOTO TTapameTpa.

4 ue - Raux

I =4, / 4 HE |

T O

|
7 |::| | | Zgux
ex | | Zo— —

! ] |

A A 3
l ZO R@x
a) 0)

Pucynok 1 — UBepTbXBUILOBHI TpaHCPOpMaTOp (), SIKUI peanizye MOHOIMITAHCHUH
noriuauii R-enement «HE, 1 #ioro nepenaBanbHa XxapakTepuctuka (0)

Enextpuuna cxema peainizaiii MoHoiMiTaHCHOTO R-moriunoro enementa «ABO»
nogana Ha puc. 2, a). OCKUIBKM cxeMa T00yJOoBaHA Ha YBEPTHXBHIHLOBOMY
TpaHchopMaTopi, TO 1 B HIk BUKOPUCTOBYETHCS TUIBKU aKTUBHHI OITIp.
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L Regx.)H = Réw)c.H ngx%.BZ R(Ex)Z.HZ ngx)Z.BZ ~
a) 0)

Pucynok 2 — Enexrpudna cxema (a) i iMiTaHCHA TiepeaBaibHa XapaKTePUCTHUKA
MOHOIMITaHCHOTO JioriyHOro R-enementa «ABO» (0) (Ha cxemi K1 1 K2 — ymoBHi
nepemukayi, I — omopHuii renepatop, B — BeHTHIIb)

3 OorIsAMy Ha BJIACTMBOCTI YBEPTHXBUIBOBHUX BifpiskiB mimii mepemawi lj—lg, sxi
MAIOTh BiJNOBITHO XBHILOBI onopu Zyy —Zyz, IMiTaHCHA NepeaaBalbHa XapaKTepPUCTHKA

eJleMeHTa PO3pPaxoBY€EThCA 3a (POPMYIIOIO:
2 (52 2
Zps (ZOlRexZ + ZOZRexl)

R
752
VAYTAY,

BUX

) 1)



ne Zoy, Zop, Zp3 — XBHIIBOBI OIOpH BiApi3KiB miHii nmepenadi lj, lp, |3, Bixnosigso.
BBaskarouw, 110 BXi/{Hi KaHAJIM JIOTTYHOr0 eJIeMEHTa iIeHTHYHi, TO0TO Zy; —Z ), 3 (1)
OTPUMAHO:
2
R _ ZO3 ( Rgxl + R6x2 ) (2)
eux 2 :
Zo

3 (2) BumuHBae, 10 iMITAaHCHA TEepeaBaibHa XapaKTePUCTHKA JIOTTYHOTO €JIEMEHTa

Ha IUIONIKHI B KoopauHatax R, i R,.» siBisie coboro npsimy siHito (puc. 2, 6), MOT0KEHHS
SIKOT MOYKE PETYITFOBATHCS IIISIXOM 3a/IaHHS 3HAUYCHb XBHJIbOBHX OMOPiB £ i Z(3 BiAPi3KiB
JiHIT Iepeaayi.

Peamizamiero MmoHOIMITAaHCHOTO JorigHoro R-ememenTta «I» € cxema, momaHa Ha

puc. 3, a, IKa BUKOPUCTOBYETHCS SIK 1 JIsl aKTUBHOTO, TaK 1 111 EMHICHOT'O Ta 1THAYKTUBHOTO
IMITaHCIB.

K1
-1 l< A
| —O—l—._L—
RY) RS | ROz =RYs
“® <a RO,RY,
| —O—l—._L—
B R <RY),
R(O) R(l) . ex.B.
6x2 6x2

RW R

1
R( ) 6x2.B. 6x2

6x2.H.
a) 6)
Pucynok 3 — Enektpuuna cxema (a) 1 nepeaBajibHa XapaKTepUCTUKAa MOHOIMITAaHCHOT O

norigHoro R-enementa «I» (6) (na cxemi K1 1 K2 — ymoBHI nmepemukadui, [ — omopHauit
reHeparop, B — BeHTHIIb)

BuxigHuii akTUBHUN oOImip CXEMH 3a yYMOBH, IO JIOBXXKHMHA BCIX 3'€IHYBaJIbHUX
BiZpi3KiB JTiHIT epenayi | << A, ne 4 — 10BKUHA eIeKTPOMarHiTHOT XBWIII B JIiHIT ITepeayi,
BU3HAYAETHCA 32 (DOPMYIIOHO:

R 1R
R =R, + ex1’ ‘ex2 . 3
BUX 3 Rgxl 4 Rgxz ( )

PiBusHHSA (3) omucye IMITAaHCHY TepeaBalIbHY XapaKTEPUCTHUKY CXEMHU, IO SBJISE
coboro B koopauHatax R,q i R, ciMeiicTBO piBHOGIYHUX TirmepOOI, TOIOKCHHS SKUX

MO’KE PETYJTIOBATHCS BEIMYMHOIO pe3nuctopa R3. AHamoriynumM 4uHHOM Ii€ CIpaBEeIIUBO i

JUTSl EMHICHOT'O Ta 1HIYKTUBHOI'O OIOPIB.



MareMmaTiH4uH1 MO€E HaBEAEHNX MOHOIMITAHCHUX JIOTTYHUX €JIEMEHTIB BUBEIECHO HA
OCHOBI pIBHSHHS XBWJIbOBOrO omnopy JiHii mnepenaui y HBY pianazoni. s
MOHOIMITaHCHOro Jioriunoro eiaementa «HE», mokasanoro Ha pwuc. 1, a), BUXiIHHN
IMITEJTaHC CXEMH JIOPIBHIOE:

Rgux — ZO . exl/ZO (1 Xexl/ZO tgﬂ) + Rexl/ZO tgﬂ (Xexl/ZO +tgﬂ) (4)
(1 Xexl/ZO tgﬂ) + (Rexl/ZO tgﬂ)

ne f=2zl/A — pasosa crana; Z; — xBuIboBHIA OIIip BiApi3KiB TiHiT Mepenadi.

JIJIs MOHOIMITAHCHOT'O JIOTiYHOro enemMeHTa «ABOy, mokasaHoro Ha puc. 2, a),
BHUXIJTHUM IMIIEJIAHC CXEMHU JOPIBHIOE:

R .-R R..1R
Rg”leg”xZ/ZO'(l— X2/ Zo 'tgﬂ)+R6mF;”xZ/zo 198 (X 2/ Zo+19/)
R :ZO' eux1+ 6uUx2 eux1+ 6ux2 (5)
GUX . ’
(1- ngz/ZO ~tgﬂ)2 +(M/Zo -tgﬂ)z
Reuxl R@uxZ

a JIJI1 MOHOIMITaHCHOIO JIOT14HOro enemMenTa «ABOy, moka3zaHoro Ha puc. 3, a)

R = R3 n (Reuxl)2 ) ReuxZ + Reuxl ) (ReuxZ)Z + R@uxl ) (XguxZ)Z + ReuxZ ) (Xeuxl)z . (6)
3’”‘ (ngcl)2 +2- R@uxl ) ReuxZ + (Reux2)2 + (Xem)cl)2 +2- X@uxl ) xeux2 + (Xeux2)2

e
R = ZO . exl/ZO (1 Xexl/ZO tgﬂ) + Rexl/ZO tgﬂ (Xexl/ZO +tgﬂ) (7)
- (1 Xexl/ZO tgﬂ) +(R3xl/ZO tgﬂ)
R =7, Rev2/Zo (1= X0/Zg 19 ) + Rgxz/zo tgs- (X6x2/ZO +195) ®)

(1 X6x2/ZO tgﬂ) +(R6x2/ZO tgﬁ)

Anasnoriudo 10 (6-8) po3paxoByrOTbCS 1 MaTeMaTU4YHI MOl MOHOIMITAaHCHUX
JIOT1YHUX eNIEMEHTIB «I» 3 EMHICHUM 1 IHAYKTUBHUM OTIOPOM.

3 OTpMMaHMX MaTeMaTHUYHHX MOJeJeld BHJIUICHO OCHOBHI JecTaOlLT3yBaJIbHI
axropwy, sKi BIUIMBAIOTH Ha BUXIIHUI OMIp CXEMH: HECTAOLIBHICTE XBUIILOBOTO o10py Z
BIZIPI3KIB JIiHIT Tepenadvi, moxuOKa ITOBKWUHH Binpi3ka JiHii nepemadi Al abo wactoTu
BXiZHOrO cUrHaiy f, mosBa y BXigHUX iMIIeaHCcax MapasuTHUX PEAKTUBHUX CKIaJOBUX X .,
(ISt JIOT1YHHUX EJIEMEHTIB 3 €MHICHUM a00 1HAYKTHBHUM OIOPOM: 3MiHA JOOPOTHOCTI
BXinHux emuicHux (iHaykTusEux) imnenancis Q = Rey /X g (Q=X | ../Ryz))-

JlocnmiJDKeHHsT  BIUIMBY  IIUX  JeCTaOUTI3yBabHUX  (DaKTOpiB Ha  poOOTy
MOHOIMITaHCHOro Jioriynoro R-emementa «HE» BusBuMIHM, 10 3HAYEHHS BHUXIJHOIO
aKTHBHOTO oropy R, He BHXOAWTH 3a MEXi JOTTYHUX PiBHIB 38 YMOBH 3MiHH BETUYUHA

XBHJIBOBOTO onopy Zq JiHil nepenadi y Mexax = 5 Om, apasUTHOTO PEaKTHBHOTO OIIOPY
X4 He Ginbiue Hixk 5 Om Ta onopHoi yactotu curnany fo mHe Ginbine Hixk Ha 6,5 %, pu

IIbOMY BUXIJTHUM aKTUBHUH OMIip 3MIHIOEThCS He OUThIT HIXK Ha 20 %.
JlocmipKEeHHST MOHOIMITaHCHOTO JorigHoro R-enementa «ABOy» mokazamu, 1mio

3HAYEHHS BUX1JHOr0 aKTHBHOTO onopy Ry, He 3aJIeKUTh BiJl 3MiHH BEIMYMHHN XBUIHOBOTO



oropy Z ninii nepenaui y mesxax +10 Om. Buxinumii akrusHuii onip R, 3aimmraerscs
y MeXax JIOTIYHHX PIiBHIB 3@ YMOBH 3HAUEHHS MMApa3sUTHOTO PEAKTUBHOTO omopy X, He

ounbme Hixk 8 Om, IPY IbOMY BUX1THWIA aKTUBHHUI OMIp 3MIHIOETHCSA HE OUTHIT HiXk Ha 63
%, Ta 3MiHH OIOPHOI YacToTh curnany fo He Ginbiie Hixk Ha 7 %, NpH UBOMY BUXiTHUI

aKTUBHUM OIIp 3MIHIOETHCS HE OUThIN HiXk Ha 50 %.
JlocmimpkeHHST MOHOIMITAHCHOTO JIoTigHOTO R-ememenTta «I» mokaszanm, mo 3MiHa

BEJIMYMHU XBHJILOBOTO OmMopy Z; He BIUIMBA€ HA BHXIiJIHI aKTUBHUH 1 pEaKTHBHHUN
iMnenancu cxemu. Buxinuuii aktuBHuii imnenanc R, npu 3MiHiI BXiTHOTO peakTHBHOTO
imnenancy X, B Mexxax 0-10 Om 3MiHIO€TBCS He Ounblne Hix Ha 2% i HE BUXOAUTH 3a

Mex1 JoriyHuX piBHIB «0» 1 «1». 3a yMOBHM MOXHUOKH JOBKHHH BiJpi3Ka JIiHII mepenadi
Al'=0...1,0 mm Buxinauit aktuBHuit iMmenanc R,,, 3MiHIO€ThC He Ginbite Hixk Ha 2% i He

BUXOIUTH 32 MEXI JIOTTYHUX piBHIB «0» 1 «1». {51 3a0e3nedeHHs: BUCOKO1 3aBaJOCTIHKOCTI
CXEMH HEOOXITHO MparHyTH J0 3MEHIICHHs MOXUOKHU peamizailii TOBXUHU BIAPI3KIB JIiHIT
nepeaadi i 10 MiABUIIEHHS CTaOUTBbHOCTI YaCTOTH CUTHAJY OIOPHOTO TeHepaTopa.
JlociKeHHST MOHOIMITAHCHOIrO JoriuHoro L-exemenTta «I» mokaszanu, 1o 3MiHA
BEJIMYMHU XBUJIBOBOTO ONOPY Z; TNPaKTHYHO HE BIUIMBA€ HA BUXIIHHUN PEaKTUBHUN

IMIIEJaHC CXEMHM, BeJIMYMHA BIJTHOCHOI YYTJIMBOCTI B IIbOMY BHUIIAJKy He nepeBuiiye 5%.
BuxinHuii akTUBHHMIT IMIIETaHC CXEMU HE 3aJISXKUTH BiJl BEIMYMHH XBHIBOBOTO OIOPY Zj .

3miHa JOOPOTHOCTI BXiJHUX IHAYKTUBHUX iMnenancis Q mpu3BoauTh 10 3MiHM BUXiZTHOTO
peaxTuBHOro immenancy X, . He Oinbpire Hix Ha 2%. Buxignuil akTHBHHIT iMIenaHc
R 4, 3MEHIIYETHCS TIpH 3pocTanHi gooporHocti Q. Ipu moxuoOIi JOBKUHMA Biapi3Ka JiHil
nepenadi Al =0...20,1m Buxinnuii peaxtusnumii imnenanc X, 3MiHI0O€TbCS He Ginble

HIK Ha 8% 1 HE BUXOAUTH 32 MEX1 JIOTTYHUX PiBHIB «0» 1 «1». BuxigHuii akTHBHMI IMIIeaHC
R| 4 B 3a1aHOMY Jliana3oHi MOXMOKM peatizaii JOBKUHU Bijfpi3Ka JiHii nepenadi Al e

3MIHIOETbCI. OTke, IS 3a0e3IledYeHHS BHCOKOI 3aBaJOCTIMKOCTI CXEMH HEOOX1THO
NparHyTy 10 3MEHIICHHS MOXMOKHW JTOBXXMHHU BIAPI3KIB JiHIT mepeaayi 1 A0 IMiIBULICHHS
CTaOILHOCTI YaCTOTH CUTHAJIY OIMOPHOr0 TreHeparopa. BenmuunHa HOOPOTHOCTI BXITHHUX
IHAYKTUBHUX IMIIEAHCIB Ma€ NEPEBUITYBATH 3HaUEHHS B 20 OMHMUIIb.

JlocnimkeHHsT MOHOIMITaHCHOTrO JorigHoro C-ememenTta «I» mokaszamm, 1o 3MiHa
BEJINYMHU XBHJILOBOI'O OHOPY Z () IPAKTUYHO HE BIUINBAE HA PEAKTHBHY 1 aKTUBHY CKJIAJI0BI

BUXiJHOTO IMIIEZAaHCYy CXeMHU. 3MiHa JOOPOTHOCTI BXiIHUX €MHICHHMX imnenanciB Q
NPAaKTUYHO HE BIUTMBAE HAa 3HAYCHHS BUXIJTHOTO PEaKTUBHOTO iMnienancy X, . BUxigHuii
akTMBHMHI immeganc Re,,, 3MeHmyerscs npu 3pocranni mobpornocti Q. 3a ymosm
nmoxuOku nopxuuu Binpiska mimii mepemaui Al=0..£0,1mwv Buxigmnuit peaxtupnwmit
iMnenanc X, 3MIHIOETbCS He Oinbine HDX Ha 35 % 1 He BUXOIHUTH 32 MEXI JIOTYHUX
piBHiB «0» i «1». Buxiguuii aktuBuuil imrenanc R, B 3amaHOMy Jiama3oHi MOXUOKH

peaiizaiii ToBKHHHM Bijpiska JiHii nmepenadi Al He 3MiHIO€TBCA. OTXKE, I 3a0€3MCUCHHS



BHUCOKOI 3aBaIOCTIMKOCTI CXE€MHU HEOOXI1THO MParHyTH 0 3MEHIICHHS MOXUOKH TOBXKUHU
BIIPI3KIB JIHII Tlepenayi 1 A0 MiJBMINCHHS CTAaOUIBHOCTI YacCTOTH CUTHAJy OIOPHOIO
reHeparopa. BenmwmumHa MOOPOTHOCTI BXIJIHMX €MHICHHX IMIEAAHCIB, BIIIMOBITHHUX
JOT1YHUM PiBHAM «0» 1 «1», Mae epeBUIyBaTH 3HaueHHs B 20 OJMHUIIb.

Y TpeTrboMy po3iji IPOBEIEHO CUHTE3 Ta JOCIIHKCHHS KOMOIHOBAaHUX JIOTTYHUX
CXEM Ha OCHOBI PO3pOOJICHMX MOHOIMITaHCHUX JoriuHux R-enementiB «HE», «ABO» Ta
«I», 30kpemMa MOHOIMITAaHCHOI'O MiBCYyMaTopa Ta cymMaTopa.

HeoOxia1HOKO JIOTIYHOIO K1
CXEMOIO JUIsl TIOOYIOBH CyMa- —o ] l3=4/4
TOpa 1 MIBCyMaropa € cymMaTop | _il I
3a MoayileM 2. }'Ia' OCHOBI ~©) D - T T« _ .
pO3pO0JEHNX MOHOIMITAaHCHHX oxl élﬂ "IQ T 5_i/ o
noriyaux R-enementiB «HEy, L l\. T I
«ABO» Ta «I» cuHTE30BaHO T T ke + + )
MOHOIMITAaHCHUW CymaTop 3a B . 5

Monynem 2 (puc. 4), npuaomy
3aBIIKHU BIIACTHBOCTSM  R(%) [
MiBXBUJIHLOBUX 1 YBEPTHXBU-
JHOBUX BIAPI3KiB JiHIT epeaayi 4 1
y HBY nianazoHi mpoBeneHO
JOTATKOBY ONTUMI3ALIIO
KJIACUYHOI CXEMH.

Crnporiena MaTeMaTHYHA MOJIEINb, 110 OITUCYE pOOOTY MOHOIMITAHCHOT'O CyMaTopa
3a MOAyJIeM 2 B iIcalTbHUX yMOBaX, Ma€ BUTJISI:

2 2
72 Rgxo - ZOl/Rexl .72 Rext ZOl/RexZ
01

—
o
-
r
1
RE ?

Pucynok 4 — EnextpuuHa cxema MOHOIMITaHCHOTO
cyMaTopa 3a MOJyJIEM 2

2 01 2
R =7 2 R6x2 + ZOl/Rexl Rexl + ZO]./RB‘XZ (9)
8UX 01 2 2 )
2 R8x2 ) ZOl/Rgxl 2 R@xl ) ZOl/RexZ
Ly > +2Z; >
R6x2 + ZOl/R6x1 Rexl + ZOl/RexZ

JlocmipkeHHsT 3MIHM BHUXIIHOTO 1HQOPMATHBHOIO TlapaMeTpa Bil BIUIUBY
napa3uTHUX (PaKkTOpiB BUSBUIIO, IO JIJIsi 3a0€3MEeUeHHs BUCOKOI 3aBaJOCTIMKOCTI CXEMU
HEOOX1THO IPAarHyTH JI0 3MECHIIICHHS 3HAYCHHS PEaKTUBHOTO OITOPY Y BX1THUX omopax. J{is
KOPEKTHOT poOOTH CXeMH BEIMYMHA JOOPOTHOCTI BXIIHUX OMOPIB Ma€ HE MEPEBUIIYBATU
0,15, mo BiAMoBiAa€e BITHOCHIM MOXUOIl BUXIAHOrO akTUBHOTro omnopy B 2 %. Takox
HEOOX1THO BpPaxOBYBATH, IO 301IBIICHHS HOMIHAJIB BXIJHUX aKTHBHHUX OIOPIB MOXE
NPU3BECTU A0 30UIbIIEHHA MOXMOKH BHUXIJHOTO aKTHMBHOIO OMOPY 3a PaxXyHOK BIUIUBY
NMOXMUOKHM XBHJILOBOT'O OIOPY BIAPI3KIB JIHIT Mepenadi, a 3MEHIIEHHSI HOMIHAJIB BX1THUX
aKTUBHHX OIOPIB MOKE MPHU3BECTHU /10 30UIbIIEHHS MOXUOKM BUXITHOTO AKTUBHOT'O OIOPY
3a paxyHOK BIUIMBY HECTaOUIBLHOCTI YaCTOTH OMOPHOTO Te€HEpaTopa.



Ha OCHOBI

.o = (0) K1 O =
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TAHCHOTO CyMaropa 3a
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iMi R+ 3 3 1 =14 R
BaHO CXEMY MOHOIMI- C 1 ~ ~ 5 S
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— —
a a
- ol
TAHCHHUX JIOTTYHHX elie- - i’ =
. r
MEHTIB IPOBEJIEHO J0- r | ] r
JATKOBY  ONTHUMI3AIlIO L J—o o—1 1
. . L L rR® k2 groO L 1
KJIACUYHOI CXEeMH IIiB- B B

cymaTopa.

OTtpumano mare-
MaTHUYHY MOJEIb MOHO-
IMITaHCHOT' O HaIlIBCyMaTopa, siKa NiATBEpAIa QYHKI[1OHAIIbHY BIAMOBIIHICTh PO3POOJIEHOT
CXEeMH TaOJUIll ICTUHHOCTI MiBCyMaTopa:

2 2
72 RB'ZO/RA .72 RA'ZO/RB

Pucynok 5 — Cxema MOHOIMITaHCHOTO MiBCyMaTopa

2 0 2
R = Rg +2§ /Ra Ra+25 /Rg (10)
2 2 ’
22 Rg - ZO/RA +72 Ra-Z&/Rg
RB+Zg/RA RA+Zg/RB
Re = AT (11)
Ra+Rp

BuzHaueHo CyMiCHICTH 1 ONTUMAaIBHICTB J[1alTa30H1B BX1THUX 1 BUX1THUX omopiB. s
OO BBaXKanock, mo Ry =17.5 Om, niana3on 3HaueHb BXiJHOTO OIOpY, LIO BiAIMOBiIae

aoriunoMy «0», nopiBHioe 0 + 15 Om, Aiana3oH 3HAY€Hb BXIJTHOT'O OIOPY, IO BIAMOBIIAE
joriyHi «1», mopiBHtoe 125 + 200 Om. Buxopsum 3 piBussab (11) 1 (12), 3aranpHwmii
Jlarna3oH 3HA4Y€Hb BUXIJHUX OMOPIB CXEMH, BIIMOBIAHUX JIOTTYHOMY «0», HOpiBHIOE
0 + 345 0Om, a 3aranpHui Jiana30H 3HAYCHb BUXIJIHHX OIOPIB CXEMH, BiJIOBIIHHX
joriuHii «1», nopiBaroe 80 + 200 Owm.

Cxemoro peanizailii MOHOIMITAHCHOT'O CyMaropa € KOMOIHaI[isl IBOX CyMaTopiB 3a
MOJyJeM 2, MBOX JIOTIYHUX eleMeHTIB «I» 1 yoriunoro eirementa «AbO». 3a paxyHoK
BJIACTUBOCTEN MOHOIMITAHCHMX JIOTIYHUX €JIEMEHTIB MPOBEICHO J0JATKOBY ONTHMI3AIliI0
KJIACUYHOI CXEMU CyMaTopa.
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Pucynok 6 — CxemMa MOHOIMITaHCHOTO CyMaTopa

MatemaTudHa MOJIe7Thb MOHOIMITAHCHOT'O CyMaTopa:

2 2
Z/RBI ZO/RAI .Z/RAi'ZO/RBI
0

RPI ZO RBI + Zg/RAI RAI + Z0 /RBI
/ Rgi - Zo /RAI Zg/ Rai - Zg /RBI
Rpi = Rai - RBi Rgi + ZgZ/RAl Rai +Zg /Rsu (12)
Rai + RBI / Rgi - Zg /RAl .7 / Rai - Zg/RBI
Rp; +Z2 Rgi + Zzg/RAl Rai + Z%/Rsu
Z RB| Z0 /RAI Z RAI ZO /RBI
RBI + Zg/RAI RA| + Z0 /RBI

RSl RPI—l RSI RPI—l
Z/Z/ RPI / RSI RPI—l ZO RSI . (13)
RS Rp -1 + RS Rp -1 +
| P|—1 I RSI | P|—1 | RSI
He:

Rsi = 2 2 2 2 .
> | Rei-Z¢ /Ry , Rai-Z&/Rei /52 / Rei-Z2/Rai . 52/ Rai-Z/Rg;
7 AL 78 7 AL 7 z
Rgi +Zg /RAi Rai + 20 /RBl Rgi +Zg /RAi Rai + £ /RBi

BuzHaueHo CyMiCHICTH 1 ONTUMAIBHICTh J11alTa30H1B BX1JTHUX 1 BUX1THUX OomopiB. s

[[LOTO BBAXKAJIOCH, IO Jlana30H 3HAYE€Hb BXIAHOTO OMOPY, BIAMOBIAHUMN JOTiYHOMY «O»,
nopiBaioe 0 + 10 Owm, a giama3oH, BiAmoBigHUH jorivHii «1», mopiatoe 150 + 300 Om.




Toni 3 piBusasb (13) 1 (14) BumIHUBae, MO CHOUTPHUN 1alla30H 3HAYEHb BUXITHUX OTOPIB
CXeMH, BIAMOBiAHUEN JsoriyHomMy «0», nopiBHioe 0 + 35.7 Om, a chOuUlbHMI Jdiana3oH
3HAYCHb BUXITHUX OMOPIB CXEMHU, BIATOBIIHMI JoTiuHIN «1», nopiBHIOE 64 + 200 Om.

[IpoBeneHo 101aTKOBE BAOCKOHAIIEHHS CXEMH MOHOIMITAHCHOT'O CyMaTopa HUIIXOM
NyONIOBaHHS BXIHMX OIOPIB, OTPUMAHO pPE3YJIbTAaTH KOMII IOTEPHOTO MOJIEITIOBAHHS
MOHOIMITAHCHOTO CyMaTopa, sIKi CB14aTh Mo HOro poOOTO3aTHICTh, 1 pO3POOJICHO HOTO
TOTIOJIOTIIO.

Y yeTBepTOMY PO3iJi MPOBEACHO anapaTHy peaizalito MOHOIMITAHCHUX JIOTTYHHUX
R-enementiB «HE», «ABO» Ta «I», 3anmpomnoHoBaHO cxemMu 1 cepu 3acTOCyBaHHS
MPUCTPOIB HA OCHOBI MOHOIMITAHCHUX JIOTIYHUX €TIEMEHTIB.

[IpoBeneHo KOHCTPYKTOPChKI PO3paXyHKH MapaMeTpiB MOHOIMITAHCHUX JIOTTYHMX R-
enemeHTiB «HE», «ABO» ta «I» Ta mobyaoBaHi MakeTH, mokasaHi Ha puc. 7 — 9.

PucyHnok 7 — MakeT MOHOIM1JJaHCHOTO
soriu”oro einemenra «HE»

Pucynok 9 — Maker
MOHOIMITAHCHOT'O
JIOTIYHOrO ejeMeHnTa «I»

Pucynok 8 — MakeT MOHOIMITaHCHOT'O
JoriyHoro exemenTta «AbOy»

[IpoBeneHi  ekcnepuUMEHTalbHI  JOCHDKEHHS  MOKa3aJd  pOOOTO3/IaTHICTh
no0yTI0BaHUX MOHOIMITAHCHUX JIOT1YHUX €JIEMEHTIB, aje BUSABWIH JEAKl PO301KHOCTI MiK
pe3ysibTaTaMi €KCHEPUMEHTAIbHUX JOCIIIKEHb 1 KOMIT IOTEPHUM MOJIEIIOBAHHSM UYepe3
HasIBHICTh MApa3UTHOI IHAYKTUBHOCT] Y BXIJTHUX IMII€IaHCaX €JIEMEHTIB, 0 CIPUUYUHEHO
TEXHOJIOTTYHOI0 HEIOCKOHAJIICTIO MOOYI0BaHUX MAKETIB.

B pesynbTaTi ekcrnepuMeHTaIbHUX JOCTIKEHb OYJI0 OTPUMAaHO XapaKTePUCTUKU
peambHUX MOHOIMITAHCHUX JIOTIYHUX €JEMEHTIB, IO J[JO3BOJMIO TOPIBHATH iX 3
HAMBMNPOBIIHUKOBUMH JioriuHuMH efemenTamu (KMOH-norika):



Taoimus 1 — IopiBusauua xapakrepuctTuk KMOH i MoHOIMITaHCHO] JIOTIK

KMOH-norika MoHoiIMITaHCHA JIOT1Ka
MinimanbsHa poboua Hampyra, B 0,8 ~0
[ToTyXHICTh PO3CIFOBaHHS 10 MmBT1 45-71%
Crioci0 >KMBJICHHSI AKTUBHUI NACUBHUU
3aTpuMKa CUTHAITY 1-10 HC lac (3af=11Tn)
["abaputu 14 am ~5cm(3af=11Tn)

ExcriepuMenTanbH1 JOCIIKEHHS IOBEH, IO MIEPEBaror0 MOHOIMITAHCHUX JIOTTYHUX
eJeMeHTIB Haj HamBrpoBigHUKOBUMH KMOH rnoriuHMMu eneMeHTaMu € BIJCYTHICTb
00MEXEeHb /7151 MIHIMaJIbHOI poO0Y0i HAIIPYTH, & TAKOK MTACUBHUMN CTIOC10 KUBIICHHS CXEMH.
TakuM YMHOM, BHKOPUCTAHHS MOHOIMITAHCHOI JIOTIKM B OOYHMCIIOBAIbLHUX CHCTEMax
JT03BOJISIE€ MOKPAIIUTH TXH1 €HEPreTUYH1 XapaKTEePUCTUKH, a TAKOXK M1BUIIMTH HIBUIKOIIIO.
OpHak 1X HEIOJIIKOM € 3Ha4YHI rabapuTHI pO3MIpH.

OpHiero 3 ramy3eid MOXKJIMBOIO 3aCTOCYBAHHSI MOHOIMITAHCHHUX JIOTTYHHX CXEM €
00pobka 1udpoBoi iHPopMaIlli B MACUBHUX PaAlouacTOTHUX TPAHCIIOHJEPHUX CUCTEMAX.
BukopuctanHs MOHOIMITaHCHOT JIOT'1KM B TAaKUX CHCTEMaXx JI03BOJISIE 30UIBIIUTH TAJIbHICTh
3UUTYBAHHS, MIJBUIIUTH YaCTOTHUM J1ana3oH 1 MIBUIKO/1I0, BAKOHYBATH JIOT14HI onepariii
0€3 BUKOPUCTAHHS YHIIIB 1 aKTUBHUX €JIEMEHTIB. ToMy y poOOTi 3alIpONOHOBAaHO BapiaHTH
BUKOPUCTAHHSI MOHOIMITAHCHHX JIOTIYHMX CXE€M y TPAHCIOHJEPHUX CHUCTEMax JJIsl PI3HUX
3amad. CTpyKTypHa cXeMma 34MTyBau-/laBay, sika MICTUTh MOHOIMITAHCHI JIOT14HI CXEMU
(MUIC), mosxe BUTISAATH TAKUM YHHOM:
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Pucynok 10 — CtpykTypHa cxema 3uuTyBaya i 1aBaya 3 MOHOIMITaHCHOIO JIOT1KOIO

JI1s cyMiCHOCT1 MOHOIMITAaHCHOT JIOT1KH 3 PaIl04aCTOTHUMH CHCTEMaMHU PO3POOJICHO
MacHUBHI PaJioyacTOTHI IMepejaBadi Jjisi pPoOOTH 3 MOHOIMITAHCHOKO JIOTIKOK, SIKi
MPAIOIOTh HA MPUHIUIIAX 3BOPOTHOTO BIMOUTTS 1 TOMHOXEHHS YacToTu. KoM totepHe
MoJIeTIoBaHHs 1X pobOorm y mporpamHomy mnakeri AWR Design Environment 9.00
MIATBEPAUIO iXHIO POOOTO3JATHICTH 1 CYMICHICTh 3 MOHOIMITAHCHUMHU JIOTTYHUMU
CXEMaMH.



Ha iX OCHOBI 3amponOHOBAHO TPAHCIOHACPH 3 MOHOIMITAHCHUM JIOTTYHUM
enieMeHTOM «ABO» un «I», ki MOKYTh OyTH BUKOPUCTaHI JIJIs KOHTPOJIIO T€PMETHUYHOCTI1
Tapu, CIPABHOCTI €JIEMEHTIB CHUCTEMH, TPAHCIOHIECPH 3 MACHBOM MOHOIMITAaHCHUX
noriunux enemeHTiB «kHE» Ta cymaropamu 3a Moaynem 2, ki MOXKYTh OyTH BUKOPHUCTaHI
JUTS IHIWKAIIT CTaHy TIEBHOTO 00’ €KTa CHCTEMH, TPAHCIIOHAEPa 3 MACUBOM MOHOIMITAHCHHUX
goriyaux enemeHTiB «HE» 3 pi3HUMH XBWIHOBUMH OINOpaMH, WI0 MOXe OyTH
BUKOPUCTAHUM SIK MPOCTUHA aHAJOro-UM(PPOBHIL IEPETBOPIOBAY, TPAHCIOHAEpa 3
MOHOIMITAaHCHUM IHU(paToOpoM, TpaHCIOHAEpPAa 3 MOHOIMITAHCHUM TPIOPUTETHUM
mmdparopoM. MonenroBaHHs poOOTH X cxem y mporpamHomy makeri AWR Design
Environment 9.00 mixgrBepamno ix pobOoro3maTHicTh. OTpuMaHO Tpadikd BUXITHUX
napaMmeTpiB, 3a JIONOMOIOI SIKUX THEpEeBIpeHO pOOOTYy TPAaHCIOHAEPIB MpPHU PI3HUX
3HAYEHHSX BXIJIHHUX MapamMeTpiB.

BUCHOBKHU

1. [IpoananizoBaHO Cy4acHI1 JOCSATHEHHS B rajgy3i po3poOKH JIOTTYHUX €JIEMEHTIB, SKi
BUKOPHUCTOBYIOTh pi3HI (i3MuHI sBHIIA AK 1HGOpPMAaTUBHUN mapamerp. Po3risHyTo
HaIlIBIIPOBIHUKOBI,  ONTHUYHI, TIAPaBIIYHI, [MHEBMaTU4YHi, OI10XIMI4HI, MarHITHI,
paJlovyacTOTHI, MYJIbTHUIMITAHCHI Ta MOHOIMITAHCHI JIOTIYHI €JIE€MEHTH, HaBEICHO iX
XapaKTepUCTUKH Ta mapameTpu. [IpoBeneHo kpurepiaabHe OLIHIOBAHHSA iX €()eKTUBHOCTI 3a
HIBUAKOAIEI0, TPUBAIICTIO 3aTPUMKH CUTHAJIy, CHOKMBAHOKO MOTY>KHICTIO, TOTYKHICTIO
NMepeMUKaHHS Ta TrabapuTHUMU po3MipaMu. Pe3ynbTaTH KpUTEpiabHOTO OI[IHIOBAaHHS 1
aHalli3y [OKa3yloTh BHUCOKY €(EKTUBHICTb MOHOIMITAHCHOI JIOTIKM, 30Kpema 3a
napamMeTpaMu MIBUIKOMAIl, 3aBaJOCTIMKOCTI Ta EHEProCHOKUBAHHS, IO MIATBEPIKYE
JOLIBHICTD iX MOJAJBIIOI PO3pOOKH. PO3MIsIHYTO iICHYIOUI PagioyacTOTHI TPaHCIIOHAEpU
Ta MPOAHANI30BaHO iX MmapameTpu. B pe3ynbrari iX MOpIBHAHHS 3 TPAHCIOHAEPAMHU Ha
OCHOBI MOHOIMITAHCHMX MNPUCTPOIB BU3HAYEHO NEpeBaru OCTAHHIX, SIKI MOJSATAIOTh Y
MEHIIOMY E€HEpProCrnoXKMBaHHI, Kpalliil MMIBHAKO/II, BHILIOMY YacTOTHOMY Jlama3oHl Ta
MOTEHIIIMHO MEHIII M BapTOCTI Yepe3 BIICYTHICTh YHUIIIB Y CKJIaJll CXEMH.

2. Iloganpioro po3BUTKY OTPUMAaB METOJ CHHTE3Y IMITAHCHHUX JIOTIYHUX €JIEMEHTIB
[UIIXOM OJHOYACHOTO BUKOPHUCTAHHS IMITAHCY TUIBKU OAHOTO BHY JIOJIATHOT'O 3HAYEHHS
Ta BUKOPUCTAHHA SIK (PI3UYHOT OCHOBU TpaHC(HOPMYBAIbHUX BIACTUBOCTEN BIIPI3KIB JiHIT
nepegaui y HBY mianmazoni. BukopucToByrO4M po3poOJICHHMH METO, 3alpOINOHOBAHO
MaTeMaTUYH1 MOJIEJI Ta CXEMHU peani3alii MaCUBHUX MOHOIMITAHCHUX JIOTTYHUX €JIEMEHTIB
Ha OCHOBI MIBXBWJIbOBUX 1 YBEPTHXBWJIHLOBUX BIAPI3KIB JiHII mepenadi, siki BUKOHYIOTh
goriynl  ¢yukmii «HE», «ABO» Ta «I» mnpum BHUKOpHUCTaHHI aKTUBHOI'O OINOPY SIK
1H(QOPMATUBHOTO TapaMeTpa, Ta eJeMeHTIB «I» Mpu BUKOPUCTaHHI €MHICHOTO Ta
IHAYKTUBHOrO omopiB. IIpoBeeHO KOMIT'IOTEpHE MOENIOBAHHSA y MPOrPAaMHOMY MaKeTl
AWR Microwave Office 9.00 ta moOymoBaHO eKCIICPUMEHTAIbHI MAKETH MOHOIMITAHCHUX
noriuHux enaeMeHTiB «HE», «ABO» Ta «I», siki miATBEPIKYIOTh iX poOOTO34aTHICTD.

3. JlocmigxeHO BIUIMB HAa BHUXIOHUN 1H(QOPMATHBHHMA mMapaMeTp po3poOJIeHUX
MOHOIMITAHCHUX JIOTIYHUX €JIEMEHTIB JiecTabUI3yBaTbHUX (PaKTOPIB: MOXHUOKA XBUIHLOBOTO
OTopy BiJpI3KIB JiHIT mepenayi, mapasuTHa PEAKTUBHICTh a00 MOOPOTHICTH Yy BXITHHUX



oropax, 3MiHa YacTOTH BXIJIHOTO CHTHAJIy TeHepaTopa abo MOXuOKa JOBXKUHHU BiAPI3KiB
niHii nepenadi. JlocaipkeHHs TPOBOAMIKNCH 32 JOTIOMOT'0K0 KOMIT FOTEPHOTO MOJICITFOBAHHS
MOBEAIHKHA MAaTEMAaTUIHUX MOJIeNIe MOHOIMITAHCHUX JIOTIYHUX €JIEMEHTIB Yy IPOrPAMHOMY
nakeri Mathcad 14. JlocmigkeHHS MIATBEPAWIN BHCOKY CTaOUIBHICTE pOOOTH
MOHOIMITAaHCHMX €JIEMEHTIB TMpU 3MiHI JecTa0ul3yBalIbHUX (AKTOPIB Yy 3aJaHOMY
iarna3oHi.

4. Po3pobmeHo cymarop 3a MOAyJdeM 2, MiBCymMaTop Ta CyMmMaTop Ha OCHOBI
MOHOIMITAHCHUX JIOTIYHMX €JIEMEHTIB, 10 BHKOPHUCTOBYIOTh AaKTHBHUU OMIp SK
1HGOpMaTUBHUI MapaMeTp. 3aBAsSKH BUKOPUCTAHHS MOHOIMITAHCHOI'O METOJY MPOBEIECHO
JIOJTATKOBY OINTHUMI3allil0 32 PaxyHOK B3a€EMHOIO CKOPOUYEHHS JOBXXHHH BIIPI3KIB JIHIT
nepenayl. 3a JOMOMOr 00 po3po0JEeHUX MAaTEMAaTUYHUX MOJIENIEN cyMaTropa 3a MOJIYJIEM 2,
miBCyMaTopa Ta cymaTopa nmo0y/I0BaHO MepeaBaibHl XapaKTepUCTUKH, K1 BIIMOBIIAIOThH
iXHIM JOr1YHUM (YHKLISIM. 3apornoOHOBAaHO JAlana3oHu BXIAHUX OMOPIB, SIKI JO3BOJISIIOThH
JOCSITHYTH CYMICHOCTI BXIJHUX 1 BHUXiIHUX omopiB. [lepeBaramu po3poOiaeHUX
KOMOIHAIIMHUX CXEM € MACUBHUU CHoCiO JKUBIEHHS, BIICYTHICTh aKTUBHUX €JIEMEHTIB Y
CXeMi, BHCOKAa IIBUIKOIiS, BHUCOKAa CTIHKICTh JI0 BIUIMBY EJICKTPOMArHITHUX 3aBal,
3MEHIIIEHUH MOPIT MiHIMaJIbHOT poO0YO0i HAIIPYTH.

5. Po3po0rieHo panioyacToTHI NAacuBHI IepejaBadl, CyMICHI 3 MOHOIMITaHCHUMU
npuctposiMd. Ha iX OCHOBI 3amporoHOBaHI TPAHCIOHJAEPH 3 MOHOIMITAHCHUMH
NPUCTPOSIMU: MOHOIMITAHCHUM JIOTTYHUM eJieMeHTOM «ABO», MOHOIMITaHCHUM JIOTTYHUM
eileMeHToM «I», MacuBOM MOHOIMITAaHCHUX Jjoriynmx ejgemeHTiB «HE», wmacuBom
MOHOIMITAHCHUX JIOTTYHMX eneMeHTiB «HE» 3 pi3HUMH XBHJIBOBUMH OIOpPaMH,
MOHOIMITAHCHUMH CyMaTopaMd 3a MOJyJdeM 2, MOHOIMITaHCHUM MHU(PaTOpOM,
MOHOIMITAaHCHUM TIpiopiTeTHUM mudpaTopom. [IpoBeneHo KOMIT'I0OTEpHE MOACTIOBAHHS
poOOTH TakuX TpaHCHOHAEPiB y mporpamuomy makeri AWR Design Environment 9.00, sike
MiATBEPAUIIO iX pOOOTO3MATHICTH, Ta 3aMPOTIOHOBAHO MOKJIMBI BapiaHTH MPAKTUIHOTO
BUKOPHUCTAHHS TaKMX TpaHCIoHAepiB. Ha oCHOBI po3po0eHUX TPaHCIOHAEPIB MOKIUBO
noOyayBaTu jAaBadyi, siki OyJIyTh MaTH Taki IepeBaru: >KUBJIEHHA Bia BxigHoro HBY
CUTHATy, MOJIHMBICTb POOOTH B YMOBax MAaJIONOTYKHHUX BXIJJHUX CHUTHAJIB, BHCOKa
IIBUJIKO/TISI Ta BUKOHAHHS JIOTIYHUX Omepaliiii 6€3 BUKOPHUCTAHHS YHIIiB.
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AHOTANLIA
CraxoB B. II. Merox cuHTe3y MOHOIMITAHCHUX JIOTIYHUX €JIEMEHTIB Ta
Crerfianai3oBaHi MPUCTpOi Ha iX ocHOBI. — KBamidikamiiiHa HaykoBa mpallsi Ha MpaBax

PYKOITHCY.
Hucepraiiiss Ha 3700yTTS HAYKOBOI'O CTYMNEHS KaHAuAaTa TEXHIYHMX HAyK 3a
cnemianbHicTio 05.13.05 «KoMIm’'toTepHi CHUCTEeMH Ta KOMIIOHEHTH». — BIHHMIIbKUI

HAI[lOHAIBHUM TEeXHIYHUHN yHIBepcuTeT, Binuuis, 2018.

JHuceprariitHa poOoTa TPUCBSIYEHA PO3POOIII METOAYy CHUHTE3y MOHOIMITAHCHHUX
JIOTIYHUX €JEMEHTIB, HOCIIIPKEHHIO IXHIX MaTEeMaTHUYHUX MOJENEH 1 eKCIIepUuMEHTaIbHUX
3pa3kiB, MOOYJOBI KOMOIHALIWHUX CXE€M Ta TPAHCHOHJEPHUX CHCTEM Ha iX OCHOBI.
BukopuctanHsa iMmiTaHCy K 1H(QOPMATHBHOIO IMapaMeTpa Ja€ MOXKJIUBICTh IJIBUIIUTH
3aBaIOCTIMKICTh 1 IIBUAKOAIK0, 3MEHIIUTH MOPIr MIHIMAJIbHOI poO0YOi HANIPYry JIOTTYHHUX
eneMeHTiB. Lle M03BOsiE BUKOPUCTOBYBATH MOHOIMITAHCHY JIOTIKY Y IPOMHCIIOBHUX,
OOpPTOBUX, CHEIIATbHUX OOYUCITIOBAIBHUX CHCTEMAaX, SKI MPAIfOI0Th B YMOBAaX BHUCOKHUX
3aBaj, 1 U1 IKMX Ba)KJIMBa HE MIHITIOApHU3AIlis, a BUCOKA 3aBaJOCTIHKICTD 1 IIBUIKOIS.

VY po0OTI MoAanblIoro po3BUTKY OTPUMAaB IMITAHCHMM METOJl CHUHTE3Y JIOTTYHUX
€JIEMEHTIB IUIIXOM OJTHOYaCHOT'0 BUKOPHUCTAHHS IMITAHCY TUIBKH OJIHOTO BUIY JOJATHOTO
3HAUEHHS Ta BHKOPHUCTAaHHSA SK (DI3UYHOI OCHOBHM TPAHC(POPMYBAIBLHHUX BIIACTHBOCTEH
YBEPTHXBWJIBOBUX 1 TIBXBUJIBOBUX BiNpI3KiB JiHII mepemaui y HBY miamazosi.
BukopucToBytoun po3poOjaeHuil METo/l, 3alpOlIOHOBAaHO MAaTeMaTU4YHI MOJIETl Ta CXEMU
peamizarii MaCHBHMX MOHOIMITAHCHHX JIOTIYHUX €JIEMEHTIB Ha OCHOBI IMIBXBHJIBOBHX 1
YBEPTHXBUJILOBUX BIJIPI3KIB JIIHIT Miepeadyl, ki BUKOHYIOTh JioriuHi pyHKIiT «HE», «ABO»
Ta «[» 3a YyMOBU BUKOPHUCTAaHHS aKTHBHOTO OMOPY SK 1HGOPMATHBHOTO TMapamerpa, Ta
eJIeMEHTIB «I» 32 yMOBH BUKOPUCTaHHSI EMHICHOTO Ta 1HAYKTUBHOT'O OTIOPIB.

3a 1OMOMOTror KOMIT FOTEPHOI0 MOJIEIIOBAHHS OBEIHKM MaTEMAaTHUYHUX MOJENeH
MOHOIMITAaHCHHX JIOTTYHHX €JIEeMEHTIB y mporpamHomy makeri Mathcad 14 mposeneno
JOCIIUKEHHHSI BIUIMBY Ha BUXIJIHUWA 1H(OpPMATUBHUN MapaMeTp JecTadlLIi3yBajJbHUX
(bakTopiB, SKE MATBEPANUIO BUCOKY CTA0LIbHICTh POOOTH MOHOIMITAHCHHUX €JIEMEHTIB.

BukoHaHo koM’ toTepHE MOJEIOBaHHS y nmporpamHomy makeri AWR Microwave
Office 9.00 Ta nmoOyaOBaHO EKCIEPUMEHTAIbHI MAKETH MOHOIMITAHCHHUX JIOTTYHHX
eneMmeHTiB «HE», «ABO» Ta «I», AKi miaTBepKyt0Th poOOTO3JaTHICTE MOHOIMITAHCHOT
JIOTIKH.



Po3pobneno cymatop 3a Momyiem 2, TMIBCyMarop Ta CymMaTop Ha OCHOBI
MOHOIMITAHCHUX JIOTIYHMX €JIEMEHTIB, WII0 BUKOPUCTOBYIOTh AaKTUBHUH OIIp SK
iHQOpMATUBHUN TapamMeTp, Ta MPOBEACHO iX JJOJATKOBY ONTHMI3aIlil0 3a PaXyHOK
B3a€EMHOI'0 CKOPOYEHHS JIOBKUHHM BIJIPI3KIB JIIHIT Iepeaadi.

Po3pobneno pamiodacToTHI TACWBHI TepeaaBadi, CYMICHI 3 MOHOIMITaHCHUMH
npuctposiMu. Ha iX OCHOBI1 3anpOonoOHOBaHO TPAHCIIOHJAEPH 3 MOHOIMITAHCHUMHU CXEMaMH
gorigauM eneMeHToM «ABO», «I», MmacuBoMm enementiB «HE», macuBom enemenTiB «HE»
3 PpI3HUMHU XBWIHOBUMHU OIIOpaMH, CyMmMaToOpaMH 3a MofyjeM 2, mudpaTopom,
npioputeTHuM  1mmdparopoM. [IpoBeneHO  KOMIT'IOTEPHE  MOJCIIOBAHHS  TaKHX
TpaHcnoHaepiB y mporpamuomy makeri AWR Design Environment 9.00, sike miarBepauiio
ix poOOTO3AATHICT, 1 TNEepeBard, Ta 3alpOllOHOBAHO BapiaHTU IX MPAKTUYHOrO
BUKOPHUCTAHHSI.

Kuaro4doBi cjioBa: MeTo] CHHTE3y MOHOIMITAHCHHMX JIOTTYHHMX €JIEMEHTIB, 1MITaHC,
MOHOIMITaHCHA  JIOTiKa, HAJBHUCOKOYACTOTHA  €JIEKTPOHIKA, JIOT1YHI  €JIEeMEHTH,
KOMOiHaIl1i{Ha JIOT1Ka, TPAHCIIOHIEPH, TACUBHI OOYMCITIOBAJIbHI CUCTEMHU.

AHHOTADIUA

CraxoB B. II. Merox cuHTE3a MOHOMMMUTAHCHBIX JIOTMYECKHX DJIEMEHTOB M
CHEIUAIM3UPOBAHHBIE YCTPOICTBA HA X OCHOBE. - KBan(pUKamOHHBIN HAy4YHBIN TPy Ha
rpaBax pyKOIHUCH.

Juccepranyg Ha COMCKAHHWE YYEHOW CTEMEHM KAHAUAATa TEXHUYECKUX HAyK I10
crenuanbHocTH 05.13.05 «KoMnbrOTEpHBIE CHCTEMBI M KOMIIOHEHTBI». — BUHHMIIKUN
HAllMOHAJIbHBIA TEXHUYECKUN yHUBepcUuTeT, Bunnuia, 2018.

HuccepranoHHass ~ paboTa  MOCBAIEHAa  pa3padOTKe  METoAa  CHHTE3a
MOHOMMMHTAHCHBIX JIOTHYECKUX AIEMEHTOB, UCCIEN0BAHNIO NX MATEMAaTUYECKUX MOJIEIEH
Y SKCIIEPUMEHTAJIbHBIX MAKETOB, IOCTPOCHUIO KOMOMHALIMOHHBIX CXEM U TPAHCIIOHIEPHBIX
CHCTeM Ha HX OCHOBe. lcmonb30oBaHME HMMMHTAaHCA B KayecTBE WH(GOPMATUBHOTO
napaMeTpa MO3BOJIAET MOBBICUTH ITOMEXOYCTONYMBOCTh M OBICTPOAECHCTBUE, YMEHBIINUTH
OPOI MHUHHUMAJILHOTO PAa00OYero HampsyKeHUs JOTMYECKHUX 3JIEMEHTOB. JTO IO3BOJISET
UCIOJIb30BaTh MOHOMMMUTAHCHYIO JIOTMKY B IPOMBIIUIEHHBIX, OOPTOBBIX, CHELMAIbHBIX
BBIYHMCIIUTEIBHBIX CUCTEMAX, PaOOTAIOIIMX B YCIOBHSIX BBICOKMX IMOMEX, U JIJISi KOTOPBIX
Ba)KHA HE MUHUTIOAPU3ALIMsI, a BEICOKAsi IOMEX0YCTONYHUBOCTD U OBICTPOICHCTBUE.

B pabGore mnomyuun nanpHediee pa3BUTHE MMMUTAHCHBI METOJ CHHTE3a
JIOTUYECKUX DJIEMEHTOB IIyTEM OJHOBPEMEHHOI'O HCIOJIB30BAHUS HMMMHUTAHCA TOJIBKO
OJTHOTO BHUJA TMOJIOXKUTEIBHOIO 3HAYEHUS W MCIOJB30BAHMS B KadecTBe (PU3MUECKO
OCHOBBI TPaHC(HOPMUPYIOIIHUX CBOWCTB YETBEPTHBOJHOBBIX U IOJIYBOJIHOBBIX OTPE3KOB
muauu nepenaun B CBY nuanaszone. Mcnonb3ys pa3paOOTaHHBIA METO[, MPEAJIOKEHBI
MaTeMaTU4YECKUE MOJEIM M CXEMbl pealn3alvy IaCCUBHBIX MOHOMMMUTAHCHBIX
JIOTUYECKUX 3JIEMEHTOB Ha OCHOBE IIOJYBOJIHOBBIX U YETBEPTHBOJIHOBBIX OTPE3KOB JIMHUU
nepenayd, KOTOpble BBINONHSIOT Jormdeckue ¢Qynkuuun «HE», «(WJIW» n «W» npu



UCTIOJb30BAaHUU AKTUBHOIO CONPOTHBICHHUA Kak WHGOPMATUBHOIO TMapaMmerpa, u
AIEMEHTOB «I» IPU UCTIOJIB30BAHUY EMKOCTHOTO M MHAYKTUBHOT'O COIIPOTHUBIIEHUM.

C noMouipr0 KOMIIBIOTEPHOIO MOJEIUPOBAHUS MATEMATHYECKUX MOJEJIeld MOHO-
MMMUTAHCHBIX JIOTHYECKUX AJIIEMEHTOB B MporpaMMHoM nakere Mathcad 14 uccnenoBano
BIMSIHHE Ha BBIXOAHOW HH(OPMATHUBHBIN MapaMeTp AecTaOWIM3UPYIOIUX (aKTOPOB,
MOJITBEPUBIIIEE BHICOKYIO CTAOMIIBHOCTh PA0OThl MOHOMMMHUTAHCHBIX 3JIEMEHTOB.

[IpoBeneHO KOMIIBIOTEpPHOE MOJACIMPOBAHME B IporpaMMHOM mnakere AWR
Microwave Office 9.00 1 mocTpoeHbl 3KCIEPUMEHTAIbHbIE MaKEeThl MOHOMMMHUTAHCHBIX
mormyeckux  anemeHtoB  «HE», «MJIM» wu  «d», KOTOpble NOATBEPXKIAAOT
paboToCIOCOOHOCTh MOHOMMMHUTAHCHOM JIOTHKH.

Pa3paGoran cymmarop mo MOAYJIIO 2, MOJIYCYMMarop M CYMMAaTrop Ha OCHOBE
MOHOMMMHTAHCHBIX JIOTUYECKUX IEMEHTOB, UCIIOJIB3YIOIIUX AKTUBHOE COIIPOTHUBIICHUE B
KauecTBE MH(POPMATHUBHOIO MMApaMETPa, U MPOBEJICHO UX JOMOJIHUTEIbHYIO ONTUMHU3ALNIO
3a C4eT B3aMMHOI'0 COKpALIEHNUs UIMHBI OTPE3KOB JIMHUM IIEPENAYH.

Pa3pabGoTtanbl paguoyacTOTHbIE [ACCUBHBIE TMEpPEAaTYUKH, COBMECTHUMBIE C
MOHOMMMHTAHCHBIMU yCTpoMCTBaMU. Ha uX OCHOBE NIPEMIOKEHBI TPAHCHOHAEPHI C
MOHOMMMHTAHCHBIMU CXEMaMU: JIOTHUECKUM 3nemeHToM «WJIN», «H», MaccuBom
anemeHToB «HE», MaccuBoM anemeHnToB «HE» ¢ pasHbIMU BOJIHOBBIMM CONIPOTUBIICHUSIMU,
CyMMaTopamMu Mo MOAyJ 2, mudpaTtopoMm, MpuOpUTETHRIM mudpaTopoM. [IpoBeneno
KOMIIBIOTEPHOE MOJEIMPOBAHUE TAKUX TPAHCIIOHAEPOB B IporpaMMHOM mnakere AWR
Design Environment 9.00, koTopoe mOATBEpAWIO HUX pPabOTOCIIOCOOHOCTh U
IIPEUMYIIECTBA, ¥ MPEIJI0KEHBI BO3MOKHBIE BAPUAHTHI UX ITPAKTUYECKOTO UCIIOJIB30BAHMS.

Kuar4eBble cj10Ba: METOJl CMHTE€3a MOHOMMMUTAHCHBIX JIOTUYECKHX AJIEMEHTOB,
MMMUTAHC, MOHOUMMUTAHCHAS JIOTUKA, CBEPXBBICOKOYACTOTHAS AJIEKTPOHUKA, IOTHYECKUE
3JIEMEHThI, KOMOWHAIMOHHAs JIOTMKA, TPAHCIOHAEPHl, MACCUBHBIE BBIYUCIUTEIbHbBIC
CUCTEMBI.

ANNOTATION

Stakhov V. P. Method of monoimmittance logic gates synthesis and specialized
devices based on them. — Qualification scientific work with the manuscript copyright.

The thesis for a candidate of technical sciences degree in speciality 05.13.05
«Computer systems and components». — Vinnytsia National Technical University,
Vinnytsia, 2018.

The dissertation is devoted to the development of the method of monoimmittance
logic gates synthesis, the study of their mathematical models and experimental models, and
the construction of combinational circuits and transponder systems on their basis. As
informative parameter in monoimmittance logic gates one type of immittance is used -
active, inductive or capacitive. The use of immittance as an informative parameter makes
possible to increase the noise immunity of logic gates due to the fact that the initial
informative parameter of monoimitance logic gates does not depend on electromagnetic
interference, voltage and current jumps. This allows for the use of monoimmittance logic
gates in industrial, on-board, special computer systems, which operate in conditions of high



noise and which are not need a miniaturization. Also, monoimitance logic provides high
speed because it does not use transistors that provide a working frequency of the order of
hundreds of gigahertz and switching times equal to tens of picoseconds, which far exceeds
the values of the compound semiconductor logic gates. In addition, monoimmittance logic
has no limits on the minimum power of the input signal, which allows to work with voltages
that are much smaller than the threshold voltage of the semiconductor gates and increases
the energy efficiency of the logic gates.

The modern achievements in the field of development of logic gates that use different
physical phenomena as informative parameter are analyzed. Semiconductor, optical,
hydraulic, pneumatic, biochemical, magnetic, radio frequency, multi-immittance and mono-
immittance logic gates are considered, their characteristics and parameters are presented.
Criterial evaluation of their efficiency is performed on the speed, signal delay, power
consumption, switching power and overall dimensions. The results of the criterial evaluation
and analysis show the high efficiency of monoimmittance logic, in particular, with
parameters of speed, noise immunity and energy consumption. It confirms the expediency
of their further development.

To substantiate the development of sensors with mono-immittance logic circuits,
existing radio frequency transponders are considered and their parameters are analyzed. As
a result of their comparison with transponders based on mono-imitance devices, the benefits
of mono-immittance transponders, which consist of lower power consumption, better
performance, higher frequency range and potentially lower cost due to the lack of chips
within the circuit, are identified.

The immittance method of logic gates synthesis was further developed by using
simultaneously the immittance of only one kind of positive value and using as the physical
basis transforming properties of the lines of the transmission line in the microwave range.
Using the developed method, mathematical models and schemes of realization of passive
mono-immittance logic gates on the basis of half-wave and quarter-wave lines of the
transmission line that perform logical functions "NOT", "OR" and "AND" are proposed with
the use of active resistance as informative parameter, and function "AND" using capacitive
and inductive resistances.

Using computer simulation of the behavior of mathematical models of mono-
immittance logic gates in the software package Mathcad 14 the influence of the destabilizing
factors on the output informative parameter of the developed mono-immittance logic gates
Is investigated: the error of the wave resistance of the transmission line, the parasitic
reactivity or Q factor in the input immittance, the change of frequency of the input signal of
the generator or the error of length of the transmission line. Studies have confirmed the high
stability of the monoimmittance gates when changing of destabilizing factors are in a given
range.

The computer simulation was carried out in the software package AWR Microwave
Office 9.00 and experimental models of mono-immittance logic gates "NOT", "OR" and
"AND" were constructed, confirming their efficiency. With the help of constructed models,
the parameters of real monoimitance logical elements are investigated. These studies



confirm the correctness of the calculations and the advantages of monoimmittance logic
gates over semiconductor gates, which consist in a reduced threshold of minimum operating
voltage, high speed and noise immunity in the conditions of electromagnetic interference.

The modulo-2 adder, half adder and adder are developed on the basis of
monoimmittance logic gates that use active resistance as an informative parameter. Through
using of the monoimmittance method, additional optimization was performed due to the
reduction of length of the transmission line segments. On base of developed mathematical
models of the modulo-2 adder, half adder and adder, transmission characteristics are
calculated which correspond to their logical functions. Ranges of input resistance are
proposed which allow to achieve compatibility of input and output resistance. The
advantages of the developed combination schemes are passive power supply, absence of
active elements in the circuit, high performance, high immunity to electromagnetic
interference, reduced threshold of minimum operating voltage.

Radio frequency passive transmitters, compatible with mono-immittance devices,
have been developed. On their basis, transponders with monoimmittance devices are
proposed: mono-immittance logical gate "OR", monoimmittance logic gates "AND", array
of mono-immittance logic gates "NOT", array of mono-immittance logical gates "NO" with
different wave impedance, mono-immittance modulo-2 adder, monoimmittance encoder,
monoimitance priority encoder. The computer simulation of such transponders in the
software package AWR Design Environment 9.00 was carried out, which confirmed their
efficiency, and suggested possible variants of the practical use of such transponders. Based
on developed transponders it is possible to construct sensors that will have the following
advantages: power from the input microwave signal, the ability to work with low-power
inputs signal, high-speed performance, and execution of logical operations without using of
chips.

Keywords: method of representation of digital signals, immittance, mono-
immittance logic, ultrahigh-frequency electronics, logic gates, combinational logic,
transponders, passive computing systems.
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