ISSN 2073-7394

NMontaBCbKkMW HaUioHAaNbHUW TeXHIYHUN
yHiBepcuTteT iMmeHi lOpisa KoHapaTioka

CUCTEMY YPABNIRFE,
AABIFALI TA 3B ASKY

3acHoBaHUM
y 2007 poui

HaykoBe nepiognyHe BuaaHHs,

B SIKOMY BigoBpadkeHi pe3ynbTatu
HayKOBWX AOCHIAKEHb 3 PO3POBKM Ta
YAOCKOHArNEeHHs CUCTEM YNpaBniHHS,
HaBirauji Ta 3B’A3Ky y pi3HuX
NpoBnemMHux ranyssx.

3acHOBHMUK:
MonTaBCbKknn HauiOHaANbHUIA TEXHIYHUI
yHiBepcuTteT imeHi KOpis KongpaTioka

Appeca pepakuinHoi Konerii:
YkpaiHa, 36011, m. MNonTaea,
MepwoTpaBHEBUI NpOCNEKT, 24

TenedoH: +38 (066) 706-18-30
(koHCynbTAaUii, Npuitom cTaTen).
E-mail:
kozelkovae@ukr.net
IHpopmauinHum canT:
http://www.pntu.edu.ua

PedepatnBHa iHdopmauisn
30epiraeTbCA: y 3aranbHOAEpPXaBHiN
pedepaTuBHii 6asi gaHnx
LYKpaiHika HaykoBa” Ta nybnikyeTbca
Y BiANOBIAHMX TEMATMYHUX CepisX
YPX ,,0xepeno”.

2(48) 2018

PEOAKUIAHA KONETIA:

lNonosa:

KO3EJIKOB Ceprin BiktopoBuY (d-p mexH. Hayk, npoc., YkpaiHa)
3acmynHuku 2onoeu:

LUE®EP OnekcaHgp BitaniioBuu (kaHd. mexH. Hayk, doy., Ykpaita)
LWYJIbI'A OnekcaHap BacunboBud (8-p mexH. Hayk, dou., Ykpaita)

YneHnu:

BJTAYHLIUTEMH Hatan OnekcanapoBud (0-p mexH. Hayk, npod., I3pains)
BECOJTIOBCbKUI Kwunwtod (0-p mexH. Hayk, npog., Monbwa)

INbIH Oner KOpioBuY (0-p mexH. Hayk, npog., YkpaiHa)

KOPOBKO BborgaH OneroBud (d-p mexH. Hayk, dou., YkpaiHa)
KOLLOBWIN Mukona AMUTPOBWY (8-p mexH. Hayk, npoc., Ykpaitia)
KPACHOBAEB Biktop AHaToninoBuy (d-p mexx. Hayk, npogp., Ykpaiva)
KYUYYK IMeoprii AHaToninosud (6-p mexH. Hayk, npog., YkpaiHa)
JIAOAHIOK AnaTtonin MeTpoBud (0-p mexH. Hayk, npog., YkpaiHa)
JNIYHTOBCBLKWW Anppiit Oneroeuy (9-p mext. Hayk, npog., Hiveuuuta)
MALLKOB Biktop AnbbepToBud (3-p mexH. Hayk, npogp. Yexis)
MALLKOB Oner Anb6epToBud (8-p mexH. Hayk, npog., Ykpaia)
MOPTIYH Onekcangp AHOPIOBUY (0-p mexH. Hayk, npog., YkpaiHa)
MOMNOB BaneHTuH IBaHOBWM (0-p ¢hiz.mam. Hayk, npod., Jlameist)
CTAHKYHAC WoHac (8-p mext. Hay, npo., flumea)

CTACEB HOpin BonognmupoBuy (0-p mexH. Hayk, npog., YkpaiHa)
OPOJIOB €greHit AHApinoBuyY ((0-p mexH. Hayk, npog., Ykpaia)
XOPOLLKO Bonoammup OnekcinoBud (d-p mexH. Hayk, npogp., Ykpaita)
YOPHWIN Onexciit MeTpoBunY (3-p mexH. Hayk, npod., Ykpaita)
BidnoeidanbHuli cekpemap:

KO3EJIKOBA KatepuHa CepriiBHa (0-p mexH. Hayk, npoc., YkpaiHa)

8a docmosipHicmb euknadeHux ¢hakmis, yumam ma iHwux eidomocmeli gidnosidanbHicmb Hece asmop

XKypHan iH0ekcyembcs MiXkHapoOHUMU 6ibriomempudyHUMU ma HaykomempudHumu 6a3amu AaHux: Index Copernicus (Monswa),
General Impact Factor (€C), Google Scholar (CLLUA), Academic Resource Index (€C), Scientific Indexed Service (CLLA).

BameepdxeHuti 0o OpyKy 84eHor padoro [Norimascbko20 HayioHaIbHO20 MEXHIHHO20 yHigepcumemy
imeHi FOpiss KoHdpamioka (npomokon Ne 13 gid 11 keimHsi 2018 poky)

BaHeceHuti 0o “Tleperniky Haykosux ghaxosux eudaHb YKpaiHu, 8 SKUX MOXymb rybnikyeamucsi pe3ynbmamu
ducepmauitiHux pobim Ha 3006ymms HayKosux cmyrneHie 0okmopa i kKaHoudama HayK” (MmexHiYHi HayKu) CMPOKOM Ha M’simb POKie
(8i0 damu exrto4eHHs1 Haka3om MiHicmepcmea oceimu i Hayku YkpaiHu) ei0 24.10.2017 Ne 1413 (dodamok 7, . 31)

Csidouymeo ripo depxasHy peecmpauito KB Ne 19512-93/2I1P 6id 16.11.2012 p.

© Monmascbkuli HayioHanbHUl mexHiYHul yHieepcumem imeHi FOpisi KoHOpamioka



SMICT

YMPABJIIHHA B CKNAOHUX CUCTEMAX
Ahmed Ibrahim Jaber Alzubaydy, Dorohobid V.P., Mohammed Saady Hasan, Borozdin M.K. Research

of the direct torque control system by INAUCLION MOLOT .........eoiiiiiiiiiiiiiiieieere ettt et ettt e s ibe et eesereenbeeenee 3
Kucauya C.I'., €pminosa H.B., Koocywxo I'.M. MeranoraioreHHi JJaMITi: JOCSTHYTHI piBEHb Ta NULSIXH

TIO/IAJIBIIIOTO ITiABUIIEHHS CBITIOBOI €()eKTHBHOCTI €HEPTOCKOHOMITHUX JUKEPEIT CBITIIA .e.vvveerereanrieereeiieanieeaireanteesineenieeenneennne 9
Menvnux FO.B., Kozenkos C.B. OcoGIUBOCTI yNpaBIliHHS €praTuuHOI0 TEJICKOMYHIKaLiIHOI CHCTEMOIO

CITCIIATTBHOTO TIPHBHAUCHHST .....eeuvveeutteeuteensteetteanteeasteeasteessteanseeasteessteesateesseeeaseessbeesbteenseeembeeeabeeembeesbteenbeeesbeeabteenbbeenbeeenseennneens 14
Hockos B.1., Mesenyee H.B., [eiiko I B., Ilanuenxo B.M. ObpaboTka cUrHaIOB B OOpPTOBOM cHUcTeMe

yrpaBieHUs JU3eIb-TIOC3HA JIDJI-02 ...coooiiiiiiiiiiiiiiiiiiiie ettt ettt e ettt ettt e e e neeee e 20
Ckaxanina O.B. THHOBaNiiiHA KOHLETIIISI CHCTEMH YIIPABIIiHHS CKIaAHUMH PO3HOJUICHUMH CHCTEMAMH .....c.vvenveenrennnenne. 24
@eodopos A.B., I'onosusik [.B., Anopiecscoruii B.A., Kyymyc C.1, I'anacoseys FO.FO. Anani3 epeKTHBHOCTI

BuKopuctanHs cucreMu MLAT B aeponopTax Jyist KOHTPOIIO HOBITPSTHOTO TIPOCTOPY «..vveervrernveenmreenureeseessseenseessreenseesseesueens 30

MATEMATWYHI MOAOENI TA METOOU

Galai V.M. The research into the problem of statistically indeterminate time series prediction ............cccceeceerieenieennennne 34

Jlyonuyxuii B.1O., I[lempenko O.E., Xoovipes A. M. Berancnenue sHTporiy GyHKINH KBaHTHIeH (9HTpony Bacuuexka) ...... 39
Obepemox C.O. MareMaTH4Ha MOJIEIIb TIPOLIECY KOMYTaILlil B 3ac00ax 3 IIOBHO3B’ SI3HOIO TOIIOJIOTIEO

B MEPEHKAX ACY TTOBITPSHIM PYXOM ....uveerurieureenireanteensteestteensteasseessteessteesseeasseeasseessseenseeasseeasseessteesteebeeanbeessteensseenbeesnseennseens 44
Cmosn FO.E., I[Tankpamos A.B., Pomanosa T.E. YTIakOBKa MHOTOr pAHHHKOB B BBIITYKJIBIH KOHTEHHEP MHHUMAJIEHOTO 00beMa ... 48
Yyeaii A.M. MoznenroBaHHS IIIJIBHOTO MaKyBaHHS HOMIOHIX 3D 00 EKTIB ..ccuveeiiiiiiiiiieiieeiie ettt 55

IHGOPMALIAHI TEXHONOTT
I'nyxosa H.B., Ilicoyvka JI.A. Po3poOka MeToIy aHasi3y KOIbOPOBUX 300paKeHb I'a30pO3psIHOTO BUIIPOMIHIOBAHHS .... 59
Topoxosamcuvkuil B.O., Conoouenxo K.I'. 3acTocyBaHHs anapary aHaji3y Ta o0poOieHHs OiTOBHX JaHHX

y MeTofax Kiacudikarii 300paskeHb 38 MHOXKHHOIO KITFOUOBHX TOUOK ......veeureerureerurerueensueessseensseenseeasseessseenseesnseesnseesseessneensees 63
TI'opoxosamckuii B.A., ITynuenko [.B. Knaccudukarms n300paxxeHnid BU3yaabHbIX 0ObEKTOB I10 MHOXKECTBY

JIECKPUIITOPOB OCOOCHHBIX TOUEK HA OCHOBE HEUPOHHOU CETH KOXOHEHA ......eovuiiiiiiiiiiiiiieiice it 68
Kosanenko A.A., Kyuyk I''A., Heuaycoe C.M. Indopmaltiiini TeXHOIOriT CHHTE3Y 1 peKoH}Irypauii cTpyKkTyp

KOMII'FOTEPHHX CUCTEM 00’ €KTIiB KPUTHIHOTO BACTOCYBAHHSL «....evvveevteensteentteanteensteesuteenaeeanseessseessseenseesnseeenseesnseensseenseesnneensneens 73
Jlyxoea-Yyiiko H.B., Mycienko A.I1., Kosans M.O. Buxopucranns Mepesx [lerpi mis noOymnoBu MOielli BUSBICHHS

30BHIIIHIX BIUIUBIB HA IHPOPMAIIITHY CHCTEMY .....eeuveeruteeiieatteasttentteesiteesteeesteessteestteenteeaseeenteessbeesbeeenbeessbeensteesnseenbeeenbeessneans 77
Jvicenxo U.B., Hoc P.C. Monenb KpHUITTOIIpeoOpa3oBaHust JaHHBIX 10 CXEMe 3aJ1audl O PIOK3aKe

HA OCHOBE HPHHIIUIIA JIUBEPCHOCTH .....euvventeeurenneenseetreteeteessenteenseessesseenseeseenseesseessesseenseessesstenseeseesseenseensesseessesssesseensesneesseennens 83
Csupuoog A.C. MeTon BU3HAUSHHSI 03HAK IPOTrPAaMHUX peaizalliif alropuTMiB Ha OCHOBI CHHTAKCHYHOT'O aHAMI3Y ........ 87
Xuowensix L A., Maxogeiiuyx O.M., Xyooe P.I'., Ilooninacs B.O., I'opbans I'.B., Xyooe I'.B. MeTon poHoBOT0 iHTEIEKTY

(wry4noi 6/pK0nuHOT KooHiT (ABC)) TeMaTnaHOro cerMeHTYBaHHSI ONTHKO-EIIEKTPOHHOTO 300PAMKEHHST ...cevveenereenreennreennenns 91
LImamkoe C.I, Kyuyk H.I, Joneyv B.B. Monenb iHpOpMaLliiHOl CTPYKTYpH TiIEpPKOHBEPI€HTHOI CUCTEMU

MATPUMKH €IEKTPOHHUX OOUYHCITIOBATIBHUX PECYPCIB YHIBEPCHTETCHKOT E-1€arning .........cocveviieniiiniiiiiiiiiiciiceiceeeeceeene 97
Anxoecokuii O.A., Anxoscovka /1. 0., Mapaxywun /].1. MUKpOKOHTpOJIIEpHAsL CUCTEMa JJIs1 UCCIIeI0BAHUS

CCHCO-MOTOPHBIX PEAKLIMIH ..e.uvvteeenitieeeiiteeaitteeenittee ettt eetteee sttt e e ettt e e ssbeeeeabteeesabaeeesasaeeeebbeeesabaeeesabaeeesabaeeesaneeeesanreeessbreeenns 101

3AMOBIrAHHA TA NIKBIAALIA HAA3BUYAWHUX CUTYALLIK

Anopees C.M., Heuaycog A.C. ANropuT™M aBTOMaTH3UPOBAHHOT'O OIPE/IeNIEHHs Klacca CTabMIBHOCTH aTMochepsl

JUTSL TEKYILIAX METEOYCTIOBIH ...vvveieniiieienitieeiitteee it ee et e ettt e e ettt e e ettt e e eab e e e bttt e s bt e e s bt e e e st et e sbbeeesabteeessbteeesabteeeeanneeesnneees 105
Anmowkun A.A., Kauanos I1.A., I'anuya B.U., Jlumsax A.H. ccneoBaHne BAUSHUS 2IEKTPOCTATHIECKOTO TOJIS

Ha CKOPOCTb OCAXICHHS MEJIKOIUCIICPCHOM ITBIIH .c..uvvveenirieeruitteenunteeeeuteeesuteeesstreeesasaeeesaseneesnneeesasneeesasaeeesaneeessnmneeessneeenns 111
Bymenxo O.C., bapabaw O.B., I'openux C.1, Hiximin A.A. CucreMa KOCMIi9YHOTO MOHITOPHHTY

32 CMITTE3BATHIIAMH TBEPIHX MOOYTOBIX BIIIXOMIB ....eeuvveeutrenteensteatteantteanteeasteessteenteeenseessseessseessteestseenneessseessseenseeensneanneennne 114
Jeguenko JI.0., Ciovko O.C. 3acrocyBanns ['IC-rexHomnorii aist Bizyanizamnii pe3yabTaTiB MOJEITIOBAHHS

TIOIIUPEHHS ABIAIIHHOTO IILYMY ....teeutteentreentteasteentteasteenteeeseeasteessteeseeanseeaaseeaabeessteesseeenseeaateenseeessbeessseenaeesnbeessbeensteenbneeneennne 120

Yepusigckuii U I1O., [lempyxun C.FO., Mamvikun B.B., 'atidabyka B.E., Tiomionux B.B. ndopmaryionHo-
JIOTHYECKast MOZICIb Y4ETa HEOOXOAUMBIX U JIOCTATOYHBIX MAPAMETPOB JIJIsl OLIEHKHU J103bI

raMMa-HEHTPOHHOT'O U3ITy4E€HHS TPOHUKAFOIIEH PATHALIII ......oouviniiieniiiiiieniteeeieeeeaee et eeeesieeeseeeeeaeeesaeeeaneesaneesaneeeaeeeneeeans 126
3B’A30K

FBespyx B.M., Heanenko C.A. OGHapyxeHHe U paclio3HaBaHUE CUTHAJIOB B YCIIOBUSIX MOBBIIIIEHHON allpUOPHOM

HEOIPEJICTICHHOCTH B 33Ja4aX PATUOMOHHTOPHHTA .......veuveemreenrenreesrenteeueenseessesseesseeseesseesnesseesueenseessesueesseensesseensesseesnesseenenne 135
I'pedena P.€., Cniocapy 1.1, Cuiocap B.I. JlocnigxKeHHS BIUIMBY NEPEKPUTTS €IEMEHTIB JlielIeKTPUYHUX

PE30HATOPHUX AHTEH HA OCHOBI YCITEHOT'O KOHYCY ..uveeureveenrieureteententeestneseennesseeseessesteeseenseesnesueensessnesseesneeneensessnesseneennens 142
Inonuywvkuii A.1, Byp6a O.1. CtaTuCTUYHI OIIHKY HE3MILEHOCTI Ta e()eKTUBHOCTI apaMeTpiB pKepe

BUIIPOMIHIOBAHHS NP Pa/liOMOHITOPUHTY TEIEKOMYHIKALIHHUX MEPEHK 1 CHCTEM ....evenvvenrinrenieenrenireieenieeenenneenseeneesneenneennenne 149
Kalvatynsky O.V. Study of efficiency of application of different antennas for the receiving of special information from

the satellites type of CUBESAT for remote sensing of the Earth .........cc..ccooiiiiiiiiiiiiiiceeeeeeeeee 154
Kapnos B.J[., Kupuuenxo FO.B., Apmemenxo A.H., becosa O.B. OcobeHHOCTH ()OPMUPOBAHUS AUATPAMM

HAIPaBJICHHOCTH [UIa3MEHHON aHTEHHBI C a3UMYTAIbHO-HECUMMETPHIHBIMY OETYIIIIMH BOMHAMU TOKA ....vvvvevrenrenrenreneennennes 158
Caxosuu JI.M., Kpuxoseyvxuii I 4., Hebecna A.E. OniHka BIUIMBY METPOJIOT14HOI HaIHHOCTI 3ac00iB BUMipIOBAaHb

Ha 4ac BUKOHAHHS TEXHIYHOI'O OOCIYrOBYBAaHHS 32CO0IB CHELIATBHOTO 3B SIBKY ...veerureerrreaiteensteettenireenureateesireessseenseesneennne 164
Cemenog B.M., Cmiocap B.1, Curocape 11 KBazipaxransHa JieneKTprdHa pe30HaTOpHa aHTeHa Ha OCHOBI Napajiernerinena . 167
ANDABITHUMA NOKANKUMK ... 172




36’a30k

YK 621.391 doi: 10.26906/SUNZ.2018.2.167

B.M. Cemenos, B.I. Carocap, 1.I. Carocaps

Ilonmascovkuii HayionaneHuti mexuiunuil ynisepcumem imeni FOpia Konopamrwoka, Ilonmasa

KBA3IDPPAKTAJIbHA AIENEKTPUYHA PESOHATOPHA AHTEHA
HA OCHOBI NAPAJNENENINEQA

B pobomi naseoeno nponozuyii wyooo peanizayii dieleKmpuiuHUX pe30HAmMOPHUX AHMeH HA OCHOBI K8A3ippak-
MAILHUX CIPYKMYP, WO XAPAKMEPU3YIombCsl i0CYMHICIIO PeKyPCUBHO20 NO8MopenHst. B axocmi 6azoeoeo eneme-
HMa 3aNnpPoNOHOBAHO GUKOPUCMAHHA Napaieneninedd. 3 Memoio BUSHAYEHHSI GNIUGY 2eOMempii HA NPoCmMOopo6o-
YACOMHI XapaKmepucmuky aHmeHu npoeedeno MoOemo8aHHs 3a OONOMO2010 NAKEM) eNeKmpOOUHAMIYHO20 MOOe-
moeannsi Ansoft HFSS. Ha ocnosi 6eedenux donyuens 00CAOHNCYS8AIUCy AMNIIMYOHA YACMOMHA XAPaAKmMepucmuKka
ma xoe@iyicnm cmosnoi xeuni. Ha ocnosi ananizy mooeneil eeomempii aumenu 6USHAYEHI ONMUMANbHI 6APIAHMU
KOMNOHOBKU YEHMPAIbHO20 MA NepUhepiiinux el1emenmie.

Knrouoei cnosa: amniimyona yacmomua Xapakxmepucmuka, 0iazpama Cnpsamo8anocmi, Keaigpaxmai, (pax-

man, Ansoft HFSS, DRA, VSWR.

BcTtyn

3pocTaHHs PoJii MEPCOHAILHUX 3aC00iB KOMYHIKa-
Uil 3HAYHO MiJBHIIMIO IHTEPEC 10 aHTEHHHX CHUCTEM,
SIKI 31aTHI peai3oByBaTH 0aratojiana3oHHICTh Ta IIH-
POKOCMYTOBICTh (DYHKI[IOHYBAaHHS 1, 1[0 HE MEHII BaX-
JIMBO, IPUJIATHI 1O PO3MIIIEHHSI Y KOPITycax OyIb-sKHUX
¢dop™M Ta po3MipiB.

OpHak, Ha TJIi TCHICHIIT MiHIaTIOpHU3alii TelIeKo-
MYHIKaliiHUX CHUCTEM, TIPH 3MEHIIEHHI PO3MipiB aHTEH
HeoOXiTHO 3a0e3reuyBaTH HaJEKHUH piBEeHb iX Xapak-
TEpUCTUK. Y JaHOMY BUIMAAKY JTOCUTbH IIEPCIIEKTUBHUMHU
€ TEXHOJOTil JielleKTPUYHUX pPE30HATOPHHUX AaHTEeH
(Dielectric Resonator Antenna, DRA) [1], siki 3aBasxu
BCECIPSIMOBAHOCTI 3aJI0BOJBHSIOTH BUMOTaM 10 MOOi-
JBHUAX TIPUCTPOIB. I3 mieneKkTpuuHHX MartepialliB Mo-
KyTb (opMyBaTHCs pi3HOMaHITHI 00’eMHi ¢irypu
(chepu, HamiBchepw, IRUTIHAPH, Hapayelemineau, Ko-
HYyCH, yciueHi KOHycH Ta iH.). Taki MajorabapuTHi aH-
TEHU 3a0e3MeYyI0Th 3pyYHE Ta MaJIOBUTPATHE PIllICHHS
3aBJllaHb, SIKi MOCTAIOTh HEpell PO3POOHHKAMHU CHCTEM
3B’S3Ky, Yy Ieplly 4Yepry KOMepUiiHHX O0e3IpoTOBHX
MIPUCTPOIB [2].

B cBoro uepry, mpu mnpoekTyBaHHi OaraTomiama-
30HHUX aHTEH 3 MaJUMH rabaputamMu, BUCOKUM Koedi-
IIEHTOM MJICWJICHHA Ta BCEOIYHOI HAMpPaBJICHICTIO
BUKOPUCTOBYIOTh (paktaibuuii miaxin [3+6]. Horo
TIepeBarol0 € MPOCTUI aNropuT™M (OpPMYBaHHS I'€OMET-
pii anTeH. OHaK, aHAJTITUYHHUNA OIKC MTApaMeTpPiB aHTEH
HEEBKJIII0BOI I'€OMeTpii € JOCUTh CKJIaJHUM uepe3 Te,
o iX XapaKTEpPUCTUKH BU3HAYAIOTHCS, BUXOIIYU 3i
3MiHM TeOMeTpu4yHOi (opMH aHTEeHH ab0 KUIBKOCTI
€JIEMEHTIB 3 3a3JaJieriib Ba)XKO MPOrHO30BAHUMH pe-
synbratamu [7]. SIk Haciilok, po3paxyHOK (pakraib-
HUX aHTEH NPOBOJMTHCS IEPEBAKHO METOIAMH YHCe-
JIHOT'O MOJICIIOBAHHSI.

Meta po6oTn: po3poOKa MPOITO3UIIIH IIIOI0 Pearti-
3amii DRA Ha 0cHOBI (ppakTaIbHOTO IMiIXOY.

OcHOBHa YacTuHa

Sk BiIOMO, OCHOBHa BiJIMIHHICTD (paKTAIBHUX
reoMeTpuuHuX (opM — Ie IpodoBa PO3MIPHICTB, sKa
TIPOSIBISIETHCSL B PEKYPCUBHOMY MOBTOPEHHI, Y 3pocTa-
109oMy a00 3MEHIIYBaHOMY MaciuTadax, BUXIJIHHUX Je-
TEpMiHOBaHUX a00 BUIAJKOBUX INAOJIOHIB aHTEH. 3Tif-
HO [5], Ha MaHU# Yac, HAPaXOBYETHCS TOHAJ JBI COTHI
(pakTaIbHUX T'€OMETPUYHHUX (DOpPM, IO MPUAATHI IS
aHTEHHOI TEXHIKH, 1 KUIBKICTb 1X 3pocTae.

3 iHmoro OOKy, NMHUTaHHS BIIPOBA/PKEHHS KBa3i-
¢dpakranbHUX CTPYKTYp [8], IO XapaKTepu3ylThCs
BiJICYTHICTIO PEKYPCHBHOT'O IIOBTOPEHHS, B TEOPETHY-
HOMY IIJIaHi IOKH 110 BiANPaIbOBaHO HEJOCTATHBO.

Sk Hacmimok, B poOOTI 3alpOITOHOBAHO BHKOPHC-
TaHHS TapaJielierninena B sKocTi 6a30BOro eneMeHTa KBa-
sigpaktanpHoi DRA. Criparounch Ha iCHYFOUHE JOCBIA
npoextyBanHss DRA [8], Hamami, JOLJIBHO BUKOPUCTO-
BYBaTH INPUKJIAJHUNA TAKET eIEeKTPOANHAMIYHOIO MOje-
moBanHs — HFSS Ansoft [9]. [Ipu upomy, J0LIBHO BH-
3HAYUTH BIUIMB TeoMeTpii kBasippakrampHoi DRA Ha 1i
MIPOCTOPOBO-YACTOTHI XapakTepucThku. [lix yac moci-
JOKEHb, 3 METOIO CHPOILEHHS IPOIIECY MOJEIIOBaHHS, B
SIKOCTI TOMYILIEHb BUCYHYTI HACTYIIHI TTOJIO’KEHHSL.

1. Ilepudpepiiini Ta HEHTpaJIbHUIA €IEMEHTH BUIO-
TOBJICHI 13 OJIHOPIJHOTO JieJeKTPUKa 3 BiIHOCHOIO Hie-
JIEKTPUYHOIO MIPOHUKHICTIO € = 50.

2. 'abGaputu enementiB DRA onnakoBi Ta 3a0e3me-
YyIOTh KBa3i(ppaKTalibHy CTPYKTYpPY: OCHOBa KBaipaT 3i
cTopoHOIO 25 MM, Ta Bucota 50 mm. ['aGapurtu migknan-
KHU: KBaJpaT 3i cropoHamu 40 MM Ta BUCOTOIO 3 MM.

3. XXuByieHHs aHTeHH 3a0€3IEUYETHCS 3a TOMOMO-
rOI0 TPOBIJHHMKA IETIHLOBOrO BiOpaTopa, sSKHUH pO3Ta-
LIOBaHWH MiJi HWKHBOIO OCHOBOIO LIEHTPAJIBHOIO elie-
menra DRA. [liamerp mpoBigauka 0,5 MM, a miamerp
nermi — 10 Mm.

4. EneMeHTH aHTeHU HE MEPEKPHBAIOTHCS y MpOC-
TOpi 200 MepeKPUBAIOTHCS YaCTKOBO.

© B.M. Cemenos, B.1. Cirocap, L.I. Cnrocaps
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5. KoxxeH nepugepiiiHuii eeMeHT Mae JIMIIe OJHY
TOYKY AOTHKY 3 IEHTPAJIbHUM a00 MHOKUHY TaKUX TO-
YOK, 10 YTBOPIOIOTH JIOKANbHY 30HY, 3a0e3ledyrouu
CHUMETPUYHY KOMIIOHOBKY aHTEHH.

6. IIpu cuHTe31 KOMIIOHOBKHM aHTEHM He Iependa-
YyaeTbcsi 00EpTaHHS NepU(epiiiHUX eNEeMEHTIB y3I0BX
I0310BXKHBOI OCI.

7. Pesynbrytoua piarpama crpsmoaHocti (JIC)
MOBUHHA MaTH MiHIMaJbHUH PIBEHb METIOCTOK 3BOPOT-
HOTO BUIIPOMiHIOBaHHA. Po3paxyHkn mapamerpiB aHTe-
HU NPOBOAATECS 3 KpokoM 50 MI'm.

8. V3romxkenns DRA 3 mpuiimanbHO-niepeaaBaib-
HUM TPaKTOM 3a XBHJIBOBHM OIOpPOM Ta KOe(illieHTOM
crosiuoi xBuii (Voltage Standing Wave Ratio, VSWR)
HE IIPOBOAUTHCSL.

TaxuMm 4uHOM, B SIKOCTi 0a30BOr0 €IEMEHTY PO3-
risiiaBcs napanenerinen (puc. 1). Hanami, anamizyBas-
cs BiuuB Ha JIC aHTeH Ta iX aMIIIITYHO-4aCTOTHI Xa-
pakrepuctuku (AUX) kimbKocTi nepudepiiiHux eneme-
HTIB Ta iX B3a€EMHOr0 pO3TAallyBaHHA BiZHOCHO IIEH-
TPAJIHOTO €JIEMEHTY.

T
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Puc. 1. bazosuii enement DRA Ha ocHOBI
napaJieneninesa: a — cxema sxusieHss; 6 — JIC
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Puc. 2. Ilepmmii BapianT kBazidpaxransHoi DRA:
a — cxema xxuBrienns; 6 — JIC; B — AUX; r— VSWR

Ha ocHOBI BBeJeHUX MOMYyIIEHb OYJI0 MOCIHiIKEHO
KiJbKa BapiaHTiB Mozeni DRA.

VY mnepmiomy BapiaHTi (puc. 2) 4 mieneKTpUYHHUX
nepudepiiHuX eIeMEHTH NePeKPHBAIOTh LEHTPAIbHUI
enemenT Ha 0,5 Mm. AUX Ttakoi antenu (puc. 2, B) Mae
BUpa)keHy pe3oHaHcy obnacth Mix 9,6 1 10 I'T'ny, B sxiit
IIUpUHA CMYIH HPOIYCKAHHS AHTEHU € JOCUTh BY3b-
KOIO.

Sk BimOMO, B peasibHUX yMOBax BennurHa VSWR
CYTTEBO 3aJIKUTh BiJl YacTOTH NPUHHATHX CHUTHAIIB,
11O JIETKO IOSICHIOETHCS PI3HUMHU YMOBAMH Y3TOPKSHHS
AQHTEHU Ta HAaBAHTAXEHHS B IIMPOKOMY CHEKTPAILHOMY
Jiana3oHi.

ITpnunHOIO TOMY € HE TUIBKH IPUCYTHICTH peak-
TUBHOI CKJIa[JOBOI BHYTPILIHBOTO OHOpPY AaHTEHH, ajne i
3MiHa CaMOro aKTHBHOIO KOMIIOHEHTa BHYTPILIHHOTO
OIIOpY 13 YacTOTOI0, BUKJIMKAHA BiIMIHHOCTSIMU B yMO-
BaX MPOTIKaHHS HABEJEHUX CTPYMIB Pi3HOI YACTOTH MO
HOBEPXHI NPUHMAaJIbHOI AaHTEHU.

UuM BHIE 4acToTa CTPyMiB, TEM MEHILIE BOHH
NPOHHKAIOTh YIIMO IPOBIIHOTO CEpefoBHINA, a caMe
BiJl IUIONIi IONEPEYHOro MEPETUHY MpOBiIHHMKA 3ae-
KHTh, B OCTATOYHOMY ITiZICyMKY, HOTO TIPOBiAHICTb.

Tomy, 3 BennunHoro VSWR 1oB’s13aHO 01MH 3 Me-
TOZIB BU3HAYEHHS CMYI'M NPONYCKAaHHSI aHTEHHOI CHUC-
TEMU.

3riiHO 3 TaKUM MiJXOJOM, MiJ TEPMIHOM «CMyra
NPOIYCKaHHA AaHTEHW» pPO3YMIIOTh Jiala30H YacToT
MIPUNHATOTO CUTHATY, Y MeXax skux BeauunHa VSWR
He IIepEeBHIILYE 3a1aHOrO PIBHA.
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Puc. 3. JIpyruii BapianT kBazippakranpaoi DRA:
a — cxema xxuBrienns; 6 — JIC; B — AUX; r— VSWR
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Crmin Takox ypaxoByBaTu, mo B sikocti VSWR
IpU PO3paxyHKaXx CMYTU HpoIyckaHHA (irypye iHoro
IHTEerpasibHe 3HaYeHHS JUIs BCi€l aHTEHHOI KOHCTPYKIIII.
CrpaBa B ToMy, mo BenmuunHa VSWR He € (ikcoBaHOO
IS BCIX JISHOK aHTEHHW Ta MOXKE€ MATH ICTOTHI 3MIiHH,
BiJIMIOBITHO 70 Bapialil iMIeAaHCy aHTE€HH B PI3HUX 11
TOYKaX, JIe IPOBOSITHCS BIATIOBIHI BUMIpH.

Jpyruit BapiaHT DOCHTIPKEHOI KOHCTPYKIi MiCTHTb
5 eneMeHTIB 31 B3a€EMHUM PO3TAIlyBaHHSM BifITOBIIHO JI0
puc. 3. Y nopiBHsHHI 3 puC. 2, a, nepudepiliHi eneMeHTH
HePEKPUBAIOTH KyTH LIEHTPAJILHOTO IIapasiefeninena Ha 5
MM. IlopiBHSBIIM OTpUMaHI pe3ynbTaTH, HECKIaJHO
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Puc. 4. 3-ii BapianT kBa3igpakransHoi DRA:
a — cxema xxuBrienns; 6 — JIC; B — AUX; r— VSWR

Pa3zoM 3 TuUM, DOCUTH BEJIHMKHIl KPOK IO 4acTOTi
nipu po3paxynkax (50 MI'm) Ta BiACYTHICTD Y3TOIKEHHS
DRA 3 mpuiiManbHO-TIepeaBaIbHUM TPaKTOM He J0o-
3BOJIMUIM Ha JJAHOMY €Talli OTpPUMAard Okl BHPa3HYy
KapTHHY PO3MOoALTY pe3oHaHciB. OfHaK, y BiIIOBiTHOC-
Ti 3 TirymadeHHsM [10], y JaHOMY BUIAAKY TOBOJI YiTKO
BiJICTEXKYIOThCS JOJAaTKOBI PE30HAHCH, SIKi OOYMOBIIEHI
30BHIIIHIMU TabapuTaMu KBa3i()paKTaJbHOI OCHOBH
aHTEHH, 1110 ChOpMOBaHi OIYHIMU €JIEMEHTaAMH.

Sk 1 cuip Oyno odikyBaTH, PO3UIMPEHHS CMYTH
NPOIYCKAaHHA IPH 3POCTaHHI NEPEKPUTTS Iapaesnelli-
HEJHUX €JIEMEHTIB He MOXKE IPOIOBXKYBAaTHCS MOHO-
ToHHO. [Ipo 1e 3acBimuuB HACTYNHUWH, 4-uil BapiaHT
DRA, skuii Biipi3HA€TBCS OLTBII TTMOOKUM HaKJIallaH-
HSIM NepUdepiiHuX napajeienineniB Ha HeHTPaIbHUH —

BCTaHOBUTY, 1110 30UIbIICHHS 3aHYPEHHS 30BHILIHIX efe-
MEHTIB aHTEHHOI KOHCTPYKIi y HEeHTpalbHE TUIO MpH-
3BOJMTH IO PO3LIMPEHHS CMYTH MPOIYCKaHHA AaHTEHU
Yepe3 MOsBY JOAATKOBUX Pe30HaHCIB. Takuii edekT mii-
KOM BifNOBiIae siBuILy, ormucaHoMy B [10] Ha npukiazi
KBa3i(hpaKTaIbHOI APYKOBAHOI AaHTEHH.

VY 3-my Bapianti DRA neHTpanbHuil eneMeHT me-
pPEKpUBA€ThCsl OIYHMMH €JIeMEHTaMH BXe Ha 6 MM
(puc. 4). Y NopiBHSHHI 3 NEPIIUM 1 APYTHM BapiaHTaMHU,
IIUpUHA CMYTH NPOIYCKaHHS aHTEHH e Oijiblie po3-
HIUPIOETCS, OCKUIBKM JIOATKOBI PE30HAHCH PO3XO-
JIThCA Ha OLIBIIY BiJICTaHb 3@ YaCTOTOIO.
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Puc. 5. 4-ii BapianT kBa3ippakransHoi DRA:
a — cxema xxuBrienns; 6 — JIC; B — AUX; r— VSWR

11,5 MM (puc. 5). Cmyra npornyckannss AUX aHTeHH,
IPY [bOMY, ITOMITHO 3MEHIIMJIACS, OCKIJIbKH 1HTEpBa
3a YaCTOTOI0 MDK JOJAaTKOBUMH PE30HAHCAMHU CYTTEBO
CKOPOTHBCA.

B nanomy Bumnazaky, Ha piBHi -12,5 n1b cmyra po-
Oounx wactor mnepeBuiye 550 MI'm y miamasoni
9,6+10,2 IT. TakuMm YMHOM, pETENBHO MiIOUpPAIOYH
IHTepBaJl B3aEMHOT0 HakJIajaHHA eneMeHTiB DRA Mo-
XKJIMBO BiJHAITH KOMIIPOMICHE PiIICHHS, AK€ 3aJI0BOJIb-
HHUTh BUMOI'aM [I0 MaKCHMaJbHO MOMJIUBOI CMYT'H poO-
0ounx yacToT. BianmosigHa onTuMmizaniiiHa 3agada MoXxe
OyrH BUpilleHa 1 aHANITHYHO, OJHAK BUKOPUCTAHHS
nakery HFSS st boro € Gi51bI1 MpoCTUM PillIeHHSIM.

CrocoBHO HaBeneHHX 300paxenb 3D miarpam
CHIIPAMOBAHOCTI CIIil BKA3aTH, 110 B yCiX PO3IJIIHYTHX
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BUIIaJIKaX BOHH BiJINIOBIAIOTh T'PAaHUYHUM MeEXaM JI0-
CITIJPKYBAHOTO YaCTOTHOTO Jialla3oHy.

OxpiM aHaNi3y BIUTUBY Bapialii KOHCTPYKTUBHOT'O
pO3TalllyBaHHs MapayieNiemineliB Y TOPU3OHTAIbHIN
IUIOLIMHI, B paMKax ONHMCYBaHOTO JOCIiKEHHS Oyio
BHMBYEHO TaKOX BIUIMB BEPTHKAJIBHOIO 3CYBY mepude-
pIfiHUX eNeMEeHTIB BiJHOCHO LIEHTPaJbHOrO Tijla aHTe-
HH.

Monesnb aHTeHH Y BapiaHTi, HaBEIECHOMY Ha pHc. 0,
TaKOX MICTUTh 5 €JIEeMEHTIB, 4 3 SKHX PO3TAIllOBaHi 3Be-
PXy HEeHTpalbHOro Tina. I3 rpagikiB BUAHO, IO pe3yIb-
TaTH NOMAiOHI 0 1-TO BapiaHTy PO3MVIAHYTOI BHIIE MO-
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Puc. 6. 5-ii BapianT kBa3ippakransHoi DRA:
a — cxema xxuBiienns; 6 — JIC; B — AUX; r— VSWR

[opiBHSHO 3 TONEPETHBOI MOJEIUIIO, Jiana3oH
poboUNX YacToT po3mHpHBCs. YiTKO BUpaXKeHi MepIinii
Ta APYTUil YaCTOTHI PE30HAHCH MAIOTh MaiKe OJHAKOBI
iKOB1 3HAYEHHSI.

[IpoanainizyBaBIIM pO3IJISTHYTI MOJIEN aHTEH, MO-
XKIIUBO MIiJBECTH TEPIIMHA ITJCYMOK: pPO3TallyBaHHS
€JIEMEHTIB aHTEHH, SIK 1 OYiKyBauocs, Mae 3HAYHHUM
BruiuB Ha 11 JIC Ta AUX.

IIpu 3MiHI po3TamnryBaHHS E€NEMEHTIB 1O BiJHO-
LIEHHIO OJIMH J0 OJTHOTO Y BEPTUKAIbHIH IUTONIMHI, 1aHi
Ha rpadikax AUX ta JIC nomitHO pi3HATBCA. OOrpyH-
TOBaHOI0 MOXXHA BBa)KATH YMOBY PO3TAlllyBaHHS BCIX
€JIEMEHTIB y TOPU3OHTAIbHINA IUIONIMHI, IO TO3BOJISIE
OTPUMATH Kpallldil pe3yabpTar i 3abe3rneuye HaOJIMKeH-
Hs pe3ynbTyiouoi JIC 1o omHONpoMeHeBOi.

neni: cmyra npomyckanas AUX e mpocuth By3bKOO, 1i
MK NPUXOJHUTHCS HA APYTHUH pPE30HAaHC, 00yMOBJICHHI
rabapuramu 30BHIIIHIX eleMeHTiB. [Ipy 1boMy B 3eHiT-
Hill obnacti TpuBuMipHOI JIC aHTeHM criocTepiraeThes
3HaYHU{ IPOBAJ.

Skmo omyckaTtd OiYHI €JIEMEHTH Y3I0BX pedep
LEHTPAILHOTO Tapajeserinesa, KapTuHa Oyae 3MiHIo-
BaTHCS.

Jis xoHcTpyKii Ha puc. 7 OiYHI eIeMEHTH po3-
MIII[CHI BHUIIE IICHTPAJIBHOrO Mapajelelneaa Ha Bija-
CTaHb y miBpeOpa BiJHOCHO OCHOBH Ta IEPEKPHUBAIOTH
KYTHU IIEHTPAJIbHOTO eJIEMEHTa Ha 5 MM.
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Puc. 7. 6-ii BapianT kBa3igpakransHoi DRA:
a — cxema xxuBrienns; 6 — JIC; B — AUX; r— VSWR

B minomy, orpumani pe3ynbTaTd MiATBEPKYIOTH
aJIeKBaTHICTh TOINEPEHbO 3POOJIEHUX MPHIYLICHb Ta
BHCHOBKIB, 1110 Oynu 3pobumeni B [10] ans apykoBaHHX
anTeH. Po3MmimieHns exementiB DRA B ropu3oHTaNbHIH
TUTOLIMHI JTO3BOJISIE OTPUMATH OLIIBII SIKICHI XapaKTepH-
CTHKH.

Sk BiZIOMO, TP NPOEKTYBaHHI MParHyTh 3MillIaTH
pe3oHaHcHY yactory DRA B IIeHTp HEOOXiAHOI CMyru
MPOITYCKaHHSI.

B ineani, kpuBa 3anexHocti Beanuuan VSWR mo
00HJIBI CTOPOHH BiJl PE30HAHCHOT'O MIHIMyMY ITOBHHHA
OyTU CUMETPUYHOIO.

OpHak, Ha TPaKTHUIl, OUIBII PO3MOBCIODKEHUM €
BUIIaJIOK HECUMETPUYHOCTI CMYTH IIPOITYCKaHHS BiIHO-
CHO pe30HaHCy. SIK HACIHiZOK, Ul OIIIHKH YacCTOTHHX
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BJIACTUBOCTEH aHTEHU I[OHiJ'H)HO BUKOPUCTOBYBATHU I10-
HATTA BiI[HOCHO.I. CMYT'U IPOITYyCKaHH:.

BucHoBKMu

CuHTe3oBaHi BapianTu Mozeldi DRA Ha OCHOBI KBa-
3ipaKTanbHUX CTPYKTYpP JO3BOJSIFOTH PO3IIMPUTH 0azy
TEXHIYHHMX pIlIeHb MO0 peajizalii MOOULIBHUX IOAaT-
KiB. IX 3acTocyBaHHS Jae 3MOTY 3a0BONLHHTH BHMOTHU
0/10 Oararoiana3oHHOCTI Ta ITUPOKOCMYTOBOCTI.

B nopanpuiomy, HeoOXiTHO BU3HAYHTH T€OMETPH-
yHi mapamerpu DRA Ui KOHKpETHHX 4YacTOTHHUX Jia-
Ma30HIB ICHYIOUHX CTaHAAPTIB OE3POTOBUX TEIEKOMY-
HIKaIiHHUX CHCTEM.

[Tpu upomy, MOIITFHO BUKOHATH OLIHKY 3aIpOIo-
HOBaHHMX KOMIIOHOBOK Mozeni DRA 3 BpaxyBaHHSIM
obOepranHs nepudepiiiHUX EJIESMEHTIB Y3I0BXK I0370B-
JKHBOI OCl, a TAKOXX BBEJICHHS HECHMETPHUYHOTO Iiepe-
KpUTTS niepudepiiHIMU eJIeMEHTaMH [IEHTPAILHOTO.

Takox, 3aCIIyroBye yBaru MUTaHHS BUKOPHUCTAHHS
3a3HaueHUX KBasidpaktampHux DRA Ha OCHOBI Merta-
MatepianiB [11] 1 B iHTepecax peaii3allii TEXHOJIOTIH
uudpoBoro nmiarpamoyrBopeHHst [12] 3 BpaxyBaHHSIM
B3a€MHOTO BIUTUBY AaHTEHHUX €JIEMEHTIB LU(PPOBUX
aQHTEHHUX PEIIiTOK.
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KBA3U®PAKTAIIbHAA OUINEKTPUYECKAA PESOHATOPHAA AHTEHHA
HA OCHOBE NAPAJIIENENUNEOA

B.H. Ceménos, B.1. Cnrocap, U.1. Cirocaps

B pabome npedcmasnenvt npeonodlcenus no pearusayuu OUNeKmpudeckux pe3oHamopHulX aumeHH Ha OCHO8e K8a3ug-
PAKManbHux CMpyKmyp, KOmMopble Xapakmepusylomes. Omcymcmeuem pekypcueHozo nogmopenus. B kauecmee 6a306020 aie-
MeHma npeonodceno ucnomv3osanue napanierenunedda. C yenvio onpedenenus GIUAHUS 2eOMEMPUU HA NPOCMPAHCMGEHHO-
YacmomHmbvle XapaKmepucmuKy aumeHHbl NPO8eOeHO MOOETUPOBAHUE ¢ NOMOUBIO NAKEMA IeKMPOOUHAMULECKO20 MOOETUPOBA-
nust Ansoft HFSS. Ha ocnose 68edennvix 0onyujeHuil uccie0o8aniuco amniumyoras Yacmomnds Xapakmepucmuxa u Kodgpuyu-
enm cmosueii gonnvl. Ha ochoge ananuza mooeneii eeomempuy aHmMeHHbl Onpedeienbl ONMUMAibHble 8apuanmvl KOMIOHOGKU
YEHMPATLHO20 U NEPUPDEPULIHBIX INEMEHINOS.

Kniouegvie cnosa: avniumyonas uacmomnas Xapakmepucmuxa, Ouazpamma HanpagieHHoCmy, Keasuppakman, gpakman,
Ansoft HFSS, DRA, VSWR.

QUASIFFRACTAL DIELECTRIC RESONATOR ANTENNA BASED ON PARALLELEPIPED
V.N. Semenov, V.IL Slyusar, LI Sliusar

The proposals for the implementation of dielectric resonator antennas based on quasi-fractal structures which are charac-
terized by absence of recursive repetition. Parallelepiped is proposed as a basic element. In order to determine the influence of
geometry on spatial-frequency characteristics of the antenna a simulation was carried out with the Ansoft HESS software pack-
age. Based on these assumptions, frequency response and standing-wave ratio have been examined. Based on the analysis of
antenna geometry models optimal configurations of core and peripheral were identified.

Keywords: amplitude frequency characteristic, beam pattern, quasifractal, fractal, Ansoft HFSS, DRA.
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Bbe3pyk B.M. 135 Koxymko I'.M. 9 [Moaninaes B.O. 91
becora O.B. 158 Kozenkos C.B. 14 ITynuenko JI.B. 68
Bopozain M.K. 3 Kpuxoseupkuit I'.51. 164 Pomanogsa T.€. 48
Byp6a O.1. 149 Kymmyc C.1. 30 CaxoBuu JI.M. 164
Byrenko O.C. 114 Kyuayx I'.A. 73 Caupunos A.C. 87
laiinabyxa B.€. 126 Kyuayk H.T'. 97 CemenoB B.M. 167
INanaroseus 1O.1O. 30 JleBuenko JI.O. 120 Cinpko O.C. 120
lanait B.M. 34 JIucenko 1.B. &3 Ckakanina O.B. 24
Tanmung B.1. 111 JIutBsix O.M. 111 Cirocap B.1L 142, 167
Ieitko I'.B. 20 JIykoBa-Uyitko H.B. 77 Crrocaps LI 142, 167
I'myxosa H.B. 59 Makxogeituyk O.M. 91 Conomuenko K.I'. 63
TlNonosnsx /1.B. 30 Mapaxyuus /1.1 101 Cros 10.€. 48
I'opbans I'.B. 91 Marukin B.b. 126 Trotionuk B.B. 126
I'openuk C.1. 114 Mesenues M.B. 20 ®enopos A.B. 30
I'opoxosarcekuit B.O. 63, 68 Menphuk 10.B. 14 XwxHak LA. 91
I'pedens P.€. 142 Moxamen Caani Xacan 3 Xooupes O.1. 39
Jloneus B.B. 97 Mycienko A.II. 77 Xynos I'.B. 91
Joporo6in B.IL. 3 HebGecna f1.E. 164 Xynos P.T. 91
Jyonunskuii B.1O. 39 Heuaycos A.C. 105 UYepnssebkmii [.1O. 126
€pminora H.B. 9 Hewaycos C.M. 73 Uyrait A.M. 55
HBanenko C.A. 135 Hixkitin A.A. 114 [Mmatkos C.1I. 97
InpHunpkuit Al 149 Hoc P.C. 83 SakoBcbka J1.0O. 101
KanbBatuncekuit O.B. 154 Hocxkos B.I. 20 SukoBcrkuit O.A. 101

HayKOBe BUAAHHA

CUCTEMM YNPABJIHHA, HABIFALIT TA 3B'A3KY

30ipHUK HAYKOBHX Ipallb
Bunyck 2 (48)

BingnosinansHa 3a Bumyck K. C. Kozenkosa
Texuiunuii pepaxrop 7. B. Veaposa
Kopexrop O. B. Mopozosa
Kowmr 'torepna Beperka H. I'. Kyuyx
Odopmnennst oOknanusku 1. B. Invina
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