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Beryn

OcHoBHE TIpU3HaYeHHs HeMiHIiHOTO pagionokaropa (HP) y cdepi rexniuno-
ro 3axucry iHQopMallii — Momyk, iAeHTUdIKAIis Ta JoKami3alis paaioeeKT-
POHHMX 3aKJIaJIHUX MPUCTPOIB — HAIIBIPOBIIHUKOBUX HEIIHIHHUX PO3CIIOBAYiB
(HPc), siki y O11bIIOCTI BUNAAKIB MPEACTABIAIOTh CYKYIHICTh HAiBIPOBIAHU-
KiB, KOKEH 3 SIKUX HaBaHTAXXCHUM Ha CTATUCTUYHO HEBU3HAUYEHUU HaOip (aH-
caMOJib) eJleMEHTapHUX BIOpPATOPiB, 10 MaOTh Oy/b-AKI 3HAYCHHS JOBXHUH Ta
pO3TaIIoBaHi y IpOCTOpi JOBIILHUM YnHOM [1].

HeniuiiiHi po3ciroBayl 34aTHI pO3LIMPUTH NEPEBUIIPOMEHEHHI CUTHAI BIJI-
ryky (CB) nomaTkoBUMH CIIEKTpadbHUMHU CKJIaJOBHMH, BIJICYTHIMH B OIPOMI-
HioroyoMy 3oHayrodomy curHaii (3C). KiapKicTh CHEKTpalIbHUX CKJIaJI0BHX,
3HAYEHHA 1X YaCTOT Ta BUIIPOMIHIOBaHA MOTYXKHICTh 0€3M0CepeIHRO OB’ sI3aHI 3
npupogoro HPc. Ilig nemackyrounmMu o3HaKaMu HENIHIMHUX PO3CIIOBadiB y He-
JTIHIMHIA paTiofIoKarii CiIif pO3yMITH BCl MOXJIMBI SBHUIIA Ta MPOIECH Y AOCII-
JHDKYBAaHOMY CEpPEIIOBUIII, K1 MOPOKYIOTHCS a00 3a3HAIOTh MEBHUX 3MIH MPHU
HasisHocTi HPcC.

IocranoBka 3agaui

[lepcrieKTUBHUM HANpsIMKOM Yy HENIHIWHIM pajiosiokaiii € JOCTIIKeHHS
BTOPUHHUX JeMacKyrouux o3Hak HPc — BCiX MOXJIMBUX 3aKOHOMIPHOCTEH Tie-
peliry sSIBUII Ta MPOLECIB Y JOCIII)KYBAaHOMY CEPEIOBUIII, SIKI € HACTIKOM CY-
KyIHO1 (B3a€MHO1) Jli HENHIMHOCTEW XapaKTepUCTHUK HaIiBIPOBIIHUKOBUX
ctpyktyp HPc Ta 3MiHM (CIOTBOpEHHS) HENIHIMHUX 00JIacTe XapaKTEpPUCTHK
HaIIBIPOBITHUKOBUX CTpykTyp HPC mimg BmimBOM 30HIYyHOYOTO BUIIPOMIHIO-
BaHHs [2].

Jlo BTOpuHHMX JIeMacKyrounx o3Hak HPc y HeniHiiHINA paaionokaiii MOXHA
BITHECTH Taki €()eKTH Ta SBHIIA:

— e(ekT mosiBu 00JacTi METICYTBOPEHHS Ha (YHKIIOHAJIBHIN 3aJI€KHOCTI
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PIBHSI KpaTHOI TapMOHIKM CUTHAJIY BIATYKY BiJl PIBHS MOTY>KHOCTI 30HIYIOUOTO
curHainy [3];

— e(eKT 1HEePIIHHOCTI IPOIIECiB CIIOTBOPEHHS BOJIbT-aMIIEPHUX XapaKTepHu-
ctuk (BAX) HamiBnpoBiTHUKOBHX CTPYKTYp [4];

— SIBUIIE KOPEJSIIINHOT 3aJI€)KHOCTI CTYIEHIO Xa0TUYHOCTI CUTHAITY BIATYKY
BiJl piBHSI MOTYXXHOCTI 30HAYIOUOTO CUTHAIY [5].

[Tinumenns epextuBHOCTI HP, 1110 BUKOPHCTOBYIOTH BTOPUHHI JIEMACKYIO-
9l 03HaKH, MOKe OyTH JOCATHYTO 3BEJACHHAM J0 MIHIMYMY BIUIMBY TaKHX (pak-
TOpIB SIK: MPUCYTHICTh Yy JOCHIDKYBAaHOMY CEPEIOBUINl 3aBaJIOBUX CTPYKTYp
«metan-okucen-metam (MOM-CTpyKTyp); NPUCYTHICTh MAPA3UTHUX METIOCTOK
niarpamu HampasieHocTi (JIH) BunmpoMiHior0u0i aHTeH! (32 paXxyHOK 0OMEKEH-
Hs piBHA noTykHoCTi 3C HP).

OcHoBHA yacTHHA

Mopens HENMHIAHOrO po3ciroBada MO>KHa IPeACTaBUTU 3 JABOX TOHKHX
TpyO4YacTUX MPSAMOJIIHIMHUX €IEKTPUYHHUX BIOpaTopiB, 110 nepedyBarTh y Bi-
apHOMY Tipoctopi. lllupuHa po3piziB BiOpaTopiB Ta ix paaiyc piBHi 2b i a Bix-
noBiIHO. JIoBXKHMHM BiOpaToOpiB JIOPIBHIOIOTH |1 Ta |2 B1aAIoB1IHO. OOMaBa B10O-
paTopy HaBaHTA)KEHI Ha KPEMHIEB1 HaIMIBOPOBIAHUKOBI aionu. [1o3moBxkHI oci
B10paTOpIB MapajenibHi, BiACTaHb MiXk HUMH — D .

[Ipu D >>a xomOiHaIliitHI CKIaJ0B1 MIIBHOCTI MOBEPXHEBUX EIEKTPUUHUX
CTpYMIB Ha OIYHMX MOBEPXHSX BIOpaTOpIB Mailke HE 3ajeXaTh Bl a3UMyTallb-
HOTo KyTa. 3a Jornomororo psaniB dyp'e npeacTaBUMO CTBOPEHUN ONPOMIHIOO-
YUM TI0JIEM NIEPBUHHUN CTPYM Ha IjIedax BiOpaTopiB:

Egz (Z’t) = Z I.fgzmn (Z)eXp(i %nt)'
m,n

Ctpym |5 (p.t) mopomxye Bropunnuii ctpym Iy (p,t) Ha mieuax BiGpa-
Topa (Z — HampsIMOK MOUIMPEHHS XBUJIb; t — 4ac; P — TOYKA CIIOCTEPEKEHHS),

CIIEKTPaJIbHI CKJIAJO0Bl1 SIKOTO € HEJNIHIMHUMU MPOAYKTAMH 3 YaCTOTOK Uy,

(kpaTH1 TapMOHIKM 4M KOMOiHaIlitHI YacToTH) npu OirapmoHiyHOMY 3C BUIY
mQ+nw, ¢ M, n — HoMepa rapmoHik ckiagoBux 3C; Q, ® — 4acToTH mEp-
IIOTO Ta JIPYroro rnepeaasadiB 6irapmoniunoro 3C [6]:

Ifzz(z,t): > I'fzzmn(z)exp(i Gt ).
m,n

KOMILIeKCHI aMIUTITYIM CHEKTPaIbHAX CKIAZOBHX I{5,m (Z) i 15 95mn (Z)

3aJIe’KaTh Bij MOBHUX CTOPOHHIX IMOJIB y HEMHIWHUX oOnacTax. B3aemonito Bi-
OpatopiB 3 AIIOYMM HA HUX EJICKTPOMArHITHUM T0JIEM MO’KHA OMKCATH CHUCTe-
MO0 IHTETpaJIbHUX PIBHSHB [6]:
b kL -b I
' ~ 1 ' ' ' ~ 2 ' '
[+] Ifzmn(z)Kl(ngn(z,z)dz + [+ Iz‘?zmn(z)Kl(m)n(D,z,z)dz =
b b

—l I,
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P11mn (Z)’ Ze (-'1;—b);

Pramn (2), Z(bsly); (1)
p13mn(z)’ ZE(_blb)l
b kK b I
[+ Ifzmn(z)Kgfn)n(D,z,z)dz'+ [ +] Igzmn(z)ligm(z,z')dz':
-h b -1, b
p21mn(z)! ZE(_IQ, b),
= p22mn(z)v ZE(b;lz); (2)

Posmn (2),  Z€(-b;b).
Y cucremi 3 inTerpansuux piBHAHD (1) Ta (2) Pyyyn(2)s Pramn(2)s Piamn (2)

— BEKTOpHI MOTEHLIAM HEMHIMHUX npoaykTiB CB nepmoro cuMeTpuyHoOro Bi-
Oparopa 3 HENIHIMHUM HaBaHTAXXEHHSAM IpHU OIrapMOHIYHOMY 30HAYBaHHI IS
TOUKH CHOCTEPEREHHA P; Poynn(Z): Pozmn(Z): Paamn(Z) — BEKTOpHI mOTEHIi-

anu HeNHIMHUX npoaykTiB CB apyroro cuMeTpuyHOro BiOpaTopa 3 HEeJllHIMHUM
HAaBAHTAKEHHAM IpU OIrapMOHIYHOMY 30HJIYBaHHI JUIsl TOUYKU CIOCTEPEKEHHS

=(2) . z(2) . : o
p; saxpa Kgm)n 1 1(m)n IHTETpaNbHUX PIBHAHb BPAaXOBYIOTh B3a€MOJIIIO MIXK Bi0-

.. C. ~1) . (1
paTopaMu, 3aJeKaTh Bij BiJICTaHI MK BiOpatopamu D ; siapa Kl(m)n 1 Kgn)m Bpa-
XOBYIOTh MEPETBOPEHHSI €HEPTii CKJIaJIOBUX BTOPUHHOTO CTPYMY Ha BHUIIPOMI-

HIOBAHHS HEJIIHIMHOTO NMPOIYKTY YaCTOTH (},,; YCI SApa 3aJeKaTh Bl IapamMe-
tpiB I, |,, a i b. Cucrema nae MOXKIHMBICTh aHATITUYHO 3B'S3aTH PO3MOALIH

BTOPUHHUX CTPYMIB IO MJie4ax BIOPATOPIB 3 SIBULIEM CHOTBOPEHHS XapaKTepu-
CTHK HamiBIPOBITHUKOBUX CTpYKTYyp HPc (uepe3 BropunHi edextn) [2] mpu mii
BiIHOCHO noTykHoro HBY BunpomintoBanus HP.

JIist BUNaAKy 11€alibHUX €JIEKTPOPYUIIHHUX CHJI TIpaBl YaCTHHH 1 sAJipa CHC-
TEMH 1HTerpanbHuX piBHsAHB (1), (2) BU3HA4aOThCs MOBHICTIO. OTXKE, Y I[BOMY
HaOmkeHHi cucrema (1), (2) € niHiitHOO Ta MOKe OyTH BHUpIIIICHA ISl BiAMOBI-
JTHUX CKJIQJIOBUX BTOPUHHUX CTpyMiB. J[Jisi po3B'sI3Ky MOIOHOT CUCTEMHU MOXKeE
OyTH 3aCTOCOBaHH, HAPUKIIAl, MeTO1 Oa3ucHUX (yHKIIi# [6].

PesynpTaTomM MOzeOBaHHS € HOBI €EKTH Y PO3CIFOBaHHI CUCTEMOIO CHMeE-
TPUYHHUX BIOPATOPIB 3 HENIHIMHUMU HaBAaHTAXEHHSAMU NEPEBUIPOMIHIOBAHUX
cxinagopux CB [6]. OcobmuBicTiO po3citoBaHHS € (DYHKI[IOHAIBbHA 3aJICKHICT
edexTUBHOTO pajiyca poscitoBanHs ckianoBux CB Bix piBas HBY noTyxHOCTI
30Hay04oro curHany — yuM Buiie piBeHb HBY notyxnocti 3C, TuM Outblie
e(eKTUBHUN pajilyC PO3CIIOBaHHS JOCIII)KYBaHUM O0'€KTOM HEIIHIHHUX MpO-
nykTiB CB 3a kytom Mmicus B 30H1 @payHrodepa. To6ToO MaeMo BIUIMB BTOPUH-
HUX €(EeKTIB Y HaIIBIPOBIIHUKOBUX CTPYKTYpax MpHU [ii BIIHOCHO MOTY>KHOTO
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HBY BunpomintoBanHs Big HP Ha mapameTpu po3ciroBaHHS PO3TJISHYTOI CHC-

TEMH 3 JIBOX CUMETPUYHUX BIOpATOPIB 3 HEJIHIMHUMU HaBaHTAKCHHIMU.

Takum 4yuHOM, AJIA TIATBEPIKEHHS ICHYBAaHHS BTOPUHHHUX JIEMACKYIOUHX
O03HaK HEOOXITHO JOCTIIUTU 3JICKHICTh €()EKTUBHOTO PaJllyCy pPO3CiFOBaHHS
HEeJHIMHUX TPOAYKTIB curHaiy Biaryky HPc Bin siBuia cnorBopenns BAX Ha-
MIBIIPOBITHUKOBUX CTPYKTYpP MpH 1ii BimHOCHO moTykHOoro HBY Bumpominto-
BaHHS, III0 MOYKHA BUKOHATH BUMipoM J/IH 1o MOTY>XHOCTI CKJIQJOBUX CHTHAITY
BIJTYKY.

BukoHaeMo ekcriepuMeHTalbHY NEPEBIPKY BUSABIECHOTO €(PeKTy 3MiHH ede-
KTHUBHOTO PaJiyCy pO3CiIOBaHHS CKJIQJ0BUX cUTHaiy Biaryky HPc mpu Bapiro-
BaHH1 piBHA noTyxHOCTI 3C HP. IIpunyctumo, 1o epext mommproeTbes Ha BCl
poscitoBani HPc HemiHiiHI TPOIYKTH — KpaTHI TAPMOHIKA YaCTOTI MOHOTapMO-
HiyHoro 3C Ta koMOiHaIiitH1 yacToTu 6irapmoniunoro 3C.

' ' S ' Posrasitnemo 1Bi rpymnm ekc-
NEePUMEHTANBHUX (PI3UYHUX MO-
Jiesie, TeoMeTpisi HeNlIHIMHUX CH-
CTEM SKHUX M0J1I0HA Ta MpUBEICHA
Ha puc. 1. Ha HbOMy moka3zaHi:
NacHUBH1 HEJIHIMHI aHTeHu 3 N

HaNiBXBUJIBOBUX  EIEKTPHYHUX

BiOpaTopiB  momxkuHOWO 21 (
| =0,15m), posrarroBaHux mapa-

JeJNbHO OCl Z B TwiomuHi YZ Ha

Bigcrani |, (1, =0,15m) oaun Bin

Puc. 1. CucTema HeniHiltHuX BibpaTopis Tumy — OJHOTO; NMAJArOYUi MOTIK CUTHa-
"XBUIIbOBHII KaHaN" Jy TEpIIOro BUIPOMIHIOBaYa —
@, ; magarouMii MOTIK CUTHAY Apyroro BunpomiHioBada — @, (g Bunagky 0i-

rapmoHigHoro 3C); po3CisiHMI HeNiHIMHUM IepeTBoproBadeM NMoTik — Py (mix
KyTOM ¢, ). HeniHiiiHI cucTeMn XapakTepu3yrThCsl CIIOCOOOM BKJIFOUYEHHS Ha-

MIBIPOBITHUKOBUX M10/1B. B 0HI# qi0M po3TaiioBaHi O JHOMOISPHO (OJHOCTI-
pSIMOBaHE BKJIFOUEHHS), & B 1HIIN — PI3HOMOSAPHO (Pi3HE MO CHPSIMYBAHHIO 11O-
YEproBe BKJIIOUCHHS).

Jl>xepena eneKTpOMArHiTHUX XBUJb, IO CTBOPIOIOTH NOTOKH P Ta @, (mns

Bumnajky oirapmoniunoro 3C), Takox po3tamioBani B riomuHi XY. KyTu nafgin-
Hs MIOTOKIB €JIEKTpOMarHiTHUX XxBwib @ 1 @, 3 BicCI0 Y INO3HAYEHI BIANOBIA-
HO ¢y 1 ¢,. BiOparopu HaBaHTa)keH1 Ha HemiHiMHI enemenTn — HBY mioau

(manpuknan, Tamy 2A604A), 10 BKITIOYEHI y IIEHTPI BIOPATOPIB.
BukoHaHHs MOCTaBI€HOI €KCHEPUMEHTAIbHOI 3ajiadul mepeadadae 3Haxo-
JUKEHHS Ta aHaJll3 TPUIYCTUMUX MOJSPU3ALIAHUX TOXHUOOK BUMIPY XapaKTepH-
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CTHK TiepeBunpomMeHeHoro HPc Ha dacTtorax HemiHIMHHX MPOIYKTIB MO MPHU
3a/1aH1i HOPMi TOXMOKH BUMIPY MMapaMeTpiB BUIIPOMiHIOBAHb.

s BUMIpY JOIIJIBHO BHKOPUCTATH BHMIpIOBalbHI aHTeHH Tuny [16-33 1
[16-23A [7, 8] Ta BUMiproBaibH1 MaHOpPaMHIi MpuiiMadl (aHATI3aTOPU CIEKTPA)
tuny PCK4-86 i PCK4-90 (PCK4-87, PCK4-88, PCK4-89) [9].

CTpyKTypHa cxema BUMipIOBaAbHOIO CTEHAY NapaMeTpiB PO3CitOBaHH
HeniHiitHuX nponykrie HPc mpeacrasaena Ha puc. 2. OnpomiHioBayeM y
cTeHAl € cepivtumit HeAiHitHUI pagioaokarop «NR 900w» 1, 2.

[ToTy>XHICTh BUIIPOMIHIOBaHHS 30HIyt04oro curHaixy HP 3mintoBamacs muc-
KpeTHO uepe3 opranu kepyBanHs. Maketu HPc 3 oGepranucs 3a momomororo
KPOKOBOTO JIBUT'YHA 4, 110 3a0€3I1eUrB OKPOKOBE 00epTaHHS 1 JO3BOJISAB 3adiK-
CyBaTH TMOJOXEHHA MakcuMyMy JIH 1o MOTY»XHOCTI MepeBUIPOMIi-HIOBAHOTO
nociipkyBanuM HPc Ha yacToTax HeNlHIMHUX MPOTYKTIB MOJIS.

[TpuitmanbsHOIO aHTeHOIO po3cisitHoro HPc mons Oyna cepiiiHa BUMiprOBasib-
Ha aHTeHa tumy [16-23A 7, migkiodyeHa 10 TaHOPAMHOIO MpuiiMava (aHanmi3a-
topa cnektpa) PCK4-87 8.

Po3scistHuil curHan xapakTepu3yBaBCsl HIUIBHICTIO MOTOKY IMOTY>KHOCTI (1H-

TEHCUBHICTIO) HPC, npuBegeHoro 10 Biacrani @ =1 v Bix HPc 1o BuMiproBaib-
HOI aHTEeHH. 30HIYIOUMI CHUTHaI y Miciil po3ramryBanHs HPc xapaktepu3syBaBcs

HIIJTBHICTIO TTOTOKY MOTY>KHOCTI I5c Ha BIJICTaHI1 h=1 y B1JI HENIHIAHOTO pa-

nionokaropa 1o HPc. 3nauenns Ipc Ta NEY BHU3HAYAJINCS 3a 3HAYCHHSIMU I10-
TykHOCcTel po3citoBaHoro HPc curnamy 1 3C Ha 0CHOBI MONEPEAHBOTO KaTIOpy-
BaHHs. 3MEHILIEHHS BIUIMBY MIJCTWISAIOUOI OBEPXHI Ta 3aBaJIOBUX €JIEKTPOMATr-
HITHUX TOJIB JO0CATaNOCS LUISIXOM BUKOPUCTaHHS pajionoriauHatouoro HBY
BUIIPOMIHIOBaHHS Marepiany «SIceHb» 5, sikuii 3HMKye (DOHOBI 3aBajiv Ta Iepe-
BUIPOMIHIOBaHHS y IELUMETPOBOMY Jiarna3oni Ha 35 nb.

— Puc. 2. CTpykTypHa cxeMa BUMipHOBAIBHOTO
cTeHaa mapamerpiB poscitoBanus HII curna-
Ty BIITYKY.

1 — 3aparoumit reneparop 3C HemHINHOTO
panionokaropa «NR 900u»; 2 — BunmpomiHio-
BasbHa aHTeHa HP «NR 900u»; 3 — mocmni-
JDKYBaHUW MakeT HeNiHIHHOTO po3citoBaua; 4
— KPOKOBMH JIBUTYH; 5 — paJiONOINIMHAIOYUI
HBY BunpominioBanHs Matepian «SIcenpy; 6
— OIIOPHO-TIOBOPOTHA IUIOIIMHA 3 JIENEeKTpHU-
Ka; 7 — BuMiproBanbHa aHTeHa [16-23A; 8 —
MaHOpaMHUH NpuiiMad (aHali3aTop CIEKTpa)
PCK4-87.

Bumip nonoxeHHsl TOJOBHOrO Makcumymy noBHoi JIH mo moTtykHOCTI me-
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peBunpomintoBaHoro HPc Ha yacToTax HeIIHIMHUX TPOIYKTIB MOJISl BUKOHYETb-
Csl IIPU YCTAHOBII Ha ONOpHO-TIOBOpoTHY miomuny (OIIII) 3 nienextpuka 6 ma-
keta HPc 3. Bumipu nepetunis JIH BUKOHYIOTH CIIOYaTKy IIPU OCHOBHIHN MOJIS-
pu3allli TpuioOMHOI aHTEHH, MOTIM IMPU OPTOTOHANIBHIN MmoJisipu3alii (3a Jgomo-
MOT'O0 BiJINMOBiAHOTO po3MimieHHs makeTa HPc na OIIII).

Ha puc. 3 mokasaHi eKCIepuMEHTAIbHO OTPUMAaHi 3a JIOMIOMOTOI0 BHUMIpIO-
BAJIBHOT'O CTE€H/A Ha pHUC. 3 3aJISKHOCT] PiBHIB MaKCUMaJbHOI OTY>KHOCTI P, (y

b, uytnuBicTe npuitMaua - 120 1b/BT) nepeBunpoMiHOBaHUX TOCTIIKYBaHU-
MU HamiBrpoBigHukoBuMu HPc npyroi rapmoniku Bifg uncia N BHIpOMiHIOBa-
YiB PEIIITKH Ta CHOCcO0y BKJIIOYEHHS J10/1iB (OJHOMOJSPHUN UM PI3HOMOJSP-
HUM).

Puc. 3. 3anexxHocTi piBHIB MaKCHMaJIbHOI
HOTYXKHOCTI P, II€PEBUIIPO-MiHIOBAHUX Ha-

niBnpoBigauKoBUMU HPC npyroi rapmMoHiku
BiJ yrcna BunpomiHioBadiB N pemriTku ta
croco0y BKJIIOUEHHS MiOAiB (OZHOMOISp-
HUW 94 PI3HOMOJISIPHUI) TIPH i HENIHIHHO-
ro panionokaropa. CymiibHI KpHUBi BiAIMOBI-
JIAI0Th OJHOMNOJISIPHOMY CIIOCOOY BKJIFOYEH-
HSl, IYHKTUPHI — pi3HONoJsipHoMy. Kpusi 1,
1 Biamosimarots pisHio noryxuocti 3C HP
P,c= 100 MBrt; 2, 2" — 250 MBT; 3, 3 —

450 MBT; 4, 4 — 550 MBT

3rigHo puc. 3, MOKHA 3pOOUTH HACTYITHI BUCHOBKH:

— e(eKTUBHICTh MPUIOMY PIBHS MAaKCHUMAJIbHOI MOTYXHOCTI JIpyroi rapMo-
HIKH 3aJICKHUTh BiJ ocoOiauBOocTel aHTeHHOI cTpykTypu HPc, cmocoOy Bkiito-
YEHHS J10/11B, KIIBKOCTI BIOPATOPIB 1 BIJICTaHI MI’)K HUMHU;

— MpPU OJHOCTPSIMOBAHOMY (OJIHOMOJIIPHOMY) BKJIIOUEHHI J10/IB Y CUCTEMY
HEJTIHINHUX BIOpATOpIB CHOCTEPIra€ThCsi 30UIbIICHHS €(EeKTUBHOTO pajiyca
npyroi rapMoHiku 4actoTu 3C po3CiroBaHHA 31 3pOCTAHHSM PIBHS MOTY>KHOCTI
30H/IyIOUOTO CHUTHANy («CTPIMKE» 3pOCTaHHS CYIUIbHUX KPUBHUX MOPIBHIHO 3
NYHKTUPHUMU JJIS BITHOCHO BUCOKUX piBHIB MoTy>kHOCTI 3C HP);

— Yy BHUNAJAKY PI3HOCHPSIMOBAHOTO (Pi3HOMOJSIPHOTO) BKIIFOUEHHS I10JIIB
eheKTUBHUN pajilyC PO3CIIOBaHHS APYroi rapMoHiku 4yactotu 3C HE3MIHHHMA
(mponop1iiifiHe MEeBHIA KOHCTAHTI 3POCTaHHS MYHKTUPHUX KPUBUX 31 301IbIICH-
HsM piBHS noTyxHOCTI 3C HP), 1110 MOSICHIOETHCS BILUIMBOM TaK 3BaHUX KOMIIE-
HCaAlIMHUX €(EeKTiB.

TakuM 4YMHOM, MA€EMO EKCIIEpUMEHTANIbHE MIATBEPKEHHS €(PEeKTy 3MIHU
e(EeKTUBHOTO paJilyca PO3CIIOBAHHS HENIHIMHUX MPOAYKTIB CUTHAIY BIATYKY
HPc npu BapitoBaHHI piBHSI MOTY>KHOCTI ONMPOMIHIOIOYOTO CUTHANY, IO JOBO-
JUTH BIAMOBIAHICTE 3alPOIIOHOBAHOI Mojieni [2] mpoliecam po3citoBaHHS HaITiB-
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npoBigaukoBuMu HPc cknanoBux CB min yac aii 3C HP. Ile B cBoro uepry mij-
TBEP/’KY€ MOKIIUBICTD Ta JOLUIBHICTh BUKOPUCTAHHS HA MIPAKTULIl BTOPMHHIX
AeMacKyIOulX O3HaK AAs HOMIYKy, ideHTM(ikarii Ta aokaaizanii HPc y
cdepi TexHiuHOrO 3axucTy iHdpopmariii.

BucnoBok

TeopeTnyHo BusBieHUN eeKT 3MiIHM €dEKTHBHOTO PaAlyCy pO3CiIOBaHHS
HEJTIHIMHUX TPOJYKTIB CUTHAIY BIATYKY HemiHiMHOro po3citoBaya (HPc) mpu
BapilOBaHHI PIBHS MOTY>KHOCTI 30HAYyI04Yoro curHaiy (3C) HemiHiMHOTO pajaio-
nokatopa (HP) nmosBossie mocmimkyBaTu SBHILE CIIOTBOPEHHS XapaKTEPHUCTHK
HaMIBIPOBIIHUKOBUX cTpykTyp HPc mpu aii BizHocHO nmotyxuHoro HBY moss.

ExcnepumenTtanbHe miaATBEpKEHHS e(eKTy 3MiHM e(EeKTHBHOTO pajaiyca
PO3CiIOBaHHS HENIHIMHUX MPOAYKTIB curHany Biaryky HPc mpu BapiroBanHi pi-
BHSI TIOTY>KHOCTI OIPOMIHIOIOUOTO CUTHATY MIATBEPKY€E MOXIHUBICTh Ta JOILI1-
JBbHICTb BUKOPUCTAHHS HA NPAKTULl BTOPMHHUX AE€MACKyIO4MX O3HaK AAsd
Houyky, igeHtudikarrii Ta aokaaisanii HPc y cdepi Texniunoro saxuc-
Ty iHopMmarii. 3acTocyBaHHS BTOPUHHUX JeMacKyrounx o3Hak HPc mpusso-
JUTH 10 MIHIMIi3allii BIUTUBY TakuX (haKTOPIB SIK: MPUCYTHICTh Y JIOCTIIKYBaHO-
MYy CEpEeOBHII 3aBaJIOBUX CTPYKTYP «METaI-OKHCEII-METall»; MPUCYTHICTH Ta-
Pa3UTHUX TEIIOCTOK JiarpaMH HaIlpaBJIEHOCTI BUIIPOMIHIOIOUOT aHTEHH (3a pa-
XYHOK 0OMexeHHs piBHS oTyxHOCTi 3C HP).
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HbIM pacceusamenem HelUHEeUHbIX NPOOYKMO8 Npu 8apbupOSaHul YPOBHs MOUHOCMU 30HOU-
PyIowez0 CueHana HeluHelHo20 paouoioKamopa.

Knroueevle cnoea: muenunelinas — paouoniokayus, — HeIUHEUHbl — pacceusamen,
ahpexmuenvlil paouyc paccestus, IKCNePUMeHmMAIbHbII CIEHO.

Zinchenko M. V., Zinkovskiy Yu. F. Research of secondary effects in nonlinear radio-
location.
Introduction. The basic setting of nonlinear radio-locator (NR) in the field of technical
guarding is the searching, identification and localization of radio-electronic mortgage devic-
es — semiconductor nonlinear scatterers (NS).
Statement of the problem. The NR efficiency increasing is possible by minimization of
such factors influence as: presence of obstacle structures "metal-oxide-metal” (MOM-
structures) in the investigated medium and presence of parasitic directional pattern lobe of
emitting antenna. The analysis of nonlinear scatterers secondary unmasking features is con-
sidered. All possible regularities of the course of the phenomena and processes in the investi-
gated medium, that are the consequence of nonlinear areas of NS semiconductor structures
characteristics change (distortion) under sounding radiation, are considered.
Principal part. Researches showed that theoretically discovered effective radius change
effect of nonlinear products dispersion of nonlinear scatterer response signal at the varying
of nonlinear radio-locator sounding signal (SS) power-level allows to investigate the phe-
nomenon of semiconductor structures characteristics of NS distortion at the action of relative-
ly powerful ultrahigh frequency field. The effective radius change of nonlinear products dis-
persion of NS response signal at varying of exposing signal power-level is experimentally
confirmed, which proves the possibility and expediency of the secondary unmasked features
practice use for the search, identification and localization of NS in the technical guarding
field:
— the area of looping appearance effect on functional dependence of response signal multiple
harmonic level from the sounding signal power-level [3];

— effect of processes inertiality of semiconductor structures volt-ampere characteristics dis-
tortion [4];

— phenomena of cross-correlation dependence of response signal chaotic state degree from
the sounding signal power-level [5].

Conclusion. The effective radius change of nonlinear products dispersion of NS re-
sponse signal at varying of exposing signal power-level is experimentally confirmed, which
proves the possibility and expediency of the secondary unmasked features practice use for the
search, identification and localization of NS in the technical guarding field

Keywords: nonlinear radar, nonlinear scatterer, effective radius of the scattering, ex-
perimental stand.
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