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Anorauisi. HaBeneHO pe3ylbTaTi KOMII FOTEPHOIO MOZEIIIOBAHHS BIACHOTO IIyMy eneMeHTa enekTpoHiku (EE) s pisHux
Moyzienelt oro BHYTpinHboi cTpykTypH. HaBeieHo pe3ynbTaTy eKCliepuMeHTalIbHUX J0ciikeHb BiacHoro myMmy EE B nianasoni
HHU3bKHX YacCTOT, AKi MiATBEPKYIOTh PE3YJbTaTH KOMII IOTEPHOrO MOJIEIIOBAHHS, a caMe. BHUIUMK DIBEHb LIyMY B Jiala3oHi
HU3bKHMX 4acToT MaroTh Ti EE, y BHyTpilHiil cTpykTypi sikux Ounbine nedekris. HaBeneno aHaniTHUHMI BUpa3 eHEPreTHYHOTO
criekrpa BiacHoro mwymy EE, y sikomy mapamerp T 3anexuth Bin ocobmuocrel BHyTpimHboi crpykrypu EE. Ilokasano, mo
BUSIBJICHHS [IOTEHLIHO HEHA/IIMHUX eJIEMEHTIB MOXKHA 3/1iliCHIOBaTH a00 3a piBHEM iXHBOIO BJIACHOIO LMY B Jliana30Hi HU3bKUX
4acToT, a00 3a 3HAUEHHSIM [IapaMeTpa T.

KurouoBi ciioBa: ¢urikep-1ym, BHyTPIIIHSA CTPYKTYpa, €HEPreTUYHUI CHEKTP, Yac perakcallii.

Abstract. Hidden defects can turn into obvious defects and characteristics of electronic elements become inappropriate.
Therefore, the techniques of non-destructive diagnostics of inner structure state are of great importance. One of these techniquesis
the diagnostics of electronics by their own noise, which advantageously differs by low time consuming and absence of the risk of
damage of the element under investigation. Noise measurements are capable to detect the defects in a material with a sensitivity
that cannot be reached by other methods.

The results of computer smulation of noise for different models of its internal structure are presented. The smulation was
carried out in order to reveal the influence of the internal structure elements of the system under study on the level of its noise a
low frequency range. It is shown that systems with fewer structural elements have lower noise level at low frequencies concerning
the systems that comprise more elements. The results of the smulation also demonstrate that systems with the same number of
structure elements are inherent in different noise levels in low frequency range: systems with an ordered arrangement of the
elements are the less noisy then more disordered omes.

The results of noise studies of metal films, composite resistors and semiconductor diodes at low-frequency range are
presented. It is noted that noise of composite resistors at low frequencies is greater than noise of the meta film resistors for the
same scattering power (0,125 wetts). The noise of the diodes a low frequencies is much larger than the resistors noise. The
increase in noise for diodes can be explained within the hypothesis of the substantial influence of the internal structure of the test
sample.

Analytical expression of the energy spectrum of the own noise of electronic element, which parameter T depends on the
features of the internal structure, is presented. It has been shown that the detection of potentialy unreliable elements can be carried
out either by thelevel of their own noise at the low-frequency band or by the vaue of the parameter .

Key words. Flicker Noise, Inner Structure, Energy Spectrum, Relaxation Time.

Beryn

Ilin yac BUPOOHHIITBA paiOCICKTPOHHOI ara-
paTypu OCOONHMBY yBary 3BEpTalOTh Ha HAMIWHICTH 1
SKiCTh amapaTypd. HanifiHicThb TBepAOTUIBHUX —elle-
MmeHnTiB enektponiku (EE) 6e3nocepentbo moB’s3ana 3i
CTaHOM iX BHYTPIIIHBOI CTPYKTYpH — 3 KUIBKICTIO fe-
(bekTiB KpHUCTAiYHOT IpaTKH 1 iXHIM TUIOM (MiKpOTpi-
IIMHH, AUCIOKAII1, MXKBY3JI0BI aTomMu Tomio) [1, 2].

CporonHi BUsABJICHHSA NE(EKTIB Y CTPYKTYpI elie-
MEHTIB €JIEKTPOHIKH 3BOJMTHCS JIO0 CIPOO aKTUBI3yBaTH

npuxoBaHi JehekTH eneMeHTta (iHTETpaNbHOI CXEMH,
MOJYJIs) 0 TOTO, SIK BiH MOTpAamuTh A0 croxkuBada. Lle
MOXYTb OyTH pi3HI BapiaHTH TEPMOBUIPOOOBYBaHb,
€JIEKTPOTEPMOBHUIIPOOOBYBaHb, EHEPIOLMKIIOBAHHS TO-
mo [3-5]. EneMeHT 3a3Ha€ 3HAYHUX HABAaHTAXKEHb
(TeMmiepaTypHHX, EIEKTPUYHUX, EKCTPEMAaIbHHUX Iepe-
xigaux mporeci) [6]. Taki fii 3yMOBIIOIOTH MpPOSB
MPUXOBAaHUX Ae(QEeKTIB eJeMeHTa, OJHAK MICIsI HHUX
MPUXOBaHi JIepEeKTH MOXKYTh MEPETBOPUTUCH HA sBHI. B
TAKOMY BHIAJKY ITOTEHLIHHO HEHaJiiHI eneMeHTH abo
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BUXOIATh 3 Janay, abo IXHI XapaKTepUCTUKH HENO-
MyCTUMO 3MIHIOIOThCS. Yac, HEOOXimHMH Ui TaKoro
croco0y KOHTPOJIIO AKOCTI Ta AIaTHOCTHUKH MOTEHINIHHOT
HAJIMHOCTI, BEJIUKUN — JECATKH, COTHI rofWH. Brpatn
Yacy YCKJIaJHIOIOTh BHUPOOHHUIITBO €JIEMEHTIB pasio-
€JIEKTPOHHOI amapaTypy 1 CIPHYHHSIOTH HOTrO II0M0-
pokyaHHS. 3MEHIINTH YacoBi BUTPAaTH MOXKHA, ITiJBH-
IIMBIIY IHTCHCUBHICTh BIUIMBY Ha eJeMEHTH. Tomi
NPUXOBaHi Je(EeKTH TPOSBISIOTHCS MIBHIIE, OJHAK
MOXYTh BUHHMKHYTH HOBi JeeKTH YHAcmigok 301ib-
LIEHOI IHTEeHCUBHOCTI 30BHIIIHBOTO BILIMBY. Hanpukian,
TPUALSTUTOAMHHE BUIPOOYBAHHS HaIliBIIPOBITHHKOBHX
€JIEMEHTIB 33 TeMIICPaTypH 150° C expiBasneHTHe pexu-
My BUIPOOyBaHb HpoTsiroM 168 romuH 3a Temneparypu
125° C. Tpeba BpaxoByBaTH, IO Y pa3i IiIBHIICHHS
TEMIIEpaTypd MOXXYTh BHUHHKATH IIOIIKO/PKEHHS eJle-
MEHTa, CIPUYMHEHI BEIUKMMH HEKOHTPOJIbOBAHUMHU
BHYTPIIIHIMH CTpyMaMH a00 iHIIUMH NpPUYUHAMH, SIKI
HE MiAJaI0ThCS KOHTPONIO Iifi 4Yac BUIPOOOBYBaHHS
eJIeMEHTa 3a BHCOKOI TeMIIepaTypH.

HenoJgiku

Tpusaunicte Buripo6oByBans EE € mpoGiemoro sk
IUTsE BUPOOHMKA, TaK 1 JUIA crokuBadya. HeBenwka Kijb-
KICTb BIIMOB €JICMECHTIB EJICKTPOHIKH MOXE Tpak-
TyBaTHCh SK HACHIJIOK HEJOCTAaTHBOI  TPUBAJIOCTI
BHUIIPOOYBaHb, 1 HABNAK{, BEJIMKA KIUIBKICTh BIIMOB
MOX€ CBIIYMTH MPO HAIMIpHY TPUBAIiCTh BUIIPOOYBAHb.

3 ypaxyBaHHSM BUILEHABEIEHOTO, aKTYaJIbHUMH €
METOIM HEPYHHIBHOTO JiarHOCTYBaHHS CTaHy BHYT-
pimaboi ctpyktypu EE [7]. OmHuM i3 Takux METOiB €
JIarHOCTYBAaHHsSI €IEMEHTIB EJIEKTPOHIKH 3a IXHIM
BJIACHUM IIIYMOM, IO BUTITHO BIAPI3HAETHCS MaTHMU
YacOBUMH 3aTpaTaMd 1 BIJCYTHICTIO pHU3UKY IIO-
HIKO/DKEHHS TOCTi/pKyBaHoro enementa [8, 9, 10]. Illy-
MOBi BUMIPIOBaHHS JalOTh 3MOT'Y BHSBHTU JC()EKTHICTH
Marepially 3 TaKOW YYyTJIMBICTIO, sKa MOXE OYTH
HEOCTYIHOK Ul  IHIIMX METONIB, HAaNpHKIaL,
eneKTpuyHuX abo ontuyHux [11-15].

Meta poboTu

Metoro poOOTH € BCTaHOBJICHHS MOYJIUBOCTI
OLIIHIOBaHHS Je(EKTHOCTI BHYTPINIHBOI CTPYKTYpH
€JIEMEHTIB eJIEKTPOHIKHU 3a IapaMeTpaMH iXHiX BIACHUX
ENIEKTPUYHHUX LTYMIB.

1. IlpoBeneHi nocaiTkeHHs

Jus nociimkenHst kopensnii BiacHux mymiB EE
i3 ocoOnuBOCTSIMU BHYTPIilIHBOI CcTpyKTYypu EE po3-
pobieHa wmaremMaTHuHa Mojenb (i3 BHKOPHCTaHHAM
KOMIT FOTEpHUX 3ac00iB) XaOTHYHOrO pyXy eJeMeH-
TapHUX KYIThOK Y JIBOBUMIpHiH cuctemi (miockuit
MPSIMOKYTHHK 31 CHiBBITHOIIEHHSIM CTOpiH 1.2, y siIKOMYy
MOXKHa PO3CTaBJSITM BHYTPIIIHI TEPEropojKd, IO

IMITYIOTh CTPYKTYpy 00'€kTa mocmimkens) [16]. VYV
IBOMY BUNAAKY TiJ €JEeMEHTAPHUMH  KYJIbKaMH
PO3YMIIOTh  KYJIBKH, TE€OMETPHYHI PO3MIpH  SIKHX
Habarato MeHI 3a PO3MipH MPSIMOKYTHHKA (iMiTaIist
MOJIEKYIT, aTOMiB 200 eTleMEHTAPHUX YaCTHHOK). TakoMy
MPSAMOKYTHHKY MOXKHA IOCTABUTH Y BiJMOBiAHICTH (3
MEBHUM HAOJKEHHSAM) METAJICBU# TUTiBKOBHI PE3UCTOP
TOMOTE€HHOI CTPYKTypH. BepTukaibHi NeperopoixH,
JIOBXKMHY 1 pO3TalllyBaHHS SIKMX MO IUIONI MPSMOKYT-
HUKa MOXXHa 3MIHIOBaTH, IMITYIOTh YIIOpSJKOBaHE Ta
HEYMOps/JKOBaHe (XaOTHYHE) pPO3MIIIICHHS EJIEMCHTIB
KPHUCTAJI4YHOI ~ TIpaTKW,  CTATHYHUX  CIIOTBOPEHb
KPUCTAIIIYHOT TPATKH (AMCIOKAIli, BaKaHCil, Mi)KBY3JI0Bi
aToOMH) Ta JOMimiok. Ilil dYac XaoTHYHOIO PyXy
eJIEMEHTApPHUX KYJBOK IT0 IUIONI MPSMOKYTHHKA 3JiHcC-
HIOETBCA iX TpYXKHE BiAOMBaHHS BiJl CTOPIH IPSIMO-
KYTHHUKA Ta BEPTUKUIFHUX NEPETOPOIOK, IO BiIIIOBiIa€E
PO3CISTHHIO €JIEKTPOHIB Ha CTPYKTYPHHX CIOTBOPEHHSX
rpatku. Hapami po3paxoByBalld €HEpPreTWYHHUI CHEKTp
Sf) xaotmyHOrOo pyXy KYIBOK Ui KOXHOI Moje-
JIbOBAHOI CTPYKTYPH.

Ha puc. 1 HaBeneHO Mopenmi CTPYKTyp Ta Bin-
noBimHi enepreruuni crmektpu S(f) xaotmyHOrO pyXy
KYJIbOK.

3 puc. 1 Buano, mo enepreruunuii crektp f)
«uIyMiB»  cuCTeMH 0e3  BHYTPIIIHBOI  CTPYKTYpH
OJTHAKOBHH Y JOCHiKyBaHiH cmy3i yactoT Big O no 100
'y (Momenb 6e3 BHYTPINIHBOT CTPYKTYPH IMITYE CHCTEMY
B CTaHi TepMoauHamiuHOi piBHOBaru). OCOONUBICTIO
CHEPreTHYHUX CIIEKTPIB «IIyMiB» CHCTEM i3 BHYTPIII-
HBOIO cTpyKTypoto (puc. 1, b, ¢, d) € ixus HepiBHO-
MIPHICTh Y AOCIIIKYBaHIi CMY3i 4acToT i moAiOHICTh 10
¢mikep-iymy (®II) i3 eHEPreTHYHUM CIEKTPOM

S(f) ~% . Criextpu Ha puc. 1, b, ¢ i d Takox pi3HATBCSA

3a Qopmoro. JlIs cucTeMH 13 «HEYHNOPSIKOBAHOI»
cTpyKTypoto (puc. 1, ¢) mimiioM eHepreTHIHOro CreKTpa
31 3HIKEHHSM YacToTd f  [MOYMHAETHCS HA BHIMX
9YacToTax, HIK JUIA CHCTEMH 13 «YIOPSIKOBAHOKO»
crpykryporo (puc. 1, b) 3a omHakoBoi KimbKoCTi erne-
MEHTIB CTPYKTYpH (IecsaTh meperopook). Jyis cucremu
i3 «HEYMOPSJAKOBAHOI» CTPYKTYPOIO 13  OUIBIIOH
KUIBKICTIO eeMeHTiB cTpykTypH (20 meperopomok, puc.
1, ¢) migiioM €HEPreTHMYHOro CIEKTpa 31 3HMKEHHIM
yactotd f MOYMHAETHCS Ha BUINMX YacTOTaX, HiK IS
CHCTEMH 13 «HEYIOPSIKOBAHO» CTpyKTypow (puc. 1,
b) 3 MeHIIOI KiMBKICTIO €IEMEHTIB CTPYKTYpH (JecaTh
neperoponok). Biarak, wa yacrori f = 10,0 Hz piBens

BJIACHHUX «IIYMiB» CHCTEMH 13 «YIOPSIKOBAHOIO»
BHYTPILIIHBOIO CTPYKTYpoto (puc. 1, b) € MenmmmM, Hixk y
CHCTEMH 13  HEYNOpPSAKOBAHOK»  BHYTPILIHBOIO

cTpykryporo (puc. 1, C) i piBeHb BIACHHX «IIYyMiB»
CHCTEM 13 «HEYNOPSIKOBAHOI0» BHYTPIIIHBOIO CTPYK-
TYpOIO HIKYMHA y Ti€l CHUCTEMH, KUIBKICTH E€JIEMEHTIB
CTPYKTYpH siKol MeHIa (puc. 1, ¢, d).
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Figure 1 Models of a two-dimensional system without internal structure (a)
and with internal structure (b, ¢, d) and energy spectra S(f) of their "noise’

CnekTpajibHa TYCTHHA MOTYKHOCTI mymiB pesuctopiB MJIT-0,125, C2-23-0,125
Ta HaniBnpoBixHunKoBHUX aiogiB 2D503A

Power spectral density of noise of resistors MJIT-0,125, C2-23-0,125
and semiconductor diodes 2D503A
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Tabnuys 1

Table 1

2L
N R, kom S(f) 10% )
f =80 Hz f =200 Hz f =300Hz f =8000 Hz
R1 11,952 57,09 25,44 20,71 16,00
R2 11,621 52,63 25,34 20,65 16,00
R3 11,776 55,72 22,08 20,37 16,00
R4 19,98 78,02 26,56 23,78 16,00
R5 23,56 87,97 29,85 26,10 16,00
R6 26,78 85,58 30,50 25,06 16,00
VD1 348,300 143,60 438,51 46,14 16,00
VD2 346,900 185,75 54,71 46,82 16,00
VD3 304,400 187,21 59,84 52,03 16,00




86 BumiprosanbHa mexHika ma memporoeis. T. 79, eun. 3, 2018 p.

VY pasi mommpeHHis (eKCTPAamnonsilii) pe3yabTaTiB
KOMIT FOTEpPHOT'O MOJIENIOBaHHS Ha pealibHi TBEPJOTIIbHI
EE MOXHa TpHUIYyCTHTH, IO HWKYMAH PIBEHb BIACHHX
UIYMIiB y [Tiana3oHi HU3BKUX 4YacTOT (e MpPOSBISETHCS
®II) wmarots Ti EE, y BHYTpilmHi# CTpyKTYpi sSKuX
Mmenie aedektie (puc. 1, ¢, d), abo BHYTpillIHSA CTPYK-
Typa SIKUX <YyHOPSIKOBAHIIA» 32 OJIHAKOBOI KiJTBKOCTI
nedektiB (puc. 1, b, ¢). Jlas mepeBipku Takoro mpu-
MyIIEHHS TPOBEACHI EeKCIIEpUMEHTAJIbHI JOCIiHKEHHS
yactoTHOi 3anexHocti CITI myMmiB MeTanoIuTiBKOBHX
pesucropie turmy MJIT-0,125 (R1, R2, R3 y Tabn. 1),
KOMIO3UIIfHUX pe3ucTopis Tumy C2—23-0,125 (R4, R5,
R6 y T1ab6n.l) Ta HamiBOPOBITHUKOBHX MiOMiB THITY
2D503A (VD1, VD2, VD3 y Tabn.l). JlociimKkeHHs
3IIHCHEHO 3a JIOIOMOIOI0 CEJIEKTHMBHOIO HAHOBOJBT-
Mmerpa tumy , UNIPAN-233" Ge3 mpormyckaHHs CTpymy
4yepe3 MiOOW. 3a Takol METOJWKH BHMIpIOBaHb
MAKIIOUEHHS TiOiB 10 BUMIipIOBAIbHOI cxeMu (mpsMe
a60 3BopoTHE) € HekpuTHYHUM. Omip Ai0/iB BU3HAUCHO
3a piBHeM ix TeruioBoro nrymy Ha gactoti 8000 I,

Y Tabn. 1 HaBeneHO pe3yNbTaTH BHMIipIOBaHb
CI'TI mrymiB y pe3ucropax i Jionax.

I3 HaBemeHux y Tabm. 1 maHWX BHUIHO, IO 3a
onHakoBoi motyxkHocTi poscisHHA (0,125 BT) mymu
KOMITO3UIIIHHUX pe3ucTopiB C-2-23 Ha HU3BKUX YacTOTax
(f < 200 ') € OiMBIIMMH, HK IIyMH METAJIOILTIBKOBUX
pesuctopie MJIT. JlocmimkyBani pesucropu C2-23 i
MUIT, kpiM 3HaueHb EEKTPHIHOrO OMOpPY, BiAPI3HIIOTHCS
BHYTDIIIHEOIO CTPYKTYpOIO — HallWJIeHa Ha KepaMidHHH
kapkac mrBka (MJIT) i chpecoBaHWi KOMITO3MILMHHI
Marepian (C2-23). MokHa TPUITYCTUTH, IO PI3HUIA Y
3HayeHHsX CITI mrymiB 000X THITB PE3NCTOPIB 3yMOBJICHA
OCOONMBOCTSIMM ~ IX  BHYTpIIIHBOI ~ CTPYKTYpH. Take
TIPUIYIICHHS BHUIAETHCS  JIOTIYHWUM, OCKUIBKM — Iepen
TIOYaTKOM eKCriepuMeHTy B pesucropax RS 1 R6 Oymo
CICIHATbHO MOIIKOPKEHO (CIMIISIHO) BEpXHiil MpOoBimHMIA
map Uil TIepeBipKH BIUIMBY 3MIHM CTPYKTYPU pe3UCTOpa
Ha piBeHp Horo DI, yHaCHiZOK LBOro piBEHb IXHHOTO
@I 3nayHo 3pic (Tabm. 1).

3ayBaxumo, mo CI'TI mrymiB mioniB Ha HU3BKHX
yacrorax 3HauyHO Oumbmii 3a CITI mrymiB pesucropis
(tabm. 1). 30imbleHe, MOPIBHAHO 13 PE3UCTOPAMH,
snaueHHs CITI mymiB niofiB Ha HU3BKHUX YacTOTax
MOXKHa TOSICHUTH, B 3arajiHOMY BHIIaJKy, HasiBHICTIO
JIEKUTBKOX ~ JDKEpeNl  IIyMiB:  TeHepaliiHO-peKoMOi-
HaIiHOT0, BUOYXOBOT'0, HEPiBHOBAYKHOTO JHKOHCOHIBCh-
KOro Ta JIABUHHOI'O IIYMiB, a TaKoX (QIiKep-mIymMy Ta
TerIoBoro mymy. OCKIJIBKH TiJl Yac €KCIEPUMEHTY JI0
JIOCHI/DKYBaHUX JiOAIiB He OyJg0 NpPUKIaJeHO 30B-
HIIIHBOTO EJIEKTPHUYHOTO TOJIsl, TO BUOYXOBHH, HEPIBHO-
Ba)XHUH JHKOHCOHIBCHKHMI Ta JABHHHUU IIyMHU IMTOBHUHHI
OyTu BIJICYTHIMH, a piBeHb TIeHepaliiHO-peKoMOiHa-
LIHOrO HIYMY 3BOJMTHCS 10 PIBHS TEIIOBOTO IIyMY.
Omxe, BupimanpHuil BauB Ha 30utbIeHHS CI'TI trymis
JIO/IiB HA HU3BKUX YaCTOTaX B [[bOMY BHIAJKY 3/iHCHIOE
@I, 36inpmenns OII s xiofiB MOXKHA MOSICHUTH B
MeXax TiNoTe3u PO BU3HAYAJIBHUI BIUIMB BHYTPiLIHBOL
CTPYKTYPH JOCIIDKYBAHOTO 3pa3Kka Ha piBeHb oro OIII,
OCKIJIBKM KpiM  Je(heKTIB KPHUCTATIYHOI CTPYKTYpH
HAITIBIIPOBIIHMKOBOI'O Matepially y BUTJISII BakaHCIH,
MDKBY3JIOBUX aTOMIB, aTOMIB JICTYIOUHMX €JICMECHTIB,
rpanuii 3epeH, 0j10kiB y HIT-miogax e mre 1 medextu p—
N-iepexony — AeeKTH camol TpaHuli Nepexoy, pizHa
KOHILIEHTpAIlisl HECOCHOBHUX HOCIIB 3apsi1y TOILO.

[IpoBeneHo  eKCIIEPUMEHTAJIBHI  JTOCIIIKEHHS
BIUIMBY BiJHOCHOI KUTBKOCTI JedekTiB ctpykrypu EE Ha
iX mym y pniama3oHi HU3BKUX 4YacToT. [ 1mporo
BUMipsiHIO eHepreTuyHi criektpu miymiB f) pesucropis
OJTHOTO THUITY 3 PI3HUMH Ta0apUTHUMH PO3MipamH, IO
3a0e3MneuyloTh pi3Hy HOTYXHICTh poscisHHas — 0,25 Br,
05 Br ma 10 Br. 3a oxHakoBoi TexHOJIOrIT
BUTOTOBJICHHSI TIPOBiJHOI ILTIBKM PE3UCTOPIB KUIBKICTH
JedexTiB Ha OJMHUIIO IUIONII TMOBEPXHI MEHIIA y THX
pe3ucTopax, rabapuTH 1 MOTYKHICTh PO3CIIOBAHHS SIKHX
6isprri. B Ta6i.2 HaBeneHo pe3ysabTati BuMiproBanb f)
myMmiB pesucropiB tumy MJIT, mo xapaxkrepu3yroThes
NpUOJIM3HO  OJHAKOBMM  3HAYEHHSIM  EJIEKTPHYHOrO
OIIOpY, ajie Pi3HOIO MOTYKHICTIO PO3CIIOBAHHS.

Tabnuys 2
EHepreTuyHuii ciekTp eJIeKTPUYHUX HIYMiB
y pe3uctopax MJIT 3 mory:xkHicTio po3ciroBanns 0,25; 0,5; 1,0 Bt
Table 2
Power spectral density of noise of resistors MJIT-0.25; 0.5; 1.0 W
No R Om [MoTyxHicTh Sf)-107, J
B ’ poscistaast, W f =80 Hz f =200 Hz f =300 Hz f =8000 Hz
R1 11796,0 0,25 49,71 23,96 21,24 16,00
R2 10908,0 0,5 48,13 22,76 20,46 16,00
R3 10682,0 1,0 47,14 21,34 20,04 16,00
R4 10887,0 0,25 64,37 24,23 18,86 16,00
R5 10782,0 0,5 61,14 23,36 17,83 16,00
R6 10875,0 10 52,12 21,45 18,45 16,00
R7 12335,0 0,25 55,13 24,81 20,01 16,00
R8 11038,0 0,5 52,73 23,83 20,08 16,00
R9 10713,0 1,0 50,17 21,03 19,04 16,00
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Sx BupHO 3 Tabm. 2, cHeKTpanbHa TYCTHHA
MOTY)KHOCTI ITYMiB Ha HU3BKUX YACTOTaX 301IBLIYETHCS
y pa3i 3MEHIIICHHS TOTY)KHOCTI pO3CisiHHA pe3ucTopa. Lle
MOXe OYyTH MiATBEpIPKEHHSIM pe3yJbTaTiB KOMII I0Tep-
HOTO MOJICTIOBaHHS BIUIMBY KUIBKOCTI  Je()eKTiB
BHYTPILIIHBOI CTPYKTYpu mocmimkysanoi cuctemu (EE)
Ha piBeHb i1 MIyMiB y Jiana3oHi HU3BKUX 4acToT (puc. 1,
¢, d). PiBeHb BIAacHHMX IIYMiB JOCTIPKYBAHHUX PE3HC-
tTopiB Ha yactorax Bim 8000 Iy i Bume (obmacth
TEIUIOBUX IIYMiB) HE 3aleKUTh BiJl MOTYKHOCTI
PO3CifOBaHHS.

I3 pesymbrartie (Tabm. 2) BUIHO TaKOX, IIO
pe3ucTOpr OAHAKOBOI KOHCTPYKIIi, BHUTOTOBJIEHI 3a
omniero Texuonorieo (R1, R4, R7; R2, R5, R8; R3, R6,
R9 — omHaKoBOI MOTYXHOCTi), MalOTh Pi3HI 3HAYCHHS
BJIACHHUX INYMIB Yy Jiama3oHi HHU3bKHX YacToT. Taky
BiJIMiHHICTh MO)XHa IOSICHUTH PIi3HHM PO3TALTyBaHHIM
nedekTiB (32 OMHAKOBOI iX KIBKOCTI) BHYTPIiIIHBOT
CTPYKTYpH  IOCHI/KYBaHMX  DE3UCTOpiB  (MpUKIa]
KOMII' FOTEPHOT0 MOJIENIOBaHHs, puc. 1, b, C).

PesynbraTu i 00roBopenns

Hageneni y Tabn. 1 i Ta0i. 2 pe3yabTaTH eKCIie-
PUMEHTAIBHUX JOCII/PKEHb IiATBEPPKYIOTh BHCHOBKH,
3po0JieHi Ha TIJACTaBi pe3yJbTaTiB  KOMITIOTEPHOTO
MOJICTTFOBaHHS: E€HEPreTUYHUI CIIEKTP BJIACHUX IIYMiB
EE y miamasoni uHu3bkux yactor (DI) uyrnusuii mo0
ocobnmuBocTel BHYTpilmHBOI crpykrypu EE. Biarak,
TaKy OCOOJNHBICTH EHEPreTUYHOIrO CIIEKTpa BJIACHHUX
mymiB EE MoOXHa TIIOKJIacTH B OCHOBY METONIY
HEiHBa3MBHOI JIIarHOCTUKU BHYTPIlIHKOI cTpyKTypu EE,
a TaKo)XK BUKOPHCTOBYBATH JJIsl BUSBIICHHS MOTEHIIIHO
He”aniiaux EE.

JiarHocTyBaHHS BHYTpilIHBOI CTpyKTypu EE
MOXKHa BHKOHYBAaTH a00 3a pPiBHEM iXHBOTO BJIACHOTO
LIyMY B Jliana3oHi HU3BKUX 4acToT, a0o 3a mapaMeTpom
ix ¢rikep-nIyMy, OCKIJIBKH B [iara3oHi HU3bKUX YacTOT
y EE nepeBaxae ¢uikep-tirym [17, 18]. V [19] BuBeneHo
BUpa3 Uil CHEPreTUYHOr'0  CIIEKTpa  (IIyKTyaIii
napametpiB pociimkyBanoi cuctemu (EE), sikuit onmucye

exp(f %)
exp(fx)-1

penakcatii, §;— 3HaueHHs eHepreTuyHoro crexrpa ),

i OII: S(f)= S . me f —4acrora, T —yac

akmo t ® ¥ . 3nHayeHHS & MOXKHAa BCTAHOBUTH 3a

eKCIICPUMCHTANPHUME ~ PEe3yNbTaTAMU  JIOCITiDKCHHS
mrymiB EE sk enepretuunuit cnektp Sf) y miamasowni
Bucokux vacror [20].

3HaueHHd T

TaKOXX MOXHa BH3HA4YUTH 34

eneprermuHuM criektpoM S(f) [20]: saxmo f = fy :ti,

S(f,) =1.5855, .

I3 HaBenmenoro Buie Bupasy mist f) BuaHo, 1o
BumoMy piHio @I BinnoBinae MeHme 3HaueHHs T. Y
[21] BcTaHOBNECHO, MmO MapameTp T YYTJIHBHH [0
0COOJIMBOCTEH BHYTPIIIHBOI CTPYKTYPHU JOCITIKYBaHOL
cucremu (EE): y cucreM i3 OGiIBIIOIO KiTBKICTIO
nedekTiB BHYTPIIIHBOI CTPYKTYpH MEHILE 3HA4YSHHS T,
HDK Yy CHCTEM 13 MEHIIOK KUIBKICTIO Je(eKTiB.
[TapaMeTp T MOXKHa BU3HAYWUTH I Yac BUMIpIOBaHHS
BiacHoro mymy EE i BU3HaueHHS WOro €HEpreTHYHOIO
cinexktpa [20]. Biagrak HeinBasuBHY miarHOCTHKY EE
MOXKHa 3[IMICHIOBATH 3a 3HAYEHHSM MapaMerpa T. UI0
MEHIIIe € 3HAYeHHS T, TO OiiblIe NedeKTiB y CTPYKTYpi
nmocimkyBanoro EE i M HmK4Yuil piBeHb MOTEHINHHOT
naniviHocti EE.

Bucnoeku

1. HeinpasuBHa niarHoctuka EE Ha npemmer
BUSIBJICHHS TIOTEHIIHHO HEHAJIWHUX €JIEMEHTIB BUTIIHO
BIIPI3HAETHCS BiJ TPAAWIIHHUX METOMIB JiarHOCTY-
BaHHS, OCKIIbKM HE BIUTMBA€ HAa BHYTPIIIHIO CTPYKTYpY
EE.

2. Pe3ysnbraTy KOMIT FOTEPHOI'O MOJIETIIOBAHHS Ta
€KCTIEpUMEHTAJIbHI JTOCII/PKEHHS TIOKa3YIOTh, 1110 PiBEHb
BiacHux miyMiB EE y mianasoni Hu3pkux yactor (¢ui-
kep-mryM EE) 3ajexuth BiJl 0COOIMBOCTEH BHYTPILIHBOT
crpykrypu EE: Bunmii pisep @I mMaroTh eneMeHTH 3
OLIBIIIOI0 KUTBKICTIO Ae(DEKTIB Y BHYTPIMIHII CTPYKTYPi.

3. 3anexuicte BinacHux wymiB EE Big oco6-
JMUBOCTEH  BHYTpilHBOI  cTpykrypu EE  MoxHa
BUKOPHCTATH Y METOJIi HEIHBa3WBHOI JIarHOCTUKHU IS
BUSIBJICHHSI TIOTEHIIIIHO HEHAJIHUX elleMeHTIB abo 3a
piBHEM iX BJIAaCHOro IIyMy B Jiara3oHi HU3bKUX 4YacToT,
abo 3a mapamerpom @I 1. Ti 3 EE, y sxux ®II e
OipIIMM (3HAYCHHA T € MEHIIUM) MalTh OiIbIie
nedekTiB abo X BHYTpILIHS CTPYKTypa BiJIXWIHIACH BiJl
ineanpHol. Binrak taki EE Mmenm Haniiini, Hixxk EE 3
HrokuuM piBaeM DI (3 OLTBIITNM 3HAUCHHSIM T).
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