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This study examines CMOS ring oscillators that are used as con-
verters of capacitive sensor parameters. The issue with most analyti-
cal models is their assumption of symmetric stage loading, making
them inaccurate for the topology where a sensor connection to a
single node introduces asymmetry. The lack of a validated model for
45-nm technology complicates the design of sensitivity and energy
efficiency.

An analytical model for the capacity to frequency converter that
accounts for asymmetric loading has been built and verified. The
model is based on the physical principle of summing asymmetric
stage delays and a linear approximation of inverter delay versus load
capacitance.

A parametric analysis was performed in LTspice (sensor ca-
pacitance Cgesor is from 0 to 2.5 pF) to verify the model. It was de-
termined that the oscillation period has a quasi-linear dependence
on capacitance; therefore, the frequency dependence is hyperbolic.
The proposed model predicts the frequency with a maximum rela-
tive error of no more than 1.55% over the entire simulation range
(21.17-29.96 MHz) compared to SPICE data.

Key metrics have been analyzed: the average sensitivity is
3.52 MHz/pF, while the instantaneous sensitivity is non-linear, de-
creasing from 5.57 MHz/pF to 2.15 MHz/pF. Power consumption
increases slightly (151.3-155.7 uW), as the capacitance growth is com-
pensated by the frequency drop. Energy per cycle (Eyce), conversely,
increases almost linearly (5.05-7.35 pJ) with a slope of 0.92 pJ/pF.
This closely matches the theoretical value of VDD? = 1.0 pJ/pF, con-
firming the dominance of dynamic power consumption.

The proposed model allows engineers to accurately predict and
design the capacity-to-frequency characteristics, sensitivity, as well as
power consumption of compact integrated sensor interfaces.

Keywords: ring oscillator, complementary metal-oxide-semi-
conductor structure, micro-electro-mechanical systems, frequency,
capacitive sensor.
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Detection of various gas environments is an important security
task, especially in conditions of military operations and in contami-
nated areas. In this case, optical gas sensors of the colorimetric type
are effective, which can promptly signal the presence of toxic sub-
stances in “field conditions”, do not require complex equipment or
energy consumption.

The object of the study is a detector of harmful gases of the
colorimetric type. The problem of improving the characteristics of
colorimetric sensors by amplifying useful signals and reducing the
influence of spurious radiation is being solved.

To solve the problem, a functional and mathematical model of
the signal path of a pollutant detector was developed. A method for

forming an optical signal of increased sensitivity due to multiple pas-
sage and reflection of light fluxes in a colorimetric sensor model was
proposed.

A model of an optical gas detector based on a polyaniline sen-
sor element was manufactured. The presence of ammonia vapors
was analyzed using gas-stimulated changes in optical absorption at
different wavelengths, namely, 470 + 5, 528 + 7 and 623 + 5nm.
The proposed functional scheme of the detector signal path allowed
to improve its sensitivity and selectivity, which is explained by the
amplification of useful signals and the reduction of9 the influence of
parasitic radiation.

The high speed of recovery of the resulting sensor to the initial
values (up to 10 s) ensures its reversibility and opens up prospects
for effective practical use, in particular, monitoring the state of the
environment, the freshness of food products, harmful gas leaks near
landfills, chemical storage sites, etc.

Keywords: optical sensor, informative detector signal, conju-
gated polymers, toxic gases, signal converter.
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This study examines the process of monitoring the technical
condition of fiber-optic cables based on the recording and analysis
of changes in the pixel structure of the optical spot formed by clad-
ding radiation under mechanical stress. The task addressed relates
to the lack of affordable and easy-to-implement means for continu-
ous monitoring of the integrity of fiber-optic communication lines
capable of promptly detecting mechanical stress and unauthorized
access attempts.

This paper suggests a monitoring principle based on recording
additional optical losses arising from microbending of the optical
fiber, followed by image processing on a high-resolution photo
matrix. It has been experimentally established that changes in
the pixel structure of the optical spot formed by cladding radia-
tion on the surface of the high-resolution photo matrix linearly
correlate with the magnitude of the applied load and the level of
additional losses.

The results are attributed to the redistribution of optical power
between the fiber core and cladding due to the photo-elastic effect.
A distinctive feature of the proposed approach is its elimination of
interferometric and reflectometric methods and the use of intel-
ligent optical-digital pixel analysis, which reduces system cost,
facilitates scalability, and is resistant to interference.

The designed system could be used for continuous monitoring
of fiber-optic communication lines, utility lines, as well as long-
distance facilities under real-world conditions, with monitored
sections up to 60 km long. Laboratory tests confirmed the system’s
sensitivity to mechanical loads of 5 N and its suitability for integra-
tion into existing telecommunications networks.

Keywords: fiber-optic cables, micro bends, optical losses, pho-
tomatrix, pixel analysis, distributed monitoring.
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PO3POBJIEHHAA KIJIBIHEBOI'O 'TEHEPATOPA JJIA ITPAMOI'O IIEPETBOPEHHA €EMHOCTI B YACTOTY B
IHTEP®ENMCAX EMHICHUX CEHCOPIB (c. 6-13)

B. C. I'yna, B. M. BinToHsK, B. M. I'pura

O6’exT pocimpreHHs — kisblesi KMOH-reHepaTopH sIK IlepeTBOpIoBayi mapaMeTpiB eMHicHUX faBayiB. IIpo6siema: GibLricTs aHai-
TUYHHUX MOJIeJIeil IPUITyCKAa0Th CUMEeTPUYHEe HaBaHTa)XXEHHS KacKa/jiB, 1[0 pOOUTH X HETOYHHUMHM JJIs TOTIOJIOTI], /ie TiAK/TIoueHH aBa-
4a JI0 OJHOT'0 By3J1a BHOCUTb aCUMETpito. BificyTHiCTh niepeBipeHol Mozesi A1 45-HM TEXHOJIOTII YCKIaJHIOE IIPOEKTYBaHHA Yy TJIUBOCTI
Ta eHeproe(eKTUBHOCTI. P03po6sieHO Ta ITepeBipeHO aHATITUYHY MOJeJIb sIKa BpaXOBY€E aCHMeTpUUHe HaBaHTAXKeHHs. MofiesTb 6a3yeThCst
Ha NPUHIUII CyMyBaHHS 3aTPUMOK aCUMETPUYHUX KaCKaJiB Ta JIiHIfHOMY HaGIMDKeHHI 3aTPpUMKM iHBepTOpa BiZi EMHOCTI HaBaHTa-
skeHHs1. Y LTspice BUKOHaHO IapaMeTpU4HUi aHasi3 (eMHIcTh aBada Cyensor Bif 0 0 2.5 nd) 151 Bepudikanii Mogesi. BcraHoBieHO
KBa3isMiHIIHY 3a71€)KHICTh ITepioAy KOJMBaHb BiJj EMHOCTI, TOMY 3aJIeXKHICTh YaCTOTH — Tintep6osiigHa. 3amporoHoBaHa MO/IeJTb ITPOTHO3YE
YacTOTy 3 MaKCHMaJIbHOIO BiZJHOCHOIO IIOXUOKOI0 He 6isblie 1.55% y BCbOMY Jiana3oHi MozestoBaHHA (21.17-29.96 MTI'11) nopiBHSHO 3
nanuMmu SPICE. IIpoaHaTi30BaHO KJIIOYOBI METPUKH: CepefHs UyTJIMBIiCTh CTAHOBUTH 3.52 MI'/n®, mpy mpoMy MHUTTEBA UyTIUBICTH
€ HesTiHINHOIO0 i 3MeHIyeThes 3 5.57 10 2.15 MI'n/n®. CriokrBaHa IOTY)XXHICTh He3HA4YHO 3pocTae (151.3-155.7 MKBT), ocKilbKU picT
€MHOCTi KOMIEHCYEThCs TafliHHAM 4acToTu. EHeprist Ha UK (Ey), HABMAKH, 3p0cTae Maibke JiHiliHO (5.05-7.35 n/lx) 3 Koedinien-
ToM 0.92 ri/¢/n®, 10 3 BUCOKOK TOYHICTIO BiATOBiZae TeopeTndyHoMy 3HaueHHI0 VDD? = 1.0 ni/lx/n®, migTBepiKyoun JOMiHYBaHHS
JMHaMi4HOro CIIOXKUBaHHS. 3aIIPOIIOHOBAaHA MO/eJb 03BOJISIE iH)KeHepaM TOUHO IIPOTrHO3yBaTH Ta IPOEKTYBATHU XapaKTePUCTUKY Ilepe-
TBOPEHHSI EMHOCTI B YaCTOTY, YyTJIMBICTh Ta €HEProCIIOXKMBAHHS KOMITAKTHUX iHTEIPOBAHUX CEHCOPHUX iHTepdeliciB.

KJiro4oBi cj10Ba: KijblieBU reHepaTop, KOMIIJIEMEHTapHA CTPYKTYyPa MeTaJI-OKCU-HaIliBIIPOBIJHUK, MiKpoeJleKTpOMeXaHiuHi cuc-
TeMH, YacTOTa, EMHICHUU aBay.
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®OPMYBAHHS IH®OPMATUBHHUX CUTHAJIIB B ONTHYHOMY JETEKTOPI TOKCUYHIX TA3IB
(p. 14-25)

O. I. AkcimeHTBEBa, P. JI. Tonska, B. P. ITixk, I. I. Bapuio

JleTeKTyBaHHSI Pi3HOMAHITHUX Ta30BHX CEPENOBHUIN € BAXKJIMBUM 3aBJAaHHSIM O€3leKHd, OCOOJIMBO B yMOBaX BOEHHUX Aiil Ta
Ha 3a6pyAHEeHUX TepuTopisx. IIpu 1bOMY e(pEeKTHUBHUMH € ONTHUYHI ra3oBi CEHCOPU KOJIOPUMETPHUYHOTO THUITY, SIKi MOXYTb OIle-
paTHBHO CUTHATi3yBaTH IMPO HASBHICTb TOKCHYHUX PEYOBHH Y «IIOJBOBHX yMOBaX», He BHUMAaraloTh CKJIQJHOTO OOGJaJHAHHS YU
€HeproBUTpar.

O6’eKTOM JOCTi/PKeHHs € [JeTeKTOp LIKiJJIMBUX Tra3iB KOJOpMMETPUYHOro TUIy. BupimyBasach mpo6semMa IOKpalljeHHs
XapaKTEePUCTUK KOJOPUMETPUYHHUX CEHCODIiB LIJIAXOM IMiJICUJIEHHS KOPHUCHUX CUTHAJIiB Ta 3MEHUIEHHS BIUIMBY I1apa3sUTHOTO
BUIIPOMiHIOBAaHHS.

Jlnst BUpilIeHHsI ITOCTaBIeHOI Ipo6ieMHu po3po6ieHO PYHKIIOHAJBHY Ta MaTeMAaTUIHY MOJieJIi CUTHAJIBHOTO TPAKTy ZeTeKTopa 3a-
OpPYAHIOIOYMX PEYOBHH. 3aIIPOIIOHOBAHO CIIOCI6 (hOpMYyBaHHSI OIITMYHOTO CUTHAJY IIi/IBUIEHO] YyT/IMBOCTi 32 PaXyHOK 6araToKpaTHOIO
TIPOXOKEHHS Ta BiIGUTTS CBIT/IOBUX IIOTOKIB B MaKeTi KOJIOPUMETPUUHOIO CEHCOpa.

BUroToBI€HO MaKeT OIITUYHOIO ra30BOr0 JIeTEKTOPA Ha OCHOBI I0JIiaHiIiIHOBOr0O CEHCOPHOTOo e1eMeHTy. [IpoBe/ieHO aHaIi3 HassBHOC-
Ti BUNapiB aMiaky, BUKOPMCTOBYIOUU Ia30CTUMY/IbOBaHy 3MiHy OINTUYHOIO IIOIVIMHAHHS Ha Pi3HUX J0OBXMHAX XBUJIb, a came, 470 + 5,
528 + 71 623 £ 5 HM. 3anponoHoBaHa (yHKI[iOHaJbHAa CXeMa CUT'HAJIbHOT'O TPAKTY JeTeKTOpa /J03BOJIMJIa TOKPALUTH HOro YyTIUBICTh
Ta CeJIeKTUBHICTD, 1110 MOSICHIOETLCS MiICUIEHHAM KOPUCHUX CUTHAJIIB Ta 3MEHILEHHSIM BILIMBY [1apa3UTHOI'O BUIIPOMiHIOBaHHS.

Bricoka MIBH/IKICTh Bi[HOBJIEHHSI OTPUMAHOTO CEHCOPa 10 BUXiJHUX 3Ha4YeHb (70 10 c) 3a6e3medye #Oro peBepCHUBHICTD i BifKpuBae
TIEPCIIEKTUBU 7151 €(DEKTUBHOTO IMPAKTUYHOTO BUKOPHUCTaHHS, 30KPeMa, MOHITOPHHTY CTaHy HAaBKOJUIIHBOTO CEPEZOBUINA, CBIXKOCTI
XapuOBUX MPOAYKTIB, BUTOKIB IIKiJTMBUX Ta3iB MOGIM3Y CMITTE3BAIMIL, MICISIX CKJIaJyBaHHS XiMIYHMX DEYOBUH Ta iH.

Kirro4uoBi cioBa: onTUYHHUI ceHCop, iHpOopMaTUBHUI CUTHAJ JeTeKTopa, CIIpsDKeHi rmosiMepy, TOKCUYHI Ta3u, CUTHAJIbHUIN Tepe-
TBOPIOBAY.
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PO3POBKA ABTOMATHYHOI CUCTEMHY KOHTPOJIIO TEXHIYHOT'O CTAHY BOJIOKOHHO-OITHYHUX
KABEJIIB (p. 26-42)

Aliya Alkina, Ali Mekhtiyev, Yelena Neshina, Adam Ujma, Ruslan Mekhtiyev, Madiyar Musagazhinov, Yekaterina Bilichenko

OG6’eKTOM [IOCTI/KEHHSI € MIPOI[eC MOHITOPUHTY TEXHIYHOTO CTaHy BOJIOKOHHO-ONTHUYHMX KabesIiB Ha OCHOBI peecTparii Ta aHasi3y 3MiH
IiKCEJIbHOI CTPYKTYPH ONTHUYHOI IUISIMH, C(DOPMOBaHOI 060JIOHKOBUM BUITPOMIHIOBAHHSM 32 MEXaHIYHMX BIUIUBIB.

[Tpo6ema, 1110 PO3B’SI3YEThCS, TIOJIATAE Y BiICYTHOCTI JOCTYITHUX 32 BapTIiCTIO Ta MIPOCTHX y peatizaliii 3aco6iB Ge3repepBHOrO MOHITOPHH-
Ty ITICHOCT] BOJIOKOHHO-ONTUYHMX JIiHIiH 3B’A3KY, 3AaTHIX CBOEYACHO BUSIBJIATH MeXaHIYHI BIUTMBY Ta CITPOOY HECAHKI[iIOHOBAHOTO JOCTYIIY.



VY craTTi nmpescTaB/ieHO NPUHIAI KOHTPOJIIO, 3aCHOBAHMWI Ha peecTpalii /0JaTKOBUX ONTUYHMX BTpAT, IO BUHUKAIOTh yHACJIi-
JIOK MiKpO3TUHIB ONTHYHOTO BOJIOKHA, 3 IOZAAJBIIOI 00pOoOKOI0 300pa)keHHsT Ha (OTOMATPUI]i BUCOKOI po3zAimbHOI 3maTHOCTI. Exc-
IIepUMEHTAIbHO BCTAHOBJIEHO, IO 3MiHA IiKCEJIbHOI CTPYKTYpH ONTHUYHOI IUIIMU, CPOPMOBAHOI 0G0JIOHKOBUM BUIIPOMiHIOBAaHHIM
Ha IoBepxHi oToMaTpUIli BUCOKOI pO3AiNIBHOI 34aTHOCTI, JiHIAHO KOpeJioe 3 BeJUUYMHOIO IPUKIAZleHOI0 HaBAaHTAKEHHS Ta piBHEM
JI0JaTKOBHUX BTpaT.

OTpuMaHi pe3yJbTaTH MOSICHIOIOTHCS TIePEePO3II0AiIOM OITUYHOI TOTYXHOCTI MiX CepLIeBUHOIO0 Ta 060JOHKOIO BOJIOKHA BHACJI0K
¢orompyxHOoro edexty. BizmMiHHOIO 0CO6IMBICTIO 3aIIPOIIOHOBAHOIO MiAXOAY € BiZiMOBa Bif iHTepdepoMeTpUUHUX i pedieKTOMeTpUd-
HHUX METO/[iB Ta BUKOPHMCTAaHHS {HTEJIEKTYaJIbHOTO ONTHUKO-IIM(POBOTO aHAi3y ITiKCeiB, 10 3a6e3redye 3HIKEHHS BapTOCTi CHCTeMU,
MPOCTOTY MacIITabyBaHHS Ta CTIHKiCTb 10 3aBaj.

Po3po6ieHa cucTeMa MOXKe 3aCTOCOBYBATHCS JIs1 6e311epepBHOr0 MOHITOPUHTY BOJIOKOHHO-ONTUYHUX JiHIN 3B’A3Ky, iHKeHepHUX
KOMyHiKaliil Ta IpOTSKHUX 00’€KTiB B yMOBaxX peabHOI eKCIUyaTalii 3a JOBXUHU KOHTPOJbOBAHUX JiISHOK 10 60 kM. JlaGopaTopHi
MyHiKaliiiHi Mepexi.

KirouoBi cioBa: BOJOKOHHO-ONTUYHI Kabesi, MiKpO3rMHM, ONTHUYHI BTpaTH, (poTOMATpUIlA, aHali3 MikcesaiB, po3moAijeHMt
MOHITOPHHT.



