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PACS numbers: 63.22.-m, 65.80.-g, 72.15.Jf, 72.20.Pa, 73.50.Lw, 74.25.fg, 84.60.Rb, 85.80.Fi

THERMOELECTRIC PHENOMENA AND DEVICES
IN GENERALIZED ELECTRON TRANSPORT MODEL APPROACH

Yu. A. Kruglyak, M. V. Strikha*

Odessa State Environmental University
* V. E. Lashkaryov Institute of Semiconductor Physics NAS of Ukraine

Summary

In the tutorial review article intended for researchers, university lecturers and students the thermo-
electric Seebeck and Peltier phenomena are considered in the framework of a generalized transport
model due to R. Landauer, S. Datta, and M. Lundstrom of modern nanoelectronics within the “bottom
—up” approach. The Wiedemann — Franz law and Lorenz numbers as well as the four transport coef-
ficients (specific resistivity, Seebeck and Peltier coefficients, and electronic thermal conductivity) are
also qualitatively discussed. Referring to a 3D resistor in the diffusion regime the thermoelectric cool-
er and energy power generator are analyzed with an account of only electrons as real current carriers
as well as with artificial but useful electron/hole conception. Coefficient of performance, power factor
and figure of merit for thermoelectric devices are introduced and defined. How transport coefficients
depend on the properties of electrotermics is also discussed. Qualitative dependence of the Seebeck
coefficient and electronic conductivity on the position of the Fermi level relative to the bottom of the
conduction band is demonstrated. Maximization of the power factor near the bottom of the conduction
band is shown. As the Fermi level approaches to the bottom of the conduction band and then moves
up, the Seebeck coefficient decreases. At the same time, the electronic conductivity increases due to
the appearance of an increasing number of conductivity modes. Their product is the power factor,
which is maximal in the vicinity of the bottom of the conduction band. The position of the maximum
for a specific electrotermics is dependent on the band structure of the conductor and the physics of its
scattering centers. It is shown why in practice we try by doping the semiconductor to shift the Fermi
level closer to the bottom of the conduction band.

Keywords: nanophysics, nanoelectronics, thermoelectric phenomena, thermoelectric devices
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TEPMOEJIEKTPUYHI SIBUIIIA TA IPUCTPOI
3 MO3UIIIA Y3ATAJIbHEHOI MOJIEJII TPAHCIIOPTY EJIEKTPOHIB

10. O. Kpyenax, M. B. Cmpixa*

Onecpkuil epKaBHUN €KOJIOTIYHUHN YHIBEpCUTET
* [nctutyT ¢i3uku HamiBrpoBinHUKIB iM. B. €. JlamkaproBa HAH Ykpainu

Pedepar

VY HaBYalbHO-METOJMYHINA CTATTi, OPIEHTOBAHIN Ha JOCIIIHUKIB, BUKIAJAa4iB Ta CTYICHTIB BHU-
101 IKOJIM, 3 TO3MINN y3arajabHeHoi TpaHcnopTHoi momeni Jlanmayepa — [artu — Jlynactpoma B
KOHIEMIIi «3HU3Y — Bropy» pO3IISJalOThCs TEpPMOETIeKTpUUHi sBuIa 3eebeka i [lenbThe 1 SKICHO
00roBOpPIOIOTHCS 3aKoH Binmemana — ®@panna, uucna JlopeHna i OCHOBHI PIBHSHHS TEPMOCIEKTPUKH
3 YOTHPMa TPAHCIIOPTHUMU KoedimieHTaMu (MMUTOMHIA o1ip, KoedirienTn 3eedeka i [1enbThe Ta enek-
TPOHHA TETUIOMPOBIIHICTH). 3 THX K€ Mo3ulliii Ha nmpukiaai 3D pe3uctopa B nudy3iiHOMY pexuMi
aHaAI3yeThCsl POOOTA TEPMOEIEKTPUUYHHUX OXOJO/KyBada 1 reHeparopa €Heprii K 3 ypaxyBaHHAM
JMIIE eNIEKTPOHIB K peaJlbHUX HOCIIB CTPyMy, Tak 1 B paMKaxX YMOIVISIHOI, aje 3pydHOi «IipKo-
BOI» MOJIETIl, BBOJSTHCS 1 BU3HAYAIOTHCS TMOHATTS €(DEKTUBHOCTI poOOTH, KoedillieHTa KOPUCHOT Aii,
(akTOpa MOTYXKHOCTI 1 TOOPOTHOCTI TEPMOENEKTPUUHUX MPHUCTPOIB 1 PO3MIATAETHCS, SIKUM YHHOM
TPAHCTIOPTHI KOe(Dilli€EHTH 3aJIeXkKaTh BiJ BIACTUBOCTEH elekTpoTepMmikiB. [IponemoncTpoBana sikicHa
3aJIeKHICTh KoedinieHTa 3ee0eka Ta eJIeKTPOHHOI IPOBIAHOCTI BiJ MOJIOXKEeHHs piBHA Depmi BigHOC-
HO JHa 30HM MpoBigHOCTI. [loka3aHa Takok MakcuMmizalis akTopa MOTYKHOCTI MOOIHU3y HA 30HU
npoBigHOCTi. [To Mipi Toro siK piBeHbh Depmi HAOTMKAETHCS 10 IHA 30HU TTPOBIIHOCTI 3HU3Y, a TIOTIM
pyXaeTbcs Bropy IO 30H1I MPOBITHOCTI, Koe]ilieHT 3ee0eka 3MEHITY€eThCs. Y TOH ke 4ac eNeKTPOHHA
MPOBIHICTH 3pOCTAE 3a PAXyHOK MOSBH BCE OLNBIIOrO 4Mcia Moj MpoBigHOCTI. IX 100yTOK € dhak-
TOP MOTYXHOCTI, IKWI MaKCUMaJIbHUI B pailoHi [HA 30HU MPOBiAHOCTI. [T0I0KEeHHS MaKCUMYMY A1
KOHKPETHOTO €JIEKTPOTepMiKa 3aJIeKHUTh BiJl OCOOMUBOCTEH 30HHOT CTPYKTYPH IPOBITHHUKA 1 (Di3UKH
po3citoBaibHUX 1IeHTPiB. [lokazaHo, YoMy Ha MPAKTHUIlI HAMAraloThCs MIJISTXOM JTOTTYBaHHS HAIiBIPO-
BiJTHMKA 3MICTUTHU piBeHb DepMi Onmxkye 10 AHA 30HU IMPOBIIHOCTI.

KuarouoBi cjoBa: HaHo(di3nka, HAHOETIEKTPOHIKA, TEPMOCIEKTPUYHI SBHINA, TEPMOCICKTPUUHI
IIPUCTPOTL
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NEW RELATIVISTIC MODEL POTENTIAL APPROACH TO SENSING RADIATIVE
TRANSITIONS PROBABILITIES IN SPECTRA OF HEAVY RYDBERG ATOMIC
SYSTEMS

V. B. Ternovsky, A. V. Glushkov, P. A. Zaichko, O. Yu. Khetselius, T. A. Florko

Odessa State Maritime University, 34, Mechnikov str., Odessa, 65000, Ukraine
Odessa State Environmetal University, 15, Lvovskaya str., Odessa, 65016,
e-mail: quantflo@mail.ru

Summary

We have presented an effective relativistic approach for sensing and calculating energy of levels,
probabilities and oscillator strengths (transition amplitudes, lifetimes) of a number of radiative tran-
sitions in the spectra of heavy Rydberg atoms of alkaline elements. It represents a new version of
the relativistic model potential method. The approach is based on the relativistic many-body gauge-
invariant perturbation theory with the improved Dirac-Kohn-Sham zeroth approximation and relativ-
istic energy approach (S-matrix adiabatic Gell-Mann and Low formalism). We have shown that that
during computing the energy and spectroscopic characteristics of the multielectron Rydberg atomic
systems a new approach provides a precise accounting exchange-correlation effects, including effect
of essentially non-Coulomb grouping of Rydberg levels, pressure continuum. There are received
precise data on energy and spectroscopic parameters energy, radiation width, amplitude transitions,
the lifetime) for Rydberg atoms Rb, Cs, Fr, particularly, transitions nS’2—n’P'4,%/, (n=5,6; n’=10-70),
nP'2,3.2—n’D?/ %/, (n=5,6; n’=10-80) in the Rb, Cs spectra; for Rydberg Fr there are in most first
calculated and predicted spectroscopic data on transition amplitude, lifetime of Rydberg states and
transitions 7S%2-nP’2,’/,, 7P'2,3.2-nD/,%/, (n=20-80). Regarding the application of the obtained data
it can be indicated on carrying out new types of radiative quantum sensors and frequency standards,
quantum electronics and different quantum devices.

Keywords: radiative transitions, heavy Rydberg atoms, new method, quantum sensors
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HOBUM PEJIHTI/IBICTC])KI/IuI?‘I METOA MOJEJIbHOT'O IIOTEHIIAJTY
BU3HAYEHHSA IMOBIPHOCTEU PAATAINIMHUX ITEPEXOAIB Y CHEKTPAX
BAKKHUX PIIBEPTIBCBKUX ATOMHUX CUCTEM

B. b. Tepnoscovxuii, O. B. Imywxkos, I1. O. 3aiuxo, O. FO. Xeyeniyc, T. O. @ropko

Opnecpka HalioHaJIbHA MOPCHKA akajaeMis, ByJ. MeunukoBa, 34, Oneca, 65000, Ykpaina
Opnecbkuil nep:kaBHUN €KOJIOTIUYHUH yHIBEpCHUTET, ByIl. JIbBiBChKa, 15, Oneca, 65016, Ykpaina
e-mail: quantflo@mail.ru

Pedepar

Mu 3anponionyBaiu eheKTUBHUI PEISTUBICTCHKUHN MIAXI A0 JETEKTYBaHHS Ta PO3PaXyHKY €Hep-
il piBHIB, HMOBIPHOCTEM 1 CHJI OCIIMIISITOPIB (aMILTITY/ TEPEXO/iB, YaCiB KUTTS) PsAy pamiarliiHux
NIEPEXO/IIB B CHEKTPax BaKKUX p1A0EpriBCbKUX aTOMIB JIY>)KHUX e€JIeMeHTIiB. BiH sBiisie coboro Bep-
Cifo MoJIeINi PeNsATHBICTCHKOI OTeHLiifHOro MeToay. [1inaxia 3acHoBaHuUil Ha PEISATUBICTCHKIN Oarato-
YaCTHUHKOBIH KaniOpyBanbHO-iHBapiaHTHIN Teopii 30ypens 3 nmokparienuM Jlipak-Kona-IllemiBcbkum
HYJIbOBHM HaONM)KEHHSM 1 PEeNATHBICTCHKOMY €HepreTMyHoMmy Qopmanismi (S-marpuuHuii aniadba-
tuuHuil popmanizm I'emi-Mann 1 Jloy). ITokazaHo, mo miaxia 3adesnedye 10CUTh €(pEeKTUBHUM CTy-
MiHb ypaxyBaHHS OOMIHHO-KOPEISALIHHUX e(EeKTiB, y TOMY YHCHTI €(EeKTy ICTOTHO HEKYJIOHIBCHKOTO
IpyIyBaHHS piAOepriBCbKUX piBHIB, TUCKY KOHTHHYYMY 1 T.i. OTprMaHO yTOYHEHi JaHi 10 eHepre-
TUYHUM 1 CIIEKTPOCKOIIYHUM IapameTpam (eHeprii, paaialiiiHi IUPUHHU, aMILTITYAH epexoiB, Jac
KUTTs) U1t pindoepriebkux aromi Rb, Cs, Fr, 30kpema, nepexosis nSl/z—>n’P1/z’3/2 (n=5,6; n’=10-70),
nP%3.2—n’D%, %/, (n=5,6; n’=10-80) B cniekrpax Rb, Cs; s pinbepriseskoro Fr pospaxosani i nie-
pendadyeHi CIeKTPOCKOMIYHI JaHl MO aMIUTITy/IaX MMEePexXodiB, Yacam KUTTS piaOepriBCbKUX CTaHIB i
nepexoais 78Y2-nPY2°/,, 7P/23.2-nD?/, */, (n=20-80). CTOCOBHO 3aCTOCYBaHb OTPUMAHMX JAHHX CIIIJL
yKa3aTh Ha MO>KJIMBOCTI TOOY/IOBH HOBUX THUIIIB pajialliiHUX KBAHTOBHX CEHCOPIB 1 KBAHTOBUX CTaH-
JIApTiB YaCTOTH, a TAKOXK 3aCTOCYBAHHS B TaTy3sSX KBAHTOBOI €JICKTPOHIKH 1 (i3MKU KBAHTOBHX IPH-
CTpOIB.

Kuro4uoBi ciioBa: paniaitiiiai nepexonu, BaxXKi pijoepriBCbKi aTOMH, HOBHIA METO/T, KBAHTOB1 CEHCOPH
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SPECTROSCOPY OF ATOMS IN ASTRONG LASER FIELD: NEW METHOD TO
SENSING AC STARK EFFECT, MULTIPHOTON RESONANCES PARAMETERS AND
IONIZATION CROSS-SECTIONS

V. V. Buyadzhi, A. V. Glushkov, V. F. Mansarliysky, A. V. Ignatenko, A. A. Svinarenko
Odessa State Environmental University, L’vovskaya str.15, Odessa-16, 65016, Ukraine

Summary

The resonant multiphoton resonances shifts and widths and ionization cross-sections for multielec-
tron atoms in a intense laser radiation field are studied. It is carried out a new consistent approach to
atom in a strong realistic laser field, based on the relativistic energy formalism (S-matrix adiabatic
formalism), relativistic Dirac equation Green function method and relativistic many-body perturba-
tion theory with the Dirac-Kohn-Sham zeroth approximation. In relativistic theory, the Gell-Mann and
Low adiabatic formula for energy shift is connected with electrodynamical scattering matrice, which
includes interaction with as a laser field as a photon vacuum field (radiative decay). The optimized
basis of the relativistic orbitals is generated with using a minimization procedure for the gauge-non-
invariant contribution (the fourth-order of the QED perturbation theory) to the radiation width of
atomic state. An approach to treating the multiphoton atomic processes is outlined on example of
H, Cs, Kr,Mg etc. Analysis shows that the shift and width of the multi-photon resonance line for the
interaction “atom- multimode laser pulse” is greater than the corresponding shift and width for a case
of the “atom- single-mode pulse” (the Lorenz pulse model) interaction. From the physical point of
view it is naturally provided by action of the photon-correlation effects and influence of the laser pulse
multi-modity.

Keywords: laser field, sensing multiphoton resonances, energy approach, Green function method
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CIIEKTPOCKOIIISI ATOMIB B CWJIIBHOMY JIASEPHOMY TOJII: HOBU METO/I
BU3HAYEHHSA ITAPAMETPIB AC E®GEKTY IITAPKA, BATATO®OTOHHUX
PE3OHAHCIB TA NEPEPI3IB IOHI3ALIIT

B. B. bysoorcu, O. B. [mywkos, B. @. Mancapniticokuu, 17 B. Ienamenko, A. A. Ceunapenxo

Opnecbkuii nep:kaBHUN EKOJIOTTUHUH yHIBepCcHTET, ByIl. JIbBiBChbKa, 15, Oneca, 65016, Ykpaina

Pedepar

B po0oTi 10CHiIKYIOTECSI TEOPTHUHO XapaKTepUCTUKN OaraTo)OHHUX MPOIECIB B aTOMax B MOJI
IHTEHCHBHOTO JTA3€PHOT0 BUIIPOMIHIOBAaHHS, , 30KpPEMa, 3CYB Ta IIMPHHA, PE30HAHCIB, IEpepi3 10HiI3aIlil.
3anporoHOBaHO HOBUH MOCIHIZOBHUI MiAXiA B CIEKTPOCKOIII aTOMy B CHIBHOMY pEasliCTUYHOMY
Ja3epHOMY T0JIi, OCHOBAHMI Ha PESITUBICTCHKOMY €HepreTudHOMY (hopmaizmi

(S-marpuunmii agiabatnanuii popmanizm), MeTofl pensatuBicTebkoi GyHkiii [ pina piBasHHs Hipaka
1 pensITUBICTCHKiH Teopii 30ypens ¢ Dirac-Kohn-Sham Hyns0BUM HaOMMKEHHAM. Y PENATHBICTCHKIM
Teopii, aniabarnyna Gopmyna ['emui-Mans 1 Jloy amnst 3cyBy eHeprii moB’si3aHa 3 eJIeKTPOJUHAMIYHOIO
MaTpUIIEIO PO3CIIOBAaHHS, sIKa BKIIIOYA€ B ceO€ B3aEMOIIIO 5K 3 MOJIEM JIa3epHOTO BUIPOMIHIOBAHHS ,
TaK ¥ ToJjieM BaKyyMHOTO BakyyMa (pajialiifHuii po3man). B MeTosi BUKOPHCTYETHCSI OTICTHMI30BaH1
0a3ucu PENATUBICTCHKUX OpOiTanei, sIKi TeHEPYIOThCA 3a JIOMOMOTOI0 MPOIEIypH MiHIMI3amil
KaniOpyBanbHO-HEeiHBapiaHTHUX (derBepTuil mopsiaky KEJI teopii 30ypeHb) BHECKIB B pajialliiHy
IMPUHY aTOMHOTO cTany. [1i1Xi1 3acTOCOBaHO 10 KUTHKICHOTO PO3DIIsiy 0araroOTOHHUX MPOIECIB B
atomax H, Cs, Kr,Mg ta inmux. AHai3 mokasye, 1o 33CyB i IupuHa JiHii 6aratooTOHHOTO pe30HAHCY
MIPH B3aEMOJIIT aToMa 3 6araToMoJOBUM JIa3€pHUM IMITYJIHCOM (raycoBa (hopma iMITybCy) OubIIe, HikK
BIJIMOBITHUM 3CYB 1 IIUPHUHA Y BUIIAJKY B3a€EMO/IIi aTOMa 3 JIa3epHUM IMITYJIbCOM JIOPEHIIEBOT (hOpMHU.
3 (hi3u9YHOT TOUKH 30Dy 1I€, TPUPOIHO, 3a0€3MeUy€EThCs A1€F0 POTOH-KOPETAIMHNX €()EKTIB 1 BIUTMBOM
MOJIOBOH CTPYKTYpH IMITYJIbCY JIA3€PHOTO BUITPOMIHIOBAHHSI.

KurouoBi caoBa: nasepHe nose, 6aratoOTOHHI pe30HAHCH, CHEPreTHUYHUN (HopMai3M, METO
¢bynkuii ['pina
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DIRECTMEASURING PHASE METHOD OF SMALL DISTANCES MEASUREMENT BY
THE OPTOELECTRONIC SENSOR IN DYNAMIC CONDITIONS

Ya. 1. Lepikh, V. 1. Santoniy, V. V. Janko, L. M. Budiyanska, I. O. Ivanchenko

Interdepartmental scientific-educational physicotechnical centre of MES and HAS of Ukraine, The
Odessa 1. I. Mechnikov National University
E-mail: ndl_lepikh@onu.edu.ua

Summary

Statement of a task

The work is devoted to development and researches of a method the small distances precision con-
tactless measurement for creation of the optoelectronic sensor working in dynamic conditions.

Technique of researches

At realization of calculations the computer facilities and the software of a high level is used, physi-
cal and computer methods with a mathematical equipment are used.

For precision remote measurements on short routes the advantage is given to optical-location sys-
tems with continuous radiation in which time measurements carried out by an indirect method, by use
of phase relationship of the direct and reflected beam.

For measurement of small distances in dynamic conditions the modified method of location mea-
surements which allows to improve the operative signal processing in a wide dynamic range and to ex-
pand the opportunities of known optical methods of ranging is developed. The functioning algorithm

and the block diagram directmeasuring phase method of distance measurement is developed, condi-
tions for phase difference measurement on low intermediate frequency which provide high accuracy
of measurements are created.

Discussions of results

Increase of small distances measurements accuracy is connected to reduction of probing pulses
duration and increase of radiation capacity. To achieve the given level of accuracy it is possible in
megacycle frequency range which forms high requirements to quick-action of the sensor optoelec-
tronic block elements. Use of pin-structures has allowed to reduce photo diodes time constant up to
several nanoseconds, that is equivalent to passband width of the order of gigahertz with simultaneous
reduction of initial capacity. The choice of a photodetector is determined by its spectral sensitivity and
an opportunity simultaneously with the optical system to solve tasks of an optimum spectral filtration
at signal extraction on a background of nuisance. Capacity of a laser radiator is regulated by necessity
of influence of object surface reflecting properties elimination.

Conclusions

The carried out calculation for the minimal measured distance of 0,3 m and the appropriate mea-
surement accuracy has shown, that absolute dynamic accuracy of measurement of in-line distance in
all range of distances will be not worse than 3 mm.

Keywords: optical location, opto-electronic sensor, phase method, distance
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MPAMOBLIJIIKOBUIA ®A30BUI METO/I BUMIPIOBAHHSI MAJINX TUCTAHIIN
OIITUKO-EJEKTPOHHUM CEHCOPOM Y JIUHAMIYHUX YMOBAX

A. I Jlenix, B. I. Canmoniu, B. B. Anxo, JI. M. Byoiaucvka, 1. O. leanuenko

MixBigomMunii HayKOBO-HaBYaIbHUH (izuko-rexHiunuit nentp MOH i HAH VYkpainu,
Opnecbkuii HalioHANBHUHN yHiBepcuTeT iMeHi [. . MeunukoBa
E-mail: ndl lepikh@onu.edu.ua

Pedepar

ITocTanoBka 3axaui

PoGota npucesiueHa po3poO1ii i TOCHiPKEHHSIM METOLy BUCOKOTOYHOTO OE€3KOHTAKTHOTO BHUMIpIO-
BaHHS MaJIMX BiJICTaHEH /JJIs1 CTBOPEHHS ONTHKO-EJIEKTPOHHOTO CEHCOPa, 10 MPAIloe B AMHAMIYHUX
yMOBax.

MeTtoauka 10C/IiIKeHb

[Tpu npoBeneHH1 po3paxyHKiB BUKOPUCTaHA 00UMCIIIOBaIbHA TEXHIKA Ta IPOrpamMHe 3a0e3eueHHs
BHCOKOTO PiBHS, BUKOPUCTaH1 (hi3U4HI Ta KOMI FOTEPHI METOIU 3 MaTEMaTUYHUM 3a0€3ME€UEHHSIM.

Jlnisi BUCOKOTOYHMX JAUCTAHLIMHUX BUMIPIOBaHb Ha KOPOTKUX Tpacax IepeBara BiJJaeThCsl ONTHU-
KO-JIOKallItHUM cUCTeMaM 3 Oe3lepepBHUM BHUIIPOMIHIOBAHHSM, B SIKUX BUMIPIOBAHHS 4yacy MPOBO-
JUTHCS HEMIPSIMUM METOJIOM, IIUIIXOM BUKOPUCTaHHS ()a30BUX CIIBBIAHOILIEHB IIPSIMOTO Ta BiIOUTOrO
HPOMEHS.

Jlyia BUMIpIOBaHHS MaJIUX JUCTAHLINA y TUHAMIYHUX YMOBaX po3po0ieHo MoAr(iKOBaHUI METOA
JIOKAIIHUX BUMIPIOBAaHb, IO J03BOJISE€ OKPALIUTH ONIEPAaTUBHY OOPOOKY CUTHAITY Y IIUPOKOMY JIH-
HaMiYHOMY Jiana30Hi Ta PO3MUPHUTH MOKIMBOCTI BIJOMUX ONTHYHHUX METO/IB AambHOMETpii. Po3po-
071eHO anropuT™ (DYHKIIOHYBaHHS Ta CTPYKTYPHY CXeMY MPSIMOBIIIIKOBOTO (ha30BOr0 METOAY BHMi-
PIOBaHHS 1aTbHOCTI, CTBOPEHO YMOBH ISl BUMIpPIOBaHHS Pi3HUII (a3 Ha HU3bKil MPOMIKHIN 4acToTi,
110 320€3MeYyI0Th BUCOKY TOUHICTh BUMIPIOBAHb.

OOroBopeHHs1 pe3yJbTariB

[TinBUIIEHHS TOYHOCTI BHMIpPIOBaHb MaJHMX AWCTAHIINA TOB’S3aHO 13 3MEHIIECHHSIM TPHUBAJIOCTI
30HIYIOYHMX IMITYJbCIB Ta MiJBUILEHHSIM MOTYXKHOCTI BUIIPOMiHIOBaHHS. JIOCATHEHHS JAHOTO PiBHS
TOYHOCTI MOKJIMBO y MErareplioBOMy 4acTOTHOMY Jiana3oHi, 1110 (GopMye BUCOKI BUMOTH JI0 IIBU/I-
KO/l €JIEeMEHTIB ONTHKO-EJIEKTPOHHOIO OJIOKY ceHcopa. BHUKOpHCTaHHS pin-CTPYKTyp J1O3BOJIMIIO
CKOPOTHUTH TIOCTIHHY 4Yacy (OTOMIOMIB O JAEKIIBKOX HAaHOCEKYH/I, IO €KBIBAJCHTHO MIUPUHI CMYTH
HPOIYCKaHHS HMOPSJIKY Tirarepi 3 oJJHOYaCHUM 3MEHILIEHHSAM BHUXIHOI eMHOCTi. Bubip doronpmii-
Mada BU3HAYEHO HOr0 CHEKTPAIbHOI0 YYTIMBICTIO Ta MOXKJIMBICTIO CHIJIBHO 3 ONTHYHOIO CHCTEMOIO
BUPILIYBaTH 3a/1a4i ONTUMAJIBHOI CIIEKTpaIbHOI (UIBTpaLil IPHU BUAUIEHH] CUTHAIIB Ha (OHI 3aBaj.
[ToTyxHicTh J1a3€pHOTO BUIPOMiHIOBaYa PEIIAMEHTYETHCS HEOOX1AHICTIO BUKJIIOUEHHS BIUIMBY Bif-
OMBaJILHUX BJIACTUBOCTEH MTOBEPXHI 00 €KTA.

BucnoBku

[TpoBenenwmii po3paxyHOK JJIsl MiHIMaTbHOT BUMIiproBaHoi aquctaitii 0,3 M 1 BiNOBiAHIN TOY-
HOCTI BUMIpPIOBaHHS TI0Ka3aB, [0 a0COJIOTHA JUHAMIYHA TOYHICTh BUMIiPIOBaHHS ITOTOYHOI BiJICTaHi
y BCbOMY Jliara3oHi AUCTAHLIN Oyae He T1pHIOo 3 MM.

Kuro4oBi ciioBa: ontiyHa JIOKaIlis, ONTHKO-EJICKTPOHHUNA CEHCOP, (Pa30BUI METO, TUCTAHIIIS
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ABOUT PERFORMANCE LINEARITY OF THE ENVIRONMENT GAS HUMIDITY
CAPACITIVE SENSORS BASED ON SILICON MOS STRUCTURES WITH A
NANODIMENSIONAL SILICON OXIDE

P. P. Fastykovsky, M. A. Glauberman

Mechnikov National University of Odessa. Training, Scientific and Production Centre

Summary

The purpose of this work is to establish the reason for the performance linearity of the environment
gas humidity capacitive sensors, based on silicon MOS structures with a nanodimensional silicon ox-
ide being in depletion or weak inversion modes. Sensor’s samples to be studied were made on the base
of humidity sensitive Mo-SiO,-NN"Si(111) structures with a donor concentration of N, = 2:10°" ™
in the N-type silicon layer. An oxide with a thickness of ~ 5 nm was formed by oxidation of the ini-
tial silicon epitaxial wafer in air. The capacitance of the samples was measured using a commercial
alternating — current bridge at a frequency of 1MHz. During the course of studies, the samples were
located in a laboratory humidity chamber, in which it was possible to vary the relative air humidity
from 10 to 100 %. Based on the analytically established connection between the measured capacity
and the structure parameters, as well as the connection between these parameters and the relative envi-
ronmental gas humidity, the experimentally observed performance linearity is theoretically grounded.
The obtained expression for the performance calculation adequately describes the experimental de-
pendences. It is demonstrated that the performance linearity is caused by the linearity of the structure’s
surface potential change on humidity, while the linearity of the surface potential change is determined
by both, the structure parameters and the linearity of the change in surface states density, induced by
water molecules near the silicon — oxide interface.

Keywords: humidity sensor, performance, linearity, capacitance, MOS structure
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PO JITHIMHICTh POBOY0I XAPAKTEPUCTUKH EMHICHUX CEHCOPIB
BOJIOT'OCTI T'A30BUX CEPEJIOBUIIl HA OCHOBI KPEMHIEBUX MOH -
CTPYKTYP 3 HAHOPO3MIPHUM OKCUJIHUM ITAPOM

I1. I1. @acmuxoscokuil, M. A. [iaybepman

HauansHo-HaykoBO-BHUpOOHNYMIT IeHTP OeChKOTO HAIIOHATBHOTO YHIBEPCUTETY
imeni . [. MeunukoBa

Pedepar
MeTtoro poOOTH € BCTAaHOBJICHHS MPUYUHH JIHIHHOCTI poO0OUYOi XapaKTEepUCTUKH €MHICHUX CEH-
COpIB BOJIOTOCTI Ta30BHX CEPEIOBHUIN HAa OCHOBI kpeMHieBUX MOH — cTpykTyp 3 HaHOpPO3MipHUM
OKCHIHHUM IIapOM, III0 3HAXOAATHCS y pekuMax 30iaHeHHs abo cialkoi iHBepcii. 3pa3ku CeHCOpiB
IJ1 DOCIIJKEHb BUTOTOBIISJIMCH HA OCHOBI BOJIOTOYYTIMBHX CTPYKTYp Mo-SiO,-NN*Si(111) 3 xon-



I1. T1. dactuxoBchkuii, M. A. I'maybepman

LeHTpanieo JoHopiB y N - mapi kpemumio N, = 2-10*' m~. Okcuj1 3aBTOBIIKH ~ 5 HM CTBOPIOBABCS
OKHCJICHHSIM TTOYaTKOBOI KPEMHIE€BOI eIMiTaKCciaabHOI IIIACTHHU Ha TOBITpl. BuMip eMHOCTI 3pa3kiB
BUKOHYBAaBCS 32 JIOTIOMOTO0 BUCOKOYACTOTHOTO MPOMHUCIIOBOTO MOCTa 3MIHHOTO CTPYMY Ha 4acTOTi
1 MI'n. [Ipu mpoBeneHH1 AOCTIKEHb CTPYKTYPH PO3MIIITYBaIUCS B JIaOOpaTOPHIii KaMepi BOJIOTOCTI,
B SIKI MO>KHA OyJ10 MIHSATH BiTHOCHY BoJIOTicTh MoBiTps Big 10 1o 100 %. Ha ocHOBI BcTaHOBIEHHS
AQHAJIITUYHOTO 3B’ 513Ky MK BUMIPIOBAHOIO €EMHICTIO 1 TapaMeTpaMu CTPYKTYPH Ta 3B’SI3Ky MIXK ITUMHU
napamMeTpaMH i BiIHOCHOIO BOJIOTICTIO Ta30BOTO CEPEOBHUIIA CIIOCTEPEKyBaHA EKCIIEPUMEHTAIBEHO
JHIAHICTh POO0UYOT XapaKTEPUCTUKU OOIPyHTOBaHa TeopeTuuHo. OTpUMaHu BUpa3 I PO3PAXYHKY
po00UO0i XapaKTePUCTUKU aJEKBATHO OIKCYE €KCIIEPUMEHTalIbHI 3ayIe’KHOCTI. [loka3zaHo, 1o JiHii-
HICTh poO0Y0i XapaKTEPUCTUKH OOyMOBIICHA JIIHIMHICTIO 3MIHU MTOBEPXHEBOTO MOTEHIIATY CTPYKTY-
PH B BOJIOTOCTI, a JIIHIMHICTh 3MIHU TTOBEPXHEBOTO MOTEHIIIaly BU3HAYAE€THCS IMapaMeTpaMu CTPYK-
TypH Ta JIHIHHICTIO 3MIHU HIUILHOCTI MOBEPXHEBUX CTaHIB, IHIYKOBAHUX MOJIEKYJaMHU BOJIU TOOIHU3Y
MEXI1 PO3LTY KPeMHIH — OKCHI.

Kuro4oBi ci10Ba: ceHcop BoorocTi, pododa XxapakTepuCTHKa, JTiHIHHICTh, eMHIcTh, MOH — cTpykTypa
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MULTIBIOSENSOR CONDUCTOMETRIC SYSTEM WITH AUTOMATIC ADJUSTINGS
AND SELF-DIAGNOSIS

V. G. Melnyk!, A. D. Vasylenko', A. V. Slitskiy', S. V. Dzyadevych?

! Institute of Electrodynamics National Academy of Sciences of Ukraine, pr. Peremohy, 56,
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2 Institute of Molecular Biology and Genetics, National Academy of Sciences of Ukraine,
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Summary

The aim of the paper is the development of the conductometric biosensor systems based on dif-
ferential method of measurements of local conductivity of the buffer solution in the working (active)
and reference (passive) biochemical membranes. We used structural and algorithmic methods to
improve the accuracy and speed of measurements, to increase functions and performance of the mea-
suring instruments. Variants of construction of the measuring unit of a multibiosensor system with a
differential conductometric transducers based on the balanced AC bridge are discussed. The proposed
structure and working algorithms of the bridge circuits with a few work and a reference conducto-
metric transducers provide them the automatic balancing together with diagnosis of efficiency of the
sensors. It provides improved suppression of the noninformative impact of environmental factors on
the measurement results. The advantages and disadvantages presented technical solutions have been
analyzed; recommendations for their application have been given depending on the dynamics of the
biochemical reactions and other requirements for the measurement system. The way to simplify the
structure of the differential conductometric multisensor is shown. It was justified the possibility of
creation of portable conductometric multibiosensor device, which suitable for mass production and
practical application, based on previously developed standardized measurement modules.

Keywords: multibiosensor, conductivity, differential measurement, multi-parameter measure-
ment, self-diagnostics
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MYJIIbTUBIOCEHCOPHA KOHAYKTOMETPUYHA CUCTEMA 3 ABTOMATUYHHUM
HAJAIITYBAHHAM TA CAMOAIAI'HOCTHKOIO

B. I’ Menvnux!, O. []. Bacunenxo', O. B. Cniyvkui!, C. B. [{3s50e6uy?
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Pedepar

MeTtoro poboTH € po3poOka KOHITYKTOMETPUYHUX O10CEHCOPHUX CHCTEM, 3aCHOBAaHUX Ha mude-
pEHITIaTbHOMY METOJIi BUMIPIB JIOKJIBHHUX BIIIMIHHOCTEH €JIEKTPOINpPOBiAHOCTI OydepHOro po3unHy
B JIBOX O10XIMIYHMX MeMOpaHax: poOouiii (aKTHUBHI) 1 pedepeHcHil (nmacuBHii). [Ipu mocmimKkeHHsIx
3aCTOCOBYBAJIMCS CTPYKTYPHI Ta aJrOPUTMIYHI METOAM MIIBUIIEHHS TOYHOCTI Ta MIBHIKOIII, pO3-
MpeHHs QYyHKIIOHATBHUX MOKIIMBOCTEH, MOMIMIIEHHS TEXHIKO-€KOHOMIYHUX Ta €KCIUTyaTaliiHuX
XapaKTepUCTUK 3ac001B BUMIipIOBaHb. Po3misgaioTbes BapiaHTH MOOYIOBH BUMIPIOBAJIIBHOTO OJIOKY
MYJIBTHOI0CEHCOPHOT CUCTEMH KOHIYKTOMETPUYHOTO TUITY 3 Tu(epeHLIaJbHUMH CEHCOpaMH, sIK1 Oa-
3yIOTHCSl HAa BUKOPHCTaHHI 3PiBHOBA)KEHOTO MOCTa 3MIHHOTO CTpyMy. 3allpOIOHOBaHi CTPYKTYpH 1
ANTOPUTMH POOOTH MOCTOBUX CX€M 3 KiTbKOMa poOoYnMHU Ta pedepeHCHUMHU KOHAYKTOMETPHYHH-
MU TEepeTBOPIOBaYaMH 3a0e3MeUyIOTh iX aBTOMaTH4YHe OallaHCYBaHHSA 3 OJJHOYACHOIO JIarHOCTUKOIO
NpPUAATHOCTI CeHCOpiB. 3abe3nedeHo MoKpalleHe NPUTrHIiYeHHs BIUTUBIB HeiH()OpMATUBHUX YMHHU-
KiB CE€peIOBHUIIA Ha pe3yIbTaT BUMipIoBaHb. [IpoaHaizoBaHo mepeBary i HeAOMIKU MPEACTaBIeHUX
TEXHIYHUX DIillleHb, JAaHO PEKOMEHAIII] MO0 X BUKOPUCTAHHS B 3aJIS)KHOCTI B AMHAMIKH JOCIi-
JDKyBaHUX O10XIMIYHUX peakiiil Ta IHIIMX BUMOT J0 BHUMIipIOBajbHOI cucTeMu. ITokasaHuit muisx
CHPOIIEHHS KOHCTPYKLIi An(epeHIialbHOr0 KOHIYKTOMETPUYHOTO MylbTHCeHCcopa. OOGIpyHTOBAHO
MOXJIUBICTb CTBOPEHHS MOPTAaTUBHOIO MYJIBTHOIOCEHCOPHOTO aHaji3aropa KOHIYKTOMETPUYHOTO
TUILY, IPUJIATHOTO J0 CepiifHOro BUPOOHMIITBA 1 MPAKTUYHOTO 3aCTOCYBAHHS, HA OCHOBI paHille po3-
poOiieHux yHi(ikoBaHUX 0a30BUX BUMIPIOBAJIHLHUX MOIYIIIB.

KurouoBi ci1oBa: MmynsTubioceHcop, augepeHiiaibHa KOHIYKTOMETpis, OararonapaMeTpoBi BU-
MIpIOBaHHS, CAaMOIarHOCTHKA
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CONTROL OF CURRENT TRANSPORT IN SCHOTTKY DIODE
USING THE QUANTUM DOTS

R. M. Peleshchak, N. Ya. Kulyk, V. B. Brytan

Drohobych Ivan Franko State Pedagogical University,
24 1.Franko Str., 82100, Drohobych, Ukraine

Summary
Purpose. In the framework of the drift-deformation-diffusion approximation considering the self-
consistent boundary conditions, investigate the current-voltage characteristic (CVC) of surface-bar-
rier structure of type Schottky with built layer of quantum dots and establish the criteria for the tech-
nological parameters of surface-barrier structure of type Schottky with built layer of quantum dots at
which current-voltage characteristic has S-shaped character.

Research methods. Method of self-consistent boundary conditions.

Research results. As seen from the numerical calculations, the current-voltage characteristic
(CVC) of low barrier (A <0.5eV ) Schottky diode with built layer of quantum dots in the space charge
region is S-shaped nature. With increasing barrier height A to 0.9 eV the area of negative differential
resistance on CVC is disappears, and in the interval of voltages 0.5V - 1V has exponential character.

Variation of thickness 1-layer (L, =L4 —R() 0f 50 4 t0150 .4 leads to changing the character of
CVC, i.e. the instability current of S-type is disappears.

In this work the results of numerical calculations of CVC for the direct direction of displacement at
two values of temperature (T = 77 K, 300K) is given. As seen from the graphs CVC in the range of
the voltages 0.24B <V < 0.52B the value of the current density of voltage at T=77 K is smaller than
at T=300K.

CONCLUSIONS

1. Itis established that current-voltage characteristic (CVC) of low barrier ( A < 0.5¢B ) Schottky
diode with built layer of quantum dots in the space charge region is S-shaped nature, when the layer
of quantum dots is located at distances from the boundary of the contact metal-semiconductor of the
order of (10-30)a, where a, is the period lattice of the semiconductor.

2. It is shown that both the increasing barrier height Aof 0.5 eV to 0.9¢eV, and the distance from

the metal to layer of QD (L) of 50 4 to 150 4, the area of negative differential resistance on CVC
is disappears.

3. Athigh potential barrier (0.9¢V) the contact effects is dominate and the site of the exponential
dependence on voltage (0.5V-1V) on CVC is present, and the lower potential barrier the dependence
of current on voltage is approximates to a quadratic (V> 0.6B).

Keywords: Schottky diode, quantum dots, the electron-deformation and electrostatic potentials,
current-voltage characteristic
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KEPYBAHHSA CTPYMOIIEPEHOCOM Y JIOJAX IIOTTKI
3A TOIMMOMOI'OIO KBAHTOBHUX TOYOK
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Pedepar

Mera. B mexax npeiidoBo-nedopmartiitHo-audy3iiHOTO MiIX0AY METOIOM CaMOY3TOKEHHUX Ipa-
HUYHHUX YMOB, JIOCTIIUTH BOJBT-aMIEpHY XapakTepucTuky (BAX) moBepxHeBo-0ap’€pHOI CTPYKTY-
pu Buny llortki 3 BOymoBanum mapom KT Ta BCTaHOBUTH KpuTepii HA TEXHOJOTIYHI MapaMeTpH
MOBEPXHEBO-0ap’epHOI cTpyKTypH Buay LIIOTTKI 3 BOyIOBaHMM IIapOM KBAaHTOBHMX TOUYOK IPH SIKUX
BOJIbT-aMIIEPHA XapaKTepUCTHKA Ma€ S-TIoAIOHUI XapakTep.

MeTtonu aocaigkenns. MeTo/; caMOy3ro/pKeHUX TPAHUYHUX YMOB.

PesyabTaTn gociaimkeHHs. SIK BHIHO 13 4YHCIOBUX po3paxyHKiB, BAX HH3bK00ap’epHOTO
(A <0.5eV) niona IllorTki 3 BOymoBanum mmapom KT B o6acte mpocTOpOBOTO 3apsiay Mae S - ofi-
OHmit xapakrep. [3 36ubmenHsM Bucotu 6ap’epy A mo 0.9¢eB ma BAX 3HuKae aiissHKa B’ €eMHOTO
nudepeHIiiHoTOo o1opYy, 1 B iHTepBasi Hanpyr 0.5B-1B BAX mae eKCIOHEeHIIIHIUN XapakTep.

BapitoBanns ToBumHu i-mapy (Lg =Ly —R) Bix 50 4-150 A nmpuBoauTH 10 3MiHU XapakTepy
BAX, T00TO 3HUKa€E CTpyMOBa OiCTaOUIBHICTD S-THITY.
Y po0oTi npuBeIEeHO pe3yabTaTH YUCIOBUX po3paxyHKiB BAX i npsMoro HampsiMKy 3MiIeHHS
npu ABoX 3HaueHHsX Temrneparypu (T=77K, 300K). Sk BuaHo, 3 rpadikis BAX, B iHTepBasi Harpyr
0.24B <V < 0.52B 3HaueHHsI T'yCTUHH cTpyMy Bix Hanpyru npu T=77K e menmum Hixx npu T=300K.

BucHoBku
1. BcranoBneHo, 1m0 BOJIBT-aMIIEpPHA XapaKTEPUCTHKA HU3bKoOap epHOTO ( A <(.5¢B ) Aioaa
[otki 3 BOymOBaHMM IIapOM KBAHTOBHX TOYOK B 00JACTh MPOCTOPOBOTO 3apsity Mae S-momiOHHiA
XapakTep 3a YMOBH, KOJIM IIap KBAHTOBUX TOYOK 3HAXOAUTHCS HA BIJCTAHIX BiJ MEXI KOHTAKTy Me-
Taj-HamiBNpoBigHUK nopsaaky (10-30)a , ne a( -mepiox rpaTky HaIiBIPOBIAHUKA.
2. Tloka3zaHo, 1m0 5K 13 301IbIIeHHSM BUCOTH Oap’epy A Bim 0,5eB mo 0,9¢B , Tak i BiacTasi Bif

metany 1o mapy KT (Ly) Bin 50 4 10 150 4 Ha BAX 3Hukae ninsHka (AB) Big’emHoro audepen-
IHHOTO OTIOPY.

3. Ilpu Bucokux noreHuiaabHUX 6ap’epax (0.9eB) KOHTaKTHI ABUIIIA TOMIHYIOTh, 1 HAa BAX mnpu-
CYTHsI A1JITHKA 3 €KCIIOHEHIIIHO0 3ajexHicTio Big Harpyru (0.5B-1B), a npu HU3BKUX 3aJ€KHICTH
CTpYMY BiJl HaIIpyTu HaOMMKaeThes 10 kBagparuyHoi (V>0.6B).

KurouoBi cioBa: ioq IHIoTTki, KBaHTOBI TOUKH, €JEKTPOH-Ae(hopMaLiiHUHI Ta eNeKTPOCTaTUUHUH
MOTEHIIiaJIH, BOJIbT-aMIIEpPHA XapaKTepPUCTHUKA
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EXCITON SPECTRA IN MULTI-SHELL OPEN SEMICONDUCTOR NANOTUBE

O. M. Makhanets, A. I. Kuchak, O. M. Voitsekhivska, V. I. Gutsul

Yuriy Fed’kovich Chernivtsy National University, 2 Kotsjubynskyi Str., Chernivtsi, 58012 Ukraine,
e-mail: ktf@chnu.edu.ua

Summary
The purpose of this paper is the theoretical investigation of electron, hole and exciton spectral pa-
rameters in multi-shell open cylindrical semiconductor nanotube composed of the semiconductors

Gads and Al,Gay_y As .

All analytical calculations are performed using the models of effective mass and rectangular po-
tential barriers. Resonance energies and widths of electron (hole) quasi-stationary states are obtained
within the exact solution of stationary Schrodinger equation and distribution function of the probabil-
ity of quasi-particle location in the space of four inner shells of nanotube. The exciton Schrodinger
equation is approximately solved using the modified Bethe variational method.

The dependences of resonance energies and resonance widths on nanotube thickness are obtained
and analyzed in the paper. Both the resonance energies and widths of quasi-stationary states of all
quasi-particleas non-monotonously depend on nanotube thickness. Herein, at the functions of reso-
nance energies one can see the sequence of horizontal and decaying plots, while at the functions of
resonance widths the brightly visible maxima and minima are observed. Such behavior of electron,
hole and exciton spectral parameters is quite caused by the complicated character of probability dis-
tribution of quasi-particles location in the space of multi-shell nanotube.

The resonance widths of electron states are much bigger than that of the hole and the exciton bind-
ing energy is two orders smaller than the sum of size-quantized electron and hole resonance energies.
Just therefore the dependences of resonance energies of exciton states on nanotube thickness in low-
energy region of the spectrum are mainly caused by the peculiarities of electron and hole energy states
and the exciton resonance widths almost coincide with electron ones.

Keywords: nanotube, exciton, resonance energy, resonance width
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EKCUTOHHI CHEKTPH Y BATATOIIIAPOBIH BIIKPUTIA HAIIBITPOBITHUKOBIH
HAHOTPYBLI

O. M. Maxaneyw, A. 1. Kyuax, O. M. Bouyexiecoka, B. I. I'yyyn

UYepHniBelbkuii HalllOHAJIbHUIN YHiBepcuTeT iMeHi FOpis denpkoBuya,
ByJ1. KomroOuHcbkoro, 2, Uepnisui 58012; e-mail: ktf@chnu.edu.ua

Pedepar
Mertoto 1aHoi poOOTH € TEOPETHYHE JOCIIHKEHHS CIIEKTPAIbHUAX MTApaMETPIB eJIEKTPOHA, TIPKH Ta
EKCUTOHA y 0araromapoBii “BIAKPHUTIA~ HUIIHAPUYHINA HAIMIBIPOBITHUKOBIN HAHOTPYOIl HA OCHOBI

HamiBrpoBigHuUKiB Gads ta Al,Ga;_ As .

Yci aHamiTHYHI PO3paxyHKH BUKOHAHO B MOJIeJi €(EKTUBHUX Mac Ta MPSIMOKYTHHX MOTEHIIaiB.
Pe3oHaHCHI eHeprii Ta MUPUHU KBA3ICTAI[lOHAPHOTO CHEKTpa eIeKTpOoHa (IIpKH) 3HAXOIATHCS IIJIs-
XOM TOYHOTO PO3B’sI3Ky cTalioHapHOro piBHsAHHS Llpeninrepa 3 BUKOPUCTAaHHAM I'PaHUYHHUX YMOB
HETepepBHOCTI XBUIbOBUX (DYHKIIIH Ta OTOKIB I'YCTHH MMOBIPHOCTEH Ha BCiX MeKaX MOALTY CKIaj-
HOI HAaHOTPYOKHM Ta (YHKIII PO3MOALTY 3a €HEepPricl0 WMOBIPHOCTI 3HAXOMKEHHS KBa3i4YaCTUHKH Yy
HaHocucteMi. Excutonne piBHsHHA Llpeninrepa po3B’s3yeTbesi HAOMMKEHO 3 BUKOPUCTAHHIM MO-
TuQiKOBaHOTO BapialifHOro MeToay bere Ta XBUIbOBHX (PYyHKIIIH €lIEKTpOHA (IIpKH) BIAMOBITHOL
3aKpUTOi HAHOTPYOKHU.

VY po6oTi mpoaHamizoBaHO 3aJIEKHOCTI PE30HAHCHUX €HEPTil 1 Pe30HAHCHUX IIUPHH KBa314acTH-
HOK BiJT TOBIIIMHA HAHOTPYOKH.

[Toxa3zaHo, 110 SIK pe30HAHCHI €Heprii, TaK 1 MHUPUHU KBA3ICTAllIOHAPHUX CTaHIB yCiX KBa3idac-
THUHOK HEMOHOTOHHO 3aJI€KaTh BiJl TOBILMHU HAaHOTPYOKH. [Ipu yomy, SKIIO y 3aJI€KHOCTSIX Pe3o-
HAHCHUX EHEPrii 11 HEMOHOTOHHICTh MPOSIBISIETHCS, SIK Y€PTyBaHHS TOPH30HTAIBHUX Ta CIAJTHUX
TUISTHOK, TO y 3aJIeKHOCTSIX PE30HAHCHUX IIUPUH CHOCTEPIraroThCs SICKPABO BUPAKEHI MAKCUMYMH
Ta MiHIMyMH. Taka TOBEIIHKA CIIEKTPAJIBHUX MapaMeTpiB €IEKTPOHA, JIPKH i €KCHUTOHA ILJIKOM
3yYMOBJICHA CKJIAJITHUM XapaKTepOM PO3IOAiTy TYCTHHU HMOBIPHOCTI 3HAXO/)KEHHSI KBa319aCTUHKHU
y MIPOCTOPI CKIATHOT HAHOTPYOKH.

BcranoBneHo, 110 pe30HaHCHI MUPUHU €IEKTPOHHUX CTaHIB Habararo OUTBIN 3a MIUPUHU JIPKO-
BHX, a EHEPTid 3B sI3Ky €KCUTOHA Ha J[Ba MOPSAKKA MEHIIIA BiJl CYMU PO3MIPHO-KBAaHTOBAHHUX PE30HAHC-
HUX €Heprii eixexTpoHa i aipku. Came ToMy 3aJIe)KHOCTI PE30HAHCHUX CHEPriii EKCHTOHHHUX CTaHIB y
HU3BKOCHEPTeTHUHIM 00JIaCTI CIIEKTpa BiJ TOBIIMHUA HAHOTPYOKH B OCHOBHOMY 3yMOBITIOIOTHCSI OCO-
ONMMBOCTSIMU TOBEIIHKM €HEPTeTUYHUX CTaHIB €JIEKTPOHA 1 AIPKH, @ EKCUTOHHI PE30HAHCHI IIUPUHU
MPAKTUYHO CIIBIA/IAI0Th 13 €JIEKTPOHHUMU.

KuarouoBi ciioBa: HaHOTpYOKa, €KCUTOH, PE30HAHCHA SHEPTis, pe30HAHCHA MIMPHHA
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THOOPMALIA IJIA ABTOPIB.
BUMOI'M 1O O®OPMJIEHHSI CTATEN Y )KYPHAJI

Kypnan «CeHcopHa eneKTpOHIKa 1 MIKPOCHC-
TEMHI TEeXHOJIOri{» MmyOmiKye cTarTi, KOPOTKi IO-
BiZIOMJIEHHSI, TUCTU A0 Penaxiiii, a TakoX KOMEH-
Tapi, M0 MICTAThH pe3ynbTaTH (QyHAaAMEHTATbHUX
1 MPUKJIATHAX JTOCTIIKEeHb, 32 HACTYITHUMH Ha-
npsSIMKaMU:

1. ®i3uyni, XiMIYHI Ta 1HII SBUILA, HA OCHO-
Bi SIKMX MOXYTb OyTH CTBOPEHI CEHCOPH

2. IIpoextyBaHHS 1 MaTeMaTUYHE MOJIEIIO-
BaHHSI CEHCOPIB

3. Cencopu (hi3MUHUX BETUYHH

4. OnrtuyHi, ONTOENEKTPOHHI 1 pajiariiHi
ceHcopu

5. AKYCTOEJIEKTPOHHI CEHCOPH

6. XimiuHI ceHCOpH

7. biocencopu

8. Hanocencopu ((hizuka, Mmarepiayiu, TEXHO-
JIOT'i51)

9. Marepianu 115t CEHCOPIB

10. Texnonorisi BUpOOHUIITBA CEHCOPIB

11. CeHncopu Ta iHpopMaIliiiHi CHCTEMHU

12. Mikpocucremni ta HaHoTexHoorii (MST,
LIGA-TexHomOTIs Ta 1H.)

13. [lerpanarisi, MeTposoris i cepTugikaris
CEHCOpIB

Kypuan myOrikye Takoxk 3aMOBIICHI OINISAN 3
aKTyaJIbHUX MUTaHb, 110 BIAMOBIIAIOTH HOTO Te-
MaTHIli, MOTOYHY 1H(POPMAIIII0 — XPOHIKY, ITEPCO-
HaJjii, TUTaTHI peKJIaMHI TOBIJIOMJICHHS, OTOJIO-
IIECHHS 010 KOH(PEPEHITii.

OCHOBHHI TEKCT CTATTI IIOBUHEH BIAIIOBIIATH
BuMoraM [locranosu Ilpe3unii BAK Ykpainu Big
15.01.2003 p. Ne7-05/1 (bronerens BAK Vkpainu
1, 2003 p.) i Oyt cTpykTypoBaHUM. Matepianmu,
0 HAJCWIAIOThCS 10 Penmakiii, moBuHHI OyTH
HaMKMCaHl 3 MAaKCUMAJIbHOIO SICHICTIO 1 YITKICTIO
BUKJIQZY TEKCTY. Y TOJAaHOMY PYKOMHCI TOBUHHA
OyTu OOIpyHTOBaHA aKTyaJIbHICTh PO3B’A3yBaHOI
3aadi, chOpMyabOBaHa METa JIOCIHIIKSHHS, MiC-
TUTUCSl OpPHUTiHAJbHA YAaCTHHA 1 BHCHOBKH, IO
3a0e3MevyIoTh PO3YMIiHHS CYTi OTPUMaHHX pe-
3yJBTATIB 1 iX HOBU3HY. ABTOpY MOBUHHI YHUKATH
HEOOTPYHTOBAHOTO BBEJICHHS HOBUX TEPMIHIB 1
BY3bKOTIPO(DUITLHUX KapTOHHUX BUCIIOBIB.

Penakmist )xypHaiy mpocUTh aBTOpIB MPH Ha-
MpaBlieHl CcTaTei 10 ApyKy KepyBaTHUCS HACTYTI-
HUMU TPABUITAMH:

1. Pyxkomucu MOBHWHHI HAJCHUIATHACA y JTBOX
MPUMIpPHUKAX YKpaiHChKOIO, a00 pPOCIWCHKOIO,
a00 aHMTIHCHKOI0 MOBOIO 1 CYIPOBOKYBATHCS
daiinamu TekcTy 1 MamroHkiB Ha CD. Pykomnucu,
SK1 TIPOTIOHYIOTHCS aBTOpamMu 3 YKpaiHu abo
kpain CH/[ mo BMIaHHA aHDIIMCHKOIO MOBOIO
000B’3KOBO  JIOTIOBHIOKOTHCSI  YKPAaTHOMOBHOIO
abo pociiichKkOMOBHOIO Bepciero. EnexTponHa
KOMisl MOYKe OyTH HaJiCliaHa €JIEeKTPOHHOI0 TI0-
HITOIO.

2. llpwuitaarhi ¢popmaru texcty: MS Word
(rtf, doc).

3. Ilpwmitaarui rpadiuni ¢opmaru auas pu-
cynkiB: EPS, TIFF, BMP, PCX, WMF, MS Word
1 MS Graf, JPEG. Pucynku cTBOpeHi 3a aormo-
MOTOI0 TIPOTPAMHOTO 3a0e3MeueHHs] IJis MaTe-
MATHUYHUX 1 CTATUCTUYHUX OOYMCIICHb, TTOBUHHI
OyTH MEepPEeTBOPEHI IO OJHOTO 3 IUX (hOopMaTiB.

4. Ha crarri aBTOpiB 3 YKpainu MaroTh OyTH
eKCIIEPTHI BUCHOBKU MPO MOXIJIUBICTh BIAKPUTO-

ro JApPYKY.

Pykonucu HaicHJIaTH 32 aJpecoro:

Jlemix Spocnag [nmiv, 3act. ros. penakropa,
Opnechkuil HaIllOHAJIBHUM YHIBEPCUTET iMe-
Hi I. I. Meuynukoa, MHH®TL (HAJI-3),
ByJ1. JIBopsiHChKa, 2, Oneca, 65082, Ykpaina.
Tenedon / pakc +38(048) 723-34-61,
E-mail: semst-journal@onu.edu.ua,
http://www.semst.onu.edu.ua
3oiticnioemobca anonimme peyen3yeants py-
Konucie cmametu.



IIpaBuya miArOTOBKU pyKoOnucy:

Pyxonucu MOBHHHI CympOBOIKYBaTtucs odi-
IIHHAM JIUCTOM, MIJIMUCAHUM KEPIBHUKOM YCTa-
HOBH, Je Oyna BUKoHaHa poboTa. [le mpaBuio He
CTOCYETBCS POOIT TPENCTaBICHUX aBTOpPaMH i3
3aKOPJIOHY YU MIKHAPOAHUMHU TPyTIaMU aBTOPIB.

ABTOpCBKE MPaBO MEePEXoAnTh Buasirio.

TuTynbHUN apKyILL:

1. PACS i VuiBepcanbumii [ecsatkoBuii Ko
Knacudikanii (YAK) (11 aBropis i3 kpain CHJI)
— y BEpXHBbOMY JIiBOMY KyTi. JlomyckaeTbcs e-
KUIbKA BIQOUIEHMX KOMaMM KOXIB. SIKIO HISKI
KoM Kiacudikaiii He mo3HadeHi, koma(u) oyme(-
yTb) BU3Ha4eHO Penakuiiinoro Koneriero.

2. Ha3Ba po6oTH (110 IIEHTpY, IPOIUCHUMH JIi-
Tepamu, WpuPT 14pt, )KUPHO).

3. IlpizBume (-a) aBropa(-iB) (IO MLIEHTPY,
mpudt 12pt).

4. Ha3Ba ycraHoBH, TIOBHA ajapeca, TenedoHn
1 (hakcu, e-mail I KOXKHOTO aBTOpa, HWXKYE, de-
PEe3 OIMH IHTEPBAJI, OKPEMHUM PSIIKOM (I10 LEHTDY,
mpudt 12pt).

5. Anoranis: g0 1000 cumBoOTiB.

6. KimtouoBi ciioBa: iXHsI KiJIbKICTh HE TOBH-
HHA TEepPEeBUIIyBaTH BOCbMH CJiB. B ocobmmBux
BUIIAJIKAX MOXXHAa BHUKOPHCTOBYBAaTH TEPMIiHU 3
JIBOMa — 49 TpbhoMa ciioBamu. L{i ci1oBa moBHHHI
OyTH PO3MIIICHI il aHOTAII€I0 1 HATKCAaH1 TIE0
CaMOI0 MOBOIO.

ITn. 2,3,4,5,6 NOCHiOBHO BHUKIIACTH yKpaiH-
CBHKOI0, aHMIIHCHKOIO 1 pOCIMCHKOI0 MOBAMHU.

st aBTOpIB 3 3aKOPIOHY, SKI HE BOJOAIIOTH
YKpaiHChKOIO a00 pOCIHCHKOI0 MOBaMH, M. 2-5
BUKJIQJIAIOTHCS AaHTIIIHCHKOIO0 MOBOIO.

7. J10 KO)KHOTO MMPUMIpHUKA CTATT1 IOTAF0THCS
pedeparn yKpaiHCHKOIO Ta aHTITIHCHKOI0 MOBAMH
(xoxxeH pedepar Ha OkpeMoMy apkyiiri). OcoOnuBy
yBary CJiJi MPUAUISTH HAITMCAHHIO PE3IOME CTaTTi
AHMIIHCHKOI MOBOIO. {1 IbOTO AOIIJIBHO KO-
pHUCTyBaTHUCS MOCITyraMu KBai()ikOBaHHX CIEIli-
QTICTIB-JIIHTBICTIB 3 TIOJAJIBIIIMM HAyKOBUM pejia-
TYBaHHSIM TeKCTy aBTopoM(-amu). [lepen cimoBom
«pedepar» HeOOXiAHO HANMKUCATH TOBHY Ha3BY
CTaTTi BiMOBigHOIO MOBOIO, Y/IK, mpi3Bumia ta
iHiIiaay aBTOpPiB, Ha3BU ycTaHOB. Pedepar 00-
csiroM 200-250 ciB Mae OyTH CTPYKTYpOBaHUM:
MeTa (4iTko chopMyIIbOBaHA), METOIU JIOCIIIKEH-
HSI, pe3yJIbTaTH TOCTIKEHHS (CTHCIIO), y3araib-
HeHHs1 a00 BucHOBKH. [licist TekcTy pedepary 3
a03aIry po3MIIyIOTHCS KIIFOYOBI CJIOBA.

8. TekcT cTarTi MOBUHEH OyTH HaJPyKOBAHUI
yepe3 1,5 iHTepBany, Ha OltoMy mamepi opmary
A4. Tlons: 3miBa - 3cM, cripaBa - 1,5¢cM, BBepXy 1
3HU3Y - 2,5cm. pudt 12pt. [TigzaroaoBku, Ko
BOHH €, TOBUHHI OyTH HaJpyKOBaH1 NPONUCHUMHU
JTepaMu, 5KUPHO.

PiBHsiHHS TOBUMHHI OyTH BBEICHI, BHKOPHC-
toBytoun MS Equation Editor a6o MathType.
PoGotH 3 pykonucHUMM BCTaBKaMH HE Ipuiima-
10ThbCsl. Tabnmuili MoBUHHI OyTH TIPEACTABICHI HA
OKpeMHX apKymiax y (opmari BiIIOBITHUX TEK-
ctoBux (opmariB (nuB. BHIE), un y ¢dopmarti
TEKCTY (3 KOJIOHKaMH, BIJUTUUICHUMH 1HTEpBAJIaAMH,
KOMaMH, KpaIkam 3 KOMOIO, Y4 3HaKaMH TalyIlto-
BaHHS).

9. ¥V KiHIIl TEKCTy CTATTI yKa3aTH Mpi3BUIIIA,
iMeHa Ta 1o 0aThbKOBI YCiX aBTOpIB, MOIITOBY
anpecy, tenedoH, ¢akc, e-mail (115 KOpecrnoH-
JIEHITIT).

10. Cnmcok miTepaTypu MOBUHEH OyTH Hall-
pykoBaHMii uepe3 1,5 iHTepBay, 3 JITEPATYPOIO,
IPOHYMEPOBAHOIO B MOPSAKY ii MOSBU B TEKCTI.
biGmiorpadis ApyKyeThCS JIUIIE JTATHHULCIO (KH-
pUIHUIS TIOAa€eThesl B TpaHchiTepanii). [lopsaok
oopmiieHHs niTepaTypy MOBHHEH BiIIOBiIaTH
Bumoram BAK VYkpainu, Hanpuknan:

[1]. LM. Cidilkov skii. Elektrony i dyrki v
poluprovdnikah. Nauka, M. 450 s. (1972).

[2]. J.A. Hall. Imaging tubes. Chap. 14 in The
Infrared Handbook, Eds. W.W. Wolfe, G.J. Zissis,
pp. 132-176, ERIM, Ann Arbor, MI (1978).

[3]. N. Blutzer, A.S. Jensen. Current readout of
infrared detectors // Opt. Eng., 26(3), pp. 241-248
(1987).

11. Ilignmucu 10 pUCYHKIB 1 TaOIUIL TOBUHHI
OyTH HaJIpyKOBaHI B PYKOIHCI 3 JIBOMa Mpoobisa-
MU TICJSI CIUCKY JiTepaTypu. BUHOCOK, fKIIO
MOKJIUBO, 0a)KaHO YHUKATH.

[TpuiimMaroThes TUTBKU BUCOKOSKICHI PHCYHKH.
Hamucu 1 cumBoaM moBHMHHI OyTH HaJpyKOBaHi
ycepenuHi pucyHky. Heratusu, cnaiiau, i miamo-
3UTUBH HE MPUIMAIOTHCS.

KokeH prcyHOK MOBHHEH OyTH HaJlpyKOBaHHUN
Ha OKpPEMOMY apKyIili i MaTH po3Mip, 110 He Mepe-
Buiye 160x200 MM. /151 TEKCTy Ha pUCYyHKaX BH-
kopucToByiite mpudt 10pt. OnuHULI BUMIpY MO-
BHUHHI OyTH MMO3HAYEH1 MICIIst KOMH (HE B KPYIJIHX
Iy’KKax). Yci pUCYHKH NOBHHHI OyTH HpOHyMe-
pOBaHi B MOPSAJKY IX MOSIBH B TEKCTi, 3 YaCTHHa-
MU TIO3HaYeHUMH sK (a), (0), 1 T.a1. Po3mimenns



HOMEPIB PUCYHKIB 1 HAIHUCY yCepeInHI MaJIOHKIB
HE JI03BOJISIIOTHCS. 31 3BOPOTHOI CTOPOHH, HAIH-
IIiTh OJIIBIIEM Ha3By, Mpi3Buie(a) aBropa(-iB),
HOMEp MAaJIFOHKA 1 MO3HAYTe BepX CTPLIKOIO.
®otorpadii moBUHHI OyTH OpHUTiHAIEHUMH.
KonbopoBuii IpyK MOXJIMBHUH, SKIIO HOTrO Bap-
TICTh CIUIAUy€THCSI aBTOPAMU YU IX CIIOHCOPAMHU.

12. Crarts Mae OyTH mianucana aBropom (yci-
Ma aBTOpaMH) 3 3a3HAUCHHSM JIaTH Ha OCTAHHIN
CTOPIHIII.

ABTOpY HECyTh IOBHY BiJINOBIJAIBHICTh 3a
Oe31oranHe MOBHE 0(OPMIICHHS TEKCTY, 0COOIH-
BO 32 MPaBWJIbHY HAYKOBY TE€pMiHOJIOTIO (11 citif
3BIpATH 32 (PaXOBUMM TEPMIHOJOTTUHUMH CIIOB-
HUKaMU).

13. JlaToro HagXOJKEHHS CTATTI BBAXKAECThCS
JIeHb, KOJIA JIO PEIKOJIETil HaJIHIIIOB OCTAaTOUHUI
BapiaHT CTATTI MICJIA PEIICH3yBaHHS.

[Ticnst omeprkaHHS KOPEKTYPH CTATTi aBTOP IO-
BUHEH BUTNIPABUTH JIUIIIE TOMUJIKH (YiTKO, CHHBOIO
a00 YOPHOIO PYYKOI HEMPABUIbHE 3aKPECIHTH,
a TIOpsI/T 3 MM Ha TOJIi HAMKUCATH MPaBUIBHUN
BapiaHT) 1 TEPMIHOBO BiIiCJIaTH CTATTIO HA aJIpECy
PENKOJIETIi eIeKTPOHHOIO MOIITOO.

[Tixmuc aBTOpa y KiHII CTATTi O3HAYAE, 110 aB-
TOp TIepe/ae MpaBa HAa BUIAHHS CBOEI CTATTI pe-
JaKiiii. ABTOp rapaHTye, 10 CTAaTTs OpPUTIHAIIBbHA;
Hi CTaTTA, HI PUCYHKH 710 Hel He Oyau omyOiKo-
BaHl B IHIIINX BHIAHHAX.

Binxuneni cTarTi He MOBEPTAIOTHCSI.

o yBaru aBTopiB

Mixxknaponna arenitis ISSN BcTraHoBuiIa cko-
podYeHy Ha3By HaIIOro )xypHaiy «Sens. elektron.
mikrosist. tehnol.» ITpocumo Bac y cBoix mocu-
JaHHAX 1 610mi0rpadiuHUX TaHUX CTAaTell BUKOPH-
CTOBYBAaTH CaMe TaKy Ha3By OCKUIbKH IO Hiil Oyzie
3M1ACHIOBATHUCS MOCUIIaHHs Ha Bairy crartio.
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