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THE IMPACT OF ADSORBED MONOLAYERS WITH AN ARBITRARY
CONCENTRATION RATIO OF OPPOSITE CHARGES ON THE ELECTRON
AFFINITY OF A SEMICONDUCTOR

M. V. Strikha, D. V. Antoniuk

Abstract. A dipole layer on the semiconductor’s surface with the equal concentration of

oppositely charged adsorbed atoms (e.g., oxygen and metal) N = N{”, can decrease the electron
affinity by up to 3 eV. The analytical part of this paper demonstrates that the asymmetry in the surface

concentration of oxygen and metal can impact the affinity in two ways: when N7 > N*, the affinity’s
decrease is lower due to upward bending of the bands in the region of the space charge of the

semiconductor, while when N,” <N{" the affinity’s decreases greater due to the downward bending
of the bands. Such impact is desirable as it facilitates fabrication of surfaces with low work function

for modern emission electronic devices.

Keywords: semiconductor, work function, electron affinity, adsorbed monolayer, oxygen, metal

TpuBae iHTEeHCHBHE BUBYCHHS MarepiaiiB
3 HU3bKUMH, a00 i BiI’eMHUMHU pOOOTaMHU BUXOIY
(s MeTaiB) UM €EKTPOHHUMH CIIOPITHEHOC-
TAMH (711 HAMiBOPOBIJHUKIB 1 JA1€JIEKTPHUKIB),
aKi MOrTi O 3a0e3MeYnTH CTBOPEHHS MPHIIAJiB
eMICIHHOT eeKTPOHIKM HOBOTO MOKOJTIHHS (IHB.
Hanp. po6oty [1] Ta mocunanus B Hii). Tomy
aKTyaJlbHUM € CTBOPEHHS TE€OPETHYHOI MOJIET,
sKa O JaBajia 3MOTY OLIIHUTH NMEPCIEKTUBHICTD
PI3HMX MaTepialiB i HOKPUTTIB JJIsi CTBOPEHHS
cydacHUX (HOTOKaTOiB UM €(hEKTUBHHUX KATOJIIB
JUTSI TIOJTBOBOI €MICIT 31 3HIIKEHOI0 YU HYJIBOBOIO
pOOOTOIO BUXOY.

VY po0Gori [2] po3BHHYTO MPOCTY TEOPETUY-
HY MOJIeJb, SIKa TIOB’A3Y€ 3MEHILEHHS €JIeKTPO-
HHOI CTIOP1JHEHOCTI HAIIBIPOBIIHUKA (UM JII€JIeK-
TPHKA) 3 TAKUMH MapaMeTpaMH, SIK TTOBEPXHEBa
T'yCTHHA 3apsiy, JIOKaJIi30BaHOTO HA MIOBEPXHEBUX
CTaHax 4M aJcopOOBaHUX aToMmax, Ta 00’eMHa
TyCTHHA 3apsily B 00JaCTi MPOCTOPOBOTO 3apsLy,
SKi pa3oM YTBOPIOIOTH MOJBIHHUNA 3apsKeHUN
1ap Ha NOBEPXHi.

Po3rnsHyTO, 30KpeMa, BUNaA0K, KOJIM Ha
MOBEPXHIO HAHECEHO OJIMH 110 OJJHOMY J[Ba IIaph
JIBOX CTOPOHHIX aTOMiB, OJIUH 3 sIKUX (Oe3moce-
peIHBO Ha TOBEPXHi) BUABISETHCS BHACIIIOK
Nepepo3NoiTy 3apsay HETaTUBHO 3apsIKECHUM,
a Ipyruil (30BHIIIHIN) — ITO3UTUBHO 3aPsHKEHUM.
HasiBHICTB €JIEKTPUYHOTO IOJISI B MIKIIAPOBOMY
MIPOMIXKKY MPU3BOIUTH JI0 3HIKEHHS PIBHS BaKy-

yMy 11032 TBEPIUM TIJIOM Ha BEJIMUUHY TaAIHHS
MOTEHIlialy B MDKIIAPOBOMY MPOMIXKY (puc.l,
a, 0). BogHouac noaBiiiHMii map Mae TOBIIUHY
MOPSIIKY MIDKaTOMHO{ BiZICTaHi 1 TOMY CTBOPEHUH
HUM 0ap’€p € TYHEIbHO MPO30PUM IS €IIEKTPO-
HIB, SIKi BUXOMIATh Ha30BHI. Lle cTBOprOE 117151 erek-
TPOHIB MOXKJIMBICTh BUXOAUTH B BaKyyM 3a 3HH-
XeHOi poOOTH BHXO/y, a00 HaBITh 3a BiJI’€MHOT
CIIOPITHEHOCTI.

Byno o0roBopeHo 3acTOCyBaHHS PO3BHHY-
TOi MOJIEJIi 10 CUCTEM peajbHUX MarepiaiB, OIH-
CaHMX y JiTeparypi (auB. Hamp. [3, 4]), 3 oLy
Ha MEPCIEKTUBHICTh CTBOPEHHSI HOBHX €(DEKTHB-
HUX KaTofiB. LI cucTeMu BKJIIOYAIOTH 10HU PiJi-
kicHo3eMenbHuX enemeHTiB (Ce, Gd, Eu), xoan-
copOoBaHi pa3om 3 kucHeM (ionamu O Ta O*) Ha
MOBEPXHAX HamiBOpoBiAHUKIB Si, Ge Ta MeTany
Mo. BogHowac ciijt 3a3HauuTH: po3nisn y [2] 00-
ME)KyBaBCS BHITAJIKOM, KOJIF TTOBEPXHEBA KOHIICH-
Tpalis aacopOOBaHUX PI3HOMMEHHO 3apsHKEHUX
10HIB KUCHIO Ta PiIKICHO3EMEIBLHOTO MeTalTy Oyiia

onHakoBa, N~ = N* (came Takuil BUIIaJOK 30-
OpaxxeHo Ha puc.l, 0).
OpHax y peajbHUX CTPYKTypax 3abe3nedn-

TH 3 BUCOKOIO TOYHICTIO PiBHICTE N7 = N Mox-
JIUBO TLTBKH 3 BUKOPUCTAHHSIM CKJIAJTHOT 1 BUTpAT-
HO1 TEXHOJIOT1i MOJIEKYIISIPHO-TIPOMEHEBOI eTiTaK-
cii (KO TUTPKH HE WIETHhCS MPO aacopOariro
MOBEPXHEIO CTAIMX JIUIOJIB,— BUIIAI0K MAKCEHa,
TEPMIHOBAHOTO T1APOCKCHIbHUMU rpyrnamu OH,

5
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A%

HAIMBIIPOBITHIK BAKyyM

a)

B) N7 > N&

) ()

) ()

Puc. 1. a). Me:xa nogijy Mizk BakyyMoM i HaniBNpoBiIHUKOM 3 aTOMAPHO YHCTOIO0 MOBEPXHEI0 TA eJIEKTPOH-
HOI0 CHOPiHEHICTIO X . 0). SHUKEHHs! CIIOPITHEHOCTI Mi/l BILIMBOM JBOX HAHECEHHX HA MOBEPXHIO
HANIBIPOBIIHAKA Pi3HOIMEHHO 3apsA/UKEHUX WAPIB aacopdarTy 3 KoHueHTpauisvmu N = N . B). [losiBa
OII3 3 BuruHOM 30H yropy 3a ymoBu N > N®.r). Ilosiea OII3 3 BUTHHOM 30H YHH3 32 yMOBH N < N7,

posrsiiascs B [5, 6]). Bukopuctanus nmpocTimmx
Ta JIOCTYIHIIINX TEXHOJOT1H HAHECEHHS MOHO-
mapiB (CVD Tomo) HeMUHyYe NMPU3BOIUTH JI0

nopyueHHst piBaocti N = N A BigxusieHHs
KOHIICHTpAIlii OJTHOTO ajgcopbara Bij APYyroro
aume Ha 0,1% npu yTBOpEeHHI MOHOIIAPY HpHU-
3BOAMTH O MOSBU TTOBEPXHEBOIO 3apsly 31 3Ha-
YEHHSM, L0 3a MOPSAJIKOM BEJIMYMH BIiJNOBIJIA€
Mmexi Beiinia [7]. Lle B cBOFO 4epry nmpu3BOIMTSH JI0
MI0SIBU B HAMIBIIPOBIAHUKY 00J1aCTi MPOCTOPOBOTO
3apsny (OII3) it BUrMHY 30H, 3HaK SKOTO BH3HA-
Ya€ThCSI TUM, KOHIIEHTpaIlisl arcopOariB sIKOTO
3HAaKy 3apsiay BUIIA. Takuii BUTHH 30H CyTT€BO
BIUIMBAE HA BEJIMYMHY CIIOPITHEHOCTI EJIEKTPOHIB,
B OJIHOMY BHIQJIKy MiJABUIIYIOUH i, a B Ipyromy
3HMXKYIouH (puc. 1 B, ).

V Bumanky, konu NO' =N (puc. 1 6),
B CHJTy TOTO, IO 0ap’ep MI>KaTOMHOT TOBILIMHU €
TYHEJIbHO MPO30PUM JIJIsl €JIEKTPOHIB, pO3TaIIO-
BaHUX OUISI JTHA 30HU MPOBITHOCTI HAMIBIPOBIJI-
HUKa, 3HIKEHHS CIIOPIAHEHOCTI €JIeKTPOHA OIH-
cyeTbest popmyioro [2]:

6

X=X, —-ed, (1)

Tyr X — ciopisiHeHicTh y Marepiaii 3 aTo-
MapHO YHCTOIO MMOBEPXHEI0 0e3 aacopOaris, a na-
JHHS MOTEHIIIay B MIPOMIXKKY MK TUIOIIMHAMUA
ancop0ariB OMUCYETHCS B MPOCTi Mozeni [2]
(b opMyIIOI0 MIOCKOTO KOHACHCATOpa

_eNd
g,e

o

®, 2)

naeN, =N =N, e — nienekTpuyHa cTana BaKy-
yMy, & — JIieIeKTPUIHA TPOHUKHICTh TPOMIXKKY
MiX TUION[MHAMH aacopOaTiB, MIMPUHA SKOTO
cKIitamac d.

[IpoBeneHi B [2] OMiHKW 1JIs 3HAYEHB
Ny~5-10" M?, &~ 5 (1 BEIMYMHA JIEKUTH T10CE-
PEAMHI MK J1EJIETPUIHOIO MPOHUKHICTIO 00’ €My
HamiBNpoOBiAHUKA € ~ 10 1 TieNeKTPUIHOIO TTPO-
HUKHICTIO Bakyymy & = 1) 1d ~ 2x107'° M nanu
BenuunHy @, ~ 3B. Takum 4nuHOM, 3a3HAYCHUH
MexaHi3M (OpPMYBaHHS ITOJIBIHHOTO 3apsIKEHOTO
1apy MOXKE€ MPHU3BECTH 10 CYTTEBOTO 3HWKEHHS
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pobotu BuUxOAdy, a00 U A0 peamizalii Bil’€MHOI
€JIEKTPOHHOT CIOPITHEHOCTI, SKIIO CIIOpiIHE-
HICTh aTOMapHO YHCTOI MOBEPXHI € HEBUCOKOIO.
Ile o3Hayae, M10 €NEKTPOHU MOXKYTh 3aJUIIATH
TaKy MOBEPXHIO HaBiTh 0€3 MPUKIAJAECHOTO 30-
BHIIIHBOTO €JIEKTPUYHOTO TOJIS.

Posrnsgaemo tenep Bumagok N7 >N
(puc. 1 B). Anst 1bOTO BUMAJIKY JIiBa «e(hEeKTUBHA
oOKJIaJIMHKa» KOHJIeHcaropa B Gopmymi (2) Bke
Mae 3apsj, 110 AOPIBHIOE HEraTUBHOMY 3apsiiy
TUTOIIMHU a/Icop0ariB MiHyC TIO3UTUBHHN 3apsi
OI13 B HamiBNPOBIAHUKY, SIKUH YPIBHOBAXKYE MO-
3UTHBHUH 3apsi]l MPaBoi oOKIaauHKu. Tomy Tenep

eN™Wd
=

£,€

o, 3)

a CyMapHOMY TIOBEPXHEBOMY 3apsIy ancopoOatiB

3ryctuHoo e(N” —N) Binnosinae nporunex-
HuUM 3a 3HakoM 3apsia OI13 B HamiBIPOBIAHUKY.
Takwuit 3apsn 00yMOBIIOE BUTHH 30H 0115
MoBepxHi. B HaOmmkeHHI BUCHAYKEHHS 3HAYEH-
HS MTOBEPXHEBOTO MOTEHIlialy JIerko 3HalTH 3a
CTaHAAPTHOIO MPOLIETYPOI0, BUKIAAEHOIO B [2],
1HTerpyoun BianosigHe piBHsHHsA [lyaccona:

_ eV =N

g_ )
‘ 2(Nd - Na )gogs

Tyr N,,N, — KOHUEHTpalii 10HI30BaHUX
JIOHOPIB 1 aKIENTOPIB Yy HAIIBIIPOBIIHUKY, & — Ii-
eJIEKTPUYHA TIPOHUKHICTH HamBMIpoBiTHUKA. Dop-
Myay (4) oxeprKaHo ISl BUTIAJIKy ITOMIPHOTO Jie-
TyBaHHS, KoJiu piBeHb depmi po3TanioBaHuit J10-
CTaTHHO TIMOOKO B 3a00POHEHIH 30H1 HAIIBIPO-
BIJIHMKA, 1 HABITh JJI1 HAHOUIBIIUX BUTHHIB 30H
BCE III€ 3aCTOCOBHE HAOIMKEHHS BUCHAKEHHSI.

3aznaunmo, mo mupura OI13 B HamiBIpo-
BIJIHUKY JIJISl CTAHJIAPTHUX HE HA/TO BUCOKHX PiB-
HIB JIeTyBaHHs (MIKPOHU) Ha TIOPSIIIKK TICPEBHUIITYE
JOBKUHY XBUJI1 JIe-Bpoiiyist TEMIOBHUX €JIEKTPOHIB
(marometpw) [8]. ToMy TyHETIOBaHHS CIIEKTPOHIB
3 00’emy HamiBIpoBigHUKaA yepe3 O6ap’ep OII3
HEMOXKIIMBE, 1, IK BUIHO 3 puc.l B, y TAKOMY BHU-
ENINY

X=X,+ed —ed, (5).

Orxe, mng BunagkKy N > N 3Ha4eHHA
CTIOPiTHEHOCT] BUSIBIISIETHCS BUIINM, HIK JJIS1 BH-
naaky N = N, 3 norisay 3aBIaHHS OfepiKaH-
HSl MiHIMQJIBHOI POOOTH BUXOIY II€ € BOYEBUH
HeOa)kaHUM €()EKTOM.

V nporunexnomy Bunaaky N <N cy-
MapHUIl O3UTUBHUI 3apsi agcopOaTiB KOMIICH-
CYETbCS YTBOPEHHSM HEraTuBHO 3apspkeHoi OI13
B HaIliBIPOBIIHUKY, SIKY CyIIPOBO/DKY€E BUTUH 30H
yHu3 (puc. 1 r). s Takoro Bunajaky dpopmyina (3)
Jalli YMHHA, a hopmynu (4, 5) 3a3HAIOTH OUEBUI-
HOT MoaudiKarii:

_ eV -NOY (4a)
’ 2(Nd _Na)gogs
X=X, —ed, —eD,. (5a)

Sk BugHO 3 (5a), s Bunmagky N < N
3HAUEHHS CIOPIHEHOCT] BUSABISETHCSA HIKUUM,
HK 111 BUMaaKy N O =N" 3 NODVISIY 3aBIaHHS
OJICp>KaHHs MOBEPXHI 3 MiHIMaJIbHOIO POOOTOIO
BUXOJY JUISl IPUCTPOIB CyH4acCHOT eMICIHOT eNeKT-
POHIKHU Takuii eeKT € BeabMU OaxxaHnuM. binpiie
TOTO, BiH MiJIKa3y€ TEXHOJOTTUHUHN allTOPUTM JAJIsI
CTBOPEHHSI TaKol MMOBEPXHi: B MPOIEC] Koaxcopo-
11 aTOMIB KUCHIO Ta METaJly Ha OBEPXHIO HaIliB-
NPOBIIHUKA 320€3M1eUNTH IIepeBAKAHHS KOHLIEHT-
pariii meraiy.

OninuMo BenuuuHy Takoro egekry. Iliza-
craBisirouu (3, 4a) 1o (5a), onepKUMo:

ANDd (N© - NOY g
e 2(N, —N,)NDde,

X=X (6)
3BifCcH BUIIHO, IO I TIOMIPHOTO PiBHSA
neryanHs N — N = 10> M, xoHLeHTpauii mo-
BEPXHEBOI0 MOHoOIIapy metany N~ 5 -10" m?,
1 KOHIIEHTpaIii KUCHIO B MOHOIIIAPi, BChOTO Ha
0,1% Hmx40i Bix 1boro 3Ha4eHus, & = 10, & ~ 5
id~2x1071° M, omepKyeMO 3HAYCHHS IPYrOro
JIOJTAHKY B KPyDIHX Ty>KKax (6) mopsiaky 1. Takum
YUHOM, 3HI)KCHHS CIIOP1HEHOCTI, 3yMOBJICHE BU-
ruHoM 30H YHU3 B OI13, poOUTHCS TOTO 3K TTOPSII-
Ky BEJIMYWH, IO ¥ 3HWKCHHS, 3yMOBIICHE HasB-
HICTIO MOABIWHO 3aps/PKEHOTO MIapy ajcopoariB
saymoBu N7 =N komu OII3 HE yTBOPIOETHCS.
OnHak Mpu TaKOMY BEJIMKOMY BUTHHI 30H BUKO-

7
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puUcTaHe HaMU HAOJIMKEHHsI BUCHAXCHHSI Iepe-
cTae OyTH 3acTOCOBHUM (Oins moBepxHi
3 SIBISETHCS 00JIaCTh 1IHBEPCHOT MPOBIHOCTI),
1 popmyny (6) MO’KHAa BUKOPHCTOBYBATH TLIbKH
JUTSL SIKICHOT OI[IHKHY OMHCYBAHOTO €(EKTY.

TakuMm 4YMHOM, HAMHU TOKa3aHO, 10 HasB-
HICTh Ha MOBEPHI HaMiBIPOBITHUKA AUIIOIEHOTO
mapy (Hamp., 3 HEraTUBHO 3apsPKEHUX aTOMIB
KHCHIO 1 TIO3UTUBHO 3aps/KEHUX aTOMIB piJIKic-
HO3EMEeJIbHOTO METaJly) 3a YMOBU PiBHOCTI KOH-
LEHTpaLiil pi3HOMMEHHO 3apsHKEHHX aacopOoBa-
Hux aromiB N7 = N moxe npussects 10 3HU-
KEHHS CIOPIAHEHOCTI Ha BeMUUYUHY 10 3 eB.
AcuMeTpist MOBEpXHEBUX KOHIIETpALiil KHCHIO
1 MeTasry MOXKe TIPU3BECTH JI0 ABOX MPOTUIICHKHUX
HACJIJIKIB: TIPU TMIepeBaKaHHI HETATHUBHO 3apsiKe-
Horo kucHio N~ > N sHamkenns cropigaeHoc-
T1 pOOUTHCS MEHIIIMM 4Y€pe3 BUTHH 30H yTOpy
B OII3 HanmiBOpoBiAHKKA, a IPU NEpEeBaXKaHHI MO-
3UTHBHO 3apspkeHoro merainy N <N 3xu-
YKEHHS CTIOPIJHEHOCTI CTa€ OLIbIIUM Yepe3 BUTHH
30H YHU3. Takuil pe3yapTar J03BOJISIE 3aMPOIO-
HYBaTU TEXHOJIOT1YHI PIIICHHS 1JIs OJep KaHHS
MOBEPXOHB 3 MIHIMAJIBHOIO POOOTOI0 BUXOTY JIJIst
MIpUJIaJIB Cy4yacHOI eMiCiiHOI eneKTpoHiku. OTpu-
MaHa Hamu popmyia (6) Moke BUKOPUCTOBYBATH-
Csl UL YMCEITHHOTO OMHCY e(eKTy I BUITAIKy
IIOMIPHOTO JIETyBaHHsI, KOJIU piBeHb Depmi 3aiu-
Ia€eThesl MHOOKO B 3a00pOHEHIH 30H], 1 HaBITh
JUTSI HAHOUTBIITNX BUTHHIB 30H 3QJIMIIIAETHCS CITpa-
BE/NTMBUM HAOJVKEHHS BUCHAKEHHS.

Astopu BasiuH1 A. M. T'opsuky 3a 1iinHe 00-
TOBOPCHHSL.
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THE IMPACT OF ADSORBED MONOLAYERS WITH AN ARBITRARY
CONCENTRATION RATIO OF OPPOSITE CHARGES ON THE ELECTRON
AFFINITY OF A SEMICONDUCTOR

M. V. Strikha'?, D. V. Antoniuk’

! Taras Shevchenko National University of Kyiv, Faculty of Radiophysics, Electronics
and Computer Systems, pr. Akademika Hlushkova 4g, 03022 Kyiv, Ukraine
2V. Lashkaryov Institute of Semiconductor Physics, National Academy of Sciences of Ukraine,
pr. Nauky 41, 03028 Kyiv, Ukraine.
E-mail: maksym_strikha@hotmail.com

Summary

The constructed simple theoretical model shows that a dipole layer on the semiconductor’s
surface with the equal concentration of oppositely charged adsorbed atoms (e.g., negatively charged
oxygen atoms and positively charged atoms of rare earth metals Ce, Gd, Eu) N = N, can decrease
the electron affinity by up to 3 eV when two differently charged atomic monolayers are deposited on
the surface. The analytical part of this paper demonstrates that the asymmetry in the surface
concentration of oxygen and metal can impact the affinity in two ways. When negatively charged
oxygen is predominant N7 > N* | the affinity’s decrease is lower due to upward bending of bands
in the sufficiently wide region of the semiconductor’s space charge, which in not transparent for
tunneling of electrons near the bottom of conduction band. Oppositely, the prevalence of the positively
charged metal N < N makes the affinity’s decrease greater due to the downward bending of the
bands, which might be of significantly greater magnitude compared to the case when N = N Such
effect is desirable as it suggests a technological algorithm for obtaining a minimal electronic affinity,
which is beneficial for creating surfaces with low work function for modern emission electronic
devices. The formula obtained in this paper can be applied to describe quantitatively the effect under
moderate doping, when the Fermi level stays deeply in the band gap, and even in the cases with the
largest band bends, the depletion approximation remains valid.

Keywords: semiconductor, work function, electron affinity, adsorbed monolayer, oxygen, metal
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Pedepar

VY pamkax noOy10BaHOi IPOCTOI TEOPETUYHOT MOJIENI [TOKa3aHO, 1110 HAsIBHICTh HA MIOBEPHI Ha-
MiBIPOBIJHUKA TUIOJIBHOIO IApy (HAIp., 3 HETaTUBHO 3aps/UKEHUX aToMiB KMCHIO O il HO3UTHBHO
3apsIDKEHUX aToMiB piakicHo3eMmenbHoro metany Ce, Gd, Eu) 3a ymMoBH piBHOCTI KOHIICHTpAIIi# pi3-
HOWMEHHO 3apsKeHHX ajcopOoBanux atoMiB N~ = N Mmoxke IpU3BECTH 10 3HUKEHHS €JIEKTPOHHOT
CIOPIAHEHOCTI Ha BeIMUKHY /10 3 €B npu HaHeceHH1 Ha MOBEPXHIO ABOX PI3HOMMEHHO 3apsIKEHUX
aTOMHUX MOHOIIAPIB. Y paMKax 31iCHEHOro B 111l poOOTI aHAIII3y MTPOIEMOHCTPOBAHO, 10 ACUMETPIs
MTOBEPXHEBUX KOHILIEHTPALIH KUCHIO 1 METaITy MOX€e MPU3BECTHU J0 JIBOX NMPOTHIICKHHUX HACTIJIKIB: IIPU
nepeBakaHHi HEFATUBHO 3apskeHoro kucHo N > N 3uuskeHHs cropiqHEHOCTI poOUThCS MeH-
IIIMM Yepe3 BUTHH 30H YTOpY B IOCTATHBO MIUPOKiil 001aCTi MPOCTOPOBOTO 3apsiay HaIiBIPOBIIHUKA,
sKa HE € TYHEJIBHO MPO30POIO0 JUIsl eNIEKTPOHIB MOOIN3Y JHA 30HH MPOBITHOCTI, a MPH MepeBaXKaHHi
MO3UTHUBHO 3apsi/uKeHoro MeTany N < N 3HWKeHHsS CrOpiJHEHOCTI CTae OLIBIIMM Yepe3 BUTHH
30H YHU3, 1 IIel T0IaTKOBHIA e(DeKT MOKe BUSBUTHUCS ICTOTHIIINM 32 3MEHIIICHHS CIIOPITHEHOCTI JIs
sunanky V. =N{" . Takuii pe3ynsrar € BelbMU 6aKaHUM 3 OIIsATy HEPCIEKTHBU CTBOPEHHS ITOBEP-
XOHb 3 HU3BKOI0 POOOTOI0 BUXOAY AJIA CyYaCHUX MPUCTPOIB eMICIHHOT eNIeKTPOHIKH, 00 MiaKa3ye
TEXHOJIOTIYHUH aJITOPUTM JUTs Oi€pKaHHS MIHIMAJIbHOT €1eKTPOHHOI criopiHeHocTl. OTpuMaHa HaMu
(dopMmyna MoXke BUKOPUCTOBYBATHUCS JJIS1 YMUCEIBHOIO ONMUCY €(PEeKTy AJIS BUMAAKY ITOMIPHOTO JIETy-
BaHHS, KOJIU piBeHb DepMmi 3auiaeTbes IIMO0KO B 3a00pOHEHII 30H1, 1 HABITH [T HAHOUIBIIUX BU-
T'MHIB 30H 3QJIUIIAETHCS CIPABEATUBUM HAOIMKEHHSI BUCHA)KEHHS.

Ku1ro4oBi cjioBa: HamiBIPOBITHUK, poO0OTa BUXO/Y, €IEKTPOHHA CIIOPITHEHICTD, aICOPOOBaHUI
MOHOIIIAP, KUCEHb, METAl
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Penest, siKi IIMPOKO 3aCTOCOBYIOTHCS B aKyCTOEGJIEKTPOHUIII IIPU CTBOPEHHI MIKPOETIEKTPOHHUX MPH-
CTPOiB Pi3HOTO (PyHKIIOHATBHOTO MPU3HAUYCHHS. AHAII3YIOTHCS TAKOXK BaroBi (DyHKIII1, 32 TOTTOMOTOI0
AKHX Kopuryetbes Tornosorist 3T 3 meToro 3MeHIIeHHs BIUTUBY Iynbcalliil ['1006ca.
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DETERMINATION OF THE OPTIMAL PHYSICAL AND MATHEMATICAL MODEL
AND WEIGHT FUNCTIONS FOR CALCULATING THE TOPOLOGY
OF COUNTERPINE CONVERTERS OF SURFACE ACOUSTIC WAVES

Ya.l. Lepikh

Abstract. The article is devoted to the analysis of existing physical and mathematical models
describing the operation of Rayleigh’s counter-pin converters of surface acoustic waves (SAW), which
are widely used in acoustoelectronics in the creation of microelectronic devices of various functional
purposes. The weighting functions are also analyzed, with the help of which the topology of the

counter-pin converters is adjusted in order to reduce the influence of Gibbs pulsations.

The advantages and disadvantages of each of the physical and mathematical models, as well
as weighting functions from the point of view of achieving the specified requirements for the
characteristics of devices on the characteristic curve, are also considered.

Keywords: devices on surface acoustic waves, physical and mathematical models, weight

functions

Beryn

[Ipuctpiit Ha [TAX KJITaCUYHOT CTPYKTYpH
BBQ)XKA€THCS TOBHICTIO OMUCAHUM, KOJIU TOYHO
BU3HAUCHA HoTo mepenaTtHa abo iMMmyJIbCHA Xa-
pakrepuctuka. L{i XapakTepucTUKH 3a1eXaTh Bij
CTPYKTYPH MPUCTPOIO OCHOBHUMH €JIEMECHTAMH
sxoro € neperBoproBad [TAX — romonorii 31IIT,
SK1 1 BU3HAYAIOTh TEPEAaTHY i TIOB’sI3aHy 3 HEIO
gepe3 nepeTBopeHHss Dyp’e IMITYTbCHY XapaKTe-
PHUCTHKY, @ TaKOX BiJl €IEKTPOQI3UIHHX 1 aKyC-
TUYHUX MApaMeTPiB I’ €30CICKTPHUIHOTO 3BYKO-
nposony [1-2].

3a3HauMMO, IO TOYHOTO 1 HOCIIJOBHOTO
MaremaruaHoro onucy poootu 31T He 3HaiiIeHO
4yepe3 CKJIAIHICTh BpaXyBaHHS BTOPUHHUX €(eK-
TiB, 1110 CYIPOBO/IKYIOTh F€HEPALIiO 1 TOIIMPEHHS
[TAX B I’ €30€eeKTpuKax, 0COOIMBO B aHI30TPOII-
Hux: B3aemois enekrpoxuiB 3IIT mix coboro, re-
Hepallis Mapa3uTHUX 00’ €MHUX MOJI, pereHepartis,
nudpakiis, Aucrepcis, KpailoBi eeKTH, pi3HUII
mBuakocti [TAX Ha BUIBHIN 1 MeTaII30BaHIN 1O-
BEpXHi 3ByKOIPOBO/IA Ta 1H.

binpmiicTe (di3zuKo-MaTeMaTHIHUX MOJIE-
Jiel, 1110 ONMUCYIOTh T'eHepallito, MOUINPEHHs 1 Je-
TekTyBaHHs [IAX 0a3yloTbcs Ha MpencTaBIeHH]
npuctpoto Ha [TAX 3 3III1 y Bursai Tpancsep-
canpHOTO Qinerpa [1,3-7].

Po3rnsiHeMo 1110 3a/1a4y Ha IPUKITAJI 3ByKO-
MIPOBOAY 3 MOHOKPHCTATIYHOTO MaTepiairy i IBOX
exBigucranTaux 311, onuH 3 IKKUX anoau30Ba-
HUM — APYTUd HEarou30BaHUM.

12

Ha ocHOBI1 BKa3aHOTo BUIllE€ NPEACTABIECH-
Hs 31UIT y Bumisai npucTporo 3 JUCKpEeTU30Ba-
HOIO IMITYJIbCHOIO XapaKTePHUCTUKOIO B POOOTI
3/IIIICHEHO CHCTEeMHUN aHali3 pi3HUX (Hi3UKO-
MaTeMaTHYHUX Mojelel, 0 OMUCYIOTh poOoTy
3HII1, 3 MmeToro BHOOpPY iX JIJIsl CHHTE3Y MTPUCTPOIO
Ha [TAX Toro un iHIIOTO (PYHKIIOHATBHOTO MPH-
3HAYEHHSA 3 33J]aHOI0 TOYHICTIO HEOOX1THUX Xa-
PAKTEPUCTHK 3 ONTUMI3AIIE€I0 B 3aJEKHOCTI BiJl
enekrpodiznynux napamerpis (E®II) 1 akyctuu-
HUX XapaKTEPUCTHK I’ €30€JIEKTPHUHUX 3BYKO-
MIPOBOJIB.

AnaJti3 gpizuko-MaTeMaTUHYHUX Mojesiei
3111

Monenb eKBiBaJEHTHHUX CXEM OIMHUCYE
3HIIT y BUMIsAII KaCKaIHOTO 3’ €THAHHS IIECTH-
MOJIFOCHUKIB (€KBIBAJCHTHUX cXeM Me3oHa st
MepeTBOPIOBaUiB 00’ €MHUX aKyCTUYHUX XBUIb
(OAX) 3 mormepeyHnM ToJieM) 3 IBOMa aKyCTHY-
HUMH 1 OJTHUM €JISKTPHYHHUM BXojmamwu. L{s mMo-
JIeJTb JIO3BOJISIE PO3paxyBaTH NiepeaaTHy (QyHKIIIO
MepeTBOpIOBaUa 3 BpaxXyBaHHIM €JIEKTPUUYHOTO
HABAaHTA)XCHHS, BU3HAUYUTH HOTO BX1JHY MPOBIiJ-
HICTb, OI[IHUTH €JICKTPUUHY B3a€EMOJIIIO EIEKTPO-
niB 3LIT i piBens BimOuTHX curHaniB. OgHAK pu
po3po0IIi i€l Mozeni nependadyanock, Mo BOHA
HE SBJISIETHCS TOYHUM BiI0OpaKEHHSAM pealbHUX
¢13uunux npouecis B 3LLII.

Jnst BUNaaKy KOJIM IIMPUHA €JIEKTPOIa a_
JOPIBHIOE TIPOMIXKKY MK HUMHU b 1 T0piBHIO-
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10Th 110J10BMHI noBxKuHK [TAX A , KoKHHMI OCHO-
BHHU €JIEMEHT MOJICII CKIIAJA€ThCS 3 MMapH JIBOX

O-hyHKIIIH
Qunn(®) = Jwlwo [5 (¢ 4+7-) =8 (=) (1)

31 CLIEKTPOM

Aenn(@) = i2,Jw/wy sinG w/w,),

Jie O, — UEHTPaIbHa 9acToTa.

st Mmogens CBIAYMTH PO CBOKO €(hEKTHB-
HICTb HE CTUIBKU JJIs1 CUHTE3Y MpHucTpoiB Ha [TAX
CKIJIBKHM JUIs iX aHauizy. Kpim Toro, BoHa Oinbin
MpUaTHA IPU BUKOPUCTAHHI B SIKOCTI 3BYKOIIPO-
BOJIIB IPUCTPOIB CHJIBHUX 1T’ €30CJICKTPHKIB.

IMnynbcHa Moaenb. Y BIAMOBIAHOCTI 10
uei mst mepioguunoro 3T Bu3HauaeTbes mo-
JIO’KEHHS! HYJTIB HOTO IMITYJTbCHOIT XapaKTEePUCTUKU
y BUIVISIII MOAYJIBOBAHOI IO aMIUTITYli CHHYCOi-
JAJbHOT XBWJII B IICHTPAX MPOMIDKKIB MIJK €JICK-
TpOAAMH

T
2wy,

2

h(t) = 4k /C.Wy (wo/2m)3 % hyt sin(wgt) , (3)

ne h,(t) — pyHKUis TMEPEKPUTTS ENEKTPOJIIB
e(t)=y W, B MOMEHT 4Yacy / BIANOBIJHUM IIE€H-
TPOM €NEeKTPOAiB, W — MakCMMallbHa JOBXKHMHA
enekrpoaa. Takum unHoM, ctpykrypa 3LIIT sB-
JSIETHCS. IPOCTOPOBUM BiJJOOPaKEHHSM HOTO 1M-
MYJTBbCHOT XapaKTePUCTUKH.

B mi#i Mmozeni mae micrie 3a5exHICTb A(t) B
4acTOTH y BUINIAMAL  *7, sKa OTpMMAaHa 3 3aKOHY
30epekeHHs eHeprii i MacImTabHOTO MHOKHUKA.
Kinnesa gopmyna s po3paxyHKy MEpEeKpUTTS
enexrponis 3III e(? ) mae Burms

e(tn) = yn/WG = h(tn)/(wniwﬂ)afz- (4)
s Mozenb 103BOJISIE pO3paxyBaTh NMEpeAaTHy
¢ynkiiro 1 Toronoriro 3IIT 31 3BakyBaHHSIM JT0B-
KHMHHU 1 Iepi0/ly pO3CTAHOBKHU €JIEKTPOJIIB 1 Bpaxy-
BaTH €()EKT ENCKTPUIHOTO HABAHTAXKCHHS.

Mogenb 103BOJISIE TOCSTTH Pe3ysIbTaTiB Mo-
PIBHSIHUX 3 pe3yJbTaTaMH MOJIEJI €KBIBaJICHTHUX
CXeM IIPH MEHIIMX 3aTpaTrax Ha OOUMCIIEHHS, OJl-
HaK TaKoX OUIbIIE MiIXOAUTh HE JJIsi CUHTE3Y
npuctpoiB Ha [TAX, a nyst ix aHani3y 1 He BiJ100-
pakae HaJIC)KHUM YUHOM JIIHCHUX MEXaHI3MiB

MEePETBOPEHHS aKyCTUYHUX 1 €JICKTPUYHHUX CHT-
HaJIIB.

Monens O-byHKIN (Jukepen). Y 1id Moaei
BPaXOBYETHCS PO3MOAUICHHS SJICKTPUIHHX TIOJTIB
B 3III (puc. 1). [Ipu npomy 6-pyHKIIii po3Tario-
BYIOTHCSI Ha KpasiX €JIEKTPO/IB 1 OMUCYIOTh HEO/I-
HOPIAHICTh TAHTEHIIIMHOI CKJIA0BOT €IEKTPUU-
HOTO TIOJSI MIXK €JIEKTPO/IaMH, aJie Ha 30BHIIIHIX
kpasix LI 6-¢dynkuii BigcyTHi. BBaxkanocs, mo
111 MOJIEJIb TOYHO BijoOpakae (pi3MYHHI 3MICT
aHaJI0roBoi BUOIPKHU MpHU CBOiK MPOCTOTI. AJe
MpPaKTHKA 11 3aCTOCYBaHHSI MOKA3aJIa, [0 BOHA A€
00pi pe3yabTaTi TOJIOBHUM YHHOM JTSI CITa0KHX
I’ €30€JIEKTPHKIB B MEXKaxX IIEHTPAJIbHOI YaCTOTH,
a JUIs TapMOHIK BOHA € HETOYHOIO.

yoon 12,(4N — 1)

FARSE

I

Z

ﬁ
?
.
¢
7

—_—
NN

W

7

Puc. 1. Koncrpykuis npucrpolo na ITAX,
1[0 MiCTHTH anoAN30BaHMii i HeanmoAN30BaHU I
3IIII — a, cxema moneJti o-mxepen 3IIII- 6.

MommndikoBana Mosenb O-QyHKILi, 30epirae
ii MO3UTHBHI BIACTUBOCTI 1 103BOJISIE OLTBIIT TOUHO
BpaxyBatu (izuuni nporecu B 3UIII. [{ns poro
Ha OCHOBI1 00’€/IHAHHS B MApH 1 TIeperpynyBaHHs
O-(pyHKII B MOZIETIb BBEJICHA aKyCTUYHA (PYHKIIIS
BUOIPKHU BUAY

Ao (t) =/ wy/woe'@nt [5 (t + :z:) +6 (t - %)] (5)

OCHOBHUM HEIOIIKOM MOJU(IKOBaHOT MO-
nemi O-pyHKIIH SABISETHCS HEMOXIUBICTH Bpa-
XyBaHHS PEaJbHOTO PO3MOILTY MO Ha Kpasx
3III1, mo obmexye 3acTOCYBaHHS MOZEINI ISt
CEKI[IOHOBaHUX a00 3Ba)KyBaHUX PO3CTAHOBKOIO
enexrpoxais 3HIII.
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S, 1. Jlemix

st npuctporo Ha [TAX 3 anmonu3oBaHUM
1 HeanoauzoBanum 3IUIT (puc.1) i Bubpano-
r0 B SKOCTI 3ByKOIIPOBO/Ia MOHOKPHUCTAJIIYHOIO
n’e30kBapua SiO, — ST3pisy, 1m0 BIAHOCUTHCA 10
CTaOKUX IT’€30€JIEKTPHKIB, alie 3 BUCOKOIO CTa-
OUIBHICTIO €1eKTPO(DI3UYHUX 1 AKyCTHUHUX I1a-
pameTpiB 1 MaluM BIUIMBOM BTOPHUHHHX €(EKTiB
Ha OCHOBHI XapaKTEpUCTUKHU CEHCOpa, MOJEIb
O-(QyHKIIIH € ONTUMAaJILHOIO.

B wiif Mmozesni 10mycKaeThes, MO MpHU Te-
Hepauii 3UIIT enexTpuuHOI0 HAIPYrow Horo
€JEeKTPOAU SABISIOTHCA AUCKPETHUMH JKe-
pelaMu aKyCTUYHOI eHeprii, 1[0 ONUCY€EThCS
O-(QYHKITISIMU, 3aTaHUMHU Ha KPasx KOXKHOTO €JIeK-
TpoJia. 3 KOKHOTO €JICKTPO/Ia BUIIPOMIHIOETHCS
TUIOCKA XBHJIS, 1110 MOIIMPIOETHCS B3IOBK HOpMa-
Ji JI0 Kparo enekTpoaa. AMInTyaa a_ d-GpyHKuii
IpONOpIiiiHA €JEeKTPUUYHOMY 3apsjy, 110 BU-
3HAYAETHCS CTYNEHEM MEPEKPUTTS EIEKTPOIiB
1 E®II m’e30enexTpuka, a XBUJIS Ha BUXOJI BU-
npomintorodoro 31UIT € cynepno3urieto mIockux
XBUJIb, SIKI TEHEPYIOTHCS KOXKHUM O-JIKEPEsIoM
1 comimyroth 3 3arpumikoro T . Curnan sxe Ha BUXOMI
npuiiManbHoro 3LUII npencrasisieTbes cymoro
CUTHAJIIB, 110 BUHUKAIOTh B PE3yJbTaTi MPOXO0-
JDKEHHS BCIX 3a3HAY€HUX XBUJIb MOB3 KOXKHOTO
3 HOTO €JIEKTPOIB, SKi B LIbOMY BHUIAJKY SIBJIS-
IOThCS TUCKpeTHUMU AeTekTopamu [TAX 1 aitoTh
SIK BITBOAM TPAHCBEPCAIBHOTO (LIbTpa, IKUHN SIB-
JSIETHCS. HEPEKYPCUBHUM IIU(PPOBUM (DLITBTPOM.

AwmrmnitynHe 3BaxyBaHHs enektponis 31IT,
SIK BIJIBOJIIB TPaHCBEPCAJIBHOTO (PibTpa JIETKO
3MIMCHIOETHCS aroi3allier, To0To e(heKTUBHICTh
BIJIBOJIIB BU3HAYAECTHCS TIEIO YACTOTOIO I1a1ar04u01
XBHJI1, SIKa TIEPECIKAE EIEKTPOAH, 10 EePEeKPHBaA-
FOThCSI.

SIK 3a3Ha4yeHO BUILE, MepeaaTHa XapakTe-
puctuka npuctpoto Ha [TAX npu #oro cunresi
3HAXOTUTHCA 3 IMITYJIbCHOI XapaKTePUCTUKH, SKa
Bianosigae crpykrypi 31UII. B 3anauy cunre-
3y npuctporo Ha [TAX BXOAHUTH pO3paxyHOK BH-
opanoi ctpykrypu 3IIIT mo 3amaniit nepemxaroy-
Hiil AUX. [Ipu po3paxyHKy Ha OCHOBI Mojei
O-pynkuid AUX 3B’s13aHa 3 IMIYJIIBCHOIO Xapak-
TEPUCTUKOIO BiAMOBIAHOIO 10 cTpyKTypH LTI
yepe3 Dyp’e-nepeTBOPEHHS.

Yacrimre 3a Bce HEOOX1JHO OTPUMATH TIPH-
ctpiii Ha [TAX 3 AUX 0113bKOIO A0 NPSIMOKYTHOI
y BUIJISA

14

h(), mpu Ifl =7

H(f) = A
0 mpwu[f] >;’f :

(6)

IMnynbcHUN BIATYK 1y Takoi QyHKINT
orpumMaemo uepe3 Dyp’e-nepeTBOpeHHS

h(e) = — [ H(f)exp(i2nft)dt (7)

Oyzie MaTH BUIJIA] 3aJI€KHOCTI (sin x)/X (puc. 2).

|Hp |

Sinx

1
Afo7 == X

S

Puc. 2. IMnyibcHuii Biaryk B mogeJi o-pyHkuiii.

@DyHKIIis, [0 ONMUCY€E CTEMIHb MEPEKPUTTS
enextponiB anonuzoanoro 31T, sika Ha3uBa€eTh-
cs1 pyHKIII€r0 aHOMU3AITIT, Oy/Ie MaTH TaKHii )K€ BH-
. [Ipu iboMy po3moai mKepes Mo aMIun Tyl
Oyjie BIZITIOB1IaTH TOBKWHI KOKHOT ITApH €JIEKTPO-
IiB, 1110 BU3HAYAETHCS KBAHTYBAHHIM IMITYJIbCHOT
XapaKTEPUCTUKH T10 3aKOHY

a,~(~1)"h(nT). (8)
a (paza mpKepes BU3HAYAETHCS PO3TANTYBAHHSIM Ha
TIOBEPXHI 3ByKONpoBoaa B Toukax nT, ne I'=1/2f,
MHuoxHuK (—1)" BKazye Ha nepeMiHy NOJIIPHOCTI
€JIEKTPOIIB, 110 BiAmoBigae HyassM Dyp’e-00pasy.
Ockinbku ¢izuyHo peanizyBaru 31UIT y Burmsai
(7) HemoxMBO, OO TPaHMUIIl IHTETPYBAaHHS B pe-
aJbHOCTI 0OMEXYIOThCS, 110 1 BiJMOBiAa€e 00-
MmexxeHocTi mpotrsbkaocTti 3T, Hacmigkom Ta-
KOTO OOMEKEHHS € BUHUKHEHHS mynbcarin AUX
1 ®UX, sixi oTpuMaii Ha3By IyJbcariii ['i00ca.

OnHuM 13 croco0iB 3MEHIIICHHS BETMYHHU
[UX MyJIbCAIil € BAKOPUCTAHHS JOAATKOBOI aro-
nuzanii 31IT «BaroBowo» ¢yHKIi€0, a00 QyHK-
i€l0 «BiKHa». BaroBow € cumeTpuyHa BiJIHOC-
HO IEHTPaJIbHOI YacTOTU (YHKIIis, 110 TUIAaBHO
3MEHIITYETHCS J0 KpaiB MepeTBOPIOBada. 3ropTka
OCHOBHO{ (pyHKIIIT 3 BaroBOIO JO3BOJISIE OTPUMATH
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Kpaily BHOIPKOBICTb 1 3MEHIICHHS OOKOBHX II€-
JIFOCTOK IMITYJTbCHOT XapaKTePUCTHKH, a TAKOXK JIA€
AQHAJITUYHY 3aJIeKHICTh MK IIMMH IapaMeTpaMu.
Bubip toi um iHmoi BaroBoi ¢yHkIi 00yMOBITIO-
€TbCSI BAMOT'aMHU, 110 CTABJISITHCS 10 XapaKTepHC-
THK TIPUCTPOIO.

B nanuii gac BiToMO 1 BUKOPUCTOBYETHCS
3HAYHE YHCJIO PI3HUX BaroBUX (yHKITIH.

ODyukis Kalizepa Mae BUTIISI

Iy[wgy 72 —17]
Iy(wgT)

0, npu |t| > 1

, Ipu |t] <1

w(t) = ©)

ne 1,—momudixoana Gpynkuis beccens nepmoro
POy HYJIBOBOTO MOPSIKY;

2T — TPUBAJIICTH IMITYJIbCHOTO BiJITYKY;

r=® T — NapaMeTp, TOB’A3aHUH 3 MIHPUHOIO
OCHOBHOI NENTIOCTKU (PYHKIIIT 3TOPTKH;

® =K ,B — KpaTHe Moyoci NponyCKanHs 1 BU-
OupaeThcs 3 BpaxXyBaHHSIM HEOOXITHOTO PiBHS
MOJIaBJICHHSI OOKOBHX TIEITFOCTOK;

7= % — KpaTHa JIEKUTbKOM 3HAYE€HHSIM 3BOPOT-
HOT MoJIoCcH

K, i K,—mnocriiini koeQimieHTH.

JHloctoinctBoMm ¢yHkIii Kaiizepa € 3a6e3me-
YEHICTh MIHIMAJILHOTO PiBHSI OOKOBUX MEITIOCTKIB
1o 80 ab. JIo HEMOIIKIB CITij BIIHECTH HEOIHO3-
HAaYHICTh B BU3HAYCHHI KOE(DIII€HTIB «BiKHA»
1 BUcoka yyTuBicTh AYX 10 TEXHOJOTIYHHX MO-
XHOOK BiITBOPEHHS KOE(]Ili€HTIB armogu3arii.

Dvyuknig Jonsda-Yebuesa Mae BULIIAL

SL(Nya) , —2f;t <N < 2fr

w(f) = ,(10)

/T,
[‘h@zﬂ] " N=>2 for
ne I,—monudixosana pyukuis beccens nepmoro
POy MEPIIOTO MOPSIKY;
— cq = -1 [3=ch(2vo)|.

y=[1-(N2fP]"s @ = cos™H [1Zh 0

N= 2f0T —yucno enekrpoais 31T BinmosigHe
JTUCKPETHU3allii IMITyJIbCHOTO BIATYKY B Oy/Ib-sIKAN
OiK BiJ] OTO IIEHTpa;

N = |/n/4K} — onTMalibHa KUTBKICTD €JICKTPO/IIB
ch™'R

3IIT; Yo = 2(2N)>
R — BiiHOLIEHHS aMILTITY] OCHOBHOTO 1 OOKO-
BOTO IEITFOCTKIB.

@yukuisa Honspa-YeOumena 3abe3neuye
MiHIMaJIbHY HIUPUHY MEPEXiTHOI CMYTH IPH 3a-
JTAHOMY PiBHI OOKOBHIX TIEIFOCTOK, IO BaXJIMBO
JUIS YaCTOTHO-YaCOBUX CEJIEKTUBHUX MPHUCTPOIB,
OJTHAK Mae€ Ti K HeJodikH, 1o 1 pyHkiis Kaitzepa
1, KpiM TOTO, y Hel JOCUTh CKJIAIHUN I po3pa-
XyHKY BHUIJISIAL.

[IIupoke 3acTOCYyBaHHS OTpUMalia Baro-
Ba (DyHKIIsl Yy BUIVIAJI KBaJpaTa KOCHHYca Ha
I’ esiecrani

h(t) = [k + (1 —k)cos? g] i+ -U,t—2) (11)

ne U, — onvMHu4Ha CXOMHKA, T — TPUBAJICTh M-
MyNnbCHOTO BiATYKY cekiii 3LHIT.

[Tpu k=0,08 Bimoma sik QYHKILIS XEeMMIiHTa.
3HauHe MPHUIYIIEeHAS OOKOBOT METIOCTKH J0CTa-
eTbes npu koedinienti k=0,54.

Oynkuis XeMMiHra € JOCUTh MPOCTOIO
B peasizalii i 1ae TUM Kpalli pe3yJIbTaTH, YUM
Oi7pIIa MPOTSKHICTHh NEpeTBOpOBada (IpHu
T=102A npugymeHas O0KOBUX MENIOCTOK IMepe-
Buntye 40 nb). Hegonikom i€l ¢yHKii € HU3b-
Ka €(peKTUBHICTH NPU MAJIOMY YHCJIIl €JIEKTPOIIB
3IHII.

3HauHe NPUAYIIEHHs CUTHATY B I10JIOCI 3a-
TpUMKH 3a0e3neuye GyHKIis biekmaHna:

h(t) = 0,42 + 0,5 cos (n%) + 0,08 cos (211%), —T<t<T. (12)

B nesixux Bumnakax OyBae 3py4HO BUKOPHC-
TOBYBATH OLIbII MPOCTY (YHKIIIIO, HATIPUKIIA,
dyHkiio Peifepa:

1-2t/., |t| <05T

1
0, |t|=>05T ° (13)

ht) = {
ne T —mepiox mauckperusarii iMITyJIbCHOTO BiJI-
TYKY,
a60 ¢yukuiro JlaHmoma:

h(t) = {sinc (’rt/T). t| <0,5T
0, |t] = 0,5T°

(14)

nec=—

O6uaBi octanHl QyHKIIi 3a0€31€4yI0Th
HEe3Ha4YHe 30UIbLICHHS 3aTyXaHHs B CMY31 3aTpHU-
MaHHs, aJie IPU LbOMY MOTIPIIYIOTh KOS(IIieHT
MIPSIMOKYTHOCTI.

15



S, 1. Jlemix

Ha mpakrtuii iHKOM BUHUKAE HEOOXiM-
HICTB cuHTE3y npucTporo Ha [TAX 3 nmepexigHoro
XapakTepucTuko H(w), mo BiApi3HIETHCS Bil
npsMokyTHoi. Hampuknaz, nnsg 3abe3nedeHHs
MiHIMAJIBHUX CIIOTBOPEHb PAiOIMITyJIbCa ONTH-
ManbHOI0 AYX H(m) € xapakrepucTka BUITISLY
dynkuii [aycca:

H(w)| = 24T/ aexpl—(w — wp)?/4al, (15)

1e o — mapaMmeTp 3B’s3aHUH 3 pos3nagom Af, 1o
BIJIMOBiIa€ OCITA0JIEHHIO CUTHAITY B 0L Pa3iB CITiB-
BITHOIIIEHHSIM

Af = (2/m)Valnd,
ne d=4/2.
l"aycogiit H(®) BignmoBigae iMmynbCHUMN BifI-
T'YK BUTJISITY

h(t) = A exp(—at’), -0 <t < 4+=. (16)

OxpiM HaBEJAECHUX BUILIE BUKOPHCTOBYIOTHCS
TakoX 1HI1 GyHKIIT, Hanpukiaaa Befiepmrpacca,
Hipixie, aje 3HA4HO piJIe.

Cuipg 3a3HaunTH, 10 (QYHKIIT XeMMiHTa,
®etiepa 1 ['aycca 103BOJNAIOTH JOCATHYTH MiHi-
ManbHOI HepiBHOMIpHOCTI H(w) (<0,5/16) B mo-
JIOC1 TIPOITYCKaHHS, 0 B 0ararboX BUIAIKaX 3a-
JIOBOJIbHSIE 3aJ1aH1 BUMOTH.

OnTUMaIbHUMHU 3 TOUYKH 30py MPUTYILIEHHS
OOKOBHMX MEJIOCTOK 1 MiHIMaJIbHOI MEepexiaHOT
nostiocH sBisitoThes (pyHkii Kaiizepa 1 Jlonbsda-
Uebumea. Bei Barosi GyHkmii (kpiM GyHKITIH
deiiepa) HE BHOCATh 3HAYHUX BTPAT CUTHATY
B TOJIOCI POy CKaHHS.

Cuin 3a3Ha4uTH, M0 (PI3UIHOTO OOTPYH-
TyBaHHS BHOOpPY TOi UM 1HIIOT BIKOHHOI (Baro-
Boi) QyHKIIiT HeMae. TOOTO MOYKHA CTBEPKYBaTH
Mpo iX eMIipuYHUi BUOIp, a HE 3aCTOCYBaHHS
SK TaKWX, 110 BPaXOBYIOTh (h13MKO-MaTeMaTHYHI
ocobmuBocTi pobotu 3ILIT B Hacmigok oro 00-
MEXEHOCTI 1 TUCKpeTHOCTI. ToMy, Tpu cUMeTpHrY-
HIi BITHOCHO 1ieHTpasibHOI yacTuHu AUX H(w),
BaroBoIo (BIKOHHOI0) (YHKITIEIO MOXe OyTH Oy/ib-
sKka (yHKIIis, 10 MOHOTOHHO CIaja€ BiJ IEHTpa
3HIIT 1o kpaiB 1 Ha Kpasx TOPIBHIOE HYIIIO.

Buxoasuu 3 1b0ro Mu OTpUMAaIIH 1 JOCIITH-
7Y BaroBy (DyHKIIiO, IO BPaXOBY€E AUCKPETHICTh

16

1 0OMEXKEeHICTh IMIYIbCHOT XapaKTepUCTUKH [8]
Y BUIIISAI
- w
1+2X 1 W, _cos—

|H(w)| = =t

142X W,y coskn|’

(17)

ne W  — KoediIieHT anoau3aiii B k-i To4Ill auc-
KpeTu3alii;

N — YUCJIO eNIEKTPO/IIB PO3TAIOBAHUX 3 KOXKHOT
CTOPOHH BiJl IIEHTPAJIbHOIO;

k —morounuii Homep enekrpona 3HIIT.

Buxopucranns BikonHoi ¢yHkii (17) aus
angusanii 31UIT go3Bomnse TOCATHYTH CYTTEBO
KpaluxX pe3yabTariB MO 3aTyXaHHIO CUTHAIY 3a
MOJIOCOI0 TIPOMYCKaHHs Ha 5 1B 1 M0 3HIKEHHIO
OOKOBHX MENIOCTOK Ha 7 nb Kpaille HIK, Hanpu-
kJaj, no gyHkuii Kaifzepa npu MeHmux 3arparax
Ha OOYMCIICHHS.

B onucanux meronax po3paxyHKy MpH-
ctpoiB Ha [TAX nepenbayanocs, mo oaun 3LIIT
IIMPOKOCMYTOBHIA 1 BiH HE BIUIMBAE HA 3arajbHy
H(w). Axmo x neanoauzosanuii 31I1 nHenocrar-
HBO IIUPOKOCMYTOBHH 1 BiZI0yBaeThcs 3aBai H(w)
MPUCTPOIO Ha KPasiX CMYTU MPOIYyCKaHHS, TO HE-
00XiJTHO PO3pax0OBYBaTH MPUCTPIH 3 BpaXyBaHHIM
HEaroan30BaHoro MepeTBopioBaya. H(w) B 1boMy
BHUMAJKy BH3HAYAETHCS JOOYTKOM MepeJaTHUX
XapaKTepUCTUK 000X MMEePETBOPIOBAUIB:

Hi(w)= H,(w) H,(), (18)

ne H (w) i H,(w) —nepenatHi XapakTepUCTUKH
aroAiM30BaHOI0 1 HEANoM30BaHOIO NIEPETBOPIO-
BaviB.

BianoBigHo mpu oMy IMITyJIbCHA Xapak-
TEPUCTHUKA MPUCTPOIO BU3HAYAETHCA 3TOPTKOIO
iMIynbCcHUX Xapakrepuctuk 31TT

h(t) = YXm=t2 h, (m)h,(n — m), (19)

ne n=0,1,...m-1.

Jns Bunaaky HaWO1abII TOMIUPEHUX 0
npuctpoiB Ha [TAX BuMOr matu npsaMOKyT-
Hy H(w) 3 mpuaymeHHsIM OOKOBHUX TMEITIOCTOK
He MeHIe 40 1b 1 BUCOKOIO CTa0INbHICTIO Xa-
PaKTEPUCTHK ONTUMAIbHUM € 3BYKOMPOBIiJ
3 I’ €30€JIeKTpraHOro Marepiany — SiO, ST-3pizy
Ta CUHTE30BaHI 32 (P13UKO-MaTEMATUYHOIO MOJIEI-
0 O-QyHKITH 31 cTpyKTyporo 3 1Box 31T — amo-
JTU30BaHOTO 1 HEAmoAU30BaHOTO.
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Jlnst sMeHmenHs €QeKTiB, BUKIMKAHUX f, —IIEHTpallbHa 4acToTa, B —cMyra npomyckanHs

HEeOOX1THICTIO 0OMEKyBaTH B Yacl IMITYJIbCHY Xa-
pakTepucTuKy (mynbcatii ['166ca), onTuManbHO0
€ BaroBa (pyHKIIis1 XeMMiHTa.

s pospaxynky 3T BxigHuMu qaHuMH
nporpamu €: v — MBUAKICTh nmomupeHHs [TAX,
ki — xoedillieHT eTeKTPOMEXaHIYHOTO 3B’ A3KY
1’ €30€JEKTPUYHOTO MaTepiany 3ByKOIPOBOLY,
L, — mouarkoBe 3HaueHns aneprypu I, R —
HEOOXiTHHUI OIip BUIPOMIHIOBAHHS, € — JieNeK-
TpUYHA MTPOHUKHICTh MaTepialy 3BYKOIPOBOY,

npuctporo Ha [TAX, B, — nepexinna cmyra, p —
piBeHb O0koBUX memtocTok. Ontumizamis H(w)
3MIMCHIOETHCS 3 BPAXyBaHHSM 3a1acy HEMUHYYHX
TEXHOJIOT1YHUX MOXUOOK 1 BTOpPUHHUX €(EKTIiB
HUIAXOM Bapianii koedilieHTiB BaroBoi GpyHKIIi
o orpuMaHHs 3anannx H(w) i p ans o6panoi
ctpykrypu 3LLII. Komu mpu ontumizaiii orpuma-
Hi HEOOXi/IHI eJIEKTPUYHI XapaKTepUCTUKH, IPO-
rpama MpHCTYIae 10 po3paxyHKy Torosorii 3IIIT
BUJTY, HAIPUKJIIA, IPEJICTABICHOMY Ha puc. 3.

/

/

/

1/

Puc. 3. Tonouiorisi po3paxoBanoro anoauszosanoro 31ITI.
1- m’e30en1ekTpUUHMIi 3ByKOnpoBin, 2 — 311,
3 — nJIiBKOBUI eJIeKTPUYHMIA eKpaH, 4 — eJIeKTPUYHI
BUBOIU, 5 — npucTpiii B miomy.

Ha puc. 4 npezcrasieHi po3paxoBaHa i ekc-
MepUMEHTaIbHA XapakTepucTuku H(w) (AUX).

A.|nb HI'Y3, mxc
0 2,0
v \
A A\
A \ 1,0
10 ,
] ) 2 1
20 AN A 0
1
a
A | _
30 i \ 1,0
|
40 ~ i 2,0
“ /1 ~
\ /
60 \/\ 1 II \
70
80
9,7 99 10,1 103 10,5 10,7 109 11,1 113 f, MI'n

Puc. 4. Po3paxoBana i ekciepuMeHTaIbHA XapaKTe-
puctuka H(m) (AYX). 1 - po3paxoBana AUX,
2 — ekcnepumenTtajibna AUX, 3 - HI'Y3
(HepiBHOMipHiICTH TPYNOBOI0 Yacy 3aTPUMKH).

BucnoBknu

Ha ocHOBI poBeI€HOr0 CUCTEMHOTIO aHa-
T3y pi3HUX (13UKO-MaTEMaTUYHUX MOJENIEH, 1110
onucytoTh podory 3LUIT [TAX, sk npuctporo
3 IUCKPETU30BaHOIO IMITYJILCHOIO XapaKTepuc-
TUKOI0, ONTHUMAJIbHOIO MOXKE BBAXKaTUCS MOEIb
sKa HalOl1bIlle BpaxoBy€ BTOPUHHI €(DEKTH, 110
CYNPOBOKYIOTh TeHepaillito 1 mommupenns [TAX
B II’€30€JIEKTPUYHUX 3BYKOIPOBOJAX, 3aJIEKHUX
Bix Tomosorii 31T, EDII 1 akyctuunux xapak-
TEPUCTHUK I1"€30€JIEKTPUKA.

Taxkoro, 30kpeMa, € MOJIeNIb €KBIBAJICHTHUX
CXeM JIJIsl BUMAJKY 3aCTOCYBAaHHS IIPU HEOOX1-
HOCTI CHUIBHHX T’ €30€JIEKTPHUKIB,, HATTPUKIAI,
LiNbO, 3 BUCOKMMHU 3HAYECHHIMU K, 2, €.

Jns 3BykompoBoay 31 claOKHX I'€30-
€JEKTPUKiB, Hanpukiaaa SiO,, ONTUMAILHOIO
Moyke OyTH MoJenb O-QyHKITIH.
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S, 1. Jlemix

B onHoMy 1 ApyroMy BHUIAAKy ONTUMATbHU-
MU MOXKYTb BBaXKaTHCS BIAMOBIHO BaroBi QyHK-
uii Kaitzepa 1 pynxkuis XemMinra.

OTpuMaHi pe3yabTaTH MOXYTb OyTH KO-
PUCHHUMH TIPH CTBOPEHHI aKyCTOEIEKTPOHHHUX
npucTpoiB Ha [TAX pi3HOro (yHKIIOHAJIBHOTO
MIPU3HAYCHHSI.
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DETERMINATION OF THE OPTIMAL PHYSICAL AND MATHEMATICAL MODEL
AND WEIGHT FUNCTIONS FOR CALCULATING THE TOPOLOGY
OF COUNTERPINE CONVERTERS OF SURFACE ACOUSTIC WAVES

Ya. I. Lepikh

Interdepartmental scientific-educational physics and technical center of MES and NAS of Ukraine at
Odesa I.I. Mechnikov National University
Email: ndl_lepikh@onu.edu.ua

Summary

The article is devoted to the analysis of existing physical and mathematical models describing
the operation of Rayleigh’s counter-pin converters of surface acoustic waves (SAW), which are widely
used in acoustoelectronics in the creation of microelectronic devices of various functional purposes.
Analyzing also the weighting functions with the help of which the topology of the counter-pin
converters is adjusted in order to reduce the influence of Gibbs pulsations.

The advantages and disadvantages of each of the physical and mathematical models, as
well as weighting functions from the point of view of achieving the specified requirements for the
characteristics of devices on the characteristic curve, are also considered.
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The possibility of optimal use of a specific model of the weight function, taking into account
the electro-physical and acoustic characteristics of the piezoelectric material, is shown on the example
of a specific monocrystalline piezoelectric material of the sound pipe for the classical structure of the
counter-pin converters.

Keywords: devices on surface acoustic waves, physical and mathematical models, weight
functions

VK 621.37/39:534
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BU3HAYEHHSA ONITUMAJIBHOI ®I13UKO-MATEMATUYHOI MOJIEJII
I BATOBUX ®YHKIIN 51 PO3PAXYHKY TOIIOJIOTTi 3YCTPIYHO-
MTUPBOBUX IEPETBOPIOBAYIB IOBEPXHEBUX AKYCTHUYHUX XBUJIb

A L Jlenix

MixBigoMumil HaykoBo-HaBUYaIbHUHN (i3uko-TexHiunuit neHtp MOH 1 HAH VYkpainu
npu OHY im. 1. 1. MeunukoBa
Email: ndl_lepikh@onu.edu.ua

Pedepar

CrarTs IpUCBSYCHA aHAJTI3y ICHYIOUMX (DI3MKO-MaTeMaTUYHUX MOJEIICH, 1110 OUCYIOTh pOOOTY
3ycTpidHO-ITUPHOBHUX NepeTBoproBadiB (3LLIT) moBepxHeBux akyctruunux XBuib (ITAX) Penes, ski
IIAPOKO 3aCTOCOBYIOTHCS B aKyCTOEJIEKTPOHUIII MTPH CTBOPEHHI MIKPOEIEKTPOHHHX MPHUCTPOIB Pi3-
HOTO (PyHKITIOHAIBHOTO TIpU3HAUeHHsI. PO3IISTHYTO BaroBi ()yHKIIIi 32 IOTIOMOTOO SIKMX KOPUTYEThCS
tonojoris LTI 3 MmeToro 3MeHITIeHHs BIUTMBY myJbcallii ['160ca.

Po3miisiHyTO Takok mepeBaru i HeJOMIKH KOKHOI 3 (DI3MKO-MaTeMaTUIHUX MOJIEJICH, a TaKoXK
BaroBHX (PYHKIIiH 3 MO3UIII TOCSITHEHHS 3aJJaHUX BUMOT JI0 XapaKTEPUCTUK MpUCTpoiB Ha [TAX.

Ha mpukinaii KOHKpETHOTO MOHOKPUCTAIIIYHOTO 1T’ €30€JIEKTPUYIHOTO MaTepialy 3ByKOTPOBOIY
st kitacuaHoi cTpyktypu 31T nmokazana MOXIIMBICTh ONITUMAIILHOTO BUKOPUCTAHHS MTEBHOI MOJIEII
BaroBoi (DYHKIIIT 3 BpaxyBaHHIM €JIEKTPO-(Pi3UUHUX 1 aKyCTHUYHHX XapPAKTEPUCTHUK 11" €30€ICKTPUIHOTO
MaTepiaiy.

Ku104oBi c10Ba: mprcTpoi Ha MOBEPXHEBUX aKyCTHUHHUX XBUIISIX, (Pi3HKO-MaTeMaTHIHI MOJIEITi,
BaroBi QyHKITI{
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PO MOXJIMBICTb BUKOPUCTAHHA TEPMOXIMIYHUX
TA3OAHAJI3ATOPIB B BATATOKOMIIOHEHTHIN CYMIIII

0. C. Yepnenxko, B. B. Kaninuax, M. B. Poziznanuu, O. K. Konitika

Opnecpkuii HalliOHAIBHKM YHIBepcuTeT iMeHi [. I. MeunnkoBa
teplophys@onu.edu.ua

PO MOXJIMBICTb BUKOPUCTAHHSA TEPMOXIMIYHHUX
TA3OAHAJI3ATOPIB B BATATOKOMIIOHEHTHIM CYMIIII

0. C. Yepnenxo, B. B. Kaninuax, M. B. Po3zisnanuu, O. K. Koniuixa

AHoTauig. B po0oTi onucaHo MeTO] MOIIYKYy KIHETHYHHX MapaMeTpiB reTepOreHHo-
KaTaJTITUYHHUX PEAKIi OKUCIICHHS MAJIMX JIOMIILIOK TOPIOYOTO ra3y B MOBITPI HA TOHKOMY IJIATHHOBOMY
Apoti. Bin mossirae B oTpuMaHHI 3 BOJIb-aMIIEPHOI XapaKTEPUCTUKH JAPOTY 3AIEKHOCTI KPUTHUHUX
3Ha4Y€Hb CTPYMY, L0 BiAMOBIIAIOTH KATATITUYHOMY 3aiiMaHHIO Ta MOTACaHHIO JIOMIIIKH rasy, BiJ ii
MacoOBOi YaCTKH B MOBITP.

3arponoHOBaHO METOAMKY BH3HAYCHHS BMICTY JBOX T'OPIOYMX ra3iB B MOBITPI HA OCHOBI 00-
POOKH BOJIBT-aMIEPHOT XapaKTEePUCTUKH IIIATUHOBOTO JAPOTY. B 3a1exHOCTI BifJ piBHA CyMapHOL
KOHIIEHTpAIIi] ra3iB B NOBITPi BU3HAYAJIbHIUMHU EKCIIEPUMEHTATBHUMH XapaKTEPUCTHUKAMH € HE JIUIIIE
neperpiB ApoTy (Karanizaropa) BiIHOCHO 1HEPTHOTO JPOTY B YMOBAaxX KaTaJiTUYHOTO 3aliMaHHs, aje
1 meperpiB ApOTy NpHU KaTaJiTUYHOMY IOracaHHi abo B yMOBaxX camo MiJITPUMYIOYOT0 KaTaliTHYHOTO
ropinHs (6e3 HarpiBy €JIEKTPUUYHUM CTPYMOM).

KurouoBi ci1oBa: razoanamizarop, Karaai3zarop, 0araroKOMIIOHEHTHA CyMIlll, 3aiMaHHS, 3racaHHs

ABOUT THE POSSIBILITY OF USING THERMOCHEMICAL GAS ANALYZERS
IN AMULTICOMPONENT MIXTURE

A.S. Chernenko, V. V. Kalinchak, M. V. Roziznany, A. K. Kopiyka

Abstract. Kinetic parameters finding’s method of heterogeneous catalytic oxidation reactions
of combustible gas’s small impurities in air on a thin platinum wire was described.

© O. C. Yepnenro, B. B. Kaninuax, M. B. Poziznanuti, O. K. Konitixa, 2023
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It consists in obtaining from the wire’s current-voltage characteristic the dependence of the
critical current values on its mass fraction in air. They corresponding to the catalytic ignition and
extintion of the gas impurity.

A method of determining the content of two combustible gases in the air, what based on
processing the platinum wire’s current-voltage characteristic, was proposed. Depending on the level
of the total gases concentration in the air, the determining experimental characteristics are not only
the wire (catalyst) overheating relative to the inert wire under the conditions of catalytic ignition, but
also the wire overheating during catalytic extinguishing or under conditions of self-sustaining catalytic

combustion (without electric current heating).

Keywords: gas analyzer, catalyst, multicomponent mixture, ignition, extinction

Beryn. Yucti MeTtanu, 0coOIMBO IUIaTHHA, €
HaNOLIbII NONIMPEHUMH KaTajli3aTopa OKUCIEHHS
JETIOYUX OpraHiYHMUX crojiyk. Yacto Ha moBepx-
HIO OKCHJIHOTO KaTaji3aropa A0Aar0Th HaHO4Yac-
TUHKU IUIATUHH, 1110 3HAYHO IMPUCKOPIOE OKHUC-
nenus crionyku [ 1-4]. [lnaruna e karamizaropom
MTOBHOTO OKHMCJIEHHSI OpraHIYHUX MapiB YU rasis,
TOOTO OJHUM 1 MPOAYKTIB 3TOPAHHS SBISETHCS
CO, [4]. Ilpu ubomy aBTOpamu [4] BBOAUTHLCH
MOHSATTSI HU3bKUX Temmneparypax (1o 300 °C) mst
TaKOTO MPOLECY.

[InaTuHa € HalO1IBII paHHIM KaTai3aTo-
POM 17151 OMHOKOMITOHEHTHOTO KaTajli3y B peaxiiii
OKHWCJICHHS eTaHomy[S, 6]. ABTopH [5] BKa3yrOTh
10 TaKe OKUCIIEHHS MOKe OyTH MOBHUM (IIPU TO-
BiIbHOMY OKHucyeHHl) 10 CO, Ta 4aCTKOBUM 110
OLITOBOTO aJbJETIAY Y1 KHCIOTH.

ABtopu [7] BKa3ylOTh Ha BUCOKHI B1JICOTOK
(Bumte 90%) yreopennst CO, npu OKUCIIEHHI Me-
TaHOJIy Ta €TAHOJTy Ha IUIATHHOBOMY KaTali3aTopi.
BuBuaroun 3MiHy KOHIIEHTpaIlii METaHOJIy Ta €Ta-
HOJTY, SIKa €KCTIOHEHI1aJIbHO 3MEHIITyBaJacsl B yaci
MIPU KaTaIITUYHOMY OKMCIJIEHHI 3 KUCHEM Ha Iula-
TUHOBOMY KaTajii3aTopi pu KIMHaTHUX TeMIIepa-
Typax 3HaWJICH] eHeprii akTUBAIlli IUX PeaKIlii.
3okpema st etanony E = 143 xJx/mMob.

JlocaiKeHHsl TETEPOreHHOT0 OKUCIEHHS
TOPIOYMX ra3iB Ha JOBTiH Ta TOHKIHM JPOTHHI 3 Me-
TaJiB IUIATUHOBOI I'PYIIH, 1110 HATPIBAETHCS €IIEK-
TPUYHUM CTPYMOM, MPOJOBKYIOTHCS 1 B HAalIl Yac
[8]. Ayst BHHUKHEHHS CTIMKOTO O€3MOyM’ STHOTO
KaTaJiTUYHOTO TOPIHHS ra3y MpU HarpiBaHHI CH-
JIOI0 CTPYMYy KaTasizaTtopa HeoOX1THHI MpaBHIIb-
HUM BUOIp AlaMeTpy 1 JOBXKHUHU Karaiizaropa,
Jiana3oHy KOHLIEHTpAlliil roprodoro rasy, TeMiie-
paTypH Ta MBHAKOCTI Ta30MOBITPSIHOTO TTOTOKY

[9].

[Tpu3HavueHHs ra3oaHaxizaropa 3p03yMLIO
3 Ha3BUW MPUIIAJY: BU3HAYCHHS HAsIBHOCTI KOH-
[EHTpaIlii ra3iB. BUITycKarOThCs Ta30aHai3aTropu
SIK OJTHOTO Ta3y (IeTEeKTOPH KHCHIO, JaTYUKH BH-
TOKY), TaK 1 OLIbII CKIIaJHI MO, 31aTHI (ik-
CyBaTH CKJIaJ T'a30BOi CyMillli, IIPOLIEHTHE CITiB-
BiJTHOIIIEHHSI KOMITOHEHTIB, TEMIEPATypy 1 THCK
ra30BOTO MOTOKY. B 3a/1e)KHOCTI Bi/I TOCTaBICHUX
3aBJIaHb MOXYTh BUKOPUCTOBYBATHCS SIK OKpeMi
ra3o0aHaizaTopyu CUCTEMH ra30BOT0 KOHTPOIIIO,
0 00’ €IHYIOTh MOTPIOHY KUTBKICTh MPUIIAIiB.
[Tpu BuGOPi TOro 4m iHIIOTO razoaHajizaTopa
MO)KHA OTIIMPATHCS Ha Pi3HI KpUTEPii, ajie KpUTHI-
HO Ba)XJIMBO Mi1i0paTy BiAMOBITHUH JIJIS IIOCTaB-
JIeHOT 3aj1a4i IPUHIIUIT BUMIPIOBaHHS, KEPYIOUHCh
THTIOM Ta3y, 0 BUMIPIOETHCS, CEPEIOBUIIEM,
B SIKii BUKOHYIOTHCSI BAMIPIOBAaHHSI, 1 METOIO.

Jlo HeOIMiKIB TEPMOXIMIYHUX Ta30aHAII3a-
TOPIB BITHOCATHCS OOMEXKEHUH JTiama3oH BUMI-
PIOBaHb; BIJICYTHICTh CEIEKTUBHOCTI; OOMEKCHUI
TEPMIiH CITy>KOH, HU3bKa MIBUJIKOIS 1 Yy TJIUBICTB;
3MEHIIIEHHS Yy TJIMBOCTI 3 TUIMHOM uacy.B naniit
po6oTi Oyzie 3ampornoHOBaHO METO/I, IO JTI03BO-
JMTH cripoOyBaTH BUPILIUTH MPOOIEMH CEIEKTHB-
HOCTI TaKOTO TUITY Ta30aHaJi3aTopy.

MeTo0 n1aHOi Po6OTH € JTOCIIiKeHHS
HEI130TEepPMIUYHOTO OKUCIEHHS (TOPIHHS) Malux
JIOMITIIOK AlleTOHY, €TAHOJY Ta i30MPONaHOJIY
B TIOBITPi Ha MJIATHHOBOMY JIPOTi, aHAIII3 KPHU-
TUYHUX YMOB KaTaJiTUYHOTO 3aiiMaHHS 1 mmora-
CaHHsI, OLlIHKA KIHETHYHUX MapaMeTpiB peaxiiii
OKHCIICHHS B TMOBITpPi, @ TaKOXX BCTAHOBIICHHS
ONTUMAJIbHUX MapaMeTpiB CUCTEMH, B MEXKax
SAKUX MOKHA BU3HAYaTH KOHIICHTpAIil ra30BHX
JIOMIIIIOK B CYMIIIIi Ta3iB.

3 oAy Ha BUINEBKa3aHe B JaHiil poOOTi
NpURMAaIIoCs, 0 KaTaJliTUYHE TOPIHHS alleTOHY,
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€TaHOJy Ta 130IPONAaHOJy B MOBITP1 HA IUIATHU-
HOBI HUTII € TOBHUM OKHCIIEHHS 1 MPOTIKA€ 11O
peaxiisim:

CH,COCH, + 40, =3CO, + 3H,0 (D

C,H,OH + 30, =2CO, + 3H,0. (ID)
C,H,OH +4.50,=3CO, +4H,0. (I11)
TennoBuit edpext peaxnii (1)

1829.4 xJlx/mons, (1) 1370 x/lx/momns, (III)
2046 x]Ix/MoIb.

1. ExcnepuMeHTaIbHA yCcTaHOBKA. J[11s
€KCIEPUMEHTAJILHOTO JOCTIPKEHHS! OKUCIICHHS
OpraHiuHMX mapiB OyB y3sTHH 1 nepepoOaeHuit
IIEpPETBOPIOBAY MAHOMETPUYHUI TEPMOIIAPHUN
I[IMT-2 (puc.1). B HboMy B AKOCTI HarpiBaya BU-

vi ¢

KOPUCTOBY€THCS MJIATHHOBUH JPIT (IiaMeTpoM
d = 95 MKM 1 1oBX)UHOIO L = 56 MM), kUil OyB
3ITHYTHH y BUIJISAAL 3MIMKH 1 PO3MIIIIEHUH B TIJTO-
IIMH1, NepIeHAUKY/ISIpHIiH Bici tamnu. Konba po3-
TalIoByBajacs BepTUKaidbHO. Lle no3Bomsiio He
HAKOIMYYyBATHUCS BCEPEIMHI JIAMIIH ra30TMOBITPS-
Hill cymimn npu nojayi ii B BepxHiit yactuni. s
CTBOPEHHS Ta30MOBITPSIHOT cyMmili B konOy 8§ Ha-
JIMBaJIach HEBEJIMKA KUIbKICTh pinuHu. Beepenuny
PIIMHY 32 TOMOMOTOI0 KOMIIpEecopa MoaaBaBcs
NOTIK MoBiTps. Ha BUX0/i 0TpUMyBay MOBITPSIHY
CyMillI 3 TapaMu roproyoi pinuHu. YacTky mapy
B CYMIIIIl peryiIioBajiy ABOMa poTamerpamu. J{is
3a0e3MeYeHHs CTAJIOCT] TeMIIepaTypu Ha CTIHKaxX
peakuiiHOoi KaMepu BOHa 330BHI MiXk Koi0oro 1 ta
30BHIIIHBOIO Kameporo 10 mposyBanacs HOTOKOM

10

2
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Puc. 1. Cxema ekcnnepuMeHTAJIbHOI YcTaHOBKHU: 1 — ckisHa KoJa0a [IMT-2,
2 —migBeeHi KOHTAKTH, 3 — IVIATHHOBA HUTKA, 4, 5 — MUTIBOJILTMETPH 3 TEPMO-
napamu; 6, 7— poramMeTpu NOMJIABKOBOI0 THITY, 8 — €MHICTB 3 piANHOIO;
9 — noBiTpsinmii komnpecop; 10 —30BHiIIHA Kamepa.

XOIIOIHOTO TOBiTps. Temmneparypy cymiii 10 mo-
Ja4i B KaMepy 1 BcepennHi Hei BU3HAYAIUCS 110
MoKa3aM TepMorap.

O06’emHa BUTpaTa ra30Boi CyMilli, 110 MO-
ctynana B konOy namnu 1 (puc. 1) 3 HUTKOIO,
cknagana 17-23 cm’/c. 1le Biamosigae mBHIKOCTI
JaMiHapHOTO MOTOKY BCEpeuHi Kojibu B 3 cm/c
(aucno PeitHonbca nms konou mammu 58, a s
Hutku 0.18). OTxe, B JaHOMY BUIAJIKy BIUIUBOM

22

BUMYILIEHOI 1 IPUPOAHOT KOHBEKIIIi MOXHA 3HE-
xtyBarty (m = 0). J[7st TOHKOTO JOBTOTO IWITIHIPY
gucno lepsyna Sh = 0.5 [10, C. 210; 11, C.42].
B pexxumi KaTagiTUIHOTO TOPiHHS TeMIepaTypa
BCepenHiI Koi0u (MoKa3u TepMonapu Haj Iuia-
TUHOBOIO HUTKOI0) 301nbmyeThesa Ha 20—40 K,
10 TOBOPUTH MPO T€, 0 B MaciTadbax Koaou
NPUPOJIHA KOHBEKIIIS NIepeBaka€ BUMYIIICHY KOH-
BEKIIIO.
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[InatnHOBa HUTKA Yepe3 KOHTAKTH JaMITH
[MIMT-2 miaxmmroganacs Mo TpbOX-TMPOBITHIHN cxemi
1o mynsTuMeTpa Picotest 3510A, 3a nonmomororo
SIKOTO BH3HAYaJlacsi BOJIbT-aMIIepHa XapaKTepHuC-
THKa JIPOTY B peXHUMI cTabumizamii CUiIu cTpymy
(puc. 2a). Onip MIaTHHOBOTO APOTY BU3HAYAIIACS
3riHo 3akoHy OMma (6e3 ypaxyBaHHs OIIOpYy KOH-
TaxTiB ammu R, = 0.105 Owm, niametp sxux 1 mm),
a cepefHs TeMIepaTypa IpoTy — 3 KBAAPATUIHOT
3aJISKHOCTI OTOPY JIPOTY Bij TeMIIepaTypH:

4L

nd*

R
= =1+y(T-17,)-8(T-1,), Ry =,

c0

Tyry=39.7-10* 1/K, 8 = 5.841-107 1/K?,
n, = 9.8 - 10°* Om-m. Omnip MIaTHHOBOTO JIPO-
Ty AOBXHHOIO 5.6 cM 1 niameTpoM 95 MKM mpu
T, = 273K cknamae R, = 0.775 Om.
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TakuM YMHOM TEeMIIEpPaTypoO-CTPyMOBa
XapaKTepHUCTUKA TIaTUHOBOTO IpOoTy (puc.2b)
B ra30MOBITPAHINA CyMillll 3HIMaNacs MpPH MOCTY-
MOBOMY 301JIBIIIEHH] CHJIU MPOTIKAIOYOTO CTPYMY
3 KpokoM 0.1 A (mo6au3y KpUTHYHUX MPOLECiB
3 kpokoMm 0.01 A) i BcTaHOBNIEHHI CcTaliOHAPHO-
ro TEMIIEPATYPHOTO PEXUMY APOTY I KOKHOT
cunu ctpymy. IIpu 0.57-0.63 A B 3amexHOCTI
BiJl BMICTY B CyMillli ITapiB 130TPOIAHOIY BiJI-
OyBaeTbcs KaTaIiTHUHE 3aiiMaHHS — Iepexia Ha
PEKUM KaTaJiTHYHOTO ropiHHs. B momanpemomy
cuia cTpymy 30inbiryBanacs 10 0.7 A, a moTim
ruaBHo 3HIKyBanacs 10 0.01 A. [Ipu 3meHIenHi
CHJIM CTPYMY B PEXHMI KaTaJliTUYHOTO TOPIHHS
(BHCOKOTEMIIEPATYPHI PEXKUMHU) MOKIIMBE KaTa-
JiTuyHe noracanHs [12] — 3BopoTHIi mepexia Ha
HU3BKOTEMIIEPATypHHUI PEXXUM MPH OLIbII HU3b-
KOMY 3HaU€HHI CUJIH CTPYMY.

300y

T-273,K

600

400

e
200

LA
0.9

0.8
0.8

Puc. 2. BoabT-amnepHa (a) Ta TemnepaTypo-cTpyMoBa (b) 3a/1e:KHOCTI 1J15l NIaTHHOBOI HUTKHU
(niametp 95 MkM) B razonoBiTpsniii cymimi (7 .= 296 K) 3 nomimkamu napis i3onponaHoJry.
A, o, m, ¢ — exciepumeHT. Kpugi 1-4 — TeopernuHni 3anexnocrti (3):

A —3.08%; 0—-2.81%; m—=2.25%; ¢—2.00%.

OTxe, 3aJeKHICTh TEMIIEPATypH IJIaTUHO-
BOTO JIPOTY BiJl CHJIM CTPyMY MpOSBIISIE TicTepe-
3UCHU Xapakrtep. BiH noB’s3aHuil 3 NpOTIKaHHS
XIMIYHOI peakiiii B JBOX PEKUMAX MPH OJHAKOBHX
30BHIIIHIX YMOBaX: KIHETUYHOMY (HU3bKOTEMIIE-
parypHomy) Ta qudysiiiHoMy (BHCOKOTEMIEpa-
TypHOoMYy). IIpH npoTikaHH1 O/HI€T peakIii nepiuo-
ro MOPSAKY 3TiTHO KJIACHYHUX ysBieHsb [10, 13]
PI3HHULA TeMIlepaTyp B BUCOKOTEMIIEPATYypPHOMY
(ropinns) 7, Ta HU3BKOTEMIIEPATYPHOMY (OKHC-
nenns) T peuMax BU3HAYAETHCA TUIBKU KOH-
LEHTPALIIE€I0 TOPIOYOT PEUOBHHHM B rasi, B SKOMY
OKHCIIIOBAY 3HAXOAUTHCS B HAJTUIIIKY:

QfLel—m
=TY, > T, :c—’
rg

(1)

bur ox

e O~ TeIoBHi edeKT peakiiii, po3paxoBaHuil Ha
1 xr roproydoro razy, Jx/kr; Y- BITHOCHA MacoBa
KOHIIEHTpAIIisl TOPIOYOro ra3y B Ia30Bil CyMillli;
€ 1300apHa MUTOMA TEIUIOEMHICTh Ia30BO1 Cy-
Mimri; Le = D f/ag— yuciio JIproica; m — moKa3HUK
CTymneHs B 3ajexxHocTi Nu Bin Pr i Sh Big Sc.
®opmymna (1) ta peakmii (I)-(I11) Bukopuc-
TOBYBaJIacs JUIsl OLIIHKM KOHLIEHTpaLii mapiB ro-
prodoi piaunu. [Jis bOrO BU3HAYAIOCS CEPEIHE
3HAYCHHs PI3HULI TEMIeparyp A7, Ha BHCOKO-
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Ta HU3bKOTEMIIEPATYpPHOMY pexuMmax npu 3—4
3HAUEHHSAX CUJIM CTPYMYy HENOJAJIK BiJ| CHUIU
cTpymy 3aiiManHns /. KoHueHnrpauis ropro4yoro
rasy pospaxoBysanacs, gk ¥, =AT, /T,.

AHaJOTiuHI 3aJIe)KHOCTI OyiIu OTpHMaHi
1 TP KaTAJIITUYHOMY OKHCJIEHH] MaJIUX JOMIIIOK
€TaJIOHY Ta alleTOHY B MOBITP1 Ha IUIATUHOBOMY
JPOTI.

JIOBATHCS HAa OBEPXHI KaTali3aropa, BUKJIUKAE
HEOOX1HICTh PO3IIISAAY MapajeabHOIrO MPOTi-
KaHHS peakiliii 3 pi3HUMH TEIUIOBUMU e(eKTaMU
Ta CHEeprisAMHU aKkTHBalii. 3MiHA TeMIeparypu
KaTai3aropa 3 4acoM Bif0yBa€eThCS 3a PaxXyHOK
TETUTOBHIIIEHHS ITPH NPOTIKaHHI XIMIYHUX peak-
1t g ,, HArPIBY EICKTPHIHUM CTPYMOM ¢, & Ta-
KOX 33 PaxyHOK TEIUIOOOMiHY 3 HaBKOJIMIIHIMHU

2. AHaJiTHYHA MoaeJab. HasdBHICTh B ra- TLIaMH q,
30Biil CyMmili AEKITbKOX ra3iB, IO 37aTHI OKHUC- Toxi
f oT
Efmfgcqﬂ=%yﬂh+%,TU=®=ﬂ-
1 1 k, k 5
h :Qflklngfl E'FszkngYfz @, Se, _Ea Se, = —, 4y = a(T_];)J
A, Nu D, E E
o=—* = Bcgnge_Hm »B= 7/Sh s k= kg, eXp(_R_}j s ky =k, exp(_R_;,]
Tyr V, §,—06’em 1 OiuHa MOBEPXHA KaTa- YMOBY CcTaIlioHapHOCTI TeMITepaTypH Kara-

Ji3aTopa; € , p, — MUTOMA TEIIOEMHICTD 1 IyCTHHA
Marepiany Karajaizaropa, d — JiaMeTp KaTraiaizaro-
pa, Sh—uwucno llepsyna.

mizaropa ¢, = 0 IpeICTaBUMO y BHIVIS 3a71eK-
HOCTI KBaJipaTa CHIIM CTPYMY BiJl CTalioHapHOT
TEMITEpaTypH TIPH CTaJIi KOHIIEHTPAIIil TOPIOYOTO
rasy B MOBITi:

LA L P TR P |
I, T, 1+Se T, B
nwod“\_ NuT,
I, = £ Ty =
4n

3anexHICTh (2) ONMUCYe eKCIIepUMEHTANbHI
HU3BKO 1 BUCOKOTEMIIEPATYPHI CTalliOHapHI cTa-
Hu. Ha puc. 2b mpencraBiieHi po3paxyHKOBI 3a-
JIEKHOCTI CHITH CTPYMY BiJ CTallioHapHOI TemIie-
parypu Ui BUNAJKy MPOTIKaHHSA OAHI€T peakiii

_ELJ__Ez_EEE% (_Eij
RT) 1+5¢, 7, p P\ &T)’
()
Q;Le™ T _ O Le™
> 02 —

KaTaJIITUIHE CaMO3aiiMaHHS TOPIOYOro ra3y, a Mi-
HIMYM — KaTaJiTHYHE 3racaHHsl. 3aCTOCYEMO YMO-
By ekctpemymy O/ /0T =0 no 3anexHocTi (2).
B pesynbrari orpuMaeMo, CiibHO 3 (2), cucteMy
PIBHSIHB JUIS BU3HAYEHHS KPUTUYHUX YMOB Kara-

(Y, =0). MakcumyM Ha Iiii 3aJIeXKHOCTI BUSHAYAE  iTHYHOTrO camo3aiimaHHs (i) Ta moracasHs (e):
T, T RT : RT? (1+ Se, ’
Ii,e ZIO (1+Seze)’ Yfie — Le ( l’e) . (3)
T,  EI, “"TE Se

Ha puc. 3 npeacrtaBiieHO po3B’ 430K CUCTE-
mu (3). B sxocTi mapamMeTpy BHKOPHUCTOBYETHCS
TemIIeparypa Karaiizaropa 7, , sika € KpHTHIHOO
TeMIEepaTyporo. Y3ro/KEeHHs aHAJITUYHUX 3a-
nexxHoctel (3) 3 eKClepuMeHTaIbHUMU TOUKaMHU
JTO3BOJIMIJIO BU3HAYWTH €HEprii akTuparlii £ 1 rme-
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ie

PENEKCIIOHEHTHOTO MHOXKHUKA k. Haxui kpuBoi
3racaHHs ICTOTHHMM B MOpPIBHSAHHI 3 KPUBOIO Ca-
Mo3aliMaHHs. B pe3ynbrari 1 po3paxyHKiB
aHATITUYHUX 3aJ€KHOCTEH MPUIHATI HACTYMHI
napaMeTpu: ameToH: Qf= 31.5 MJx/kr,
E = 84 x]JIx/monb, k 1.5-10% 1/c,

0



Sensor Electronics and Microsystem Technologies 2023 — T. 20, Ne 1

Dfo = 0.109 -10* m¥c, Le = 0.586, m = 0, [gmi napamerpu: p,, = 1.293 Kkr/M3, ¢ .=
—_— . . — . . g .
n = 1.82; eramon: Q = 29.8 M{[”‘/Kra 1005 JIx/(xr-K). Orpumani epexkrusni eneprii
E = 92 K{L‘ X /2 MOTb, k, = . 4-107 1/c, axrupanii 6museki 10 EHeprii akTHBALlil TOBHOTO
D =0.10 -10* m?¥c, Le = 0.578; isomponanost:  oyycnenns auetoy Ha Karanisaropi Cuy, ,Ce, O
— — 5 > y
Q,= 343' I MJx/kr, E = 4542 kJI3K/MONb,  F=96-109 kJlk/Monb [14], Ta HOBHOTO OKHC/IEH-
ko =8-10°1/c, DfO =0.099 -10* m*/c, Le = 0.531. 4 etanony E = 143 xJlx/monb [7].
0.8 Ia, A . a 0.8 I, A b
D\\,-“‘ B T SR
.-
(.6p o 0.6p
1
0.4 0.4
0 0.
. 7 %
0 05 1 33 0

Puc. 3. 3ane:xHicTh KPUTHYHOTO 3HAYEHHS CUJIM HATPiBAIOYOr0 CTPYMY
(camo3aiiMaHHS Ta 3racaHHs KATAJITHYHOI peakil OKHCIeHHS HA MJIATHHOBIH HUTII
aiamerpom 95 MmxM) B noBiTpi KiMHaTHOI Temnepatypu 7. =296 K.

a) 1) eranoa (o, @) Ta 2) aneron (0, m), 3) 50%/50% eTaHoJ Ta aANETOH
b) 1) eranoJ (o, @) Ta 2) i3onponanoJ (A, A), 3) 50%/50% erano. Ta i3onponaHo.i.

[Ipu neskomy 3HAYCHHI KOHIIEHTpAIlii stb
(sb — self-supporting burning) TOpIOYOTO razy
KPUTHUYHE 3HAUEHHS CHUIIM CTPYMY IMOTacaHHS
3MEHIIY€EThCS A0 HYNsA. Tozl Mpu KOHIEHTpaIisix
rOpIOYOro rasy Yf> YM NpY BUMKHEHHI CHJIN CTpY-
My KaTaJIiITHYHE TOPIHHS MPOJOBXKYETHCS (Camo-
miaTpuMyeThest) [15].

TakuM 4MHOM, OTPUMaHI KIHETUYHI mapa-
METPHU MOXHAa BUKOPHCTATH B TIOAAIBIIOMY JIJIS
BHU3HAYCHHS BMICTY JIOMIIIIOK JIBOX TOPIOYHX Ta3iB
B MOBITPI.

3. Bu3zHayeHHsI BMiCTy cyMilli ABOX ro-
prouux rasie. Ha puc. 4a npencrasieni 3anex-
HOCTI CTaIlioHApHO1 TeMIIepaTypH MJIATHHOBOTO
IpOTY AlaMeTpoM 95 MKM B MOBITpPi KIMHATHOI
TEMIEPATyPH 3 BMICTOM TapH TOPIOYUX Ta3iB BiJ
CHJIM TMPOTIKAI4oro cTpyMmy. st eTanouy, are-
TOHY Ta 130IMPOITAHOIY CITOCTEPITAIOTHCS OMU3BKI
3HAYEHHA BENUYMHU T ): npH koHneHTpauii 1%
s eranony T,Y = 148 K, mst anretony — 168 K,
s mponianony — 164 K). 3mina ckimamy cymimni

CYTTEBO HE BIUIMBAE HA PIBEHb TEMIEPATypH MPU
KaTaJiTUYHOMY TOpiHHI.

Bukopucraemo 110 (2) yMOBY, 1110 TP KaTa-
JITUYHOMY TOpiHHI ra3iB cnocrepiraerbes Audy-
31iHUH pexxuM pearyBaHHs (B <<k) [16]. Maemo

12
I, = (Tg +I_2T0J+T91Yf1 + 102 Y 4)

0

B nyxkax nmpaBoi 4aCTUHH CTOITh TEMIIEpa-
Typa iHepTHOTO IJIATMHOBOIO MPOBIJHMUKA MPHU
JaHii cuiti cTpyMi (BiAMOBIAA€E TeMIlepaTypi HU3b-
KOTEMIIEpPaTypHOTO OKUCIIEHHS). P13HUIIS Temie-
paryp KaTaJiTHYHOTO TOPIHHS Ta HU3bKOTEMITEpa-
TypHoro okucnenns A7 =T, Y, +1,,Y,, Busna-
YaeThCA JIMIIE KOHLIEHTPAIIsIMU Ta30BUX KOMIIO-
HEHT. SIKIO K BUKOPUCTOBYBATH BiJHOIICHHS
nepemnaay TeMmIepaTyp CyMilli 0 Takoro x
nepemnaay TIAbKHA JJISI OAHIET 3 KOMIOHEHT
ATm/ T5Y /1max (32 YMOBHM 0HAKOBOT CyMapHOi
KOHIIEHTpAIlll TOPIOYNX ra3iB Y, +Y,= Yﬂmﬂ), TO
15 BEJIMYMHA HE 3aJIeKUTh BiJ BMICTYy PEUOBUH,
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700, T - To, K P ATn I Tor Yigas b
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400
300
105
200)
MPOMAHO - eTAHOJ
100 Yn/Ymax
I A
0 01 02 03 04 05 06 07 0§ 09 O 02 04 0.6 0.8 1

Puc. 4. 3anexHicTh cTalioHAPHOT TeMIepPaTypH MJIATHHOBOIO KaTaJi3aTopa Bil CWJIM cTPyMmY.
MacoBi 4acTKH eTaHOy Y]1 Ta aueTOHyYﬂ: 1) Y/1 = 2%, Yf2 =0%32) Y/l = 1%, Yf2 =1%:3) Y/l = 0%, Y/2 =2%.
b) 3ajexHocTi TeMIepaTypHOro nepenajay Ha IJIATHHOBOMY JPOTIi Bi/l YaCTKH €TaHOIY Y/l B cymimi

32 YMOBH, 1[0 3ara/IbHA KOHIEHTPALsi FOPIOYUX KOMIIOHEHT 3/ IHIIAETLCH cTa1010 ¥V + Y =

Y, .
SImax
HiameTp karamizatopa 95 mxm. Temneparypa razonoBiTpsinoi cymimi 7' = 243 K.

a JIMIIE BiJ CKJIaJy Ta THUITYy Ta30BOI CHCTEMH pallii ra3iB B CyMillli MPH 3HANHAEHUX 3HAYCHHSIX

(puc. 4b) roprodoro rasy. CTpyMy 3aliMaHHs Ta IIOracaHHsI.
AT,, _ To Yy +1p,Y,, _ Ty, _(TQ2 _TQI) Y,
TQ1Y/'1max TQ] (Yfl + Yfz) TQI TQl Yflmax
Ha xpuTnyHi 3HaUueHHS KaTaTiTHYHOTO 3aii- Jlng BU3HAYEHHS KPUTUYHHUX YMOB 3aCTO-

MaHH: Ta OTracaHHs BIUIUB CKJIagy CYMIH_II CYyTTE- CyeMO YMOBY €KCTPEMYMY ol / 0T =0 pno 3anex-
BHiA (pHc. 4a), 1110 T03BOJISE OIIHIOBATH KOHIIGHT-  HOCTI (2):

;=7 LT, _ YTy Se,, _ Y Ty, Sey,
S T, 1+Se, T, 1+Se,,
Se,. E Se,. E
1=Y.T li,e 1 +Y 2i,e 2
rrol 12702 5
(1+Se,,) R (1+Se,, ) R )
E k E
Selle_iex - 5 zlg_ﬂex — 2
B R ie B RT;,e
OTtpuMaHy 3aJIeKHICTb Ha BiMiHY Bi CyMmi- [Ipoanamizyemo 3anexxHocTti (5). Anami3

1Ii 3 OJIHAM TOPIOYMM Ta30M BKpail BaKKO BUKO- KPUTHYHHMX TO4OK [9, 16] mokasye, 1m0 Ha Binja-
PUCTOBYBATH [Is CyMillll rOprounx rasis. Onnak, JIEHHI BiJl BUPOUKEHHS KPUTHYHUX YMOB LIS
HpH PIBHUX KOHILIEHTPALlifX JBOX IOPIOYMX ra3zip YMOB KaTaliTUYHOIO 3aiiMaHHsA XapaKTepHO
Y, =Y 7 BAJIEKHICTb KDUTHYHOTO 3HAYEHHS CUJIH Se, <<1, a anst noracanus Se,>> 1. Tlpu Habmu-
CTPyMy BiJl KOHIIEHTpALIil 3HAXOIUTCS AHATITHYHO JKEHHI 10 KDUTUYHOT TOUKH S€;, Onm3bKi 10 1.
(puc. 3a, b). Tak BUIHO, 1110 B IPUHLUIT OTPUMaH1 3 omIsly Ha BUIIECKA3aHe Ul BU3HAYCHHS
3aJIe)KHOCTI MOYKHA BUKOPHCTOBYBATH JJIsl BU3HA- KOHLEHTpaLill B O1HApHIN CyMilli FOPIOYUX I'a3iB
YEHHsI YaCTKH KO’KHOTO TOPIOYOTo Ta3y. Ajie B 3a- MOXXHA BUKOPUCTATH HACTYIIHY CUCTEMY PIBHSHb
raJlbHOMY BHIAJIKY 1€ 3pOOUTH aHAIITHYHO Ba)KKO. ITPY HAABHOCTI KaTaliTUYHOIO MOTaCaHHS:
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AT, =Y, T, +Y,,T,

rtor Tt
Se Se
AT =Y, T, —< 4+7Y, 2
¢ T4 Se, TP 14 Se,,
AT, — AT, &
Y/.l _ 1+Seze , Yfz —
. T Sele _ Se2e .
“N\1+Se, 1+Se,

Hanpuxnan, nnst kpuBoi 2 (puc. 4a), ne
MPEJICTABJICHO 3aJIeKHICTE st cymitm 50%/50%
€TaHOJI/alleTOH (TQ1 =15515K, T,,= 17560 K)3
CyMapHOIO BiJJTHOCHOIO MAacOBOIO KOHILEHTpa-
uiero B 2%, maemo AT = 342 K, AT = 285 K,
T =677 K. Toni uncna CemenoBa B TOUII mora-
canns piBHi Se,  =29.9 Ta Se, = 1.47. B pesyinb-
TaTi po3paxyHKiB 3a (Hopmysow (6) OTpUMY€EMO
Y, =1.06%, Y, =0.95%.

VY BUMagKy caMOMiATPUMYIOYOTO KaTai-
THYHOTO TOpiHHsA (MaTemarnyno I < T g) MOKHA
BUKOPUCTATH Mepenaj TeMIeparyp npu BUMKHE-
HOMY CTpYMi:

AT, =Y T + Y10,

Se Se
AT =Y.T lab +Y. 2ab
@ e 1+ Se,, 1o 1+ Se,,

3BijicH MOXKHA OTPUMATH aHAIOT14Hi 10 (6)
BUPA3H I BA3HAYCHHS KOHIEHTPAIIil.

BucnoBku. Otxe, Matoun e(heKTUBHI (BU-
M) KIHETUYHI TTapaMeTPpH OKUCIICHHS HHU3KH
OpraHiYHMX JIETIOYMX CMOJYK Ha IUIATHHOBOMY
TOHKOMY IIWUIIHIPUYHOMY KaTali3aTopi, MOXKHa
BU3HAYATH YaCTKU JBOX FOPIOYHX Ta3iB B CyMilli
3 MOBITPsIM. [[71s1 IbOTO MOYKHA TOCITIAUTH BOJIBT-
aMIIepHY XapaKTepUCTUKY IUIATHHOBOTO JIPOTY
B LIi# cymimi. B sikocTi ekcriepuMeHTaIbHUX 3Ha-
YeHb, 10 MOTPIOHI IS pO3paxyHKy MOTpiOeH
HE JIMIIe PI3HMISI TEMIIepaTypH KaTaJiTHIHOTO
TOPIHHS Ta OKUCIEHHS (BUCOKO- 1 HU3bKOTEMIIE-
paTypHOro pexumy), aje 1 TemrneparypHuii nepe-
naJj npy Temreparypi nHoracaHHs AJs HOPIBHIHO
MaJIoi CyMapHO1 KOHLIEHTpallii TOPIoYHX ra3iB abo
MIPY CAMOIII ITPUMYIOUOMY KaTaJliTAYHOMY TOPiH-
HI IpH OUTBII BUCOKOMY BMICTI TOPIOYHX Ta3iB.

I? .
Tyt AT, =T, - [Té + I—ZTO J — TeMIIepaTypHUI
0
nepenaj B TOYlll MOracaHHsl, 3HAaXOJUThCS €KC-

NEPUMEHTANbHO; 7 — TeMIleparypa I0oracaHHs.
3BiJCH IIIyKaHI KOHIIEHTpaIlli MOYKHAa BU3HAYNUTH
3a popMmyIaMu:

+ e,
le . (6)
Se,, Se,,
T, -
1+Se,, 1+Se,

Jlyist BU3HAYeHHSI BUTMMUX 3HAYE€Hb €Hepril
aKTUBAIIIl Ta MEePEACKIIOHEHIIHOTO MHOKHUKA
peaxiiii OKHCIEeHHS TOPIYOro ra3y I10CTaTHbO
00poOUTH 3aJIeXKHICTh KPUTHYHUX 3HAYEHb CHITH
CTpyMy 3aliMaHHS Ta TIOTaCaHHsI BiJl KOHIICHTpAITii
TOPIOYOTrO Tasy.
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Summary

The purpose of this work is the study of non-isothermal oxidation (combustion) of small
impurities of acetone, ethanol and isopropanol in air on a platinum wire, analysis of critical conditions
for catalytic ignition and extinction, assessment of kinetic parameters oxidation reactions in air; and
evaluation of optimal system parameters, within which it is possible to determine gas impurities
concentration in a mixture gases.

Kinetic parameters finding’s method of heterogeneous catalytic oxidation reactions of
combustible gas’s small impurities in air on a thin platinum wire was described.

It consists in obtaining from the wire’s current-voltage characteristic the dependence of the
critical current values on its mass fraction in air. They corresponding to the catalytic ignition and
extintion of the gas impurity. The analytical dependence of the platinum wire’ temperature on the
current shows a hysteresis character. The extrema on the inverse dependence correspond to the critical
conditions of vapor’ catalytic ignition and extinction. Combined analysis of experimental and analytical
critical dependencies allows to estimate the effective values of kinetic parameters (activation energy
and pre-exponential factor) of the reaction full oxidation of organic liquid vapors on a solid catalyst.

A method of determining the content of two combustible gases in the air, what based on
processing the platinum wire’s current-voltage characteristic, was proposed. Depending on the level
of the total gases concentration in the air, the determining experimental characteristics are not only
the wire (catalyst) overheating relative to the inert wire under the conditions of catalytic ignition, but
also the wire overheating during catalytic extinguishing or under conditions of self-sustaining catalytic
combustion (without electric current heating).

Keywords: gas analyzer, catalyst, multicomponent mixture, ignition, extinction
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PO MOKJIUBICTb BUKOPUCTAHHA TEPMOXIMIYHUX 'A30AHAJII3BATOPIB
B BATATOKOMIIOHEHTHIU CYMILII

0. C. Yepnenxo, B. B. Kaninuak, M. B. Poziznanuu, O. K. Konitika

Opnecwpkuii HaIliOHAIBHKM YHIBepcuTeT iMeHi [. I. MeunnkoBa
teplophys@onu.edu.ua

Pedepar
Mertoto naHoi poO0TH € AOCTiIKEHHS HE130TepPMIYHOTO OKHUCIIEHHS (TOPIHHS) MaJIUX JAOMIIIOK
alleTOHY, €TaHOJIy Ta 130MPOMNAHOIY B MOBITP1 HA IJIATUHOBOMY JIPOTI, aHAT3 KPUTUYHUX YMOB Ka-
TaJITUYHOTO 3aiiMaHHSI 1 MOracaHHs, OIliHKA KIHETUYHHUX MapaMeTpPiB peakiliii OKUCIEHHS B MOBITPI,
a TaKOXX BCTAHOBJICHHSI ONITUMAJIHUX MTApaMETPiB CUCTEMH, B MEXKaxX SIKUX MO)KHA BU3HAYATH KOHIICHT-
parttii ra30BUX JOMIIIOK B CyMiIlIi Ta3iB.
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O. C. Yepnenko, B. B. Kaningak, M. B. Po3ziznanwuii, O. K. Komniiika

B po0orti onrcano MeTo NOUIyKy KiHETHYHUX MTapaMeTpiB ITeTepOreHHO-KaTaliTHYHUX PeaKIlii
OKHCJIEHHSI MaJIMX JOMIIIOK FOPIOYOTro ra3y B MOBITP1 HA TOHKOMY IUIaTUHOBOMY JIpoTi. BiH nomsrae
B OTPUMAaHHI 3 BOJIb-aMIIEPHOI XapAaKTEPUCTUKU APOTY 3aJEKHOCTI KpPUTUYHHUX 3HAUEHb CTPYMY,
10 BiANOBIZAIOTh KAaTAJITUYHOMY 3aiiMaHHIO Ta MOTACAaHHIO JOMIIIKHU ra3y, Bij ii MacoBOi 4acTKU
B MOBITPi. AHATITHYHA 3aJI€KHICTh TEMIEPATyPH IUIATHHOBOTO APOTY B CHJIA CTPYMY IPOSIBIISIE
ricrepe3ucHuil xapakrep. Exctpemymu Ha 00epHEHii 3aJ1€KHOCTI BIAMOBIAAI0Th KpUTHUYHUM YMOBaM
KaTaJIITHYHOTO 3aiiMaHH 1 moracaHHs napiB. CyMiCHUH aHauli3 eKCIIEPUMEHTAIBHUX Ta aHATI THYHUX
KPUTUYHUX 3QJICKHOCTEH JT03BOJISIE OIIHUTH €(EKTUBHI 3HAYEHHS KIHETUYHUX TTapameTpiB (eHeprii
aKTHBALlli Ta NePeAEKCIIOHEHIIITHOI0 MHOJKHUKA) peaki(ii IOBHOTO OKUCIICHH MapiB OPraHiqHOl pi-
JTMHY Ha TBEPJIOMY KaTalli3aropi.

3anponoHOBaHO METOAMKY BH3HAYCHHS BMICTY JIBOX TOPIOYMX Ta3iB B MOBITPI HA OCHOBI 00-
POOKH BOJIBT-aMIEPHOT XapaKTEPUCTUKH IIIIATUHOBOTO APOTY. B 3a1exHOCTI BiJ piBHS CyMapHOi
KOHIIEHTpAIIi] ra3iB B MOBITPi BU3HAYAJILHIUMHU €KCTIEPUMEHTAIBHUMH XapaKTEPUCTHKAMU € HE JIUIIIEe
neperpiB ApOTy (Karaizaropa) BiIHOCHO 1HEPTHOTO JPOTY B YMOBAxX KaTaJliTUYHOTO 3aliMaHHS, ajie
1 meperpiB ApOTy NpHU KaTaJiTUYHOMY IOracaHHi abo B yMOBaxX camo MiATPUMYIOYOro KaTaliTHYHOTO
ropinHs (0e3 HarpiBy €JIEKTPUIHUM CTPYMOM).

KurouoBi ciioBa: razoanaizarop, Karaiizarop, 0ararTokKOMIOHEHTHA CyMilll, 3aiiMaHHs, 3racaHHs
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YYTJHUBICTH 0 BOJIOI'H CUJIIKATHOI'O CKJIA I CTBOPEHHS
HA MOT'O OCHOBI CEHCOPA
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YYTJIHUBICTH 1O BOJIOI' CUJIIKATHOI'O CKJIA I CTBOPEHHSI
HA MOI'O OCHOBI CEHCOPA

A1 Jlenix, 1. K. J[ouuo

Anortanisi. CTaTTsd NpUCBsTUEHA JOCIIPKEHHIO a/1cOpO1Iii BOJIOTM Ha IINApUCTe CUITIKATHE CKIIO.
Po3misiHyTO crtocoOu cTBOPEHHs 1 KepyBaHHs MapaMeTpaMHy LIMapUCcTOCTi ckia. BecranosneHi ontu-
MaJlbHi Mporecu (opMyBaHHS PO3MIPIB LIMAPHH MPHU IKUX YYTJIMBICT 710 BOJIOTOCTI € HAMBUIIOKO.
BusnavyeHo niana3zoH poOoUMX TeMIepaTyp CEHCOopa, SIKUH MEepPEeBUILYE 32 II€I0 XapaKTEePUCTUKOIO
icHytoui aHanoru. HaBeneHa cTpykTypHa cxeMa CTBOPEHOTO Ha IITNApHCTOMY CKJII CEHCOpa BOJIOTOCTI.

Ki1r04oBi ci10Ba: mmapucTe CUliKaTHE CKII0, BOJIOTOYYTIUBICTh, CEHCOP BOJIOTOCTI

MOISTURE SENSITIVITY OF SILICATE GLASS AND CREATION
OF A SENSOR BASED ONIT

Ya. I Lepikh, I. K. Doicho

Abstract. The article is devoted to the study of moisture adsorption on porous silicate glass.
The ways of creating and controlling the parameters of the glass porosity are considered. The optimal
processes of formation of the sizes of the pores, in which the sensitivity to humidity is the highest,
have been established. The operating temperature range of the sensor has been determined, which
exceeds existing analogs in terms of this characteristic. The structural diagram of the humidity sensor
created on porous glass is given.

Keywords: porous silicate glass, moisture sensitive, humidity sensor

Beryn

CTBOpEHHS TOCKOHATIHMX MIKPOEIEKTPOHHUX
CEHCOPIB BOJIOTOCTI 3aJUIIAETHCS AKTYaJIbHOIO
3agaueto [1-2]. IIpu npoMy noCHiaKeHHs Crps-
MOBYIOTHCSI Ha MiIBUIIIEHHS Yy TJIMBOCTI CEHCOPa,
pPO3IIMPEHHs Jiana3oHy poOoYuX Temmeparyp,
CIPOIICHHS KOHCTPYKTUBHO-TEXHHOJIOTYHUX Pi- Binomoro € HHU3Ka CEHCOPiB BOJIOTOCTI, SIKi
IICHb 1 Pa30M 3 TUM MOKPAIIEHHS eKCITyaralfiif- 3AeO0LIbIIOro MpauooTh 38 EMHICHUM HPUHIIH-
HHX 1 EKOHOMIYHHX XapakTepucTHk. Jlocmimken- oM. Halftunosimmii 3 Hux [3] siBisie cOO0r0 KOH-
HIO [IMX 3a71a4 1 CTBOPEHHIO CEHCOpa BOJOTOCTI  JE€HCATOP, OAMH 3 €JIEKTPOAIB SIKOTO BUKOHAHO

Ha OCHOBI LIMAPUCTOTO CUJIIKATHOTO CKJa MpH-
CBSIUEHA JJaHa poOoTa.

HocJuixxenHsi i 00ropopeHHst
iX pe3yJbTartiB

© A. 1. Jlenix, I. K. Jlotiuo, 2023
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3 IMPKOHIIO Y BUINISIAL IPSIMOKYTHOT MaTpHIl,
1 BIH OJTHOYACHO BiJirpae poib MmiairpiBada Juist
iHTeHCcH(DiKaIlii BUTapOBYBaHHS BOJIOTH 3 TIOBEPX-
Hi 9YTIMBOTO MIAPY, SAKUH SBISIE COOOI0 TOHKY
IJIIBKY OKCUJY LIMPKOHIIO, 10 Ma€ eJIeKTPETHI
BJIACTUBOCTI 1 BUPOITYETHCS ITi]T AIEFO TIOTOKY PO-
3IrpiTOTO KUCHIO 0€3MocepeTHbO Ha TOBEPXHI
Marpuiii. Sk migirpiBad MUPKOHIEBUH €JICKTPOJ
MIpAIoE 32 PAXYHOK €JIEKTPUYHOTO CTPYMY, 1110
Teue Kpi3b HbOrO. JIpyruil enexkTpos BUKOHYEThb-
Csl IIJIIXOM HAHECEHHS MAcTU OKCUIY HIKelIo,
JIETOBAHOTO JITIEM, 13 HACTYIHUM BITIKAHHSIM.
Leii BOJIOTOIPOHUKHUIN MaTepial Ma€e eIeKTPO-
MPOBIJIHICTH, IO CYTTEBO MEPEBUIILYE MPOBII-
HICTh BOJIOTOUYTJIMBOTO J1CIEKTPUIHOTO IIIapy.
B enexTpuyHOMY 101 €JIEKTPETY BiAOyBa€ThCs
JUTIONbHA MOJISIPU3allid MOJEKYN BOJH, IO Ji-
WIUTK 10 HBOTO KPi3b BOJOTOMPOHUKIHM HIap.
[Ipu 11bOMY BOHM MIPUTATAIOTHCS JI0 €IEKTPETY 13
HACTYMHOIO cOopOlLIi€l0 HAa HOTo MoBepxHi. [HTeH-
CHBHICTB IPOIIeCy COpOIIii 3pocTae MpH 3pOCTaHH1
BOJIOTOCTI cepenoBuia. CrierialbHUM IPUCTPOEM
BOHA (DIKCYETHCS 1 32 IOTTOMOTOIO0 KaiOpyBajIbHOT
IIKaJIA TIEPETBOPIOETHCS HA BIAHOCHY BOJIOTICTH
TOBKULIS. Hemomkom Takoro cencopa €, mepi 3a
BCE, IOro HU3bKa YYTIUBICTh, @ TAKOXK, CKJIaIHA
TEXHOJIOT1sl BUTOTOBJICHHS 13 BUKOPUCTAHHSM J0-
pOTUX MarepiaiiB, MO0 0OyMOBIIIOE BUCOKY Bap-
TICTh BUPOOY.

€ ceHcop BOJIOTOCTI, 1110 MPAIIOE 3a 11 €30-
€JIEKTPUYHUM NpUHIHIOM [4]. B gxocTi gy Tiu-
BOTO €JIEMEHTY B HbOMY BHKOPHCTOBYETHCS BO-
JIOTOYYTIIMBA I €30€JIEKTPUYHA MOTIMEpHA TUTiBKa
3 HelsIoHy-7 abo Helsony-11, 1o sikoi mpuamTo-
BaHO JIB1 Mapy €JIeKTPO/IIB, 110 SBISIOTH COOO0I0
MIPSIMOKYTHI OJTHOPIJTHI IIIITAPUCTI rpadiTOBI MITiB-
ku. Ha nepiry mapy nomaetbcs mo4aTkoBa Harmpy-
ra 30y/mKeHHsl, a 3 APYyroi (iKcyeTbes ii 3MIHEHHS
MIPH 3MiHI BOJIOTOCTI TOBKIJUISA 1 BHACHIIOK 3MiHU
BEJIMYMHHU 11" €30€JIeKTPUIHOTO eekTy. 3a J0o1o-
MOTOI0 TOIEPEIHbOT0 KaniOpyBaHHs BUXITHUN
CHUT'HAJI TIEPETBOPIOETHCS Y BETUYMHY BiTHOCHOT
BOJIOTOCTI cepenoBHia. Hemomikom ceHcopy Tako-
IO THUITYy € HECTAaOUIbHICTh OCHOBHUX HOTO Xapak-
TEPUCTHK BHACIIIOK TEMITEPATYPHOT 3aI€KHOCTI
eNEeKTPO-(pi3UIHUX MTAPaMETPIB I’ €30TIOTIMEPHUX
IJTIBOK 1 €()eKTUBHICTh HOTO POOOTH JIMIIIE MPHU
JIOCUTh BUCOKUX TEMIIEpaTypax.
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€ TakoX €EMHICHUI CEHCOP BOJOIOCTI i3 Ha-
HOIIMAPUCTUM T1APODITHHUM JieIeKTPUKOM [S].
Llet#t ceHcop siBiIsie COOOK0 KOHACHCATOP 13 /TieTeK-
TPHUKOM, SKUH 13 METOK CTBOPEHHSI IITYYHOTO
PO3MOIITICHHS IIMTAPYH 33 PO3MipaMH JIJIsl TIOKpa-
IICHHSI TIAPOQUIBHUX BIACTHBOCTEH, POPMYETHCS
OCOOJIMBHM, JOCUTH CKIIQJIHUM CIIOCOOOM.

Crnoyarky Ha KpeMHI€BiH MJIACTHHI, sIKa Bi-
Jirpae poib OAHIE] OOKIAAMHKN KOHJIEHCATOpa,
[UITXOM TEPMIYHOTO OKUCIIEHHS (DOPMYETHCS 130-
mrorounii map. Hamami pi3Hi JUISHKH 1IOTO LIapy
HUISIXOM MacKyBaHHsI 0OpOOJISIOTECS TOTOKAMHU
NO,, CO, Ta O, y uncToMy cTani abo y BUIJIA-
I cyMmillli 3a3HaY€HUX PEYOBHH 13 aproHOM abo
azorom. Ha oOpo0OiieHux B Takuii crocio JimsH-
Kax JieJIeKTpUKa BUHUKAE 130JII0F0YE YTBOPEHHS
SiOCH, 1o B 3a1€XHOCT1 B1Jl BUKOPUCTAHOIO
peareHTa MaTHMe pi3HY HIMApUCTICTh, a Yepe3
T€ 1 HEOJHAKOBY T1IPOQIIBHICTD, III0 HETATUBHO
BiZJOOpakaeThCsl HA OCHOBHUX XapaKTEPUCTHKAX
ceHcopa. Jlo Toro *k Taka ckiagHa 00poOKka He-
TaTUBHO BiJOOPaXKaeThCs Ha BAPTOCTI NPUIIALTY.

3po3yMmisio, 110 copOIlisi BOJIOTOCTI 3 TOBKIJI-
7S Ma€ BIUTMHYTH Ha €MHICTh JI€JIEKTPUKA, 0
TOTO K, YAM JPIOHIMI IITTAPUHHA BiH MICTUTh, TUM
JI0 MEHIIOI BiJIHOCHOT BOJIOTOCTI BiH BUSIBUTHCS
Yy TIIHBHM.

Ha ctBopenuii 3a3Ha4e€HUM CIOCOOOM [i-
eNIEKTPUK HAHOCHUTHCS TOJATKOBUH IIap KPEMHIIO,
KU BIIrpae poib APyroi OOKIaIMHKU KOHJICH-
caropa. /lo 060x oOkimaguHOK cPOpPMOBAHOTO
B TaKUii CrIoci® KOHJIEHCATOPA BMIKAIOTHCS METa-
JIIYHI KOHTAKTHA Ha OCHOBI 30JI0Ta 1 Hajajl BiH
SBJIsIE COOOI0 BOJIOTOYYTIIMBUI CEHCOP, 3MiHEHHS
€MHOCTI SIKOTO BIJITOBIJHO JO 3MIHHA BiJHOCHOI
BOJIOTOCTI cepeioBHIIa (DiKCY€eThCS CTAHAAPTHUM
BHUMIPIOBaY€M €MHOCTI.

VYci i ckma el TEXHOOT1UHI onepartii € 3a-
WBUMHU, K MMOKa3aJIM HaIll JOCIIIKEHHS, TPU
BUKOPUCTAaHHI MIMAPUCTOTO CUJIIKATHOTO CKJIa
[6]. Ockinbku Oynb-sSIKU THIT CKJIa @ priori Mic-
TUTH MIEBHE PO3IMO/ILICHHS IIMAPUH 32 PO3MIpaMH,
OTXe€ € IOCUTb T1IpO(pUIHLHUM 1 BOJIOTOYYTIMBUM
y HIMPOKOMY Jliara3oHi BOJIOTOCTeH 1 He moTpedye
OKpeMoi orepariii.

Sk mokaszanu Haii JOCTIIHKCHHS 3aMiCTh
KPEMHI€BOI IUIACTUHH 3 JI1€JIEKTPUKOM, BUKOHAHOT
3a CKJIAJHOI0 OaratroornepariifHo TEXHOJIOTIETO,
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MOYXHAa BUKOPHCTATH CTAaHIAPTHY IUIACTHHY 3 TO-
TOBOTO IIMAPUCTOTO CHIIIKATHOTO CKJIA, IITTAPHHU
B SIKOMY, B 3aJIC)KHOCTI Bijl HOTO THITY, TIO Pi3HO-
My PO3MOJUIEHI 32 PO3MIPOM 1 MOXYTh MICTUTH
PI3HY KUIBKICTh 3aJUMIIKOBOTO CUJIIKAresito abo
OyTu B3arai 1mo30aBICeHUMH BiJ] IbOTO YTBOPEH-
Ha. [{o Toro *k, Oyab-sSKHii 3 TUITIB CKJIa y MIEBHIN
KUTBKOCTI MICTUTb Oy/ib-sIKi IITIAPUHH B OJIU3BKO
10 mo monan 100 HanomeTpiB. OTKe yMOBa TiIpo-
(UTBHOCTI TAKOTO CEHCOpa Y HIMPOKOMY Jliara3oHi
BOJIOTOCTEH OCATAETHCSI aBTOMAaTHYHO.

Tum He MeH1II, Ha 3aBaJli BUKOPUCTAHHS Ha-
HOPO3MIpHOi CHCTEMH Ha 0a3i HIIMapuCcTOro CKIia,
SIK aKTHUBHOTO €JIEMEHTY CEHCOpPY BOJIOTOCTI pe-
3UCTHBHOTO THITY, CTOITh HAJTO BEIHKHUH €JeK-
TPUYHUHN OMIp MUX CHONYK. BiH mocsrae Kijib-
koX TepaOM 1 3MEHIIIEHHS HOTO TIPH i ABUIIIEHH]
BOJIOIOCTI JOBKIJUISL HaBITh Ha JaecATKU riraOMm
3aJIMIIUTHCS Maibke HETOMITHUM Ha I[bOMY TJIi.

[IpoTe, SKIIO MITYYHO 3MEHIIUTH BIACHUN
OIIip CKJIa, TO MOTO 3aJIeKHICTh BiJ BOJIOTOCTI J10-
BKIJUIS cTa€ OLTBII BUPA3HOIO 0€3 BTPATH SIKUXOCh
CYTTE€BHX BJIACTHBOCTEH cucTeMH. [|Jis boro cimif
chopMyBaTH BCepeIMHI ILIMAPUCTOI MaTPUIIl IIPO-
BIIHY (ha3y y BUIVISIII aHCAMOJII0 HAHOYACTUHOK
PEYOBHHHM 13 BUCOKOIO TTPOBIIHICTIO.

Haii6inpm caynmHow 3 TaKUX PEYOBUH €
Bymieub y gopmi rpadity. s ctBopeHHs mpo-
BiJIHOT (ha3M y MIMapUCTIM CKJIl Ha 6a3i w1i€i pe-
YOBHHH CJIiJI 3aHYyPUTH BiAMOBITHUH 3pa30K CKIia
y PO3YMH IJIIOKO3U, BUTPUMATH B HbOMY TEBHUI
gac, a MOTIM MiJAaTH el 3pa30K HU3bKOTEeMIIe-
parypHOMY Bignaiy. 3aBAsKU MMPOBIIHUM BIac-
TUBOCTSM IpadiTy 3a3HaueHa oreparlis 37aTHa
3HM3UTH MOYATKOBUH omip 3700yTOi CUCTEMH Ha
KUTbKa TTOPSJIKIB.

Cuin Big3HAYUTH, 110 HE OyIb-SIKUUA THII
CKJIa € MPUIATHUM JJISl BUKOPUCTAHHS HOTO 5K
MaTpuLli A aKTUBHOTO €JIEMEHTY CEHCopa BO-
norocrti. Tak, ApiOHOMIMapUCTe CKIIO 30arayeHe
CUJIIKareieM He € MPUAATHUM OCKUIBKH, SKIIO
HOr0 HACUTUTHU HEITOCTATHBOIO KITBKICTIO TIIFOKO-
3M, TO WOTO OMIip MICJIA BiiNANy 3aJTHIIUTHCS BU-
COKHM, a HaJUTHIIOK TITFOKO3H, IEPETBOPUBIINCH
MiCJs BIANANy Ha HAHOYACTUHKH IpadiTy, YKyl
13 BEJIMKOIO KUIBKICTIO 3aJIMIIKOBOTO CHUJIIKaresto
3axapacTUTh HIMAPUHU 1 3pOOUTH CUCTEMY HEBO-
JIOTOYYTJIUBOIO.

J10 KpyIHOIIMIAPUCTOTO CKJa, 10 TOTO XK,
30aray€Horo cUikareaeM, BaxKko Oyze 3a0e3nedn-
TU HaJIIMHUA KOHTAKT Yepe3 IMiABUIICHY Hi3/IPIO-
BaTICTh MOBEPXHi. A BCepeIUHI KPYMTHOIITapHC-
TOTO CKJIa 0€3 CHITIKaresto mpoBiaHa daza B3arai
371aTHA TYHTOBATH 3pa3ok. OTxe, MpUIATHAM JIJIs
BUKOPHUCTAHHS SIK MaTPUII JUI CEHCOpa BOJIOTOCTI
CJIi BBa)kaTu ApiOHOIINApHUCTE CKIIO, 301HEHE
cuitikarejgeM. BoHO MicTuUTh JpiOHI MIMapuHU 13
HE3HAYHOIO KUIBKICTIO CHJIIKATENI0 1 [UISI HHOTO €
TUIIOBOIO TIOMipHA Hi3/IPIOBATICTh MOBEpXHi. Bu-
KOHaH1 eKCTIEPUMEHTH LILJIKOM 1€ MiATBEPIKYIOTh.

CeHcop 3anpoNOHOBAHOT KOHCTPYKIIIi,
OIoK-cxeMa SIKOTo TMpejcTaBieHa Ha (puc.l), €
CYTTEBO MPOCTIIIO 32 BiJIOMI aHAJIOTH SIK 1 TeX-
HOJIOTisI BUTOTOBIICHHS, & CaM CEHCOp Ma€ BUIIIL
OCHOBHI IapaMeTpH, B TOMY YHUCIIi, IPU BUMIPIO-
BaHHI B LIMPOKOMY Jl1alla30H1 poOOYMX TeMmepa-
Typ. 3MEHIIIEHHSI OTIOPY CEHCOPY MpH 301TBIICHH]
BigHOCHOT BosorocTti goBkimag Big 10 1o 99%
csirae JIBOX TOPS/IKIB.

3 1:D5 @

Puc. 1. CTpykTypHa cxemMa ceHCOpPa BOJIOTOCTi Ha
IINAPUCTOMY CKJIi. 1 — IUIacTHHA IINAPHCTOro CKJIA
i3 BOy10BaHOI0 NPOBiTHOI0 a3010; 2 — eTeKTPUYHI

KOHTAKTH; 3 — IzKepeJio sKuBJIeHHs; 4 — omip Ha-
BAHTAKEHHs; 5 — MiICHJII0BAY MOCTiHHOIO CTPyMY;
6 — BuMipIoBa/IbHUI NPHUCTPIii i3 nepepaxoByBauemM

OIOpPY CEHCOopAa Y BiAHOCHY BOJIOTiCTH JOBKIJJIS.

Bingznaunmo, 110 ceHcop € mpare3qaTHUM
3a Oyab-IKUX TeMIeparyp, skl He pyHHYIOTh
CHUCTEMY, BKJIIOYHO 13 HETaTUBHUMH, IO € JI0-
JTaTKOBOIO IE€PEBArolo mnepej aHajaoramu, ajaxe
IIPY HEraTHBHIM TeMIepaTypi BOJIOTICTh MOBITPS
BH3HAYAETHCS CYOIMAIIIEr0 JTbOTY. A OKpeMi Ha-
HOYACTUHKH BOJIH, 110 COPOYIOTHCSI CUCTEMOIO, €
BIJTOKPEMJICHIMH OJTHA Bi/I OJTHOI CHITIKareieM Ta
HaHOYACTHHKaMH TpadiTy, OT>KE JUIsl HUX HEMae
3HAYEHHS, sIKA TeMIIepaTypa HaBKOJIO 1 JUIsl HUX
HE ICHY€ arperaTHoro CTaHy.
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BucnoBku

CutikaTHe CKIIO 13 HAHOIIIIAPUCTOO CTPYK-
TypOr Mae TiipodiIbHI BIACTUBOCTI, IO € J0-
CTaTHIMH JIJIsl CTBOPEHHS ceHcopa BostorocTi. [o-
CSITHEHHST MAKCUMAITLHOT Yy TITMBOCTI IIITAPUCTOTO
CKJIa JIO BOJIOTH MOKE OyTH 3I1HCHEHO TIPOCTUMHU
omneparisiMu (opMyBaHHSI HEOOX1THUX Mapame-
TpiB mmapucTocTi B Mexax Big 10 mo 100 HaHo-
METpIB BapirOi0di BBEJECHOIO MPOBIAHOIO (a3oro.

YyTIMBUH €IEMEHT BOJIOTOCTI Ha OCHOBI
MITIAPUCTOTO CKJIa JIO3BOJISIE CTBOPUTH CEHCOP
BITHOCHOT BOJOTOCTI, 3 BUCOKOIO UYTIUBICTIO
B IITUPOKOMY JTiaria30Hi poOOYHX TeMITepaTyp Bif
HEraTMBHUX J0 BUCOKHX TeMIIepaTyp pyHHarii
YyTIUBOTO €JIEMEHTIB 31 IIIMTAPKCTOTO CKIIA.
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MOISTURE SENSITIVITY OF SILICATE GLASS
AND CREATION OF A SENSOR BASED ON IT

Ya.I. Lepikh, 1. K. Doicho

Interdepartmental scientific-educational physics and technical center of MES
and NAS of Ukraine at Odesa I. 1. Mechnikov National University

Summary

This paper is devoted to research of the moisture adsorption on the silica porous glass. Methods
of creation of glass and control of parameters of its porosity are considered. Optimal processes of
formation of pore sizes with best sensibility to moisture are estimated. The work temperature range
of sensor is revealed. This range is better than at existing analogues.

Block-diagram of the humidity sensor, which created on the silica porous glass, is shown.
The sensor has the best sensibility and it can work by negative temperature due to feature of its
construction. Absent of difficult technological processes by product manufacturing makes the created
sensor cheaper of its analogues. It also has the better metrological parameters due to the pore size
distribution of raw material.

Keywords: porous silicate glass, moisture sensitive, humidity sensor
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YYTJIHUBICTH 10 BOJIOI'U CUJIIKATHOI'O CKJIA I CTBOPEHHSI
HA MOT'O OCHOBI CEHCOPA
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Pedepar

CrarTs mpUCBsYEHA JIOCITIPKEHHIO a/IcCOpOIii BOJIOTH Ha MIMAPUCTOMY CHIIIKATHOMY CKJIi. Po3-
DJISIHYTO CIIOCOOM CTBOPEHHS 1 KepYBaHHS IMapaMeTpaMH ITapUCTOCTI CKi1a. BcTaHOBIIEH] onTUMaIbHI
nporiecu GopMyBaHHsI PO3MIPIB IIMAPHH, TIPU SKUX YyTIUBICTH IO BOJIOTOCTI € HaiBHIOW. Bru3Ha-
YEHO Jliaria30H poOOYUX TEeMIIepaTyp CEHCOopa, IKHid IEPEBUIIIYE 3a MI€H0 XapaKTEPUCTHKOIO ICHYIOU1
aHaJIOTH.

Hagenena cTpykTypHa cxemMa CTBOPEHOTO Ha IINMAapUCTOMY CKJIi ceHcopa BoorocTi. CeHcop Mae
MiJBUIIEHY YyTIUBICT 1, Yepe3 0COOJMBOCTI CBOET KOHCTPYKIIi, 30epirae mpame3aaTHicTh Mpy He-
raTUBHUX TeMIIepaTrypax. BiICyTHICTh CKJIATHUX TEXHOJIOTIYHUX OTIepalliid TPy BUPOOHHUIITBI POOUTH
CTBOPEHHUH CEHCOP BOJIOTOCTI CYTTEBO JCHICBIINM 33 aHAJOTH 1 BHACIIIOK IIUPOKOTO PO3MOALTY 3a
PO3MIpOM IITIAPUH BiH Ma€ Kpalli METPOJIOTIUHI XapaKTEPUCTHUKH.

Kaw4oBi ci10Ba: mmapucTe CHITIKaTHE CKII0, BOJIOTOYYTIIMBICTh, CEHCOP BOJIOTOCTI
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PO3POBKA KOHAYKTOMETPHUYHOI'O APT'THIH-YYTJIMBOI'O BIOCEHCOPA
HA OCHOBI APTTHIHAEIMIHA3H

K. O. bepxema, O.A. Caanina, JI. P. @arpa, A. A. Cubipnuii, C. B. [[3a0esuy, O. O. Conoamxkin

AHoTanis. B po6oTi po3po0ieHo apriHiH-uyyTIMBUN KOHAYKTOMETpUUHUI OioceHcop. Sk KoH-
JTYKTOMETPUYHUI IepeTBOPIOBaY BUKOPHUCTOBYBAJIM JBI ApU 30JI0THX IPeOIHUACTUX €IEKTPOJIIB,
HAHECEHUX Ha CUTAJIOBY MiAKIaUHKY. /1)1 cTBOpeHHs 6i0CeIeKTUBHOT MEMOpaHH BUKOPUCTOBYBAJIH
(dbepMeHT aprifinaeimMminasy, SKy iMMOO1Ti3yBall IUIIXOM KOBAJEHTHOTO 3IIMBAaHHS INTyTapOBUM ajlb-
JIeT1ZIOM Ha YYTJIMBY TIOBEPXHIO OJHIET MApU €NEKTPOJIiB KOHAYKTOMETPUYHOTO MepeTBOpIOBaya, Ha
JPYTy Mapy eIeKTPOJIiB HAHOCWIN pedepeHTHY MeMOpaHy Ha OCHOBI OMYaduoro CHpOBaTKOBOTO aJIb0y-
MiHy. Busznaueno ontumManbHi yMoBH iMMoOiTi3alii hepmMeHTy. BUBUeHO BIIMB apaMeTpiB pO3UHHY
(ionHa cuia, OydepHa eMHicTh, pH Ta KoHIEHTpaIllisa Oika) Ha poOOTy po3pobiIeHoro GioceHcopa.
JlocaikeHo cTabUIbHICTh (YHKIIIOHYBaHHS Ta 30epiraHHs 3alporoHOBaHOTO OGioceHcopa. BuBueHo
CEJIEKTUBHICTh 010CEHCOpa Ta HOTrO0 OCHOBHI aHANITUYHI XapaKTEPUCTHKH (MiHIMAJIbHA IPAHULIS BU-
3HAYEHHS, JIHIHHUN Ta TMHAMIYHUI fiana3oH poboTu OioceHcopa Tomro). [lokazaHo, 1o po3podienuii
610CeHCOp € MEePCIEeKTUBHUM JUIsl KUIbBKICHOTO BU3HAUEHHSI BMICTY apriHiHy B peaJlbHUX 3pa3Kax.

Kurouosi ciioBa: 6ioceHcop, KOHIYKTOMETPUYHHIA TIepeTBOPIOBaY, apriHiHAeiMiHa3a, aHaTi3
L-aprininy, immo0inizanis ¢pepMeHTy

© K. O. bepxema, O. A. Casnina, JI. P. @awpa, A. A. Cubipnuii, C. B. [{3a0esuu, O. O. Condamxin, 2023
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DEVELOPMENT OF CONDUCTOMETRIC ARGININE-SENSITIVE BIOSENSOR
BASED ON ARGININE DEIMINASE

K. O. Berketa, O.Y. Saiapina, L. R. Fayura, A. A. Sibirny, S. V. Dzyadevych, O. O. Soldatkin

Abstract. An arginine-sensitive conductometric biosensor was developed. Two pairs of gold
interdigitated electrodes deposited on the ceramic substrate were used as a conductometric transducer.
Arginine deiminase was used to create a bioselective membrane. The enzyme was immobilized on the
sensitive surface of one pair of electrodes of the conductometric transducer by covalent crosslinking
with glutaraldehyde; a reference membrane based on bovine serum albumin was deposited on the
second pair of electrodes.

The optimal conditions of enzyme immobilization (enzyme concentration, duration and method
of immobilization) were determined. The influence of solution parameters (ionic strength, buffer
capacity, pH and protein concentration) on the operation of the developed biosensor was studied as well
as stability of its functioning and storage. The biosensor selectivity and main analytical characteristics
(detection limit, linear and dynamic ranges of the biosensor operation etc.) were investigated. The
proposed biosensor was shown to be promising for the quantitative determination of arginine content

in real samples.

Keywords: L-arginine, biosensor, conductometric transducer, arginine deiminase, enzyme

immobilization

BCTYII

Toune, mBHUIKE Ta BUOIPKOBE BU3HAYCHHS
OKPEMHUX KOMITOHEHTIB aMiHOKHCIOTHOTO CKJIa Ty
(DYHKITIOHAJIbHUX XapYOBHUX MPOIYKTIB, XapYOBHUX
700aBOK Ta MPOAYKTIB JUIsl CIELIaIbHOTO Xapdy-
BaHHS € BKJIMBUM JUIsl pO3POOKU e(EeKTUBHUX
METO/IIB KOHTpOIItO AKocTi. [IponykTu xapuyBaH-
Hs, 30aradeHi L-apriniHom, HaOyIH MHPOKOTO
nomupenHs 3a octandi 10-15 pokiB 3aBAsku
TOBeJICHI e(PEeKTUBHOCTI BUKOPUCTAHHS TT1]IBU-
IMIEHUX 1103 L-apriHiHy A NOJINIIeHHS CTaHy
3I0pOB’s Ta JIIKYBaHHS pANy (QyHKIIOHAIBHUX
posnaxaiB opranizmy [1-3]. 3okpema, Oyno BUsB-
JIEHO MOKJIMBICTh BUKOPUCTaHHA L-apriHiHy ams
INOCHUJICHHS MO3UTUBHUX €(EKTIB B[l JIIKyBaH-
HSI €HJIO0TEeNaTbHOI JUCPYHKIIIT aTepPOCKICPO3y
cepieBoi, nepedpanbHOi Ta IepuPEpPUIHOI Cy-
JIVH, TIMEPTOHIi (apTepialibHOi, JIereHeBO1, HUPKO-
BO1), 3aXBOPIOBaHb MEYIHKH, IIyKPOBOT'O JiabeTy,
OXUPIHHSA, IMyHOJE(DIIIUTY, OCTEOAPTPO3Y TOIIO.
[4-9]. Okpim TOTO, IO BiH € BaKJIUBHM KOMIIO-
HEHTOM O1JIKiB, apriHiH BiJirpae HaA3BUYAHHO
Ba)XXJIUBY POJIb B OPTaHi3Mi, OCKIJIBKH BiH TaKOX
€ TOINEepPeHUKOM TaKUX CIONYK, SIK CEYOBHUHA,
MIPOJIiH, ITyTaMart, KpeaTuH, arMaTuH, OKCH]T a30Ty
(curHanbHa CHONyKa, sika 3a0e3neuye nepenavy
HEMpOHIB, PO3IINPEHHS CyAUH, IUTOTOKCUYHICTh

Ta i ¢yskii). [lizpaxoBano, mo m1060Ba 10-
Tpeba apriHiHy AJIsl 30POBOI JOPOCIOi JTHOIU-
HU CTaHOBUTH Onu3bKO 5—6 rpamiB [10]. Haii-
MOMIMPEHINI JpKepena oTpuMaHHs L-apriHiny
3 Kero — 116 HaCiHHsI POCITMH, 3apOIKH TIICHHMII],
oBec, 6000Bi (cost, TOPOX, KBACOJS), M SICO (KauKa,
T'ycak, BIBIIS), TOPiXH (BOJOCHKHIA TOPiX, KEIPOBi
rOpiliKy, KOKOC, GyHAYK, (icTalIku), MOJIOIHI
IPOIYKTH 1 MOPETIPOAYKTH.

[Tpu He3HauHOMY neilnTi OpraHi3M 310po-
BOI1 JIFOJJMHUA MOJKE CHHTE3YBaTH JIOCTATHIO KiJlb-
KICTh apriHiHy caMmocTiiiHO. OHaK MpH Pi3HUX
MOPYIICHHAX Ta CTapiHHI II0 3JaTHICTh Opra-
Hi3M BTpauae, yepes3 10 CyTTEBO 3pOCTAE MOTpPE-
0a B HACMYEHUX apTiHIHOM HPOAYKTax. Y psii
JUKepeT 3a3Haue€HO BUKOPHUCTAHHS MiIBUIIICHIX
103 aprininy (Big 3 10 9 r i HaBiTh 10 16 T Ha
00y KypcoM Bifl 2 THXKHIB JI0 6 MICAIIIB) 3 JIKY-
BaJIbHOIO METOIO [ 11]. OCKUTbKM PHHOK TIPOIIOHYE
IIMPOKHUI BUOIP MICIIEBUX Ta IMIIOPTHUX (YHK-
[IOHAJBHUX MPOJIYKTIB 3 MPUPOAHUM BHUCOKHM
BMICTOM apriHiHy (HalnpuKiajl, HACIHHS KYHXKYTY,
rapOy3a 4 KOHOIUII), @ TAaKOXK Xap4yoBi JOOABKU
Ha OCHOBI apriHiny, 5Ki, IK CTBEPIKY€E BUPOOHUK,
MPUHOCATH KOPUCTh IS 3J0POB’sI, HEOOX1H1 Ha-
MiiHI, MBUIKI Ta JOCTYMHI METOAN KOHTPOJIIO
SIKOCTI MPOYKIIIi Ta KOHIICHTPAIlii B HUX apTiHIHY.
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MeToau KiTbKICHOTO Ta SIKICHOTO BH3Ha-
YeHHs apriHiHy OepyTh CBilf MOYaTOK 3 KJIaCH4-
HOTO XIMIYHOT'O aHaji3y Ha OCHOBI a-HadTOIy
Ta rinoxyuoputy [12] abo rimoObpomiTy Ta OKCH-
Hy (8-rizpokcuxinomniny) [13,14]. Hapasi icaye
IIMPOKHUNA CIIEKTP METO/IIB BU3HAYCHHS apriHiHY:
cnekrpodortomerpuune [15,16], pryopomerpuu-
He [17] Ta xemimtominectieHTHe [ 18] BUSBICHHS,
10HOOOMIHHA Ta BUCOKOE(EKTHBHA PITUHHA XPO-
Mmarorpadis [19,20], kaninsapHuii enekrpodopes
[21], mac-criekTpomeTpist [22] Ta pepMeHTHI aHa-
mizu [23-25]. Bigomi ¢pepMeHTAaTHUBHI aHAI3U
3a3BUYail BUKOPUCTOBYIOTh OJMHApHE abo Oa-
raropazoBe (pepMEHTHE TIEPETBOPEHHS APTiHIHY
3 BUKOPHCTaHHIM apriHasy, ypeasu Ta IiIyTaMar-
nerigporeHasu [23], apriHiHOCYKIIMHATCUHTA3H,
nipyBaTdocdaraukinasu, NipyBaTOKCHIa31 Ta
MIEPOKCHIa3u XPOHY, aypeaprinasu [24] abo apri-
HiHJeiMiHa3u [25].

He3spaxkaroun Ha 3a/10BUIbHI KpUTEpii aHa-
TTUYHOI €()EeKTUBHOCTI, BAKOPHUCTAHHSI BUILIE3a3-
HAYEHHMX METOJIB JJIS CKJIAJIHUX MATPHULb, TAKHX
SIK Xap4yOBi MPOIYKTHU Ta NIETUYHI 100aBKH, YaCTO
OB’ sI3aHE 3 TPUBAJIOIO MOTIEPETHBOI0 0OPOOKOIO
3pas3KiB, sIKa BUKOHY€ETHCS KBaJII(PIKOBAHUM I1E€PCO-
HAJIOM 3 BUKOPUCTAHHSIM JIOPOTOTO Ta TPOMi3/IKO-
ro oOnaHaHHsI 1 KOIITOBHUX peareHTiB. depmeH-
TaTUBHI METOIH, X04a 1 € BIIHOCHO MPOCTUMHU,
BCE JK BUMAraloTb aBTOHOMHOTO BUSIBIICHHS 3 BU-
KOPHCTaHHIM 4aCcTO HECTAOUTbHIUX XPOMOT€HHHUX
cnionyk abo ¢gmyopodopis.

TakuM 4uHOM, po3poOKa HOBUX METOJIB
JUIS BIAMOBIAHOCTI BUIE3a3HAYEHUM BUMOIaM
MOJKE€ 3HAUHO CIIPOCTHUTH aHaJi3 TaKUX 3pa3KiB
1 3aJIMIIAETHCS IPIOPUTETHUM MIKAUCIUILTIHAD-
HUM 3aBJIaHHSAM y KOMIUIEKCHIH IPOIeypi KOHTp-
OJIIO SIKOCT1 Xap4OBUX MPOIYKTIB Ta JIETHUHUX
N00aBOK, 10 BUKOPUCTOBYIOTHCS ISl PO isak-
THKU Ta/a00 yCyHEHHS 1e(iluTy apriHiny.

EnexrpoxiMiyHi 610C€HCOpPH MOXYTh OyTH
OJTHUM 13 MEePCIIEKTUBHUX METOIB I TAKHUX Ii-
Jei, OCKIIbKH BOHM MAIOTh Psijl IepeBar Hajl 3BH-
YaWHUMU aHAJITHYIHUMY METOAMU: BOHU € OLIBIIT
MIPOCTUMH y BUKOPUCTAHHI, HEIOPOT1, TOPTATUBHI
Ta CyMICHI 3 Pi3HMUMH J1abOPaTOPHUMHU YMOBa-
MU; XapaKTepU3yIOTHCS KOPOTKUM YacOM aHaTi3y
3pasKa 1 3a3BHYail He BUMararoTh (a00 BUMararoTh
MiHIMaJIbHO1) TIOTIEPETHBOT 00POOKH 3pa3Ka.
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Ha croromni MoxHa 3HAWTU BiJOMOCTI
npo po3polOiieHi 6i0CeHCOPH sl BUSHAUCHHS
apriHiHy Ha OCHOBI OJHOTO a00 KiNbKOX (ep-
MEeHTIB (apriHinneiMminasa, apriHasa, ypeasa,
L-aprininiexkapOoKkcuiasa) Ta pi3HUX MepeTBOPIO-
BayiB (aMIEPOMETPUYHHX, TOTCHIIIOMETPHUYHUX,
KOHAYKTOMETpUYHHX) [27].

bararodepmenTHi 6ioceHcopu JUIsl BU3HA-
YEHHS apriHiHy MAlOTh s HEIOMIKIB, HAMOLIbIIT
ICTOTHUM 3 SKHX € IXHs He a0COJIIOTHA CEJIeKTUB-
HICTH JIO IITLOBOTO aHATI3Y, sIKa BUHHKA€E BHA-
CJIITOK MO3UTUBHOI peakuii (epMEHTHOTO KOMII-
JIEKCY Ha CIIOJIYKH TyaHIAHHY, CEHOBHHY TOLIO.
Takox, SIKIII0 BUKOPUCTOBYETHCS KacKa 3 KUTBKOX
(dbepMeHTiB, 301IBIIY€ETHCS BapTICTh OioCEHCOpa
1 CKJIaJHIO€ TPUTOTYBAHHS HOTO 010CENEKTUBHUX
eJIEMEHTIB. 3 OISy Ha TUII NIEPETBOPIOBAYIB, SIKi
MOXYTh BUKOPHCTOBYBATHUCS B 010CEHCOPaXx, CIiJ
3a3HAYMTH, 1110 CaMe KOHYKTOMETPHUYHI IIEPETBO-
proBayi HaJAlOTh JO/IATKOBI MepeBaru B €JIEKTPO-
XiMiyHHX OloceHcopax. Y TOpPIBHIHHI 3 IHIIUMU
TUIAMU €JIEKTPOXIMIYHUX 010CEHCOPIB, K1 BUTO-
TOBJISIIOTHCS 32 MIKPOCUCTEMHHUMH TEXHOJIOT1IMH,
KOHJIYKTOMETPUYHI 010CeHCOpH HE MOTPeOyIOTh
BUKOPHUCTAHHS JOPOTOTO 1 TEXHOJIOTIYHO CKJIaJ-
HOTO €JIEKTpOJla TOPIBHAHHS; BOHU MPALIOIOTh
Ha 3MiHHIH HaIpy31 HU3bKOI aMILTITY/IH, 10 3aI10-
Oirae ¢apaneiBCbKUM IpoliecaM Ha eJIeKTpo/ax;
010CeHCOpH CBITIIOHEUYTIIUBI 1 IX poOounii moTeH-
iaja Moxke OyTH 3HIKEHUH, 10 3HAYHO 3HIDKYE
cnoxuBaHHsA eHeprii. Kpim Toro, koHAyKTOME-
TPHUYHI MEPETBOPIOBAUl MaIOTh HIKYY BApTICTh,
OCKUIBKM BOHM MOXYTh OyTH BUTOTOBJICHI 32 J0-
MIOMOTOI0 HEJTOPOTO1 TOHKOILTIBKOBOI CTAHAPTHOT
TEXHOJIOT11, Ta MPUIATHI A1 MiHiaTIopu3arii [28].

[TopiBHIOIOUM aHANIITUYHI XapaKTEPUCTUKU
iCHyI0uMX 010CEHCOpIB [ BU3HAYCHHS apTiHiHY,
MU BHSIBIIIH, IO KOHAYKTOMETPUIHHIA Oi0CeHCOP
Ha OCHOBI apriHasu Ta ypeasu [29] xapakrepu-
3yBaBCS OJIHIEIO 3 HAMHMKYMX MEX BHSIBIICHHS,
HAWIIMPIINUM JIIHIHHUM Jiarma30HOM Ta HaWKpa-
00 CTa0IIBHICTIO pOoOOTH Ta 30epiranHs, 1o
B)KITBO IS 3aCTOCYBaHHsI O10CEHCOPIB B aHAMi31
peanbHUX 3pa3KiB. 3a3Ha4eHUI 610CEHCOp yCIIiII-
HO 3aCTOCOBYBABCS JIJIsl KUIBKICHOTO BU3HAYEHHS
L-aprininy y (hapmManieBTHYHUX 3pa3Kax. Y TOH ke
9ac BiH MaB HEJOCTATHIO CEJICKTUBHICTh JIO0 apri-
HiHY Y IPUCYTHOCTI 1HIIUX aMiHOKHCIIOT TIPU PO-
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00Ti B 6araTOKOMIOHEHTHUX CEPEJOBUILAX, TAKHX
AK (pykToBi coku. Came 11e 0OMEKEHHs CIIOHyKa-
JI0 aBTOPIB IIYKaTH iHII piteHHs. OueBUIHO, 110
BUKOPHCTaHHs 010CEIEKTUBHOTO €IEMEHTA, IKUN
MOXe 3a0e3MeUNTH MAaKCUMAJIbHO MOXIIUBY 200
aOCOJIIOTHY CEJIEKTUBHICTB JI0 CYyOCTpaTy, 3aBXK 11
€ BUT1IHUM JUTSI KUTBKICHOTO aHalli3y He3aJeKHO
BiJI IPUPOJIM 3pa3Ka, 110 aHalizyeThest. OTHNM 13
MOXKJIMBUX IUISXIB ITJBUIIEHHS CEJIEKTUBHOCTIL
610CEHCOPHOro aHali3y MOXKe OyTH 3aCTOCYBaH-
Hsl ofgHOepMenTHoro minxony. Konu 6iocenek-
TUBHHH elleMeHT 0ioceHcopa CTBOPIOETHCS Ha
OCHOBI OJTHOTO (hE€pMEHTY, JIeTIIIe KOHTPOIIOBATH
YyTJIMBICTH Oi0oCeHCOopa, HOro cTabinbHICTh MPU
30epiraHHi Ta iHII BayKJIMBI aHATITHYHI XapaKTe-
PUCTHKH IIJISXOM HaJaIITyBaHHS KaTaliTUYHOI
aKTUBHOCTI Ta 1HIIUX BJIACTUBOCTEH (epMEHTY,
SK1 BU3HAYaI0Th (PYHKIIOHYBaHHS Oi0oceHcopa.

VY 1iit po6OTI MU POTIOHYEMO HOBHM KOH-
TYKTOMETPUYHUN 010CEHCOpP A1 BU3HAUCHHS
L-aprininy Ha OCHOBi1 peKOMOIHaHTHOI apriHiH-
neiminazu (A/ll), sika po3kiiagae apriHif 10 amo-
Hiak-HOHY BiJIOBITHO A0 peakLii:

AJII (E.C. 3.5.3.6)

L-aprinin + H,0 + H———L-uutpynin + NH}

VY Takomy 010C€HCOP1 KOHAYKTOMETPUIHUN
[IEpETBOPIOBAY PEECTPYE 3MIHY aKTUBHOI MPO-
BIIHOCTI pO3uMHy 4epe3 yTBopeHHs ioHiB NH,',
SIKl MalOTh BUCOKY 10HHY PYXJIHMBICTh Y BOIHHX
PO3UMHAX.

s po3pobku O6ioceHcopa MU BUKOPHC-
tanu Bucokoctabuibny A/l Big Mycoplasma
hominis. TloBinomieHa paHiuie npoiuenypa BHU-
poouunTBa M. hominis AJ1l [30], ekcipecoBaHo-
ro B E. coli, npu3Bena 10 HOro BUCOKOI BapTOCTI,
TOMY HEO0O0X1/THE OyJ10 BIOCKOHAJICHHS MPOIICTypH
BUpoOHUIITBA. JJ1s 111€1 poOOTH OYJI0 CKOHCTPY-
oBaHO pekoMOiHAaHTHUU mTaMm E. coli, akui
Hajekcnpecye redn M. hominis, mo xoaye A/l
Po3po6iieHo mpoToKoI BUCOKOPIBHEBOTO BUPOO-
nunra AJ[l Ha nemeBomMy MiHEpaTbHOMY Cepel-
oBuuli. B pe3ynprari Oyau oTpuMani cTabiibHI
(hepMeHTHI NpenapaTv 3 TUTOMOIO aKTUBHICTIO
30-34 ox.axTt./mr Ounka. DepMeHTHI Mpenaparu,
sIK1 3a3BHYall OTPUMYIOTh 32 OMUCAHOKO MPOIIe-

Iyporo, 30epiranu cBoro crenudigyHy akTHBHICTh
IpOTAroM 5 pokiB npu 36epiranui npu 4 °C.

Mertoro poboTu Oyna po3podka cTabiTbHOTO
Ta BUCOKOUYTIMBOrO OioceHcopa Ha ocHOBI AJ1I,
KU1 OyB OM 3aCTOCOBHUU JJIsl CEIEKTUBHOTO BH-
3Ha4YeHHs L-apriHiny B peajbHHX 3pa3kax. Po3-
poOka BKJIIOYaj1a BUTOTOBJICHHS PEKOMOIHAHT-
Hoi AJll, ontumizamiro gacy immoOinizarii A/Jll
B CEJICKTUBHOMY €JIEMEHTI O10CceHCcopa Ta MOIIyK
napameTpiB podouoro Oydepa, ONTUMATBHUX IS
pobotu 6ioceHcopa. JlocmiKeHO aHaITHYHI Xa-
PaKTepUCTHKU Oi0CEHCOpa B ONTHUMI30BAaHOMY
Oy(hepHOMY pPO34HHI; OI[IHEHO CEIEKTUBHICTD,
BIITBOPIOBAHICTh CUTHAIY, €KCILTyaTaliiiHy Ta
CTaOUIBHICTH 30epiranHs po3pobIeHoro 6ioceH-
copa. Po3pobnennii 6ioceHcop OyB anpoOoBaHuit
B aHaJIi31 apriHiHy B Xap4oBUX JOOaBKaXx.

MATEPIAJIM TA METOIHN

Mamepianu

Jlnst ctBOpeHHst 6ioceHcopa Oy10 BUKOPHUC-
TaHO (epMeHT pekoMOiHAHTHA apTiHiHIeIMIHA-
3a 3 Escherichia coli (A[l) 3 aktuBHicTIO 147
0J1.aKT./MJI, 110 OyB JIF00’s13HO HamaHuW [HCTH-
tyToMm Oiomorii knituau HAH VYkpainu. buua-
yuii cupoBaTkoBuil anbOyMiH (ppakiis V) (bCA)
Ta 25% BOIHUIN PO3YMH ITTyTapOBOTO albJAETIAY
(I'A) 6yno orpumano Bix ¢ipmu Sigma-Aldrich
(CIIA). Sk cTokoBHi1 po3unH CyOCTpaTy BUKO-
puctoByBanu 200 MM pozuun L-aprininy ¢ip-
mu Sigma-Aldrich (Himeuuunna). [ns anamizy
CEJIEKTUBHOCTI 010CeHCOpa BUKOPHUCTOBYBAJIH:
L-Banin, L-rmyramin, L-tiuctein, L-meTioHiH,
L-cepun, L-ananin, L-rminun, L-i30meldnuH,
L-tpeonin, L-rictuaun, L-acnaparin, L-niposmi,
L-deninananin, ackopOiHOBY KHCIIOTY, JIUMOHHY
kucinoty, L-tpuntodan, L-acrapariHoBy Kucio-
Ty, L-113uH Ta L-TmyTamMiHOBY KuCIOTY hipmu
Sigma-Aldrich (Himewyunna). Jj1s1 BUTOTOBIICHHS
Oyheproro pozuuny BukopuctoBysaau KH PO,,
orpumanui Big pipmu Helicon (Pocis). [amri
HEOpraHivH1 CIOJIYKH, 1[0 BUKOPUCTOBYBAJIUCS
B p0o0OTI, OyiM BITYM3HSHOTO BUPOOHMIITBA Ta
MaJIH CTYMIHb YUCTOTH «X.4.» Ta «4.JI.a.».

Konoykmomempuuni nepemeoprosaui

B po6oTi BUKOpPHCTAHO KOHIYKTOMETPHY-
HI TIepeTBOPIOBaYi po3MipoM 5 MM X 30 MM, sKi
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CKJIQZIAIOThCA 3 JIBOX 1ACHTHYHHMX Tap 30J0TUX
rpebiHYacTuX eJIEKTPOIiB, 110 HAHECEHI Ha CUTa-
noBy miaknaaky. llupuna naneiiB rpeGiHIacTHX
€JIEKTPOIB Ta 3a30p Mik HUMHU — 20 MKM, a 3a-
rajibHa IUIolIa Yy TIAMBOI MOBEPXHI MapH eNeKTPO-
IiB mpubau3Ho 1,5 MM?. BUKOpUCTaHHS cCHCTEMH
13 IBOX Tap eNEKTPOAIB MOJISATae B HEOOX1THOCTI
MPOBOJUTH BUMIPIOBAHHS B AU(EpEHIIHHOMY
PEKUMI, KOJIM Ha OJIHY TIapy €JIEeKTPO/IIB HAHOCSTh
YyTIMBY MeMOpaHy Ha ocHOBI ¢pepmenty AL,
a Ha iHIIYy — peQepeHTHY Ha OCHOBI OMYauoro
CHUpPOBATKOBOTO ansOyMminHy. [Ipu 1ipoMy 3araisb-
Ha KOHIICHTpaIlis OUTKiB B 000X MeMOpaHax Mae
OyTH OIHaKOBOIO. Taka METOIMKA BUMIipIOBAaHHS
JI03BOJISIE CYTTE€BO 3MEHUIUTH BIUIMB 3arajibHOi
MPOBIAHOCTI PO3YMHY, CBITJIa, TEMIEPATypU Ta
1HIIMX HEe1H()OPMATHUBHUX MapaMeTpiB HA pe3yIib-
TaTU BUMIPIOBAHHSI.

Cmauyionapua ycmanoexa 0,11 KOHOyKmo-
MEMPUYHUX 00CTIIOMHCEHD

Jnist mpoBeieHHs] KOHAYKTOMETPUYHUX BH-
MipIOBaHb, 3 HU3bKOYaCTOTHOTO T'€HEPaTOpa CUT-
HauiB ['3—118 Ha nmudepeHniiny napy KOHIYKTO-
METPUYHUX €JEKTPOJIiB MOaBalach 3MiHHA Ha-
npyra 3 yactotoro 100 kI'g Ta amrutitynoro 10 MB.
Enextpoau Oynu 3aHypeHi y TOCIiKYBaHUN PO3-
quH. /{11 miABUIEHHS YyTIUBOCTI CEHCOopa Ta
MiHIMi3aIii IyMiB, 1[0 BUHUKAIOTh 32 PAXyHOK
3arajibHOI MPOBIIHOCTI PO3UHHY, 32CTOCOBYBABCS
mudepeHuiitanii pexxum BuMiproBanHs. OTpuma-
HUN Ha eNeKTPOJIax CUTHaj 3HIMaBCs 3 OMOPIB
HaBaHTaxeHHA R =1 xOwm Ta Haxxonus yepes
mudepentiitanii macumosad «Unipan-233—6» Ha
ceJIeKTUBHUN HaHOBOJbTMETp «Unipan-232-By.
[Ticnst BOMTBTMETPY CUTHAJ ITOAABABCS HA PEECTPY-
rounii camomnucens «ABB Metrawatt SE120%».
TexniuHi nerani HaBeneHi B podori [31].

Excnpecia ma euodinennsa ap2ininoeimi-
Hazu

Ekcnpecito, peHarypamito Ta O4HIIECHHS
AJIl mpoBoaAMAHU, SIK MOBIJOMIISIIOCS paHiIIe
3 nesitkuMu Moaudikatismu [32]. Knituau E. coli
BL21 (DE3) thuA2 [lon] ompT gal (A sBamHIo
AEcoRI-B int::(lacl:: PlacUV5:: ren T7) 121
Anin5) [dem] AhsdS [33] 6ynu TpancdopmoBaHi
mnasMminoro pET3d-ADI (Mycoplasma hominis).
TpanchopmanTu BinOupanu Ha cepeaOBHINI
Jlypis-beprani npu 37 °C, mjo mictuiio 18 r/n

40

arapy, 100 mr/n amninuniny, 0,2% aprininy
ta 0,5% rmoko3u. BiniOpani TpanchopmaHTu
Kyl1bTUBYBanu y cepenosumii C-750501, sike
mictuino 1,25% rainepuny ta 0,01% nakro3u
3TiTHO paHinie MOAN(IKOBAHOTO TPOTOKOIY aB-
toiuaykiii [30].

IHykoBaHi KJIITUHU 30Mpajy 3a JOMOMO-
roto neHtpudyrysanss (15 xB npu 5000 x g Ta
4 °C), npomuBanu 20 MM Hatpiit pocharaum
oydepom, pH 7,2 1 36epiranu npu —70 °C. [{ns
OTPUMAaHHS CyCIIeH311 MIKpOTLIEIb BKIIOYEHb, [0
mictunu A/Il, 6iomacy GakTepiii pecycneHyBa-
m B 50 MM Tris-HCI 6ydepi, pH 7,8, o mictus
1 MM EZITA Ta 0,2% nizorum Ta iHKyOyBaiu, siK
omrcano panime. Ocai, MO0 MiCTUB MIKPOTLIBIISL
BKJIIOUEHb OCA/KyBaiu Ta npomusanu 20 MM
docdaranm Oydepom pH 7,2, mo mictue 1 MM
EJTA, 4% tputon X-100. Jlenarypartito, peHa-
Typauito Ta ounctky AJll mpoBoauiy, sk 11e 6ys10
omucaHo paxime [32].

[Ticnst ounictku AJIl KOHIIEHTpYBau 3a J0-
MIOMOTOI0 YABTPa(iIbTPAIiiiHOT CIIIHOBOT KOJIOH-
ku Vivaspin-Turbo 15 (Sartorius Stedim Biotech
GmbH, Himeuunna), ctepuiiizyBajiu 3a 10IOMO-
roto ¢inerpiB 0,22 MM (CE0459 MILLEX-GV,
MILLIPORE, CIIIA) i 36epiramu mpu 4°C.

Konmenrpartito 6ijika BUSHAYAIA METOIOM
Jloypi. AxtuBHicTh A/ll BU3HA4aH, SIK OMUCAHO
[32]. 3a ogny omuuwmIto aktTuBHOCTI (U) mpwii-
MajJi KUIBKICTh (PEPMEHTY, SIKMH MepeTBOPIOE
1 mxmonb L-aprininy B L-uutpyniH 3a XBUIHHY
npu 37 °C.

Buzcomoenenns diocenekmusnux memopau
(immoobinizayis ghepmenmy)

biocenekTuBHI MeMOpaHU OTPUMYBAIU
[UISIXOM KOBAaJEHTHOTO 3B’s3yBaHHS apriHiHI-
JeiMiHa3u 3 OM4auyuM CUPOBATKOBUM aJbOyMi-
HoM (BCA) Ha moBepxHi onHi€T Mapyu eIeKTPOIiB
KOHJIyKTOMETPUYHOTO NepeTBOpIOBaya. 3IIMBa-
IOYMM areHTOM CIYTyBaB DIIyTapOBHH ajbJAerif
(I'A). depmeHTHUH Tellb, 110 HAHOCUBCS HA OJIHY
napy eJeKTpoJliB, B CBOEMY CKJIaJi MiCTUTh 88,2
om.akt./min AZll, 2% BCA, 6,7% tninepuny B 25
MM docdarnomy Oydepi 3 pH 6,2. Pedepertny
MeMOpaHy OTpUMYBaji HAHECEHHAM Ha APYyTY
napy eJeKTpOJiB reiio, Mo CKIagaeThes 3 2%
BCA, 6,7% raiuepuny B 25 MM ¢ocharaomy
oydepi i3 pH 6,2. IMMoOGinizalisi mpoBoOAMIACS
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B €KCHKAaTOpi B mapax IIyTapoBOIO ajbIETiay,
JUTS IIbOTO KOHJYKTOMETPUYHHMA MEepeTBOPIOBaY
3 HAaHECEHUMH MeMOpaHaMu MOMIIIAIN B €KC-
ukarop Ha 30 xBuiuH. [licast immoOinizarii mepe-
TBOPIOBAY BUHMAJIN 3 €KCUKATOPA, MiJCYIIyBaIn
Ha noBiTpi Bupogosxk 10 xBunuH. [ami 6ioceH-
COpH MPOMUBAIU B pobouoMy Oydepi BIpOIOBK
5 XBUJIMH, ACKUIbKa pa3iB 3MiHIOIOYH Oydep, s
3BUIbHEHHSI MeMOpaH 610CeHCOPa BiJl HE3B’ A3aHUX
KOMIIOHEHTIB.

Memoouxku 6iocencopnux eumiproéans

BuMiproBaHHs TPOBOJWINCH 32 KIMHATHO1
TEeMIIepaTypH, Y BIIKpUTIA KoMipii 06’emMom 2
MJI TIpH TIOCTiiHOMY niepemintyBanHi. s pobotu
OyB oOpanuii 5 MM ¢ocdaruuii OydpepHuii pos-
gyl 3 pH 6,2. Konnenrpauito cy0cTpariB B KO-
MIpIIi 331aBajIv AOIaBaHHIM J0 poOodoro Oydepy
MOPIii CTAHJAPTHUX KOHIIEHTPOBAHUX BUX1THHUX
po3unHiB cyOcTpary. Hecrierudiyuni 3MiHM BUXif-
HOTO CHTHAIY, IOB’s3aHi 3 BIJTABOM KOJINBAaHHS
temneparypu, pH cepenoBuia, eIeKTpUIHUMU
HaBOJIKAMH, TIOJIABIISUTUCH 3aB/SIKM BUKOPUCTAHHIO
B po0oTi AudepeHLiiHOro pexkKUMy BUMIPIOBAHb.

Bci po3paxyHKH MpOBOJWINCH B TIPOTpaMi
OriginLab OriginPro 8.5.

ATl
(EC 3.5.3.6)

(@)

Pe3yabTaTn Ta 00roBOpeHHsA

Ilpunyun ¢ynkuionyeannsa konoykmome-
mpuunozo odiocencopa na ocnoei A/lI ons euszna-
YeHHA ap2iHiny

B ocHoBi pobotu GioceHcopa s BU3HA-
yeHHS L-apriHiHy JeXuTh (hepMEHTATUBHA pe-
aKIIis 3a yJacTi apriHiHaeiMiHa3u, 300pakeHa Ha
puc.la. AJIl — dbepmeHT Kiacy rigponas, SKUA
KaTajli3ye peakiilo He3BOPOTHOTO Tiapoi3y
L-aprininy no L-nmutpyniny Ta amiaky. Takum
YUHOM, B X0/ (pepMEeHTAaTUBHOI peakilii yTBO-
PIOIOTHCSI HOB1 HOHH, 110 MPU3BOAUTH 10 3MiHU
€JIEKTPOTIPOBITHOCTI PO3UHHY B MIPUENEKTPOAHO-
My MpocTopi OioceHcopa, Ky 1 Pikcye KOHTYKTO-
METPUYHUHN TIEepEeTBOPIOBAY.

Ha puc. 16 HaBeneHu TUTIOBHI BiATYK 0i0-
ceHcopa Ha 100aBky 1,5 MM L-aprininy, orpuma-
HUH Ha CTaIllOHAPHIN BUMIPIOBaJIbHIN YCTaHOBIII.
3 rpadiky, 110 BIATBOPIOETHCS PEECTPYBATHHUM
MPUCTPOEM, MO’KHA BU3HAYUTH HE TUIBKU BENU-
YUHY BITyKy Ol0CEHCOpa Ha MEBHY KOHIICHTpa-
1it0 cyOCTpaTy, a i yac Moro OTpuMaHHs, IIyM Ta
npeii 6a30Boi JIiHIT, @ TAKOXK KYTOBHH KOS(IITIEHT
BIZIrYKy. Bce 11e ja€ MOXKITUBICTh PO3paxoBYBaTH
TEOPETUYHO MOXKJIUBI BIJIT'YKH HA JOOABKY 1HIIIMX

(6)

Pucynok 1. Cxema (pepMeHTATHBHOI peakuii (a) Ta THOBUI Biaryk (0).

KOHIIEHTpaIliil A aHamizy 0e3 moOynoBu Kalli-
OpyBaJbHUX KPUBHUX.

I1liodip onmumanvrux napamempie immo-
oinizauii hepmenmy

BaxxnuBum 3aBnanHsM npu po3poOiIi Oyib-
SAKOro 0l0ceHcopa € BU3HAYEHHS ONTUMAaJIbHUX
nmapaMmeTpiB mpoiecy iMmmoOimizamii 3aans 10-
CSATHEHHS MaKCUMaJbHOI €(peKTUBHOCTI poOOTH
iMMOO61TI30BaHOTO (pepMeHTy. OHUM 3 TOJIOBHUX

nmapamMeTpiB iMMoO1Ti3altii, o 000B’SI3KOBO BH-
BYAIOTh TIiJ] Yac po3poOKku OGioceHcopa, € i Tpu-
BajicTh. OnTUMI3allig JAHOTO MapaMmeTpy 3a0e3-
nevye HaOIbIy YyTIUBICTh 1 CTAOUIBHICTD PO-
0otu Ta 30epekeHHs OioceHcopiB. Henocrarhiit
Yac BUTPUMKH (PEPMEHTY 13 3IIUBAKOYUM areHTOM
B €KCHKATOPi MpU3BE/E 10 3MCHIICHHS CTa01Ib-
HOCTI (YHKIIIOHYBaHHS Ol0CEHCOpa, a HaJJIHIII-
KOBHUH 4Yac — 710 3HIKCHHS HOTO Yy TIMBOCTI (BHA-
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CJIIJIOK 3alIMBKUA aKTUBHOTO HEHTPY (pepMeHTY).
BianosinHo, B po6oTi Oyn0 mepeBipeHo BIUIMB
TPUBAJIOCTI IMMOOLTI3aLT HA €(hEeKTHUBHICTH PO0OO-
TH OioceHcopa. Pe3ynbraru 1ociikeHHs HaBee-
Hi Ha puc. 2. ONTUMaJIBHUM YacoM iMMoO1Ti3anii
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60 4
504
40
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10 4
o]

Binryx,%

B

(dbepMeHTHOT MeMOpaHU B apax IyTapoBOTO aJlb-
neriny € 30 XBHIIUH.

[Ile ogHUM Jy’Ke Ba)KJIMBUM MapaMeTpoM
iMMoOimizaii pepmMeHTIB mpu po3poldiri OioceH-
copa € aKTUBHICTh (hepMeHTY B ckiaai 6ioce-

— T
10 15 20

w -

0
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Yac immo06imizariii, XB

Pucynoxk 2. 3ajieskHicTh BeJIJMYMHM BiAryKYy 6ioceHcopa Big TpuBaJIoCTi
iMmmo0inizauii pepmenty. Konuenrpauis L-aprininy — 1,5 mM. locainkenHs
npoBoauanch B 5 MM ¢ocharnomy Oydepi 3a pH 7,35.

JIEKTUBHOTO eneMeHTy. [Ipenapar gpepmenTy, 1o
HaMm OyJ10 1100’ s13HO HaaHo [HCTHTYTOM Oi0ITOTi
kimitian HAH VYkpainu, MaB 0a30By aKTHBHICTh
147 op.axt/mn B po3uuHi. B po6oti Mu mocii-
JIVJT SIK 3MiHa aKTUBHOCTI ()EPMEHTY B Telli st
iMMoOO0imizanii Oye BIUIMBAaTH Ha Yy TJIMBICTH 010-
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ceHcopa 0 aprininy. [[ist miabopy onTUMaIbHOT
koHIeHTparii AJ[l Mmu BuroroBnsin Giocenex-
THUBHI €JIEMEHTH 3 PO3YMHIB i3 KOHIIEHTPAI[I€IO
depmenty 14,7 om.akr/mi, 29,4 ox.akt/mi, 58,8
ox.akt/mu, 88,2 ox.akt/miu ta 117,6 ox.akT/MiIL.
Pesyneratu excriepuMeHTy HaBezeHi Ha puc.3. Sk

0 20

T T
80 100 120

Kinekicts AJII, ox.akt/mi

Pucynok 3. 3ajexxkHicTh BeJJMYUHH BiAryKiB 0iocencopa Bix konmenrpanii A /Il
Konuentpauisi L-aprininy — 1,5 MmM. BumiproBanus npoBoauiuch
y SMM docharnomy Oydepi 3a pH 6,2.
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MOXXEMO TIOOAYNTH, IPH KOHLIEHTpaii (pepMEeHTY
B 14,7 onm.axt/™mi, 29,4 ox.axt/mi ta 58,8 ox.akt/
MJI BIATYKH Ha L-apriHiH € HU3bKUMH, a TIPU KOH-
uentpanii Al 88,2 om.axt/mn ta 117,6 om.akt/mMiu
BIJITYKH € TOCTAaTHIMU [Tl BUMiptoBaHHs. J[7s mmo-
JaneIioi podoTu Hamu Oynia oOpaHa KOHIIEHTpa-
1ist B 88,2 O/1.aKT/MJI 3 METOIO €KOHOMIi (pepMEHTY.

Jocnioxncennn ennugy napamempis po3-
YuHy Ha YYHKYIOHYGAHHA OioceHcopa

Binomo, mo po6ota Oynb-sikoro 6ioceHco-
pa € 3aJIeKHOI0 SIK BiJ] XapaKTEPUCTUK CaMOTO
6ioceHcopa, Tak 1 BiJl XapaKTePUCTHK PO3UHHY,
B SIKOMY TUIaHYIOTHCSI BUMIpIOBaHHS. BiAmoBigHo
B HaIIii po6oTi HeoOXimHO OyI0 AOCHIIUTH, SIK
BITMBAIOTh OCHOBHI XapaKTEPUCTUKH PO3UHHY
Ha (yHKLIOHYBaHHS po3pobieHoro 6iocencopa
Ha ocHOBI A /]I

3BicHO, KOXHUH pepmeHT Mae pH onTumym
poboTu, ane BioMo, IO Mmicis iIMMOoOLTI3aIil e
ONTHUMYM MOXXE€ 3MIHIOBATHUCh, TOMY HEOOX1THO
Oyno pocniguTu BB pH po3unHy Ha poboTy
apri”iH-4yTauBoro 6iocencopa. [lus iioro Bu-
3Ha4eHHs OyJI0 MPOBEACHO PNl EKCIEPUMEHTIB

60+

Biaryk, %

40

204 . .
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3 BUKOPUCTAHHSAM 2-X TUIIB Oy(epHUX pO3UHHIB:
5 MM docdarnoro ta 2,5 MM Polymix 3 pizHu-
mu pH. Polymix 6ydep 3actocoByBaBcs aist 10-
ciipkeHHss pH ontumymy po6oTtu GioceHcopa,
OCKiJIbKHM 1IeH Oydep € 6aratocoaboBUM 1 Xapakx-
TEPU3YETHCS OJTHAKOBOIO Oy(PEepHOI €MHICTIO
B mpokomy paianazoni pH. @ocdaruawnii Oydep
OyJ10 BUKOPUCTAHO JJISl aHATI3y 3aJeKHOCTI Po-
6otu Giocercopa Big pH, ockiIbKu came 3 UM
Oyhepom Im1aHyBanach mojakina podora 6ioceH-
copa 3 peanbHUMHU 3pa3kamu. Poboty GioceHncopa
nepeBipsiu y ¢ocdarnomy Oydepi B mianazoHi
pH Bix 5,5 no 8,0, a must Polymix — Binx 5,03 mo
9,11. Pe3ynbraTu €KCIIEPUMEHTIB BU MOXKETE TIO-
Oauntu Ha puc. 4. Sk BUIHO 3 puc. 4a HalBUIIA
BEJIMYMHA BIATYKY Ol0CeHCOpa crocTepiraiach
npu poboti B Polymix 3a pH 5,35. A 3 puc.46
BHJIHO, 110 HAWOIIbIINI BIATyK Oi0oCeHcOpa Ha
1,5 MM aprininy cnocrepirascs y ¢ocharnomy
Oydepi 3a pH 6,0. [Ipore, BHACIIOK TOTO, 1110 IPU
pH 6,0 docdaruuii 6ydpep mae Hu3bKi OydepHi
BJIACTUBOCTI, JJIs MOAaJbIIoI podotu OyB o0Opa-
Huit 6ydep 3 pH 6,2.

1054
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(6)

Pucynok 4. 3anexuicTh BeTHUNHH BiArykiB 6iocencopa Bin pH po6odoro 0ydepHoro pozumnny.
Konuentpauisi L-aprininy — 1,5 MM. {lociinxenns npooauiaucs B 2,5 MM Polimix Oydepi (a)
Ta 5 MM ¢ochaTnomy oydepi (0).

PoGoTa KOHIYKTOMETpUYHHX 010CEHCOpiB
€ CUJIBHO 3aJIEKHOIO0 BiJl i0HHOT cuim OydepHOoro
po3unHy. loHHa cuna (s 1 poHOBaA MPOBITHICTH
PO3UMHY) MOXKE 3pOCTATH BHACIIOK 301IbIIICHHS
Oydepnoi emHOCTi. Takox, mpy BUMIpIOBaHHI pe-
aTBHUX 3pa3KiB, I0HHA CHJIAa MOXKE 3MIHIOBATUCH
BHACIIIJIOK JI0IaBaHHS JIOCIIKYBaHOTO 3pa3Ka
(B HAmIOMy BUIAJIKy — CKJIQJTHUX M1a0CTUIHUX

N00aBOK, PEYOBHUHU B CKJIAJll SIKHX MOXYTh 3Mi-
HIOBATH TIPOBIHICTH). BiAmoBigHO, 000B’ I3KOBUM
€ JIOCJII/DKEHHS BIUIMBY 10HHOI CHJIM PO3YUHY Ha
po6oTy PO3pOOIIEHOTO KOHAYKTOMETPUIHOTO 010-
CeHcopa JIJIsl BU3HAYCHHS apriHiHy.

Mu niepeBipiiIi 4y TIIMBICTH Oi0ceHcopa 10
apriHiHy 3a pi3HO1 10HHOT cuiu Oy epHOro po3-
guHy (puc.5). [OHHY CUITy PO3YHMHY 3MiHIOBaIU
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100 +

80

Konnentpartist NaCl B pozuuni, MM

Pucynok 5. 3ajexnicTh BeJITMHYUHH BiATYKY GioceHcopa Bif 3MiHU i0HHOT cHiTH
po3unny (konuentpauii NaCl B po3unni). Konnenrpauiss L-aprininy — 1,5 mM.
BumiproBanus npooauinch B 5 MM ¢ocharnomy Oydepi 3a pH 6,2.

nonaBauHsAM 110 Oydepy NaCl 3 xoHIeHTparieo
Big 0 MM 1o 50 MM.

3 rpadiky, moOy10BaHOTO HAa OCHOBI PE3yJIb-
TaTiB BUMIPIOBAaHHS BUIHO, LIO 13 3pOCTaHHIM
10HHOT CHJTM PO3YHMHY 32 €KCIIOHEHTOIO 3MEHIITY-
€ThCS BIATYK Ha cyOcTpaT. B ocHOBHOMY Taka
3aJIEKHICTh CTIOCTEPITraeThCs 3a PaXyHOK 3poc-
TaHHs (JOHOBOI MPOBITHOCTI po3uuHy. Came ToMy,
BKJIMBO MIPOBOUTH KOHTPOJIb 10HHOT CHIIM TIPH
po0OTi 3 KOHAYKTOMETPUIHUMH O10CEHCOpaMH,

0COOJMBO MPH BUKOPHUCTAHHI iX /IS aHAII3Y pe-
abHUX (hapMaIeBTUIHHX 3Pa3KiB.

Hactynaum napamerpom po3uuHy, SIKUU
CJIiJT BpPaXxOBYBAaTH MPH POOOTi 3 KOHAYKTOMETPUY-
HUMH OioceHcopamu € OyepHa EMHICTh pO3UUHY.
Tomy Oynu TIpOBE/ICHI BUMIPIOBAHHS Iy TIUBOCTI
6ioceHcopa 10 apri"iny npu po6oti B pocdar-
HUX OydepHHUX po3unHax 3 pizHOI0 OyhepHOIo
emuictio (Bix 1 MM go 20 MM) (puc.6). Ana-
Ti3yrouu KamiopyBaibHi Tpadiku, MoxkHa TT00a-
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Pucynok 6. 3ajiesknicTh BeJJMUMHM BiATyKiB Oiocencopa Bix OydepHoi emHocTi
po3uuny. Jocaimkenns nposoauiauch B 1 MM (1), 2,5 MM (2), 5 MM (3), 10 MM
(4) ta 20 MM (5) dpocarnomy Gydepi 3a pH 7,35.
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YUTH, I0 HAHOLIBIII BIATYKH CIIOCTEPIraluch
pu poboti 6iocencopa B 1 MM @b, npore npu
BHUMIPIOBAHHSIX 3 BUKOPUCTAHHIM OydepiB 3 Oy-
¢depHoro emHuicTio 1 Ta 2,5 MM cnocrepiraiuch
301JIbIIIEH], TIOPIBHSAHO 3 TOMEPEIHIMU BUMIPIO-
BaHHSIMH, IIYMH, IO TOCUTHh CHJIBHO BIUIMBAE
Ha cTabUIbHICTh poOoTu OioceHcopa. Lleit edekr
MOYKHA MOSICHUTH THM, 1110 HU3bKa KOHLIEHTPALis
coselt B OyepHOMY pO3UMHI HE MOXKE MIATPUMY-
Batu Horo OydepHi BractuBocTi. [Ipu 30iabI1eH1
OydepHOi eMHOCTI poOOYOTO PO3UHHY CYTTEBO
3MEHIIYIOThCS BIATYKH Ol0CeHcopa Ha cybcrpar
Ta PO3LIMPIOETHCA JiHIHHUN Aiana3oH poboTH
6ioceHcopa, ToMy Ais mojaisiioi podbotu Oys
oOpanwmii Oydep 3 OydepHoro eMHicTIO 5 MM.
Maibxe y Bcix O10JIOTIYHUX piAMHAX MPH-
CYTHS BUCOKA KOHLIEHTpAIlisl O17IKOBUX MOJICKYI,
AK1 IpH poOOTI MOXKYTh (hi3uuHO 3a0uBaTH Oio-
CEJICKTUBHY MeMOpaHy, MOTipIIyI0uH ii IPOHUK-
HiCTh. BHACHIIOK IILOTO YCKIAAHIOETHCS AUPY-

3is1 hepMeHTy 10 aKTUBHOTO LIEHTPY cyOcTpary
1 BIATYK ceHcopa najae. MU mpoBeiu psiJl eKcrie-
PUMEHTIB Ha JOCIIPKEHHS BIUTHBY KOHIICHTpAIIii
OMYauOro CHPOBATKOBOTO aNbOYMiHY B PO3UMHI
Ha BEJIMYMHY BiATyKy OioceHcopa (puc.7). Kon-
[eHTpalis Oijka BapitoBantach B Mexax Bia 0 1o
3%. B xoni ekcriepuMeHTy J10/1aBajiil y BUMIpPIO-
BaJIbHY KOMIpPKY TaKy aiikBoTy L-aprininy, mo6
KOHIIEHTpalis cyOcTpaTy B KOMipIi TOpiBHIO-
Bana 1,5 MM. TakuM 9uHOM, TIPH MMiABUIICHH]
KOHIIEHTpalii Oilka B pO34MHI CYyTTEBO Majaaia
BEJIMYMHA BIATrYyKy. Tak, mpu KOHIEHTpauii Oika
B 3% BiAryk 6i0ceHcopa 3MEHIIUBCS OUTBII HIXK
Ha 90%.

TakuM 4MHOM, MOXHA 3pOOUTH BHCHOBOK,
o (pyHKI[IOHYBaHHS 0i0CEHCOpA € CUIBHO 3a-
JI@)KHUM BiJl KOHIIEHTpalii Oi7ka i Horo BUKO-
pHUCTaHHS HE PEKOMEH/Ty€ThCS ISl BUMIPIOBaHHS
BMICTY apTiHiHy y 3pa3kax 3 BUCOKOIO KOHIICHT-
pari€ero OinKa.
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Pucynok 7. 3ajexnicTh BeJJMYUHU BiATYKY OioceHcopa Big KoHUeHTpamii
0inka B po3uuni (konuentpauisi BCA). Konuenrpaunis L-aprininy — 1,5 mM.
BumiproBanus nposoauinch y S MM docdarnomy oydepi 3a pH 6,2.

Bueuenna cmabinonocmi gpynkyionysan-
HA ma 30epicanns po3poonenozo diocencopa Ha
ocnosi A/[1

Jly’xe BaKJINBOIO XapaKTEPUCTUKOIO 010-
CEHCOopa € BIITBOPIOBAHICTh CUTHAJIIB MpHU 0€3-
nepepBHii poboTi. ToMy MU IOCTIIWIHN BIATYKA
O6loceHcopa Ha OJJHAKOBY KOHIIEHTpAIIiIO CyO-
CTpary BIPOJOBXK JEKUIBKOX TOAWH. TpUBATICTh

OTPHMaHHS OJTHOTO BIATYKY ckianana 1-1,5 xBu-
JUHU, YACOBUU MPOMIXKOK MIK BUMipIOBaHHS-
MU — 5 XBHWJIWH, 3 [1eil 9ac 610CEHCOop BiIMHUBAIN
BiJl cyOcTpary, Iekiibka pasiB 3MmiHio0uH Oydep
y BUMIPIOBaJIbHIM KOMIPII MPH MOCTIHHOMY I1e-
pemimyBanHi. Binryku orpumyBanu Ha 1,5 MM
L-aprininy (KOHIIEHTpaIIis, [0 BIAMOBIAA€E Jia-
Ma30Hy HAaCHMUYEHHS KamiOpyBasibHOI KpHUBO1). Pe-
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3yNbTaTH BUMIPIOBaHHS HaBelEeHO Ha puc.8. 3a
12 BUMipIOBaHb CyTTEBOTO MaJiHHS BEIUYUHU
BII'YKY HE CIOCTEpIraiocs, a BiIHOCHE cepell-
HBOKBaJJPaTUYHE BiIXHICHHS CTAaHOBUIIO 6,1%.
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Pucynoxk 8. BigTBoproBanicThb Biarykis 0iocencopa
Ha ocHoBi A/II npu 6e3nepepBHiii podoTi.
Konuentpauisi L-aprininy — 1,5 MmM.
BumiproBanus npooauauch y 5 MM
pocparnomy Oydepi 3a pH 6,2.

[le onHi€I0 BaXKIMBOIO XapaKTEPUCTHKOIO

Oynb-aKOro Ol0CeHCOopa € omnepaliifHa cTadiib-
HICTh poOOTH (pHC. 9).
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Pucynok 9. Onepauiiina cradiibHicTb Biarykis
diocencopa na ocuosi A/Il Buponos:x 14 quis.
Konuentpauisi L-aprininy — 1,5 MM.
BumiproBanus npooauaucs y 5 MM
docparnomy Oydepi 3a pH 6,2.

JlocTiKeHHST TIPOBOIMITM BIIPOJIOBXK JTBOX THIK-
HIB, KO)KHOTO JIHSI, OTPUMYBaJu Mo 6 BIATYKiB
6iocencopa Ha 0,25 MM L-aprininy. Mix Bumi-
proBaHHAMU Ol0CceHCOp 30epiraBcsi B CyXxoMy CTaH1
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B XOJOAMIBHUKY 3a Temreparypu + 8 °C. Ilicis
NEepIIOro THXKHSA poOoTH OioceHcopa, cepeaHs
BEJIMYHMHA BIATYKY 3MeHImiIachk Ha 20%, a micis
3aBEPIICHHS €KCIIEPUMEHTY (110 MPOXOIKEHHI1
JIBOX THXKHIB) — Ha 45%. Takum unHOM, OYyJ10 TIO-
Ka3aHo, 1110 010CEHCOp € TOCUTH CTaOLIBHUM TPU
MOCTIHHOMY BUKOPUCTAHHI Ta XapaKTepU3y€eThCs
TapHOKO OMEepaliifHOI CTa0IIBHICTIO CUTHAIIB,
[IOHAMMEHIIIe IPOTATOM JIBOX THKHIB.

3 METOI0 MoJaNbIIOol KoMepItiami3alii po3-
pobneHoro 6ioceHcopa, Oyl0 BHBUEHO CTAO1Ib-
HicTh OioceHcopa Ha ocHOBI A/ll mpu OBrocTpo-
KoBOMY 30epiranHi (puc. 10).
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Pucynok 10. Cta6inbHicTh OioceHcopa mpu 10Bro-
TPUBAJIOMY 30epiraHHi B pi3HHX yMOBax: B CyXoMy
crani npu +8 °C (1), y Booromy crani npu +8°C (2)
Ta y cyxomy craHi npu —18 °C (3). Konuenrpauis
L-aprininy — 1,5 MM. BumiproBanus nposoauiuch
y 5 MM ¢ocharnomy Oydepi 3a pH 6,2.

ExcnepuMeHT NpoBOAUIN HACTYITHUM YUHOM:
BUTOTOBHWJIM HU3KY 010CEHCOPiB, OTpUMAJH TI0
JIEK1JIbKa BIATYKIB Ha OJTHAKOBY KOHIICHTPAIIIIO
cyOcTpary Juisi KOKHOTO 3 HUX, IICJIS 4OTo MOoMic-
TUJIM B Pi3HI YMOBH JIJIs1 30€piraHHs: y BOJOTOMY
crani npu +8 °C Ta B cyxoMy crtani npu +8 °C
ta—18°C. Excniepument tpusas 31 nens. [1o npo-
XOJIPKEHH] MEPIIOro TUXKHS CYyTTEBO 3MEHUIMIINCH
BIATYKM Ha BCIX JOCIIJDKYBaHUX Ol0CEHCOpax.
[Ticast apyroro Ta TpeTbOro THKHIB BIATYKH 010-
CEHCOopiB, 110 30epirajuch B y BOJIOrOMy CTaHi
npu +8 °C; Ta 'y cyxomy crani npu —18° C 3amumia-
JIUCH BIIHOCHO CTaOLIbHUMH, B TOM Yac, sIK BIATYK
610ceHcopa, 1110 30epiraBcsi B CyXoMy CTaH1 Mpu
+8 °C, 3smenmuBcsa Ha 60% BIIHOCHO TOYATKOBOL



Sensor Electronics and Microsystem Technologies 2023 — T. 20, Ne 1

akTUBHOCTI. [licis 3aBepuIeHHs] eKCIEPUMEHTY
BIATYK OioceHcopa, 1110 30epiraBcs y CyxoMy cTa-
Hi ipu —18 °C, cranoBuB npubauzxHo 80% Bix
M0YaTKOBOTO PiBHS CUTHaIY. Binryk 6iocencopa,
110 30epirascst y Bojoromy ctai npu +8 °C mpo-
JOBKYBaB 3MeHITyBatucs (micast 31 IHS BiITyK
nopiBHioe Omm3pko 40% Big OYATKOBOTO), a Be-
JMYUHA BIITYKy Ol0CeHcopa, 1110 30epiraBcs npu
+8°C y cyxomy craHi cTaHOBHIIa pUOIn3HO 35%
BiJIHOCHO TTOYaTKOBOi akKTUBHOCTI. Haiikpaii pe-
3yJBTaTH BUSBUIIMCH MpH 30epiraHHi OioceHcopa
y cyxomy ctasi npu —18°C.

Ilepesipka cenekmuenocmi pooomu oio-
cencopa na ocnoei A1

OnHuM 3 HaWBAXKIIMBIIIUX KPUTEPIiB aHAI-
3y MEPCIEeKTUBHOCTI 3aCTOCYBaHHs OioceHcopa,
JUISL TIOZAJIbIIOT POOOTH 3 peaJbHUMHU 3pa3KaMH,
€ WOT0 CENEKTUBHICTh BiTHOCHO MOXJIMBHUX 1H-
tepdepyrounx pedoBuH. Byno nmpoBeneHoO HU3KY
JOCIIJIIB 3 METOIO TIEPEBIPKH CENIEKTUBHOCTI PO3-
pobneHoro 6iocencopa Ha ocHoBi AJll. Criepury
OyJ10 TIEpeBipEHO SIK 1HIIT AMIHOKHCIIOTH BILIUBA-
I0Th Ha CEJEKTUBHICTh 0i0oCeHCcOopa 10 apriHiHy
(Tabm. 1).

Tabnuys 1.

CenekTHBHIiCTH 0ioceHcOpa BiTHOCHO MOKJINBUX
inTepdepentiB. Konnenrpanist ycix anamitis —
100 mxM. BumiproBanns npoBoauiauch B 5 MM
docparnomy Oydepi 3a pH 6,2.

Inmepgepyroui peuosunu Biozyk biocencopa,%
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Jocnimxenns npopogminuck B 5 MM ¢ocdar-
HoMy Oydepi 3a pH 6,2, ipu boMy y BUMIPIO-
BaJIbHY KOMIpKY BHOCHJIMCH QJIIKBOTH KOHIICH-
TPOBAaHUX PO3YMHIB MOXKJIMBHX 1HTEPPEPyIOUUX
pedoBuH (IHII aMIHOKHCIIOTH) 10 KOHIICHTpAIlii
B 100 MxM B xomipui. Biaryk 6iocencopa Ha iHmIi
aMIHOKHUCIIOTH PO3PaxOBYBaBCs y BIJICOTKaX, MPH
upomy 3a 100% OyB B3saTuit Biaryk Ha 100 MM
L-aprininy. B minomy 6ioceHcop BUSBUBCS 10-
CUTh CEJICKTUBHUM JI0 IHIIUX aMiHOKHCIIOT, 10
MOXYTh BXOJIUTH J0 CKJIaay (papManeBTUUHUX
3pa3KiB, OKpiM acmapariHoBoi Ta TIIyTaMiHOBO1
kucnotu (peakiist 6ioceHcopa — 20%).

Kpim Toro Oyno nepeBipeHO CEleKTUBHICTh
KOHJYKTOMETPHYHOTO OioceHcopa Ha ocHOBI AJ[I
BITHOCHO HHM3KH IHIIMX €JIEKTPOAKTUBHUX PEUO-
BUH, 110 MOXYTh OyTH NMPHUCYTHI B O10J0TTYHUX
3paskax. bioceHcop OyB CeNeKTUBHUM BiJTHOCHO
UX iHTep(epyounx PeyOBHH, 3a BUKIIIOUCHHS-
MU acKOpOIHOBOI Ta TUMOHHOT KUCIIOT. Bemudn-
Ha BIATyKy OioceHcopa Ha JMMOHHY KHCJIOTY
cranoBmuna 133,3%, a Ha ackop6iHOBY — 53,3%
y TIOpIBHSHHI 3 BIATYKOM JaHOro OioceHcopa Ha
L-aprinin. BinnoBigHO, HagBHICTh LIUX KUCIIOT
y peajbHOMY 3pa3Ky MOXe CIIOTBOPHUTH PE3yJIbTar
010CEHCOPHOTO aHai3y KOHIEHTpanii L-apriHiny
B 3pa3Ky, TOMY 3aCTOCYBaHHS pO3p0O0OIeHOTo 0i0-
CeHcopa JuId aHalli3y pealbHUX 3pa3KiB, B IKHX
€ ackopOiHOBa 200 TUMOHHA KUCJIOTA, € HEMOX-
JIBHM.

AHnaniz 0CHOGHUX AHAIIMUYHUX XAPaAKme-
pucmuk po3poonenozo diocencopa

OcTaHHIM eTanoM CTBOPEHHS Ta ONTUMI3a-
1ii pobotu GioceHcopa Ha OCHOBI apriHiHAeIMiHA-
31 JUIS AETEKTYBaHHs apriHiHy OyJ0 BU3HAYEHHS
HOTO OCHOBHUX aHAJITUUYHHUX XapaKTEPUCTHUK.
Jyist BUKOHAHHS IIbOTO 3aBIaHHS OyII0 MOOyI0Ba-
HO KaJTliOpyBaJibHy KPHBY BU3HAUEHHS KOHLIEHTPA-
uii L-aprininy (puc. 11).

[IpoananizyBaBIIM XapakTep BiATYKiB Ta
KaniOpyBadbHy KPUBY 0i0CEHCOpA, OTPUMAHUX
IiCIIs yCiX ONTUMI3aLii, OyJl0 BU3HAYEHO OCHOBHI
aHAJTITUYHI XapaKTepUCTUKU OioceHcopa (puc.
11). MiniManpHy rpaHuI0 010CEHCOPHOTO BU-
3Ha4YeHHs L-apriHiHy BUMIPIOBAJIH SK MiHIMAJIbHY
KOHLIEHTpAIlif0 cyOcTpary, Ha Ky € MOXKIUBUM
OTpUMATH BIATYK, L0 TEPEBUIIYE IyM 0a30BO1
JiHii B TpU pa3u. TakuM YMHOM, MiHIMaJIbHA Tpa-
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Pucynoxk 11. KasniopyBaibHa kpuBa 6iocencopa Ha ocuoBi A/JII.
BumiproBanus nposoauiuchk B 5 MM ¢ocharnomy oydepi 3a pH 6,2.

HUIIS BU3HAUCHHS JIJIs po3pobaeHoro 6ioceHcopa
cranoBuia 2 MKM. JliHiiHUHN miama3oH poOOTH
6ioceHcopa JekuTh B Mexax Big 20 1o 750 MM
L-aprininy, a muaamivamii — Bix 0 o 2000 MxM.
JliniifHa TiJITHKA TaHOi KPUBOI OMUCYETHCS PiB-
HSHHSIM:

_ z-6,8091
2,2683 ’
ne C — e xkoHueHTpauia L-aprininy B koMmipiii
(B MKkM), a z — BiATYyK 6i0oceHcopa Ha JaHy KOH-
neHrpariro (B MKCum).

Uytnusicts 10 L-aprininy ans gaHoro 6io-
ceHcopa craHoBuna 1927 mxCm/MM. Illym Ta
npeiid 6a30BO1 MiHIT AT JaHOTO BUMIPIOBaHHS
cranoBmiy 1,6 MkCwm/xB Ta 0,72 MkCM/XB Bij-
MOBIJTHO.

BianoBigHO 10 OTpUMaHUX pPE3yibTaTiB,
po3pobieHnit 610CEHCOp € MEePCIEKTUBHUM J10
3aCTOCYBaHHS JUIs OAAJIBILIOTO KiIBKICHOTO aHa-
73y L-aprininy B peanbHUX (apMameBTHIHHX
3pasKax.

BUCHOBKUA

B po6orti Oyno po3pobiaeHo KOHTyKTOME-
TPUYHUHN apTiHIH-YYTIMBUI O10CEHCOp Ha OCHOBI
apriHiHAeIMIHA3H JIJIs KITbKICHOTO BU3HAYCHHS
apridiny y apmaneBTuyHuX 3paszkax. [IpoBeneHo
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ONTUMI3aIlil0 YMOB iMMOO1Ti3a1i GpepMeHTy Ha
MOBEPXHI KOHAYKTOMETPUYHOTO MEPETBOPIOBA-
4a: cnoci® iMMoO61i3allii — B mapax riIyTapoBOro
aJIbJIeTiy; KOHIEHTpallist pepMeHTy B Oiocemnek-
THUBHIN MeMmOpaHi — 88,2 oj.aKT/MII; TPUBAJTICTh
iMmmoOimi3amii — 30 xB. Bu3HaueHo BIUIMB OCHO-
BHUX ITapaMeTpiB po3uuHy (10HHOI cui, Oydep-
HO1 eMHOCTi, pH, TemmepaTypa Ta KOHLIEHTpa-
mii O171Ka) Ha BETMYMHY BIATYKIB Ol0ceHCopa Ha
L-aprinin. OntumanbauM OypepHUM pO3UUMHOM
JUIs poOOTH apriHiH-4yTIUBOrO OioceHcopa OyB
5 MM docdarnawmii Oydep 3a pH 6,2.

Takox B poOOTi Oyrna mepeBipeHa CeJeK-
TUBHICTh 010CEHCOpPAa CTOCOBHO MOXJIMBHUX 1H-
tepdepyrounx pedoBuH. Ha xanb, 6ioceHcop
XapaKTepHu3yBaBCsS HE3HAUYHOIO YYTIUBICTIO J10
acrnapriHoBOi Ta NIyTaMiHOBOI KMCIIOTHU (peaKiiist
6iocencopa — 20%) Ta CUIBHOIO YYTIMBICTIO JI0
ackopOiHOBOI Ta JIMMOHHOIT KHCJIOT. BennunHu
BIJITYKiB HA 1HIII PEYOBUHU Oy MiHIMAJIbHUMHU
a60 ne nepeunryBanu 20%.

[TokasaHo, mo GioceHCcCop XapaKTepusy-
€ThCSl BUCOKOIO BIJTBOPIOBAHICTIO PE3Y/IbTATIB
BIIPOJIOBXK OIHOTO JHS aKTHBHOI poboTu (RSD=
6,1% nmmsa 1,5 MM cyOcTpary), a TakoK XapakTe-
PHU3YETHCS BUCOKOIO OTIEPAIITHOIO CTAOIBHICTIO
MPOTSITOM JIBOX THXKHIB. Byno Bu3HaueHo Hailkpa-
Il YMOBH JIOBT'OCTPOKOBOTO 30€piranHs, a came —
B CyXOMYy cTaHi 3a Temneparypi —18°C.
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[Ticna po3poOku GioceHcopa i onTumizarii
foro po6otu Oyn0 MOCTIIKEHO OCHOBHI aHali-
TUYHI XapaKTePUCTUKHU: UYTIUBICTh, TUHAMIU-
HUW Ta MHIWHUN Aiama3oH poOOTH, MiHIMalbHA
Me)Xa BU3HAUCHHS, IIyM Ta Apei¢ 0a3oBoi JiHii
TOIIO. 3a pe3yJIbTaTaMH J0CHiKEHb BCTAaHOBJIE-
HO, 110 pO3po0IIeHHH 010CEHCOP MOXKHA 3 YCITIIXOM
BUKOPUCTOBYBATH I KUTbKICHOTO BH3HAUEHHS
L-apri"iny A1 KOHTPOJIIO MPOIECY BUPOOHUIITBA
niabeTHIHUX J00aBOK, 10 MICTATh L-apriHiHy.
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MOJSIKA

PoGota npodinancoBana 3a paxyHOK IPaHTy
HAH VYkpainu niis HayKOBO-IOCIITHUX J1abopa-
Topiit/Tpyn monoaux BueHnx HAH Vkpainu mis
MIPOBENICHHS TOCITIKEHb Y MEXKaX MPIOPUTETHUX
HampsIMiB PO3BUTKY HayKH 1 TeXHIKU. YacTuHy
TOCTIHKeHBb OYyJI0 TPOBEICHO 3aBASIKU (hiHAHCO-
BiMl miarpummi HAH VYkpainu B pamMkax miiboBOi
nporpamMu HaykoBux gociimkeHnb HAH Vkpainu
«Po3yMH1» CEHCOpH1 IPHUJIAI HOBOTO TTOKOTHHS
Ha OCHOBI Cy4aCHHMX MaTepialiB Ta TEXHOJIOT1i»
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Summary

Arginine is a conditionally irreplaceable amino acid, an active cellular regulator of a number of
vital processes. To regulate the level of arginine in the body, bio-additives are used, so there is a need
for reliable, fast and affordable quality control methods. Currently, there is a wide range of methods
for the quantitative determination of arginine. The methods are effective in application, but have a
number of disadvantages: high cost, long pre-treatment of samples, complexity of analysis. To solve
these problems, we created a single-enzyme conductometric biosensor based on arginine deiminase
for the selective determination of arginine in pharmaceutical samples.

During the research, we selected the optimal method and parameters of enzyme immobilization
on the surface of the conductometric transducer; checked the influence of the main parameters of the
solution on the functioning of the proposed biosensor based on arginine deiminase, such as the ionic
strength of the solution, buffer capacity, pH, temperature, protein concentration in the solution, etc.;
conducted a study of the stability of the developed biosensor during use and storage, its selectivity.
The last stage was the determination of its analytical characteristics.

Thus, the optimal conditions for immobilization on the surface of the transducer are determined
to be immobilization in glutaraldehyde vapors for 30 minutes, while the concentration of the enzyme
in the membrane is 88.2 U/ml. The optimal buffer solution for the operation of an arginine-sensitive
biosensor is 5 mM phosphate buffer with a pH of 6.2. When checking the selectivity to possible
interferents, it was determined that the biosensor is characterized by a slight sensitivity to aspartic
and glutamic acids (the reaction of the biosensor is 20%) and a strong sensitivity to ascorbic and citric
acids. It is shown that the biosensor is characterized by high reproducibility of results during one day
of active operation (RSD= 6,1% for 1.5 mM substrate), as well as good operational stability during
two weeks. The best conditions for long-term storage were determined, namely, in a dry state at a
temperature of —18 °C. Analytical characteristics of the biosensor developed in the work were analyzed.
It was established that the minimum limit of determination of arginine is 2 uM. The linear range is
from 20 to 750 uM L-arginine. The sensitivity to L-arginine is 1927 uS/mm. Baseline noise and drift
are 1.6 uS/min and 0.72 uS/min, respectively.

Therefore, the developed biosensor can be successfully used for the quantitative determination
of L-arginine to control the production process of diabetic supplements containing L-arginine.

Keywords: L-arginine, biosensor, conductometric transducer, arginine deiminase, enzyme
immobilization
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Pedepar

ApriHiH — yMOBHO He3aMiHHA aMiHOKHCIIOTA, aKTUBHUHN KJIITUHHUI PEryasTop psay *KUTTEBO-
BA)XKJIMBHX Ipo1ieciB. JlJst perysmii piBHs apriHiHy B OpraHi3mMi BUKOPUCTOBYIOTH O10JIOT1YHO aKTHBHI
Nn00aBKH Ta (papManeBTHYHI Mperaparu, ToMy iCHye notpeda B HaIIifHUX, IBUIKUX 1 TOCTYITHUX Me-
TOAAX KOHTPOJIIO iX sikocTl. Hapasi icHye mupokuii ciekTp METO/IB KUTbKICHOTO BU3HAYEHHSI apTiHIHY.
Bonu edekTuBHI y 3acTOCyBaHHI, ajie MalOTh PsIJi HEIOJIKIB: BUCOKY BapTICTh, TPUBATY IOMIEPEITHIO
00poOKy Tpo0, CKIaHICTh aHamizy. [yt BUpimeHHs 1uX Mpo0ieM MU CTBOPHIIA OJHO(PEPMEHTHHI
KOHAYKTOMETPUYHHI 010CEHCOP Ha OCHOBI apriHiHICIMIHA3HM JUIsSl CEIEKTUBHOTO BU3HAYEHHS apTiHiHYy
y (hapmarieBTHUHHX 3pa3Kax.

B xoxi gociipkeHHsT MU mii0panyu ONTUMaibHI METOJ 1 mapameTpu iMMoOiTizalii pepMeHTy
Ha TIOBEPXHI KOHIYKTOMETPUYHOTO TIEPETBOPIOBAYA; MIEPEBIPMIIM BIUTUB OCHOBHUX MapaMeTpiB po3-
YIHY Ha (YHKLIOHYBaHHSI 3alIPOIIOHOBAHOTO O10CEHCOpa Ha OCHOBI apriHiHACIMIHA3H, TAKHX SIK 10HHA
cuia po3uuny, OydepHa emHicth, pH, Temneparypa, KOHIICHTpaIlisl OUIKY B PO3UHHI, TOIIO; MPOBEIH
JOCITIDKEHHS CTaOUTBHOCTI PO3po0IeHOTro 0ioceHcopa MpU BUKOPUCTAHHI Ta 30epiranHi, HOro ceek-
TUBHOCTI. OcTaHHIM eTanoM Oyll0 BU3HAYE€HHS HOro aHaIITUYHUX XapaKTePUCTHK.

Tak, onTuMaTbHUMH YMOBaMH IMMOO1Ti3a11il Ha TOBEPXHI MePETBOPIOBaYa BU3HAYEHO IMMOOi-
Ji3aIiio B mapax nIyTapoBOro anpAeriay nmpotrsroM 30 XBUIMH, IPY I[bOMY KOHILIEHTpALisl GepMeHTy
B MeMOpaH1 JopiBHIOE 88,2 onx.akT./mi. OnTuManbHuil OydepHuil po3uuH ajist poOOTH apriHiH-
qyTIBOr0 OioceHcopa — 5 MM ¢ocdarauii Oydep 3 pH 6,2. [1pu niepeBipiii CEIEKTUBHOCTI CTOCOBHO
MOXXJIMBHX 1HTEp(EPEHTIB BUZHAYEHO, 110 O10CEHCOP XapaKTEPHU3Y€EThCSI HE3HAYHOKO YUY TIIMBICTIO J10
acrmapriHoBoi Ta IIyTaMiHOBOI KUCJIOTH (peakuis 6iocencopa — 20%) Ta CHIIBHOIO YYTJIMBICTIO 10
ackopOiHOBOI Ta TMMOHHOT KHCIIOT. [Toka3aHo, 1110 010CEeHCOp XapaKTepU3y€eThCsI BUCOKOIO BIITBOPIO-
BAHICTIO PE3yNbTaTIB BIPOJOBK OAHOTO THS akTUBHOI podotu (RSD= 6,1% ans 1,5 MM cybcerpary),
a TaKOX TapHOIO OIEPALiHHOI0 CTaOIIBHICTIO IPOTATOM JBOX THIKHIB. 3’sICOBAaHO HAaWKpaIlli YMOBH
JIOBFOCTPOKOBOIO 30epiraHHs, a came — B cyxoMy crtaHi npu Temneparypi —18 °C. [IpoananizoBano
aHAJITHUYHI XapaKTEPUCTUKH Po3pobieHoro B poboTi 6ioceHcopa. BeranoBieHo, 1o MiHiMalbHa
MeXa BU3HAUCHHs apriHiny — 2 MkM. JliHiiiHU niana3oH 3HaXOIUThCS B Mexkax Bif 20 go 750 MM
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L-aprininy. Uytnusicts 10 L-aprininy craHoBuTh 1927 MkCm/MM. ba3oBwuii mym 1 qpeiid cTaHoBIATH
1,6 MxCm/xB 1 0,72 MmxCM/XB BiIIOBigHO.

OTxe, po3pobieHnii 6i0CEHCOp MOKHA 3 YCIIXOM BHKOPHUCTOBYBATH JUIA KiJTBKICHOTO BH3HA-

yeHHs1 L-apridiHy A KOHTpomto ¢anbcudikaiii abo mpoliecy BUpOOHHUIITBA J1a0ETHYHHUX T00ABOK,
10 MICTSTh L-apriHin.

KurouoBi ciioBa: 6ioceHcop, KOHAYKTOMETPUYHUN TIEPETBOPIOBAY, apriHiHACIMIHA3A, aHATI3
L-aprininy, immo06inizaris ¢pepMeHTy
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BigKpuTtnia AnCT HayKoBLUiB YKpaiHKU Ta giacnopu

MuHae pik 8id noyamky noeHomacuwmabHo2o emopzaHeHHA Pocilicokoi ®edepauii 8 YkpaiHy. BiliHa
Habyeae 0o820mpueasno20 i HAGXHOPCMOKO20 mepopucmuyHo20 xapakmepy. Yac nepeanaHymu
ponb pocilicbkoi HayKu y eiliHi ma nocuaumu cynpomue KpemsaieCbKOMy pexcumy Hd HayKosomy
poHmi.

MoBHOMacwTabHa BilHa, AKy po3B'a3ana Pociincbka Pegepalisa NnpoTh YKpaiHKU, TPMBAE YKe Maitxe piK.
3a nigTpMMKK Hebanay»Kmx 3 ycboro CBiTYy, AKi nepeaanu Ta NPOAOBNKYIOTb NepenaBaTM BiMCbKOBY
TEXHiKy i 36p0oto, HafaNM ryMaHiTapHy [ONOMOrY, a TaKOX BBE/IM €KOHOMIYHI i hiHaHCOBI caHKLji NpoTK
arpecopa, YKpaiHUsM BAas0CA BUCTOATU Ta BM3BOAUTM OiNbluy YacTMHY 3axOMNeHUX TepuUTopii.
BennuesHa nogska BCiM KpaiHam, NOMITUKAM i 3BUY4AMHUM rpOMagaHam, AKi cTaim Ha BiK YKpaiHuy,
aKTMBHO Ait0Tb Ta AonomaratoTb!

BiitHa B YKpaiHi € He nuwe Halbinblo BiMHOW Ha TepuTopii EBponu nicns 3akiHYyeHHAa [Apyroi
CBiTOBOI BiliHW, @ W Ma€ YiTKO BMpPAXKeHi pUCU TeHouumay YKpaiHCbKOro Hapopgy. leHepanbHa
npokypaTypa YKpaiHU po3chiflye AeCATKM TUCAY BOEHHUX 3/104MHIB i 3/1I04MHIB NPOTU NHOAAHOCTI (AMB.
nocunaHHA Ha nepwogepena Bl). Taki micTa, Ak by4a, lpniHb Ta I3t0M CTanM CUMBONAMM TOPTYP |
MaCOBMX PO3CTPINIB LMBINLHOrO HaceneHHA.? Big noyaTKy pOCIMCbKOro BTOPrHeHHA odililiHO
3adikcoBaHO 6/M3bKO 7 TUCAY BOMBCTB MMPHUX FPOMAAH, BKAOYHO 3 AiTbMM, AKMX, 32 SAHUMM
OOH,? Ha KiHeub rpyaHa 2022 poky 6yno B6uTo noHag, 400.

Ha mixHapoaHin apeHi aedani ronocHiwe i BNeBHeHiWe /iyHAE BMMOra CTBOPEHHA MiKHApPOAHOro
TpubyHany AnA 3acy[yKeHHs BOEHHMX 3/104MHLIB,' AK ue Byno 3pobneHo nicna 3akiHueHHa [pyroi
cBiToBOI BiHM B HiopHbGepsi. Y nauctonaai 2022 poKy EBponeicbKa KoMmicis 3aABMAa, WO
€sponencbkmin Coto3 npautoBaTMMe Haj, CTBOPEHHAM CMeLiani3oBaHOro cyay AnA po3caigyBaHHA Ta
nepecnigysaHHa P® 3a 3n0umHW.* TpoTe poCiicbKi nNpaBaAYi KoMa 3a/iuMLIaloTbea  pillyye
HaNAWTOBAHUMM 3HULLUTU YKpPAiHY AK He3anexHy aep:kasy. OcobamBo 6oNOUMM | HEMPUAHATHUM
ONs YKpaiHLIB € TOM $aKT, WO COLi0/MoriYHi ONMTYBaHHA, AKi NepiognYyHO NPOBOAATb cepes, POoCisH,
CcBiAYaTh, Lo abcoNtoTHa X BiNbLicTb, a came 74 %,> NiATPUMYIOTb BiliHY B YKpaiHi.

Lo ctocyeTbca HaykM Ta OCBiTM, PO Becb Lel 4ac OOKNALAE MAKCMMYM 3YCWU/b [0 3HULLEHHA
YKpaiHCbKOi  HayKu, 6ombapaytoum Mysei, LWKOAW, YHIBepPCUTEeTW, IHCTUTYTM Ta HaAyKOBY
iHppacTpyKTypy.®” BaraTo yKpaiHCbKMX HAYKOBLiB 3arMHYI0 BHACAIA0K BOEHHUX AN, iHWI — 3MyLUEHi
6ynn  emirpyBatn.2 Pi3KO CKOpPOTM/IACA MOMAMBICTL HALIOi AepsKaBu NiATPMMYBATU HAYKOBI
pocnigskeHHa.’ Barato KpaiH 3amodvaTKyBa/iM YMCNEHHI NPorpamu WoA0 MiATPUMKM YKPaATHCbKMUX
HAyKOBLiB B YKpaiHi Ta TUX, LLLO XTO ONMHMBCA 32 KOPAOHOM, TiKalouun Bifg, pociicbkux 60m6 Ta paker.
Hemae mex Hawwili BaaYHoCTI 3a wto gonomory! Ane ua gonomora He BUpILLYeE camy npobaemy, a nue
NOM’AKLIYE HACNIgKM POCIMCbKOro BTOPrHEHHA. [NMBGMHHA NpUYMHA NOMAFAE B KPEMJiBCbKOMY
TEPOPUCTUYHOMY PEXKUMI, AKMI MiNiTapu3ye BCi chepu KUTTA, Y TOMY YUC/T 1 HaYKY.

" https://en.wikipedia.org/wiki/War_crimes_in_the_2022_Russian_invasion_of_Ukraine
2 https://www.ohchr.org/en/press-releases/2022/12/un-report-details-summary-executions-civilians-russian-troops-
northern

3 https://www.ohchr.org/en/news/2022/12/ukraine-civilian-casualty-update-26-december-2022

4 https://www.washingtonpost.com/world/2022/11/30/eu-russia-ukraine-tribunal-war-crimes/

5 https://www.understandingwar.org/backgrounder/russian-offensive-campaign-assessment-december-3

6 https://www.science.org/content/article/hero-city-crippled-russian-attacks-ukraine-s-science-hotbed-refuses-give

7 https://www.science.org/content/article/out-ashes-near-chornobyl-war-scarred-town-plans-nuclear-research-revival
8 https://www.science.org/content/article/ukraine-s-mounting-death-toll-includes-growing-number-researchers

9 https://svit.kpi.ua/2022/11/15/ykpaiHcbka-Hayka-BUKINKU-BIHW-NOTPe/
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Hayka He no3a NoniTMKOI0, HayKOBi CaHKL,ii NOTPi6Hi

Ycim BigoMi TBEpAsKeHHSA: "HayKa No3a NosiTuKor", "HayKa He Mae KopAoHiB". Y HUHILWHIX obcTaBMHaX
i3 UMM HEMOXAMBO NoroamuTUcsa. Mu, AK HAyKOBLL, XOUeMOo NiAKPECAUTU HEOYEBUAHY, MPOTE Baromy
PO/Ib POCIMCbKOI HAYKK B Ll CTPALUHIN BilHI.

Mo-neple, HayKa cTasia 0COBMBO BaXK/IMBOIO 3 OrNsAAY Ha TOM GaKT, WO BilHA HabMpae 3aTAKHOTO
xapaktepyl® i P® npogoBKye iHTEHCMBHO MOCUIIOBATU CBI OBOPOHHO-MPOMUCIOBUIA KOMMJIEKC,
BMKOPWCTOBYOUM HAMHOBILI HAyKOBi AOCArHEeHHA. HayKa € ONOpHMM CTOBMNOM TEXHONOTiN, 6e3 AKX
HEMOX/IMBO BUroToBAATM 36poto. B yHiBepcuTeTax i HayKoBO-gocCniaHUX nabopatopiax roTywoTb
BMCOKOKBasidikoBaHy pobouy cuay aAna BignoBiAHUX MiANPUEMCTB. Y yacu 8iliIHU HAOYKA MAKOM
cmae 36pocro.

Mo-gpyre, He 3abyBaiMoO, LLIO Cy4acHa BiliHA — Le He MPOCTO BilHa Ha noi 6oto. Lle BilHa 3a AyMKM i
nouyTTa ntogein. MegiiHa CKnagoBa HayKM Bifirpae AyrKe BayKaMBy posib. KoXKHa HoBa CTaTTA, B SKil
3acsigveHa adiniauis Pocincbkoi ®eaepali, KOXKHa HayKoBa npeseHTalis, 3pobieHa “nig npanopom" PO,
OEMOHCTPYE, WO KpaiHa-arpecop, KpaiHa-TepopucT i Hagani € MNOBHOMPABHWMM Y/J€HOM HAyKOBOI
Mi¥HapOAHOI CninbHOTU. Lle CTBOPIOE BMAMMICTb HOPMANbHOCTI Ta HEABHOTO MPUMHATTA CMepPTi Ta
pyWHYBaHb, WO 3aBAatoTbCs YKpaiHi Ta il rpomagaHam. Ane Hacnpasgi PP nocnigoBHO Hamaraertbcs
3HULLMTA MiKHApPOAHE MPaBo i MOBEPHYTU B Cy4aCHWUI CBIT "npaBo cuabHoro”. [na pociicbKux nigepis
HayKa € NOTY}KHUM IHCTPYMEHTOM ANA AoCArHeHHA uiei metn.!! Biapasy nicna BToprHeHHa PO B YKpaiHy,
PocilicbKuii cOt03 peKkTopiB NignuMcas CrinbHY 3aaBy NPo NOBHY NiATPUMKY MyTiHa i BCix Moro Ajin.12

Tomy Haykoei caHKyii € makumu 1< dopeyHUMU i HeobXiOHUMU, AK | eKOHOMIYHI, HaKNaaeHi Koaniuieto
KpaiH, BigaaHux cnpasi Mupy. HayKoBi CaHKLii NOBUHHI 6yTK 3anNpoBaAKeHi AeMOKPATUYHUMK CUNAMUN
BiIbHOTO CBITY A1 CTPMMYBAHHA 3pocTatoyoi arpecii PO.

Mwu TBepAO NEPEeKOHaHi, WO TaK camo, fK ONIMMIMCbKMM CNOpTCMeHam 3abopoHeHOo BMCTyNaTW nig,
POCIACbKMM NPanopom, HayKOBLUAM A0CAIAHMLUBKMX LeHTpiB PociicbKoi Peaepalii HegonycTnmo 6patn
y4yacTb y dopymax, siki 3abesneyytoTb CBiTOBUI 0OMIH igesmu Ta iHbopmauieto. MoasakM 3a AeprKaBHi
rpaHT PP TakoxK mMatoTb 6yT 3a60POHEHI, OCKINIbKM NiATPUMYIOTb PEXMM, AKUI Bede i GiHaHCYE BilHY,
BOMBAlOYM, KaTytouMn, rBANTYOUM Ta AEMNOPTYOUM MUPHUX Atogen. Taki 3abopoHM MOBHICTIO
BinoBigatoTb NoctaHoBam Esponelicbkoro Coto3y®® ta KoHrpecy CnonyyeHux LLUtatis Amepumku.t

3 nepwmx AHIB POCICbKOro BTOPrHEHHA HayKOoBL,j B YKpaiHi Ta 3a i mexkaMu 3BepTatoTbCA i3 3aK/IMKamu 40
MisKHapPOZHOI CMiJIbHOTM WOA0 HaKNaAEHHA CaHKLiM Ha POCiMCbKy HayKy.'>®' Ve uumano 3pobneHo Ha
3aKOHOJABYOMY piBHI  €Bponelicbkoro Colo3y Ta  HauioHanbHMX pisHAx.>181%20  HeonHopasoso
opraHizaTopy KoHdepeHLUjii 3abopoHanM yyacTb gonosigadie 3 PO i binopyci. Jobpum npuknagom €
6eskomnpomicHuit niaxia Federation of European Biochemical Societies,?® European Magnetism
Association?? Ta Halbinblwoi eBponeiicbkoi KoHbepeHLjii 3 marHetusmy Joint European Magnetic
Symposia.?3 MepLui KPoKK A0 BOMKOTY POCINCHKOT HaYKM TaKOXK 34JMCHUAN NPOBIAHI HayKOBI

10 https://www.france24.com/en/live-news/20221216-putin-planning-for-a-long-war-in-ukraine-nato-chief
" https://ria.ru/20230208/putin-1850583456.html

12 https://rsr-online.ru/news/2022/3/4/obrashenie-rossijskogo-soyuza-rektorov/

13 https://www.europarl.europa.eu/doceo/document/RC-9-2022-0482_EN.html

4 https://www.congress.gov/bill/117th-congress/senate-resolution/623/text

15 http://anvsu.org.ua/2023/02/

16 https://www.timeshighereducation.com/blog/russian-universities-must-suffer-tougher-sanctions

17 https://www.nature.com/articles/d41586-022-00601-w

'8 https://ec.europa.eu/commission/presscorner/detail/en/ip_22_ 1544

19 https://www.bmbf.de/bmbf/shareddocs/kurzmeldungen/de/2022/03/weitere-zusammenarbeit-mit-russland-belarus.html
20 https://serwisy.gazetaprawna.pl/edukacja/artykuly/8387053,polskie-uczelnie-zawieszaja-wspolprace-naukowa-z-

rosja.html

21 https://www.febs.org/news/further-statement-from-febs-on-the-russia-ukraine-war/
22 https://magnetism.eu/news/185/38-news.htm

23 https://jiems2022.pl
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BMAABHMUTBA.>* [leaki )ypHanu B3arani BiAMOBUAUCH Big po3raaay PYKONMUCIB, HAMMCaHUX BYEHUMNU,
WO NpaLiooTh B HayKOBUX 3aknagax P®.2> Mu nepekoHaHi, WO Ui NPaKTUKM NOBUHHI LWUMPUTUCS, a
CaHKLT WoA0 pOCiMCbKOT HayKM MOCKUIOBATHUCA.

Mu 3aKNMKaEMO pefaKLiliHi Konerii HayKOBUX XypHaniB, OpraHi3aTopiB MiXKHapOAHUX KOHPepPEHLN i
nifepiB HayKOBUX opraHisaLii:

® He NpuiMmaTK A0 POo3raagy HayKosi nybnikauii, adininosaHri 3 PO, y 6yab-aKi HayKOBI *KypHanu abo
36ipHUKN KOHbEepeHL,in;
® MPUNMHUTYK BCi NepeannaTn HayKoBMX ycTaHOB PP Ha Byab-AKy HayKOBY NiTepaTypy;

® MPUNUHUTU AOCTYN HAYKOBWUX YCTaHOB P® go MiKHapoaHOi AocnigHMUbKOi iHGpacTpyKTypH, y
TEXHIYHMX Y. 40 HAYKOBOrO YCTAaTKYBaHHA Ta HayKoBMX 633 AaHuX;

® 3360pPOHUTM NPOAAXK HAYKOBUX NPWUIAAIB Ta BUTPATHUX MaTepianis fo PD;

® no36aBMTM HAyKoBi oOpraHisauii P® Ta nos'AsaHuMx i3 HUMKM oci6 poctyny po 6yab-Aakoro
MiKHapoAHOro GpiHaHCYyBaHHA HAaYKOBMX AOCIAMKEHD.

BHecoK KOXHOro Baxknmsui!

MoniTnuHi Npouecu B CycninbCTBi, AK NPABMAO, AyXKe iHepTHi. Ha piwy4yi KPpOKKU ypaais KpaiH yacto
[0BOAUTLCA AYXKE A0Bro Yyekatu. ToMy Haa3BUYaMHO ePEKTUBHOIO € iHiljiaTMBa 3HM3Y. YiKe 3apa3 y
pyKax cBifloMux i BignoBiganbHMx HaykosLiB (y Bawmx pykax!) € MoxKamBicTb gonyuntmnca o 60poTbom
NPOTW BOPOra i BNAMHYTU Ha AKHAMLWBMALLE 3aBEPLUEHHA KPMBABOI BiMHU Ta MOKapaHHA arpecopa. €
6araTo BapiaHTiB Ail:

® AKLWo0 Bam Ha peueHsito npuxoanTb cTaTtTa 3 Pociicbkoi Peaepauii, Bu 3aBXKAN MOXKeTe BiAMOBUTUCA
Bifg, peueH3yBaHHA. [locunaviteca Ha UeW BIAKPUTUIA SNCT Ta APTYMEHTYyMTe CBOE pPilleHHA
HebaXaHHAM cnpuaTK HopManisalii «0bpasy» KpaiHu-arpecopa;

® yHUWKAWTe cninbHUX NybAiKauild pa3om i3 yYeHUMU POCINCbKMX HAYKOBUX YCTaHOB Ta OyAb-fKMX
Bi3UTIB A0 HUX. He NiaTpumyiiTe poCiiCbKUIA peXnMm CBOIM aBTOPUTETOM;

® AKLO Ha MiKHaApOZAHi KoHdepeHLUii BM cTann cBigkom HayKoBoi gonosigi, adininosaHoi 3 PO,
MOXKeTe AEeMOHCTPATUBHO MOKMHYTU ayauTopilo, AK Le HeoAHOpPa3oBO POOUAM MONITUKM Ta
CMOPTCMEHMN Pi3HMX KPaAiH Nig Yac BUCTYNiB NpeAcTaBHMKIB PO.

Mu nuwemo UbOro /AIUCTa B 4Yac BiMHM, KOAM NOAM 3MYLUEHI CTaBaTM Ha 4Mitcb BiK i By abo
X0N04HUMM, abo rapAYMMM, KONM 3anMWaTUCA OCTOPOHb O3HAYa€e CTaTM Ha biK arpecopa. BilHa
KOMIUCb 3aKiHYMUTBLCA. | B MUPHMIA Yac HayKoBa chiBnpaua 3 PO moxe byt BigHOBMeHa. Afe Le cTaHe
MOX/IMBUM TiNIbKM MicNs MOBHOTO BUBELEHHA POCIMCbKMX OKYMaLiMHMX BiACbK 3 YCi€l Mi*KHapoZHO
BM3HaHOI TepuTopii YKpaiHM, NpUnnHeHHA 6oNoBUX Aill | LOKOPIHHOT 3MiHM NOAITUKKM PD y HanpamKy
MWPHOTO CniBiCHYBaHHA Ta AOTPUMaHHA GyHAAMEHTANbHUX Mpas Ta cBobon NoauHU. JInwwe ToAi
HayKa Ta HayKoBa cCniBnpauA npauoBaTMMyTb Ha BUpiWeHHA rnobanbHUMX npobaem NOACTBA, a
HaAYKOBi 34,00YTKM CAYryBaTUMYTb BMKAOYHO MUPHUM LIAAM, SIK 40 LbOro 3akauvkann Hobeniscbki
naypeatu Bigpasy nicaa nodvatky BiHW.?® Ane oo Toro yacy 06CTaBMHWM BMMaraloTb Bif, KOMHOrO
BUPILLIMTK, AK pearyBaTu Ha BiMHY. [ii, AKi MM NPONOHYEMO, CNPSAMOBAHI NPOTU IHCTUTYLi arpecopa.
Mu LWMPO 3aKNMKAEMO BaC PO3MIAHYTU iX i 3p0O6UTK CBil BHECOK Y BOpOTbOY NPOTU BilMHM | TEepopy.

AKwWo Bu nigTpumyeTte uwei AUCT, NiZNUCATUCA MOXKHA TyT.
MoBHMIA CNNCOK HayKOBLiB, AKi NITPUMYIOTb JINCT, MOXHA NO6aUNTH TyT.

24 https://mailchi.mp/4851e2a74119/joint-publisher-statement
25 hitps://www.sciencedirect.com/journal/journal-of-molecular-structure/about/
announcements

26 https://www.mpg.de/peace-declaration-nobel-prize-laureates
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Cnucok nianucaHTie Ancra (B andasiTHomy nopaaKy)

IBaH ABPYLbKNI

Bipa Areesa

Irop AHicimos

Binb bakipos

Onbra baHapoBcbKa

Napwuca bapabaH

OkcaHa binoyc

OmuTtpo boxkko

Jlioamnna BopKoBCbKa

IpnHa Basunosa

BiTanii Bactouka

AHaTonin Beknny

€sreH BeHrep

PomaH Bepba

OnekKcilt BepxpaTtcbKkuit

CraHicnaB BinbunmHCbKMM

Poctucnas Bnox

Onbra Mapaluyk

Mpodecop, AnpeKkTop Nporpamu,
iH}XeHepHU dakynbTeT, YHiBepcuTeT BeH, MidiraH, CLUA

[okTtop dinonoriyHmx Hayk, npodecop HauioHanbHOro yHiBepcuteTy
"Kneso-MorunnsaHcbka Akagemis"

[okTop disnKko-maTeMaTUYHMX HayK, Npodecop, akagemik Akazemii HayK BULWOT
WKoAn YKpaiHn, KNiBCbKMIA HaLioHanbHUI yHiBepcuTeT imeHi Tapaca LLieByeHKa,
npesnaeHT YKpaiHcbKoro ¢isnyHoro ToBapmucTea

Mpodecop XapKiBCbKOro HaLioHaNbHOro yHiBepcuTeTy imeHi B. H. KapasiHa

JokTtop dinonoriyHmx Hayk, npodecop Kadpeapwm cBiTOBOI NiTepaTypu,
JIbBiBCbKMI HaLiOHabHWUI YHiIBEpCUTET iMeHi IBaHa PpaHKa

3aBifyBay BiAAiNy y HAYKOBO-A0CNI AHULLbKOMY LeHTpi imeHi FenbmronbLa micta
[Ope3aeHa, HimeudunHa

JokTtop dizMKo-maTeMaTUUYHUX HaYK, AOLEHT, AOCAIAHULA Y BigeHcbKOMy
yHiBepcuTeTi, ABCTpia

Mpodecop daKkynbTeTy Gi3NKM Ta eHEPreTUYHUX HayK,
YHisepcuteT Konopago B Konopago Cnpinrc, CLUA

[oKTop }isMKo-MaTeEMATUYHUX HaYK, CTapLLMIA HAYKOBUI CMiBPOBITHUK, NpoBigHMIA
HayKOBWM cniBpOBITHUK BigAiny ceHCoOpHUX cucTem IHCTUTYTY i3nKu
HaniBnpoBigHWKiB iMm. B.E. JlTawkapbosa HAH YKpaiHu

[okTop dizMKo-maTeMaTUYHUX HayK, YneH-KopecnoHaeHT HAH YKpaiHu, 3aBiayBay
Biaainy fonosHoi actpoHomivHoi ob6cepBaTopii HauioHanbHOT akagemii HayK YKpaiHu

KaHamaaTt ¢pisnKko-matemMaTUYHUX HAYK, CTapLUMA HAYKOBWUI cniBPOBITHWK, dakyabTeT
di3ukn, YHiBepcuteT KaiisepcnaytepH-/laHaay B m. KalizepcnayTtepH, HimeuunHa

JokTtop dizMKo-maTemaTMUyHUX Hayk, npodecop, KMiBCbKMIA HaLiOHabHNI
yHiBepcuTteT imeHi Tapaca LLlesyeHKa

[okTop dizMKo-maTemaTUUYHUX HayK, npodecop, YyneH-kopecnoHaeHT HAH Ykpainu,
naypeat [epkaBHoi npemii YKpaiHu B ranysi HayKu i TEXHIKU, KEePIBHUK Biaainy
CEHCOPHUX cucTem IHCTUTYTY di3nKKM HaniBNpoBigHUKIB iM. B.E. Jlawkapbosa HAH
YKpaiHu

[JokTop disnKo-maTeMaTUYHUX HAyK, 3aBigyBay Bigainy, IHCTUTYT marHeTusmy, Kuis

[okTtop 6ionoriyHMx Hayk, npodecop Helpodizionorii MaHyecTepcbKoro
yHiBepcuTeTy, Bennka bpuTaHin; uneH EsBponericbKoi akagemii Hayk, yneH HimewlbKoi
HauioHanbHOI akagemii JleononbanHa, YneH HauioHanbHOI akagemii HayK lcnaHii,
yneH HauioHanbHoOI akagemii papmaveBTMKK IcnaHii, YneH MonbCcbKoi akagemii HayK

[okTtop dizMKo-maTemaTMUyHUX HayK, npodecop, 3aBigyBay Kadenpu KBaHTOBOI Teopii
nosaA Ta KOCMOMIKPO®i3nKKM, KMIBCbKMI HaLioHaNbHWUI yHiBepcuTeT imeHi Tapaca
LlleBueHKa; ronosa HauioHanbHoro ®oHay JocnigrkeHb YKpaiHu

[oKTop dizMKo-maTeEMATUYHUX HaYK, Npodecop, ANPEKTOP IHCTUTYTY Gi3UYHOT ONTUKK,
JlbBiB

JokTtop 6ionoriyHMx Hayk, npodecopKa, ronoBa genapTaMeHTy Henpodisionorii
IHCTUTYTY disionorii TrobiHreHcbKoro yHiBepcuteTy, HimeuunHa; AiNcHUIA YneH
€BponeicbKoi akagemii HayK (Academia Europaea); npesnaeHTKka HimewbKo-
YKPaiHCbKOro akaZemiyHOoro ToBapuCTBa; BiLe-npe3naeHTka Himeubkoro
¢isionoriyHoro ToBapucTea
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HOpit F'eHeHKO

HOpiit Tneba

AHaTonin FnyweHko

HOpin Moroui

OnekcaHap Monosko

OneHa F'omoHam

BikTop piHYeHKO

Irop M'yk

Hagis lyna

KocTaHTMH MycnieHko
lanunHa Josbewwko

IprHa HabueHko

MwuKona HyanHcbKni

AHaToNiN 3aropoaHin

Bonogumump IsaHunuA

Bitanin IBaHoB

['ni6 Kakasel

Ceprin KgiT

Makcum KoBaneHko

Onekciit Konexyk

OnekcaHap Konommc

58

[oKTop diznKo-maTeMaTUUYHUX HayK, Nnpodecop IHCTUTYTY MaTepiano3HaBcTBa
TexHiyHoro YHisepcutety Japmwrtaar, HimeuynHa

[okTop 6ionoriyHmx Hayk, npodecop, akagemik HAH YKpaiHu, giicHuii uneH
€sponeicbKoi akagemii HayK (Academia Europaea), uneH HimeupKoi HalioHanbHOT
akagemii JleononbamHa Ta Akagemii Hayk JIUTBU, FONOBHUI BUKOHABUYNI ANPEKTOP
Nomad Bioscience GmbH, MioHxeH, HimeuunHa

Mpodecop, anpeKkTop LleHTpy nepefoBMx TEXHONONI Ta ONTUYHUX MaTepianis,
YHiBepcuteT Konopago 8 Konopago CnpiHre, CLUA

[ OKTOP TEXHIYHUX HAYK, ANPEKTOP IHCTUTYTY HAHOMaTepianiB YHiBepcuTeTy [pekcens,
M. @inagenbdin, CLLUA; npodecop Kadeapn HaHOENEKTPOHIKKM Ta Mogudikauii
nosepxHi CymCbKOro Aepr*KaBHOro yHiBepcuTeTy

JOKTOp iCTOPUYHMX HayK, CTapLUMI HAYKOBUI CNIBPOBITHUK IHCTUTYTY YKpaiHCbKOT
apxeorpadii i arkepenosHascta HAH YKpaiHu, akagemik AKagemii HayK BULLLOI LIKOU
YKpaiHu

[okTop disMKo-maTeMaTUuHMX HayK, YHiBepcuTeT MoxaHeca M'yTen6epra, MaiiHu,

HimeyumHa

[okTop disnKo-maTeMaTUUYHMX HAyK, Npodecop, akagemik HAH YKpaiHu, novecHui
aKaZemik AKagemii HayK BULOI WKOAKU YKpaiHU, IHCTUTYT rigpomexaHikn HAH Ykpainun

JOoKTOp MmeaunyHux HayK, npodecop, BineHCbKUn meanyHuin yHisepcuteT, BigeHs,
ABCTpiA; iHO3eMHUI YneH HAH YKpaiHu, uneH EBponencbKoi akagemii HayK i mucteuTs

[okTtop 6ionoriuHMx Hayk, npodecop, yneH-kopecnoHaeHT HAH Ta HAMH YKpainu,
ronoBHUIN HayKoBeub IHCTUTYTY Bioximii im. O. B. MannagiHa HAH Ykpaitu

Mpodecop YHisepcutety Kpaitu backis, IcnaHin
JokTop disnko-matemaTUUYHNX HayK, npodecop, IHCTUTYT diznkn HAH YkpaiHu

[oKTop megnyHux HayK, npodecop, 3aBifyBay BigaineHHAM naTonorii BariTHOCTI Ta
nosoris Y "INAT im. akaa. O.M. Jlyk'aHosoi HAMHY"

JokTop dinonoriyHnx Hayk, npodecop, AMPeKTOp IHCTUTYTY NiTepaTypu
im. T. I'. LLlesyeHka HAH YkpaiHu, akagemik HAH YkpaiHun

[oKTop $iznKo-maTtemaTUUYHUX HayK, Nnpodecop, npeangeHT HAH Ykpainu

[okTop 6ionoriyHmx HayK, npodecop, YneH-kopecnoHaeHT HAH YKpaiHu, akagemik
AKagemii HayK BULLOT WKOAM YKpaiHu, npopeKkTop Oa4ecbKoro HalioHanbHOro
yHiBepcuTeTy imeHi |. |. MeyHikoBa

KaHauaat ¢pismKo-maTeMaTUUYHUX HAYK, HAYKOBWUI CNiBPOBITHUK iHCTUTYTY Qi3nKK
MonbcbKkoi Akagemii Hayk, Bapwasa, MNonbua

JokTop $isnKo-maTeMaTUUYHNX HAYK, NPOBIAHWUIA HAayKOBKUI cniBpOBITHWUK dbaKkyabTeTy
Hayk YHiBepcuteTy MNopTo, NopTyrania

[oKTop dinonoriyHmx Hayk, npodecop, npe3naeHT HauioHanbHOro yHiBepcuTeTy
"Kneso-MorunnsHcbka akagemin"

Mpodecop PeaepanbHOi BULWOT TeXHIYHOT WKoau Litopuxa (ETH Zurich), WWeeiuapis,
naypeat Werner Prize, Ruziska Prize, Dan Maydan Prize

[oKTop di3nKo-maTeEMATUUYHUX HaYK, YneH-KopecnoHaeHT HAH YKkpainu, npodecop

KuniBCbKOro HauioHaNbHOro yHiBepcuTeTy imeHi Tapaca LlesyeHKa, ronosa Haykosoro
KoMiTeTy HauioHanbHOi paam YKpaiHu 3 NUTaHb PO3BUTKY HAyKM | TEXHONOTIN

KaHamaaTt GpisuKko-matemMaTUUYHUX HAYK, CTApLIMIA HAYKOBUI CNiBPOBITHUK, IHCTUTYT
di3nKM HaniBnpoBigHuWKiB im. B.E. lawkapbosa HAH YKpaiHu
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Napga Konomieup

Cepriit KomicapeHko

OnekcaHap Kpusyikos

Onekcivt JlapoxiH

XpuctuHa JleByeHko

Apocnas Jlenix

Bagum JlokTes

JeHunc Makapos

Ceprit MamuKiH

[aHHa Mopo30oBCcbKa

HOpilt Halatok

OnekcaHAp HakoHeuyHuM

AHaTonin OnaHaclok

leopriv ManakiH

AHaToNiN MiHYyK

Makcum lMoropenos

Jliogmuna Mpuctyna

OnekcaHap MNpokoneHKo

OnekcaHap MNpoHkeBUY

IBaH MpoueHko

JokTop dinonoriyHmx Hayk, npodecop, akagemMik AKagemii HayK BULLOT LIKOU
YKpaiHu, KMiBCbKMIA HaLioHanbHWUI yHiBepcuTeT imeHi Tapaca LeByeHka /
OapTtmyTcbkuii Koneax, CLLUA

LokTop 6ionoriyHmnx Hayk, npodecop, akagemik HAH i HAMH YkpaiHu, akagemik-
cekpeTap HAH YKpaitu, gupektop IHcTUTyTy Bioximii im. O.B.MannagiHa HAH YkpaiHu

[oKTop ¢iznKo-maTemaTUUHUX HAYK, Npodecop, NPOBiAHWUI HAYKOBUI CMiBPOBITHWK,
Di3nKO-TEXHIYHUN IHCTUTYT HU3bKUX TemnepaTyp im. b. |. BepkiHa HAH YKpaiHu

[okTtop bionoriyHnx Hayk, npodecop, MeanyHa LLIKona KaH3acbKoro YHiBepcuteTy,
CLLA

PhD., HaykoBMI cniBpobITHWK, daKynbTeT di3nKK, BigeHcbKui yHiBepcuTeT, ABCTpin

[oKTop Pi3nKo-maTemMaTUUHUX HayK, Npodecop, akageMik AKageMmii HayK BULLLOT
WKoNn YKpaiHu, gupektop MiXKBiAoMYOro HayKoBO-HaB4anbHOro ¢isNYHO-TEXHIYHOIO
ueHTpy MOH Ykpainu i HAH Ykpainu npu OHY imeHi |. . MeuHikoBa

JokTop diznKo-maTemaTUuHMX HayK, npodecop, akagemik-cekpeTtap BiagineHHs
odi3nKkm i actpoHomii HAH YkpaiHu

3aBigyBay Bia4iNy y HAyKOBO-AOC/NI AHMLBKOMY LLEeHTPI imeHi fenbmrosbLa micta
[pe3aeHa, HimeyumHa

3aBigyBay BigAiny, 3aCTynHUK AMpPEKTOpa 3 HAyKOBOI PO6OTU IHCTUTYTY Di3nKK
HaniBnposigHukiB HAH YKkpainu

[oKTop di3nKo-MaTeMaTUYHUX HAYK, NPOBIAHNIA HAYKOBUI CNiBPOBITHWUK IHCTUTYTY
obisvkn HAH YKpainum

JokTop diznKo-maTeMaTUUHMX HayK, Npodecop, YneH-kopecnoHAeHT HAH YKpainu,
naypeart JepKaBHoi npemii YKpaiHu B ranysi HayKu i TexHiKn, anpektop Pisnko-
TEXHIYHOrO iIHCTUTYTY HU3bKUX TemnepaTyp imeHi b. |. BepkiHa HAH Ykpainu

JoKTOop di3nKo-maTeMaTUYHMX HayK, Npodecop, npe3naeHT AH BMLLOI WKOAN YKpaiHM

[oKTop i3nKo-maTemaTUYHMUX HayK, Nnpodecop, 3aBigyBay Kapeapun eNnekTPOHIKK i
KOMM'toTepHOi TexHiKM CyMCbKOro AepyKaBHOro yHiBepcuTeTty

[OKTOp icTOpUYHUX HayK, npodecop, AMpeKTop IHCTUTYTY yKpaTHCbKOi apxeorpadii Ta
OxxepenosHascTea im. M. C. Ipywescbkoro HAH YKpaiHu, akagemik Akagemii Hayk
BULLLOT LUKOIN YKpPaAiHU

Mpodecop dakynbTeTy disvKM Ta eHepreTUUHUX HayK yHiBepcuTeTy Konopago B
Konopapgo Cnpinrc, CLLUA

[lOKTOp MeanYHNX HayK, Npodecop, HauyanbHUK LeHTpy BiomeanyHUxX gocniaxKeHb
CyMCbKOTO epsKaBHOr0 YHIBEPCUTETY, HaYKOBMIM CNiBPOBITHUK abopaTopii ONTUYHUX
bioceHocopiB Ta GyHKLIOHANbHUX HAHOMaTepianis JlaTBiNcbKOro yHiBepcuTeTy, Pura,
Natsia

JOKTOp MeguMyHMX Hayk, npodecop, 3aBiayBay Kadeapu BHYTPILHbOT MeANLNHN 3
LeHTPOM pecnipaTopHoi meauunHn CymCbKOro Aep»aBHOro yHiBepcuTeTty
LoKTop izMKo-maTeMaTUYHMX HayK, Npodecop, 3aBigysay Kadpeapu, KMiBcbKui

HaLioHaNbHUI yHiBEPCUTET iMeHi Tapaca LLieByeHKa

[oKkTop dinonoriyHnx Hayk, npodecop, HopHOMOPCbKMNI HaLLiOHAaNbHUI YHIBEpPCUTET
imeHi MeTtpa Morunu, Mukonais

[oKTop ¢i3nKo-maTemaTUYHUX HayK, npodecop, 3aBiayBay Kadpeapun enekTPoHiKu,
3aranbHOI Ta NpuKaaHoi ¢isnKkn CyMCbKOro AepyKaBHOro yHiBepCUTeTy,
3aCNYKEHUM AiAY HAYKM | TEXHIKM YKpaiHu
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Cepriit PAbyeHKo

Papa CaBkiHa

Bonoaumup CagisHnumi

OnekcaHgp Cepra

Poctucnas Cepra

Hatana CrapyeHKo

JNeoHig Cyxony6

Banepin CtenaHKoB

Makcum Crpixa

HaTtania TatapuH

OnekcaHap TOBCTONUTKIH

Hatania TopkyT

PomaH XumuH

Apocnas LlepKoBHAK

OnekcaHap YepeaHuyeHKo

AHaTtonin YopHoyc

AHApin Yymak

TeTtAHa LWWecTonanosa

lanvHa WepbaTta

Bonoammup LLepbatuii

Makcum Apema

OkcaHa fAcTpybuak

Apocnas Aukis
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JokTop disnKo-maTeMaTUUYHNUX HAYK, Npodecop, YneH-kopecnoHaeHT HAH YKpainu,
ronoBsa laeHTndiKauiiHOro KOMITeTY 3 NUTaHb HaYKK

[oKTop $iznKo-maTeMaTUUYHUX HAYK, CTaPLUMIA HAYKOBUI CMiBPOBITHUK, IHCTUTYT
di3nKM HaniBnposigHMKiIB im. B.E. lTawkapbosa HAH YkpaiHu;

npodecop, HauioHanbHUI yHiBepcuTeT "Kneso-MorunsaHcbka Akagemin"

[OKTOp HayK i3 coLianbHMX KOMYHiKaLii, npodecop, 3aBigysay Kadeapu
ypHanictnkm 1a dinonorii CyMcbKOro Aep»KaBHOro yHiBepcuteTy

MpuBaT-4OLEHT, LOKTOP $i3MKO-MaTEMATUYHUX HayK, rabiniToBaHMIA SOKTOP, CTapLUKiA
HayKoBWI cniBpobiTHUK, paKkynbTeT ¢i3nKK, YHiBepcuteT KaiisepcnaytepH-/laHaay

B8 M. KalisepcnayTepH, HimeyumHa

AcnipaHT, dakynbTteT i3nKu, BiseHcbKUt yHiBepcuteT, ABCTpis

L OKTOP iCTOPUYHMX HAYK, CTapLIM HAYKOBUIM CNiBPOBITHMK IHCTUTYTY YKpaAiHCbKOT
apxeorpadii i arkepenosHasctea HAH YkpaiHu

YneH-kopecnoHaeHT HAH YKpaiHu, AOKTOp di3MKo-MaTeMaTUYHMX HayK, npodecop,
3aBigysay Kadeapu 6iodizmKku, bioximii, papmaronorii i GiomonekynapHoi iHxKeHepil
CyMCbKOTO AepKaBHOro yHiBepcuTeTy

[ oKTOp icTOpMYHMX HayK, Nnpodecop, 3aBigyBay Kadeapu BCECBITHLOI icTOpIT
Kam'sHeupb-MoainbcbKoro yHiBepcuteTy imeHi |. OrieHKa

[oKTop ¢i3nKo-maTeMaTUUYHUX HayK, Npodecop, KUIBCbKUI HaLLiOHAAbHUM
YHiBepcuTeT imeHi Tapaca LLleByeHKa, neplumii BiLe-npesmaeHT AH BULOT KON
YKpaiHu

HaykoBuit cniBpobIiTHUK, IHCTUTYTY i3MKKM HaniBNPOBIAHMKIB

im. B.€. JTawkapbosa HAH Ykpainu

[okTop disnko-maTemMaTUUHUX HayK, Npodecop, AMpeKTop IHCTUTYTY marHeTuamy, Kuis

[oKTop dinonoriyHmx Hayk, npodecop, akagemik Akagemii HayK BULLOT LUKOAN
YKpaiHu, 3anopi3bKnit HaLioHabHUI yHiBEpCUTET

KaHanaat isvko-maTeMaTUyHMX HayK, HayKoBUI cNiBpOBITHUK IHCTUTYTY disnKu
leTebop3bKoro yHiBepcutety, LLseuis

Mpodecop, YHiBepcutet KanidopHii B Jloc-AHaxkeneci, CLUA
[oKTop dinonoriyHMx Hayk, npodecop, akagemMik AKagemii HayK BULLOT LUKOAN
YKpaiHu, KMiBCbKUI HaLiOHaAbHUI yHiBepcuTeT imeHi Tapaca LLleByeHKa

[OKTOp i3MKO-MaTeMaTUUHUX HayK, Npodecop, MPOPEKTOp 3 HayKoBOT po6oTH
CyMCbKOTO Aep»aBHOro yHiBepcuTeTy

FabinitoBaHui foKTOp, Npodecop dpakynbTeTy Gi3vKM BigeHCbKOro yHiBepcutery,
ABcTpin

[okTop dinonoriuHnx Hayk, npodecop, YopHOMOPCbKUIA HaLLiOHANbHWUIA YHIBEpPCUTET
imeHi MeTtpa Moruan, Mukonais

Mpodecop, KaHAMAAT BiONOTIYHUX HaYK, IHCTUTYT Bioximii KniTMHKM, MeguyHui
YHiBepcuTeT micta MaHHOBepa, MaHHoBep, HimeyunHa

[OoUeHT, KaHAMAAT MegUYHUX HayK, MeauuHuin YHiBepcuTeT micTa MaHHOBepa,
laHHOBep, HimeyynHa

Mpodecop DeaepanbHOi BULWLOIT TeXHIYHOIT WKoau Lilopuxa (ETH Zurich), LWseiiuapis

CTapLlnii HayKoBMI CNiBPOBITHUK, IHCTUTYT i3MKM HaniBNPOBIAHMKIB
im. B.€. JTawkapboBa HAH Ykpainu

[oKTop $iznKo-maTeMaTUUYHUX HayK, akagemik HAH YKpaiHu, anpektop FonosHoi
acTpoHoMmiyHoi obcepaTopii HAH YkpaiHu



Sensor Electronics and Microsystem Technologies 2023 — T. 20, Ne 1

An open letter from scientists of Ukraine and diaspora

One year had passed since the Russian Federation launched a full-scale invasion of Ukraine. The war
is becoming long-lasting and even more brutal. Now is the time to reassess the role of Russian science
in supporting the war and strengthen the resistance to Kremlin’s regime on the science front.

The full-scale war unleashed by the Russian Federation against Ukraine will soon enter its second year.
With the help of allies around the world, donated military equipment, and provided humanitarian aid,
as well as imposed economic and financial sanctions against the aggressor, Ukrainians have managed
to withstand the initial attack and liberate large swathes of its territory. We are thankful to all
countries, political leaders, and ordinary citizens who have taken the side of Ukraine and extended
their helping hand!

What is happening in Ukraine is not just the largest war in Europe since the end of World War II. There is
clear evidence of genocide perpetrated against the Ukrainians. The General Prosecutor's Office of
Ukraine is investigating tens of thousands of war crimes and crimes against humanity (see links to
original sources in'). Towns of Bucha, Irpin, and Izium have become symbols of torture and mass
executions of civilians.? At the end of December 2022, the United Nations organization?® officially
verified the killings of about 7,000 civilians. This number includes more than 400 children.

There is a growing worldwide demand for establishing an international court to convict war
criminals,? following the precedence set at the end World War Il in Nuremberg. In November 2022,
the European Commission announced that the European Union would work to establish a special
court to investigate and prosecute Russia for the crime of aggression.* At the same time, the Russian
ruling elites remain determined to destroy Ukraine as an independent state. Particularly painful for
Ukrainians is the fact that opinion polls conducted periodically among ordinary Russians show
that an absolute majority, namely 74%,> support the war in Ukraine.

When it comes to science and education, the Russian Federation is making every effort to destroy
them by bombing museums, schools, universities, laboratories, and scientific infrastructure.®’
Many Ukrainian scientists have already been killed,® others were forced to emigrate. The state's
ability to support research has sharply decreased.® A large number of countries launched programs
to support scientists who stayed in Ukraine and those who have been forced to flee from Russian
bombs and missiles. There are no limits to our gratitude for these efforts! But, unfortunately, this help
cannot solve the problem and rather mitigates the consequences of the Russian invasion. The root
cause lies in the Kremlin’s terroristic regime and its weaponization of so many functions of normal
human life. In particular, we are talking about science.

" https://en.wikipedia.org/wiki/War_crimes_in_the_2022_Russian_invasion_of_Ukraine

2 httﬁs://www.ohchr.org/en/press-releases/2022/12/un-report-detaiIs-summary-executions-civilians-russian-troops-
northern

3 https://www.ohchr.org/en/news/2022/12/ukraine-civilian-casualty-update-26-december-2022

4 https://www.washingtonpost.com/world/2022/11/30/eu-russia-ukraine-tribunal-war-crimes/

5 https://www.understandingwar.org/backgrounder/russian-offensive-campaign-assessment-december-3

8 https://www.science.org/content/article/hero-city-crippled-russian-attacks-ukraine-s-science-hotbed-refuses-give

7 https://www.science.org/content/article/out-ashes-near-chornobyl-war-scarred-town-plans-nuclear-research-revival
8 https://www.science.org/content/article/ukraine-s-mounting-death-toll-includes-growing-number-researchers

9 https://svit-kpi-ua.translate.goog/2022/11/15/ykpaiHcbka-Hayka-BUKnuku-giHu-notpe/ (English Translation)
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Science is not beyond politics, scientific sanctions are needed

It is often said that "science is beyond politics" and "science has no borders". In the current
circumstances, it is impossible to agree with these idealized statements. As a scientific community, we
would like to emphasize the concealed but significant role of Russian science in this terrible war.

First, science is especially important as the war has become protracted,’® and Russia is launching a
massive campaign to keep its military-industrial complex up to the task. This effort is based on the newest
scientific advances. Science is the backbone of technology, and without technology, it is impossible to
produce advanced weaponry. A highly qualified workforce for military technology efforts is being trained at
universities and research laboratories. In times of war, science itself becomes a weapon.

Second, let's not forget that modern warfare is not just a war on the battlefield: it is as much a war for
people's hearts and minds. In that, the media component of science plays a very important role. Every
new article showing an affiliation from Russian Federation, and every scientific presentation made
"under the Russian flag" demonstrates that, despite its military aggression, Russia is still an accepted
member of the international community. It provides a patina of normalcy and implied acceptance of
the death and destruction being inflicted upon Ukraine and its citizens. But in truth, Russia is trying to
destroy international law and bring back the rule of the strongest into the modern world. For Russian
leaders, science is nothing more than a powerful tool used to achieve this goal.'* Immediately after
Russia's invasion of Ukraine, the Russian Union of Rectors signed a joint statement of full support for
President Putin and all his actions.!?

Thus, scientific sanctions are as appropriate and necessary as the economic sanctions that have been
put in place by a coalition of nations committed to peace. Scientific sanctions should be implemented
by the democratic forces of the free world to curb the growing aggression.

We firmly believe that similar to how Olympic athletes are banned to compete under the Russian flag,
scientists affiliated with research centers in Russian Federation should not be allowed to participate in the
fora that support the world-wide exchange of ideas and information. This embargo would apply to
scientific publications, participation in international conferences, research programs, etc. — all forms of
scientific activity. Acknowledgments of support from state grants awarded by Russian Federation
should also be banned because they legitimize the regime responsible for the war and innumerable
people killed, tortured, raped, deported, and displaced. Such bans will be fully consistent with the
resolutions of the European Union®2 and the Congress of the United States of America.'*

Since the first days of the Russian invasion, scholars in Ukraine and abroad have been calling on the
international community to impose sanctions on Russian science.*>®” Many such regulations have
been made at the legislative level of the European Union and national levels.?>'81%20 |n some cases,
conference organizers have banned speakers affiliated with the Russian Federation and Belarus. A
prominent example is the uncompromising approach of the Federation of European Biochemical
Societies,?! the European Magnetism Association,?? and the largest European magnetism conference

10 https://www.france24.com/en/live-news/20221216-putin-planning-for-a-long-war-in-ukraine-nato-chief
" https://ria.ru/20230208/putin-1850583456.html (English Translation)

12 https://rsr-online.ru/news/2022/3/4/obrashenie-rossijskogo-soyuza-rektorov/

'3 https://www.europarl.europa.eu/doceo/document/RC-9-2022-0482_EN.html

™ https:/www.congress.gov/bill/117th-congress/senate-resolution/623/text

15 http://anvsu.org.ua/2023/02/ (English Translation)

16 https://www.timeshighereducation.com/blog/russian-universities-must-suffer-tougher-sanctions

17 https://www.nature.com/articles/d4 1586-022-00601-w

'8 https://ec.europa.eu/commission/presscorner/detail/en/ip_22 1544

19 https://www.bmbf.de/bmbf/shareddocs/kurzmeldungen/de/2022/03/weitere-zusammenarbeit-mit-russland-belarus.html

20 https://serwisy.gazetaprawna.pl/edukacja/artykuly/8387053,polskie-uczelnie-zawieszaja-wspolprace-naukowa-z-rosja.html
21 https://www.febs.org/news/further-statement-from-febs-on-the-russia-ukraine-war/

22 https://magnetism.eu/news/185/38-news.htm
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— the Joint European Magnetic Symposium.?3 The first steps to boycott Russian science have already
been taken by leading scientific publishers.?* Some journals have refused to consider submissions
with an author of any nationality based at a Russian Federation institution.?> We are convinced that
these practices should be spread, and sanctions against Russian science should be strengthened.

We appeal to journal editorial boards, conference organizers, and general academic leadership to:

e not accept scientific publications affiliated with Russian Federation institutions and/or funding
agencies to scientific journals and conference proceedings;

e terminate all subscriptions of institutions in Russian Federation to scientific literature;

e ban access of Russian Federation institutions to international research infrastructure, including
scientific equipment and scientific databases;

® ban on sales of scientific equipment and supplies to Russian Federation;

e deprive Russian Federation scientific organizations and their affiliates of access to any international
research funding.

Everyone's contribution is important

Political processes in society are usually inert. It often takes time for governments to take decisive
steps. In such situations, a bottom-up approach can be a good complement. Right now, responsible
scientists (including you!) have an opportunity to join their efforts and contribute to a speedy end of
this bloody war and a victory over the aggressor. There are many actions that will have an impact:

e if you receive an article with a Russian Federation affiliation or grant acknowledgment for review,
you can refuse to review it. Please refer to this open letter and feel free to explain your decision by
an unwillingness to normalize the image of the aggressor country;

e you can avoid joint publications with and any visits to Russian academic institutions. Do not let your
credentials support the Russian regime;

e if you witness a scientific talk by a Russian Federation-affiliated organization at an international
conference, you can demonstratively leave the room. Politicians and athletes from different
countries have repeatedly done that during Russian presentations at international venues;

We write this letter in a time of war — a time when people have to take sides and be either cold or hot.
Staying neutral regarding an unprovoked war of aggression can be viewed as tacitly supporting the
aggressor. Someday the war will end. And, in the time of peace, scientific cooperation with Russia can be
restored. However, peace will become possible only after the complete withdrawal of Russian
occupation forces from the entire internationally recognized territory of Ukraine, the cessation of
hostilities, and a fundamental change in Russian policy towards coexistence with other nations and
respect for fundamental human rights and freedoms. Only then will scientific collaboration work to
solve the global problems of humanity, and only then will scientific achievements serve exclusively
peaceful purposes, as Nobel laureates called for immediately after the outbreak of the war.2® But, until
then, everyone will be forced by the current circumstances to decide how to react to the ongoing
struggle. The actions we suggest are directed against the institutions of the aggressor. We sincerely urge
you to consider them and contribute to the fight against war and terror.

If you support this letter, you can sign here.
You can see the full list of people who support the letter here.

23 https://jems2022.pl

24 https://mailchi.mp/4851e2a74119/joint-publisher-statement

25 https://lwww.sciencedirect.com/journal/journal-of-molecular-structure/about/announcements
26 https://www.mpg.de/peace-declaration-nobel-prize-laureates
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List of signatories to the letter (in alphabetical order)

Vira Ageyeva

Igor Anisimov

Ivan Avrutsky

Vil Bakirov

Olha Bandrovska

Larysa Baraban

Oksana Bilous

Lyudmyla Borkovska

Dmytro Bozhko

Oleksandr Cherednychenko

Anatoliy Chornous

Andrii Chumak

Galyna Dovbeshko

Olga Garaschuk

Yuri Genenko

Yuri Gleba

Anatoliy Glushchenko

Yury Gogotsi

64

Prof., D.Sc. in Philology, National University “Kyiv Mohyla Academy”, Kyiv, Ukraine

Prof., D.Sc. in Physics and Mathematics, Academician of the Higher School Academy of
Sciences of Ukraine, Taras Shevchenko National University of Kyiv, Ukraine; President
of Ukrainian Physical Society

Assoc. Prof., Electrical and Computer Engineering, Physics and Astronomy, Wayne
State University, Detroit, MI, USA
Graduate Program Director, Electrical and Computer Engineering

Prof., D.Sc. in Sociology, Kharkiv Vasyl Karazin National University, Ukraine

Dr. Sci. in Philology, Professor of World Literature Department, lvan Franko National
University of Lviv, Ukraine

Dr., Head of Department, Helmholtz-Zentrum Dresden-Rossendorf, Dresden, Germany

D.Sc. in Physics and Mathematics, Researcher, Computational and Soft Matter Physics,
Faculty of Physics, University of Vienna, Austria

D.Sc. in Physics and Mathematics, Senior Researcher, Leading Scientist of the
Department of Sensor Systems, V. E. Lashkaryov Institute of Semiconductor Physics of
National Academy of Sciences of Ukraine, Kyiv, Ukraine

Prof. Dr., Department of Physics and Energy Science,
University of Colorado at Colorado Springs, USA

Prof., D.Sc. in Philology, Academician of the Higher School Academy of Sciences of
Ukraine, Taras Shevchenko National University of Kyiv, Ukraine

Prof., D.Sc. in Physics and Mathematics, Vice-Rector for Scientific Work, Sumy State
University, Sumy, Ukraine

Univ.-Prof., Dr. habil., Faculty of Physics, University of Vienna, Austria

D.Sc. in Physics and Mathematics, Prof., Institute of Physics, National Academy of
Sciences of Ukraine, Kyiv, Ukraine

Prof., D.Sc. in Biology, Chair of the Department of Neurophysiology, Institute of
Physiology, University of Tibingen, Germany; Elected Member of Academia Europaea;
President of the German-Ukrainian Academic Society; Vice president of the German
Physiological Society

Prof. Dr., D.Sc. in Physics and Mathematics, Institute of Materials Science, Technical
University of Darmstadt, Germany

Prof., Dr. Habil., D.Sc. in Biology, CEO, Nomad Bioscience GmbH, Munich, Germany,
Academician of the National Academy of Science of Ukraine, Elected Member of
Academia Europaea, Member of the German National Academy of Sciences
Leopoldina, Member of the Lithuanian Academy of Sciences

Prof. of Physics, Director, Center for Advanced Technologies & Optical Materials,
University of Colorado at Colorado Springs, USA

Prof., D.Sc., Department of Nanoelectronics end Modification Surface, Sumy State
University, Ukraine;

Charles T. and Ruth M. Bach Distinguished University Professor

Director, A.J. Drexel Nanomaterials Institute, USA



Sensor Electronics and Microsystem Technologies 2023 — T. 20, Ne 1

Olena Gomonay

Nadiya Gula

Kostyantyn Gusliyenko

Olexandr Holovko

Viktor Hrinchenko

lhor Huk

Vitalii lvanov

Volodymyr Ivanytsia

Glib Kakazei

Roman Khymyn

Oleksiy Kolezhuk

Lada Kolomiyets

Oleksandr Kolomys

Serhiy Komisarenko

Maksym Kovalenko

Alexander Krivchikov

Sergiy Kvit

Alexey Ladokhin

Prof., D.Sc. in Physics and Mathematics,
Johannes Gutenberg University of Mainz, Germany

Prof., D.Sc. in Biology, Corresponding Member of the National Academy of Sciences of
Ukraine and National Academy of Medical Sciences of Ukraine, Chief Researcher, O. V.
Palladin Institute of Biochemistry, Kyiv, Ukraine

Research Professor, Ph.D., University of the Basque Country, Spain

D.Sc. in History, Senior Researcher, M. S. Hrushevsky Institute of Ukrainian
Archaeography and Source Studies National Academy of Science on Ukraine,
Academician of Higher School Academy of Sciences of Ukraine

Prof., D.Sc. in Physics and Mathematics, Academician of the National Academy of
Science of Ukraine, Academician Honoris Causa of the Higher School Academy of

Sciences of Ukraine, Institute of Hydromechanics, National Academy of Science of
Ukraine

Em. Univ. Prof. Dr. - Medical University of Vienna,
Foreign Member of the Ukrainian Academy of Sciences,
Member of the European Academy of Sciences and Arts

Dr., Reseascher, Institute of Physics Polish Academy of Sciences, Warsaw, Poland

Prof., D.Sc. in Biology, Corresponding member of the National Academy of Science of
Ukraine, Academician of the Higher School Academy of Sciences of Ukraine, Vice-
Rector, lllya Mechnikov Odesa National University, Ukraine

Dr., Faculty of Sciences, University of Porto, Portugal
Dr., Researcher, Department of Physics, University of Gothenburg, Sweden

Prof., D.Sc., Taras Shevchenko National University of Kyiv, Ukraine, Corresponding
Member of the National Academy of Sciences of Ukraine, Head of the Scientific
Committee of the National Council of Ukraine on Science and Technology
Development

Prof., D.Sc. in Philology, Academician of the Higher School Academy of Sciences of
Ukraine, Taras Shevchenko National University of Kyiv, Ukraine /
Dartmouth College, USA

Ph.D., Senior Researcher, V. E. Lashkaryov Institute of Semiconductor Physics of
National Academy of Sciences of Ukraine, Kyiv, Ukraine

Prof., D.Sc., Member of the National Academy of Sciences of Ukraine and National
Academy of Medical Sciences of Ukraine,

Academician-Secretary, National Academy of Sciences of Ukraine,

Director, O. V. Palladin Institute of Biochemistry, Kyiv, Ukraine

Prof., Dr., ETH Zurich, Switzerland, Werner Prize, Ruziska Prize, Dan Maydan Prize
Prof., D.Sc. in Physics and Mathematics, Leading Researcher of the B.I. Verkin Institute
for Low Temperature Physics and Engineering of the National Academy of Sciences of

Ukraine, Kharkiv, Ukraine

Prof., D.Sc. in Philology, President of National University “Kyiv Mohyla Academy”, Kyiv,
Ukraine

Prof., D.Sc. in Biology, Biochemistry and Molecular Biology, University of Kansas
Medical School, USA

65



Sensor Electronics and Microsystem Technologies 2023 —T. 20, Ne 1

Yaroslav Lepich

Khrystyna Levchenko

Vadym Loktiev

Denys Makarov

Sergii Mamykin

Anna Morozovska

Yurii Naidyuk

Oleksandr Nakonechniy

Anatoliy Opanasyuk

Heorhii Papakin

Anatoliy Pinchuk

Maksym Pogorielov

Oleksandr Prokopenko

Oleksandr Pronkevych

Ivan Protsenko

Liudmyla Prystupa

Sergiy Ryabchenko

Volodymyr Sadivnychyi
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Prof., D.Sc. in Physics and Mathematics, Academician of the Higher School Academy of
Sciences of Ukraine, Director of Research and Tutorial Center of the Ministry of
Education and Science of Ukraine and National Academy of Sciences of Ukraine at

I. Mechnikov Odesa National University

Dr., Faculty of Physics, University of Vienna, Austria

Prof., D.Sc. in Physics and Mathematics, Academic Secretary of the Department of
Physics and Astronomy of the National Academy of Sciences of Ukraine

Dr., Head of Department, Helmholtz-Zentrum Dresden-Rossendorf, Dresden, Germany

Dr., Head of Department, Vice-Director of V. E. Lashkaryov Institute of Semiconductor
Physics of National Academy of Sciences of Ukraine, Kyiv, Ukraine

D.Sc. in Physics and Mathematics, Leading Scientific Researcher, Institute of Physics,
National Academy of Sciences of Ukraine, Kyiv, Ukraine

Prof., D.Sc. in Physics and Mathematics, Corresponding member of the National
Academy of Science of Ukraine, Laureate of the State Prize of Ukraine in Science and
Technology; Director of the B.I. Verkin Institute for Low Temperature Physics and
Engineering of the National Academy of Sciences of Ukraine, Kharkiv, Ukraine

Prof., D.Sc. in Physics and Mathematics
President of the Higher School Academy of Sciences of Ukraine

Prof., D.Sc. in Physics and Mathematics, Head of the Department of Electronics and
Computer Technology, Sumy State University, Ukraine

Prof., D.Sc. in History, Director of M. S. Hrushevsky Institute of Archaeography and
Source Studies National Academy of Science of Ukraine, Academician of Higher School
Academy of Sciences of Ukraine

Prof., Department of Physics and Energy Science, University of Colorado at Colorado
Springs, USA; Director of the Center for Plasmonics, Nanophotonics and
Metamaterials

Prof., D.Sc. in Medical Science, Head of Biomedical Research Centre, Sumy State
University, Ukraine; Researcher in Laboratory of Optical Biosensors and Functional
Nanomaterials, University of Latvia

Prof. D.Sc. in Physics and Mathematics, Chair, Taras Shevchenko National University of
Kyiv, Ukraine

Prof., D.Sc., Black Sea Petro Mohyla National University, Mykolayiv, Ukraine

Prof., D.Sc. in Physics and Mathematics, Head of the Department of Electronics,
General and Applied Physics, Sumy State University, Ukraine;
Honored Worker of Science and Technology of Ukraine

Prof., D.Sc. in Medical Sciences, Head of the Department of Internal Medicine with
Respiratory Medicine Center, Sumy State University, Ukraine

Prof., D.Sc. in Physics and Mathematics, Corresponding Member of the National
Academy of Sciences of Ukraine, Head of Identification Committee for Science of
Ukraine

Prof., D.Sc. in Social Communications, Head of the Department of Journalism and
Philology, Sumy State University, Ukraine
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Rada Savkina

Oleksandr Serha
(a.k.a. Alexander Serga)

Rostyslav Serha

Halyna Shcherbata

Volodymyr Shcherbatyy

Tetiana Shestopalova

Natalia Starchenko

Valeriy Stepankov

Maksym Strikha

Leonid Sukhodub

Nataliia Tataryn

Nataliya Torkut

Oleksandr Tovstolytkin

Yaroslav Tserkovnyak

Vitaliy Vasyuchka

Iryna Vavilova

Anatoii Veklych

Yevgen Venger

Roman Verba

D.Sc., Senior Researcher, V. E. Lashkaryov Institute of Semiconductor Physics of
National Academy of Sciences of Ukraine, Kyiv, Ukraine;
Prof. at National University “Kyiv Mohyla Academy”, Kyiv, Ukraine

Priv.-Doz. Dr. habil., D.Sc. in Physics and Mathematics, Department of Physics,
University of Kaiserslautern-Landau, Kaiserslautern, Germany

Ph.D. Student, Faculty of Physics, University of Vienna, Austria

Prof., D.Sc. in Genetics, Institute of Cell Biochemistry, Hannover Medical School,
Hannover, Germany

Univ.-Doz., Dr. med. dent., Hannover Medical School, Hannover, Germany
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IHOOPMALUIA OA ABTOPIB.
BUMOI'A 1O OPOPMIIEHHA CTATEWN Y XXYPHAII

Kypnan «CeHcopHa eneKTpOHIKa i MIKpOCHUC-
TEMHI TEXHOJIOTiD» MyOIIKy€ CTaTTi, KOPOTKi MOB1JI0-
MJICHHS, JIUCTH 70 Penaxiiii, a Takox KOMEHTapi, 110
MICTSITh pe3yabTaT (PyHJaMEHTAIbHUX 1 TPUKIIaJIHUX
JIOCTIJKEeHB, 32 HACTYITHUMH HarpsIMKaMu:

1. ®i3uuni, XiMiYHI Ta IHII SBHINA, HA OCHOBI

SIKHX MOXYTh OyTH CTBOPEHI1 CEHCOPH

2. TlpoekTyBaHHS i MaTeMaTHYHE MOJICIIOBAHHSI

CEHCOpIiB

98]

CeHcopu Gi3UYHUX BEIUYUH
OnTuvHi, ONTOENEKTPOHHI 1 paniamiiini

>

CeHcopu
AKYCTOEJIEKTPOHHI CEHCOPH
XiMiuHI ceHCcOpHU
Biocencopu

A4

Hanocencopu ((izuka, Matepiaiu, TEXHOJIOTIS)
9. Marepianu uisi CEHCOPiB
10. TexHoOTisi BAPOOHMIITBA CEHCOPIB
11. Cencopu ta iHpOpMalliiiHi cCHCTEMH
12. Mikpocuctemni ta HaHoTexHosorii (MST,
LIGA-TexHoOrIs Ta 1H.)
13. lerpanmanis, meTposoris i ceprudikaiis
CEHCOpIiB
Kypran myOnikye TakoX 3aMOBJICHI OTJISIH
3 aKTyaJbHUX IHUTaHb, 10 BiIIOBIIaOTh HOr0 TeMa-
THUIIi, TOTOYHY 1H(POPMAIIiI0 — XPOHiKY, TIEPCOHAITI],
IUTaTHI PEeKJIaMHI TTOBIIOMJICHHS, OTOJIOIICHHS 110]10
KOH(epeHIIii.
OCHOBHHUI TEKCT CTATTI IIOBUHEH BIAMOBiIa-
i BuMmoram [locranosu Ilpesunii BAK Vkpainu Bifg
15.01.2003 p. Ne 7-05/1 (bronerenr BAK Vkpainu
1, 2003 p.) i Oyt cTpykTypoBaHMUM. Martepianu, mo
HAJCUIIAIOTHCS 10 Pemaxiiii, moBuHHI OyTH HamucaHi
3 MAKCUMAJIbHOIO SICHICTIO 1 YITKICTEO BUKJIAy TEKCTY.
Y momanoMy pyKOTHCi TOBHHHA OyTH 0OTpyHTOBaHA
aKTyaJIbHICTB PO3B’sI3yBaHOI 3a/1a4i, chOopMyIbOBaHa
MeTa TOCHIKEHHS, MiICTUTHCS OPUTIHAIIbHA YacTHHA
1 BUCHOBKH, 1110 3a0€3Me4YyI0Th PO3YMiHHS CYTi OTpHU-
MaHUX PE3yNIbTaTiB 1 1X HOBU3HY. ABTOPH MOBHHHI
YHUKaTH HEOOIPYHTOBAHOTO BBEJCHHS HOBUX TEPMiHiB
1 By3bKOTIPO(1TbHAX KaPTOHHUX BUCIIOBIB.

Penaxkmis )xypHaIly MpoCUTh aBTOPIB MPH Ha-
MpaBJICHI CTaTeH A0 APYKY KepyBaTHCs HACTYIHHMU
MpaBUIIaMU:

1. Pykomucu MOBMHHI HAJACHIIATHCS Y ABOX IPH-
MipHHKaX YKpaiHChKOIO a00 aHITIICHKOI0 MO-
BOIO 1 CyIpOBOJKYBaTucs (ailiiaMmu TeKCTy
1 maronkiB Ha CD. Pykonucu, sKi mponony-
I0THCS aBTOpaMH 3 Ykpainu abo kpain CHJL 1o
BUJIaHHS aHTIIIHICHKOI0 MOBOKO 00OB’SI3KOBO J10-
MOBHIOIOTHCSI YKPAaTHOMOBHOIO 200 POCIHCHKO-
MOBHOIO Bepcieto. EjxexTpoHHa KoIist MOXe
OyTH HajiclIaHa eJIEKTPOHHOIO MOIITOO.

2. TlpwuiiaarHi popmatu tekcry: MS Word (rtf,
doc, docx).

3. TlpwiiasaTHi rpadiuni GopmaT 1Jisi PUCYHKIB:
EPS, TIFF, BMP, PCX, WMF, MS Word i MS
Graf, JPEG. Pucynku, siki CTBOpEHi 3a J10110-
MOTOIO TIPOTPAMHOTO 3a0e3IeueHHs JIsl MaTe-
MAaTHYHUX 1 CTATUCTUYHHUX OOYMCIICHB, TIOBUHHI
OyTH TepeTBOPEHi 710 OIHOTO 3 IHX (hopMariB.

4. Ha crarti aBTOpiB 3 YKpaiHU MalOTh OyTH eKc-
MEPTHI BUCHOBKH PO MOXJIMBICTh BiZIKPUTOTO

APYKY.

PyKOl’[I/ICI/I HAJACUJIATH 3a a/IpeColo:

Jlenix Spocnag lmmiy,
3act. roji. pemaxkTopa,

OniecbKHit HAIlIOHAJILHUI YHIBEPCUTET
imeni [. I. Meunukosa, MHH®TI (H/JI-3),
ByIn. JIBOpsiHCBKa, 2,

Opneca, 65082, Ykpaina.

Tenedon / pakc +38(048) 723-34-61,
E-mail: semst-journal@onu.edu.ua,

http://semst.onu.edu.ua

31iliCHIOETHCSI aHOHIMHE PEIICH3yBaHHS
PYKOITUCIB CTaTeM.
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IIpaBuiia miAroTOBKU pyKoOMNucy:

Pyxomnucu moBUHHI CYTIPOBOKYBATHCS O(iLliii-
HUM JIUCTOM, MiJIMCaHUM KEPiBHUKOM YCTaHOBH, 1€
Oyna BuKoHaHa pobOorta. Lle mpaBuiIo He cTOCY€eThCA
POOIT IpeICTaBIEHNX aBTOPAMHU 13 3aKOPJIOHY UM MiX-
HApOJHUMH IPyIIaMH aBTOPIB.

ABTOpCBKE MPaBO NMEPEXoAUTh Bunasiio.

TuTyIbHUN apKyII:

1. PACS i VuiBepcansuuii lecsatkoBuii Koj
Kiacudikanii (YK) (s aBropis i3 kpain CHJI) —
y BEPXHbOMY JIiBOMY KyTi. JlomycKaeTbes AeKiabKa
BIJIUICHUX KOMaMHU KOMIB. SIKIO HifAKI KOIU KJIacHh-
(hikarii He mo3HaUYeHi, Kox(u) Oyae(—yTh) BU3HAYCHO
Penakuiiinoro Koneriero.

2. Hazpa po6oTu (110 LeHTpY, NPONUCHUMH Ji-
TepaMu, WpUPT 14pt, )KUPHO).

3. Ilpi3Bume (-a) aBTOpa(-iB) (IO HIEHTPY,
mpudt 12pt).

4. HazBa ycraHoBH, IOBHA ajpeca, TenedoHn
1 axcu, e-mail aAns KOKHOTO aBTOpa, HIXKYE, Yyepes3
OJIMH 1HTEPBaJ, OKPEMUM PSIKOM (TI0 TICHTPY, mpudT
12pt).

5. Anorauisi: o 1000 cumBoOmiB.

6. KirrouoBi cioBa: iXHS KiJIbKICTh HE TIOBUHHA
MIEPEeBHIIyBaTH BOCHMH CITiB. B 0coONMMBHX BUMaIKax
MOYKHa BUKOPHCTOBYBATH TEPMIiHU 3 BOMA — YU TPHO-
Ma cioBamu. Lli ciioBa moBUHHI OyTH pO3MIIIEH] M
AHOTALII€IO0 1 HATMCAaH1 TiEI0 CaMOI0 MOBOIO.

IT.m. 2,3,4,5,6 mocnioBHO BHKJIACTH YKpaiH-
CHKOIO Ta aHTIIIHCHKOIO MOBaMHU.

s aBTOpiB 3 3aKOPAOHY, SIKi HE BOJIOMIIOTH
YKpPaiHCHKOIO MOBOIO, M. 2—5 BUKJIAIAIOThCS aHIIIIi-
CBHKOIO MOBOIO.

7. J10 KOXHOTO MPUMIpHUKA CTATTi JOJAIOTh-
cs pedepaTi YKpaiHCHKOIO Ta aHTIIHCHKOI0 MOBaMH
(xoxxeHn pedepar Ha okpemMomy apkytri). OcoOauBy
yBary CiijJi IpUALISATH HAMMCAHHIO PE3IOME CTAaTTI
aHIiChKOI0 MOBOIO. JlJIsl IBOTO JOUINBHO KOpHUC-
TYBaTUCS TOCITyTraMy KBalli(hiKOBAaHUX CHEIiaTiCTiB-
JIHTBICTIB 3 MOAATBITNM HAYKOBUM pelaryBaHHSIM
TekcTy aBTopoMm(-amu). Ilepen cioBom «pedepar»
HEOOXIIHO HamucaTu MOBHY Ha3BY CTATTI BiJNOBIj-
Hoto MoBoto, YJIK, mpi3Bumia Ta iHimianu aBTOPIB,
Ha3BH yCTAaHOB.

Pedepar obcsrom 200-250 cniB mae OyTu
CTPYKTYpOBaHUM: MeTa (4iTKO CHOpMYIILOBaHa), METO-
TV TOCITIJPKEHHS, Pe3yJIBTaT! JIOCIIJKSHHS (CTHCIIO),
y3arajibHEeHHs 2800 BUCHOBKH.

[Ticns TexcTy pedepary 3 ab3airy po3MINTyrOTh-
Cs1 KITIOYOBI CJIOBA.
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8. Tekct crarTi MoBUHEH OyTH HaJAPYKOBAaHUI
yepes 1,5 inTepBanu, Ha Oiomy manepi Gpopmary A4,
[Momns: 3miBa — 3cMm, cripaBa — 1,5¢M, BBEpXY 1 3HU3Y —
2,5cm. tlpudt 12pt. [1in3aronoBky, KO BOHH €,
MOBUHHI OyTH HaJAPYKOBaHI MPOMUCHUMH JIITEPAMH,
JKUPHO.

PiBHSHHS OBUHHI OyTH BBEICHI, BAKOPHUCTO-
Bytoun MS Equation Editor abo MathType. PoGotu
3 PyKOIMCHUMH BCTABKAMH HE TIPUIMAIOThCs. Ta0umuiii
MTOBUHHI OyTH MpeICcTaBlIeHI Ha OKPEMHX apKyIIax
y dopmaTi BiIMOBITHUX TEKCTOBUX (opMaTiB (JIHB.
BHUIIE), Y1 y popmari TEKCTY (3 KOJOHKAMH, BiJlJIi-
JICHUMH 1HTepBaJIaM1, KOMaMH, KparkaM 3 KOMOIO, Y1
3HaKaMH TaOyJIIOBaHHS).

9. V KiHIII TeKCTy CTaTTi yKa3aTH IMPi3BHUIIA,
iMeHa Ta 1o 0aThKOBI YCiX aBTOpIB, MOIITOBY ajpecy,
tenedoH, gakc, e-mail (17151 KOpeCImOHAEHIIIT).

10. Criucok niTeparypy MOBUHEH OyTH Haapy-
KOBaHMH uepe3 1,5 inTepBaiy, 3 JiTepaTyporo, MpoHy-
MEpPOBAHOIO B MOPS/IKY ii MosiBY B TeKCTi. bidmiorpadis
JPYKYETHCS JIMIIE JTaTUHULCIO (KUPUIIULS TOAAETHCS
B TpaHcmitepartii). [lopsaok opopmienns miteparypu
noBuHEH Bianosigaru Bumoram BAK VYkpainu, Ha-
TPUKIIa;

[1]. I. M. Cidilkovskii. 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. ITignucu 10 pUCYHKIB 1 TaOIUIb OBUHHI
OyTH HaJIpyKOBaHI B PYKOIHCI 3 BOMA MpoOiIaMu
TICIISE CITUCKY JIiTeparypy. BUHOCOK, SIKIIO MOXKITUBO,
0a)kaHO YHHKATH.

[IpuitMaroThCs TINMBKU BHCOKOSKICHI PUCYHKH.
Hanwcu i cuMmBoy moBUHHI OyTH HaJpyKOBaHi yce-
penuHi pucyHky. HeratuBu, ciaiiam, i qialto3UTUBH
HE NPUHMAaroThCs.

KokeH piCyHOK TTOBUHEH OyTH pO3TalllOBaHHHA
y TEKCTi CTaTTi Micis MOCHIIaHHS Ha HHOTO Ta MaTH
po3wmip, 1o He neperuiinye 160x200 mm. st TekcTy
Ha pUCyHKax BUKopucToByiTe mpudt 10pt. OmuHuti
BHMipy NOBHHHI OyTH IO3HA4YeH] Micisi KOMH (HE B
KPYIVINX JTy’KKaX). YCi pUCYHKH ITOBHHHI OyTH TIPOHY-
MEpOBaHi B MOPSAIKY iX MOSIBH B TEKCTi, 3 YaCTHHAMH
MO3Ha4YeHUMH $IK (@), (0), 1 T.1. Po3mimieHHs: HOMepiB
PUCYHKIB 1 HaIlUCy yCepEearHI MaJTIOHKIB HE TO3BO-
JSIFOTHCAL.

KonbopoBuii Jpyk MOKIMBHHN, SIKILO MOr0O Bap-
TICTh CILIAYY€ETHCS ABTOPAMU UM IX CIIOHCOPaMHU.
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12. Crarrs mae OyTu mianucaHa aBTopoM (ycima
aBTOpaMH) 3 32a3HAYCHHSIM JIaTH HA OCTaHHIN CTOPIHIII.

ABTOpY HECYTh ITOBHY BiJIIOBIIANBHICTH 32 0€3-
JIOTaHHE MOBHE O()OPMIICHHS TEKCTY, 0COOIMBO 32
MPaBUIIBHY HAYKOBY TePMiHOJIOTIFO (11 CIIi/T 3BipsATH 32
(haxOBUMH TEPMiHOJIIOTIYHIMH CIIOBHUKAMH ).

13. JlaTor0 HAIXOMKEHHS CTATTI BBAXKAETHCS
JIeHb, KOJIM JI0 PEAKOJIeril HalilIIOB OCTaTOUHHUH Ba-
pilaHT CTaTTi MiCHS pelleH3yBaHHS.

ITicnst omeprkaHHs KOPEKTYpH CTATTi aBTOP IO-
BHHEH BUIIPABUTHU JIMIIE TTOMUJIKU (Y4iTKO, CHHBOIO

a00 YOPHOIO PYYKOIO HENPaBUIIEHE 3aKPECIIUTH, a TI0-
PSAI 3 MM Ha TIOJIi HANKMCaTH MPaBUIBHUHI BapiaHT)
1 TEPMIHOBO BiJIICJTATH CTATTIO HA aJpecy PeIKoJerii
ENIEeKTPOHHOIO MOIITOIO.

[Tignmuc aBropa y KiHII CTaTTi 03HAYAE, MO aB-
TOp TIepe/ae mpaBa Ha BUAAHHS CBOET CTAaTTi pelaKiIii.
ABTOp TapaHTye, 10 CTaTTS OpUTiHAIIBHA; Hi CTATTS,
Hi pUCyHKHU 10 Hei He Oynu omyOiikoBaHI B 1HIIUX
BUJIAHHSX.

BinxuneHi craTTi He TOBEPTAOTHCA.

O YBAI'l ABTOPIB

Miscnapoona azenyin ISSN ecmarnosuna ckopoueny HA38)Y HAUO20 HCYPHATLY
«Sens. elektron. mikrosist. tehnol. »

IIpocumo Bac y ceoix nocunanusx i 6ionioepagpiunux oanux cmameti UKOPUCIOBY8AMU
came maky HA38y OCKIIbKU No Hill Oyoe 30ilUcHIo8amucs nocuianns na Bawy cmammio.
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INFORMATION FOR AUTHORS
THE REQUIREMENTS
ON PAPERS PREPARATION

Journal «Sensor Electronics and Microsystems
Technologies» publishes articles, brief messages,
letters to Editors, and comments containing results of
fundamental and applied researches, on the following
directions:

1. Physical, chemical and other phenomena, as
the bases of sensors
Sensors design and mathematical modeling
Physical sensors
Optical, optoelectronic and radiation sensors
Acoustoelectronic sensors
Chemical sensors
Biosensors
Nanosensors (physics, materials, technology)
Sensor materials
. Sensors production technologies
. Sensors and information systems
. Microsystems and nano- technologies (MST,
LIGA-technologies et al.)
13. Sensor’s degradation, metrology and
certification

The journal publishes the custom-made
reviews on actual questions appropriate to the
mentioned subjects, current information — chronicle,
special papers devoted to known scientists, paid
advertising messages, conferences announcements.

The basic article text should meet the SAC
Ukraine Presidium Decree requirements from
15.01.2003 Ne 7-05/1 (SAC Bulletin Ne 1, 2003) and
be structured. The materials sent to Editors, should be
written with the maximal text presentation clearness
and accuracy. In the submitted manuscript the
actuality of problem should be reflected, the purpose
of the work should be formulated. It must contain an
original part and conclusions providing the received
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results essence and their novelty understanding. The
authors should avoid the new terms and narrowprofile
jargon phrase unreasonable introduction.

Journal Edition asks authors at a direction of
articles in a print to be guided by the following rules:

1. Manuscripts should be submitted in duplicate
in Ukrainian or English, a hard copy and
supplemented with a text file and figures on a
CD. Manuscripts which are offered by authors
from Ukraine or CIS countries to the edition
in English are necessarily supplemented by
Ukrainian or Russian version. An electronic
copy may be submitted by e-mail.

2. Acceptable text formats: MS Word (rtf, doc,
docx).

3. Acceptable graphic formats for figures: EPS,
TIFF, BMP, PCX, CDR, WMF, MS Word
and MS Graf, JPEG. Figures created using
software for mathematical and statistical
calculations should be converted to one of
these formats.

4. For articles of authors from Ukraine there
should be expert conclusions about an
opportunity of an open print.

Manuscripts should be sent to:
Lepikh Yaroslav Illich,
The Vice Editor, Odesa National
L. I. Mechnykov University, ISEPTC (RL-3),
str. Dvoryanskaya, 2, Odesa,
65082, Ukraine.

Phone/fax +38(048) 723-34-61,
E-mail: semst-journal@onu.edu.ua,
http://semst.onu.edu.ua

Manuscripts of articles anonymous reviewing
is carried out
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The manuscript preparation rules:

The manuscripts should be supplemented with
the Official letter signed by a chief manager of the
institution where the work was performed. This rule
does not apply to papers submitted by authors from
abroad or international groups of authors.

Copyright transfer to the Publisher.

Title Page:

1. PACS and Universal Decimal Classification
code (for authors from CIS) in the top left corner.
Several comma-separated codes are allowed. If no
classification codes are indicated, the code(s) will be
assigned by the Editorial Board.

2. Title of the paper (central, capital, bold, 14pt).

3. Name (—s) of the author(—s) below, in one
space (central, normal face, 12pt).

4. Name of affiliated institution, full address,
phone and fax numbers, e-mail addresses (if available)
for each author below, in one space (central, normal
face, 12pt).

5. Abstract: up to 1000 characters.

6. Keywords: its amount must not exceed eight
words. In the specific cases it is acceptable to use
two- or three-word terms. These words must be placed
under the abstract and written in the same language.

Items 2,3,4,5,6 must be presented in series in
Ukrainian and English languages.

For authors from abroad which do not know
Ukrainian languages, items 2—5 may be presentd only
in English.

7. To each copy of the article abstracts in
Ukrainian and the English language are applied (each
abstract on a separate sheet). The special attention
should be given to the writing of the article summary
in English. For this purpose it is expedient to use the
qualified experts — linguists with the further scientific
editing the text by the author (-s). Before the word
“abstract” it is necessary to write the full article name
by the appropriate language, UDC, surnames and the
initials of the authors, names of affiliated institutions.
The abstract in volume of 200-250 words must be
structured: the purpose (precisely formulated),
research methods and results (shortly), generalizations
or conclusions. After the text of the abstract from the
item key words are placed.

8. Article text should be printed 1,5-spaced on
white paper A4 format with a 12pt, margins: left—
3sm, right— 1,5, upper and lower —2,5sm. Titles of the
sections if it is present should be typed bold, capitals.

Equations should be entered using MS Equation
Editor or MathType. Papers with handwritten equations
are not accepted. Notations should be defined when the
first appearing in the text.

Tables should be submitted on separate pages in
the format of appropriate text formats (see above), or
in the text format (with columns separated by interval,
commas, or tabulation characters).

9. At the article text end one must indicate
surnames, names and patronymics of all authors,
the mail address, the phone, a fax, e-mail (for the
correspondence).

10. List of references should be 1,5-spaced, with
references numbered in order of their appearance in
the text. The bibliography is printed only by the roman
type (cyrillics represents in transliteration).

The literature registration order should conform
to DAS of Ukraine requirements, for ex-ample:

[1]. I. M. Cidilkovskii. 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. Figures and tables captions should be
printed in the manuscript double-spaced after the list
of references. Footnotes should be avoided if possible.

Only high-quality pictures can be accepted.
Inscriptions and symbols should be printed inside
picture. Negatives, and slides are not accepted.

Each figure should be printed on a separate page
and have a size not exceeding 160x200 mm. For text
inside figures, use 10pt. Measurement units should be
indicated after a comma (not in blankets). All figures
are to be numbered in order of its appearance in the
text, with sections denoted as (a), (b), etc. Placing
the figure numbers and captions inside figures is not
allowed.

Color printing is possible if its cost is covered
by the authors or their sponsors.

12. The article must be signed by author (all
authors) with the date indication on the last page.

Authors bear full responsibility for irre-
proachable language make out of the text, especially
for a correct scientific terminology (it should be
verified under terminological dictionaries of the

appropriate speciality).
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13. The date of article acceptance is that one
when the final variant comes to the publisher after
a prepublication review.

After obtaining the proof sheet the author
should correct mistakes (clearly cancel incorrect
variant with blue or black ink and put the correct
variant on border) and send urgently the revised
variant to the editor by e-mail.

Author’s signature at the article end vouches
that author grants a copyright to the publisher.
Author vouches that the work has not been
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