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AHoTanisa. B orsal Ha mpUKIIaai BIACHOTO MIBCTOJNITHHOTO JOCBIY CTAHOBJICHHS HAYyKOBIIS
1 TIOCJTIZIOBHOTO PO3BHUTKY BKJIMBHX TaTy3€d OpraHiqHOl XiMii NUITXOM (pyHIaMEHTAIbHUX TOCTI-
JOKEHb, PUKIIQHUX PO3POOOK 1 BIIPOBAHKEHb KOMIUICKCHUX PE3YJIbTATIB BAXKIIUBUX SIK JUISI PO3YMIHHS
HOBUX HayKOBHX aCIIEKTIB PI3HOMAHITHUX XIMIYHUX MPOIIECIB, TaK 1 JJIs 3HAYYIIUX TPOMHUCIOBUX BHU-
POOHUIITB HOBHX MaTepialiiB 1 pe4OBUH MACIITA0OHO MOKa3aHO PE3YJIBTaTUBHICTH ITPABHUIIBHO BUOpaAHUX
METOJIOJIOTTYHHX ITIIXO/IB 0 PO3B'SA3aHHS HEITPOCTUX TEXHOJOTIUHUX 3a]1ad.

HaBeneHo HU3KY MPUKIIAIiB BIAIIOTO CHHTE3Y HOBUX PEUYOBHH, IO MiTBEP/KCHO HABEACHUMHU
BI/IMOBIIHUMH CTPYKTYPHUMH CXEMaMH, CBIJIOIITBAMH 1 MTATEHTaMH Ha BUHAXO/H, arpo0alli€ro Ha Ha-
YKOBHX (hopyMax 1 myOmiKaIisiMu B MPECTHKHUX BUIAHHSIX, 1€ JOCUTh TTIOBHO OMMMCAHO 1X BIACTUBOCTI
1 MOXKJTUBI cpepH 3aCTOCYBAHHSI.

KuiouoBi ciioBa: opraniuna ximis, TEpMOAMHAMIYHI MPOIECH, KBAHTOBOXIMIYHI pO3paxyHKH,
CHHTE3

MY LIFETIME IN CHEMISTRY

Yu. V. Tanchuk

Abstract. Looking back at the example of the first hundred years of the formation of science
and the last development of important fields of organic chemistry along the path of fundamental
achievements, applied research and the development of complex results in important ways for the

© IO. B. Tanuyx, 2023
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development of new scientific aspects in various scientific fields small processes, and for significant
industrial productions of new materials and speeches, the effectiveness is shown on a large scale
correctly selected methodological approaches to the development of difficult of technological tasks.
It has been given a low application in the distance to the synthesis of new speeches, which is
confirmed by pointing to similar structural schemes, certificates and patents for inventions, approval
at scientific forums and publications in prestigious publications to fully describe their power and

potential for the sphere of occupancy.

Keywords: organic chemistry, thermodynamic processes, quantum chemical calculations,

synthesis

S HiKONM HE XOTiB OyTH XIMIKOM. ¥ IIIKOJ
HaWOIIbIIe 3aXOILTIOBABCS (hI3UKOIO, JTIOOUB Ma-
TEMaTHKYy, 010JI0TiI0 Ta JiTepaTypy, iCTOpitO Ta,
KOJIU TIepe]] CaMUM BUITYCKHUM BE€YOpPOM, HAIII,
sl cKa3aB O — 3HAMEHUTHH yIUTENb (Qizuku Po-
man Bacunvosuu Jlanunetixo B yYUTEIbChKIN yKe
nepe] caMMMHU BUITYCKHUMH €K3aMEHaMU CKa3as,
o Tanyyk enUHUH 13 000X KJIACiB IIbOTO BUITYCKY
BOJIOJII€ MTPOTPAMOIO CEPEIHBHOI MIKOIU AO0CKO-
HaJIbHO, TO MOE MaiOyTHE 1 OyJIO BUPIIIICHO. ..

Ha npyruit nenp micist BUIyCKHOTO Be4Opa
MU, OUTBIITICT YYHIB HAITIOTO BUITYCKY KOMITaHI€IO
noixaynu 10 Yepriseys, 10 HAHOIMKIOTO BiJl HAC
MiCTa, Jie y TOi yac Oyi0 TpU BUILIUX HABUYATbHUX
3aknanau: Yepuiseyvbkuil 0epicasHull yYHigepcu-
mem, YepHigeybkuii MeOU4HUli ma neoazoziy-
HUtl incmumymu. BUTbITICTE 13 HAROIMKINX MOTX
npy3iB: Amanaciu I pueopkis, I puys [ panuunuii,
Bonooumup Kpyysx, Bonooumup I'yiux ta Mu-
pon Boyw (1KOMy 3aKiHYKMB Ha JIBa POKH PaHiIIe
B1JI HaC) MOJAJIM JOKYMEHTH 10 UepHIBEIbKOTO
MEANYHOTO IHCTUTYTY. He 3Hato, uu ayxe XOTiu
BOHH CTaTH JIKapsIMH, ajie MOCTYIUTH O MEANY-
HOTO IIIaHCIB Oys10 OijIbIIIe — BCTYITHUX €K3aMCHIB
Tynu Tpeba Oyno 3aaBatu MeHie. [[ist Betymy 10
MEIHCTUTYTY He Tpeba Oyino 37aBaTH BCTYITHUX
ICITUTIB 3 TUCHMOBOT Ta YCHOI MaTEMaTHKH, 3 1HO-
3€MHOI MOBH. ..

Ha BMOBINsiHHS MOiX Ipy3iB 3a KOMIaHIEIO
pa3oM 3 HUMH MTOCTYIATH 10 MEAIHCTUTYTY 5 Bij-
MOBUBCS, MTOSICHUBIIIY 11€ TUM, IO ST MOXe i1 OyB
Ou JTiKapeM, sIKOM JTIKYBaTHCSI IO MEHE TTPUXOIFITN
MON0OI, eapHi Ta 300po6i... S 1 1o mux mip He
MOXXY JIMBUTHUCS Ha JIFOACHKI CTpakJaaHHS Ta (i-
3UYHI HEJOJIKH, Ty’Ke OOI0Ch MEPTBHX... Tomy i
MOJIaB 51 CBOT IOKyMEHTH 70 YepHiBEIBKOTO Jep-
YKaBHOTO YHIBEPCHUTETY Ha (h13MKO-MaTeMaTHIHUN

daxyneret. [locnpusiio oMy i Te, 110 Ha IILOMY
daxynbreti yxe Bunnncs Hocun Cmaxupa, nuni
3acayscenutl npoghecop Jlvsiscvroeo Hayionano-
Ho20 yHigepcumemy im. leana @panka, Tapac
Cobuuwun ta 3unosiu Llaaui, Sxi 3aKIHIAITA
HaIlly IIKOJY Ha PiK paHimie i 3 SIKHMH Y MCHE
3aBKaMu Oynu Opy»HI CTOCYHKHU... Bmacue, Ta-
pac CoOuuIIMH 1 MPUBIB MEHE y TIEPIINN KOPITYC
yHIBEpCUTETY, Jie TpaltoBaina [IpuiimanbHa KoMi-
cis. Ta TUTBKM BiJIaBIIM JOKYMEHTH 5 TIOMITHB,
SK y TPUMIIIEHHS Ti€l eK3aMeHaIiiHOi KoMicii
BBIMIIIOB HEBEJIMYKHIL 32 3pOCTOM XJIOMYHK, OJISIT-
HYTHUH Y YOPHY, 3 BEJIMYE3HUMHU 30JI0TUMU MIOTO-
HaMHU, METIUIISIMHU Ta YBECh Y 30JI0TUX eMOneMax
Ta TyA3UKax YHiGOpMYy TIpH YOPHiH KpaBariii Ta
y Oi10CHDKHIN copouiti... To OyB Iyke BEIMKUN
akypatuct Bacunb boroyk, cTylIeHT yxke Ipyroro
Kypcey... Takoro g me He 6a4yuB 1 3anuTaB Tapa-
ca—a 1o 1e take? Tapac BIAMOBIB 3aIUTAHHSIM —
a xi0a TH He 3HA€I, 10 Y HAIIOMY YHIBEPCUTETI
€ TEOJIOTTYHHH (PaKyIBTET 1 TaM YCi CTYJCHTH HO-
caTh Taky ¢opmy?.. He po3mipkoByroun O0ijib-
1ie, s KWHYBCS JIO Ti€i JIBYMHHU, KA TUTHKH-IIO
MpUiTHATIA y MEHEe JOKYMEHTH, 1 TOIPOCHB ii 1mo-
BEpHYTH iX MeHi, 00 5, HIOM-TO, IOMYCTHUB TO-
MUJIKY Yy CBOi# aBToOiorpadii... JiBunHa Bigmana
1 1 NIBUJICHBKO MepenucaB 3asBy, 1100 TPUHHSIN
MeHe Ha reosioriunuii axyneret... CrpailtoBas,
MalyTh, I1le BOEHHUM cuHApoM. He 3Haro, sK XTO,
ajne s 3aBKJIU YSBISB ce0e TUIbKU BIHCHKOBHM.
CTyaeHTChKHUIH MYHJIUp Teosora y sKiich Mipi
3a/IOBUTHHSB 111 OakaHHs Ta i OyB HE3PIBHIHHO
PO3KINTHIMINNA, HI’)K HAaBITh y apMIHCHKOTO T€HE-
pana, un aaMmipana... Hi y ToBcTtomy, Hi y MOiit
PoskaHiBIl HIXTO TAKOTO HE MaB 1 HE OaUUB...
1106 mocTynmuTH Ha TeoJIOTTYHUHN (paKyib-
TET, K 1 Ha (i3MKO-MaTeMaTHYHHH, Y1 ¥ Ha Xi-
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10.B. Tanuyk

MiyHHUH, TO Tpeba Oyno 3matu 11 BCTYymHUX €K-
3aM€EHIB, 13 SKUX BUBOAMIOCS 7 3arajbHUX OIli-
HOK — TPUAISITH T’ SATh OaliB 3a I’ ATHOAIBHOIO
cucTeMolo. BeTymnHi ek3aMeHu s 371aB YCIIIIIHO,
Habpasmu 33 6anu. ToOTO, 1eCATh BCTYIHUX €K-
3aM€EHIB A 37aB Ha BIAMIHHO, a 3 HIMEIILKOI MOBH
OTpUMaB “‘mpu’”. 13-3a IIbOTO y NMEPLIOMY, HANTSIK-
YOMY ISl BCIX CTYJCHTIB CEMECTPI 51 HE OTPUMY-
BaB CTUIEHII... XOTiB MOKUHYTH YHIBEPCHUTET,
060 y Tomy 1954 potii KoirocrnHukam, To0To, MOIiM
6arbkam Buanu 1o 17 komiiok rporueit 1 300 rpa-
MIB 3€pHa Ha TPYIOJCHb, [0 BUXOAMIIO JIECh 110
8 kapOoBaHIIiB Ha MicsIb. Tpeba BiI3HAUNTH, 1110
y TOH yac poOITHUK, UM CITYyKOOBEIb OTPHUMYBaB
Bix 600 1o 1500 kapOoBaHIIIB HA MicCAIlb, Y 3a-
JEKHOCTI BiJl MiCIsl poOOTH Ta Mocaau. 3po3y-
MLJI0, L0 TIPU TAaKUX pecypcax OTPUMYBATH 1€ i
CTY[EHTa y MICTi, JAJIEKO BiJ IOMY MOiM OaThbKam
Oyno myxe HempocTo... Ta mu BuTpumanu. Ha
el pas Bupy4ymia MmeHe Mosi 6abycs. Bona, ma-
041 3aCY/KEHOIO Ha 25 POKIB JOHBKY (MOJIOIIA
cecTpa Moei MaMu Oylla crmaHu4Ho0), BAKOPHC-
TOBYIOUU OYIb-SIKy MOXJIMBICTb, MMOCTIHHO 1€
3 JIOKOJITOCITHMX YacCiB CyIIWJIA CHeliaJbHO MpHU-
TOTOBJIEHE — 3 myujem (5KUpoM), Ha SIULSAX micmo
(MakapoHm), 1106 Oys10 Ha mepiuii yac, ik BUBe-
3yTh Hac Ha Cumbip... He BuBe3nu. Y 1953 pori
niomep mosapiuy Cmanin, a CyIleHi, Maike medeHi
y Tiedi MakapoHH 3anummiucs 1y 1954 poui, konun
sl CTaB CTYACHTOM, TO U JyXe IpUroauaucs. by-
BaJIo, MPUIAY 0 IOMY, Habepy MIIIeYOK TOTO Tic-
Ta 1 y’K€ y TYPTOXKUTKY JAOCTaTHBO OYyIIO 10 TOTO
TICTa JIOIaTH KBAPTY KUIUITYO1 BOAM 1 CMAYHINION
Ta CUTHIIIOL 1K1 yke i He moTpiOHo... Bnache,
Ha TOMY W IIPOXKUB i nepmui cemectp. ['pomen
He MaB. [IpoTsirom nepmoro cemecTpy Hi paszy He
OyB y KiHO. XJIOII{i XOIWIH 1y KiHO, 1 Ha KaTOK. ..
Hinunucst BpaxkeHHs M. CMaKyBaid... 3a31puB.
o maB poOuTHu?...

[lepry, 3MMOBY cecito 37aB Ha MiJBUILEHY
CTHIEHI0. A 11e ax 275 kp6. Ha Micanb. CtaB
Haii0araTimuM y Hamii ponuHi. S maB rpomii,
a MOIM PiIHUM Y KOJITOCIII ¥ Jasblie HIi40Tro He
wiatuiny. o6 npundatu MeH1 CTyIeHTChKY YHI-
(bopMy —HOpHHUIA MyHIHP 3 30JI0TUMH €IOJIETaMHU,
IIUHEb, OITOCHIKHE KalllHe, KaIlIKeT 3 KOKap-
JI010 — s TIPO 11e HaiOIbIIe MpisiB, TO OATHKO TPO-
JlaB KOPOBY, sIKa, MpaB/a, Oyia Mo€ro, 00 KOJIUCh
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TEJIATKOM IoJapyBaja ii MeHi TiTKa, SIKii g mpo-
TATOM 0araTbOX POKiB Iac KOPOBY II€ Y HIKUIbHI
pOKH... TakuM YMHOM, YK€ MicCIsi HOBOTO POKY
s CTaB CIIPaBKHIM, MOBHOL[IHHUM HaBiTh 3a (op-
MOIO CTYAEHTOM T'€0JIOTOM... 3aX0BaB BCE, 1110
MOTJIO HaraJyBaTH MO€ KOJTOCITHE ITOXO/KCHHS,
TUM OLIbINE, IO HA BiAMIHY BiJ TAKUX CAMHX
CEJIIOKIB s 1€ 100pe BOJIOAIB 1 POCIHCHKOI0 MO-
Bot — y mkoii y ToBctomy Mapis @edopisna
Kuuau napunna, 1oOpe TaHIIOBAaB 1 CMUIMBO MIT
MiIXOIUTH J0 OyAb-SKOi HIBYUHU HA CTYACHT-
CBKHX Beuopax... MeHi 37aBanocs, o TOoAl e
Oyno HalBaXKIMBIMIMM. .. BapTo BiA3HAYMUTH, 1110
TakK, SIK pO3BaXKaIHCs y Miil 4ac ctyneHtu y Yep-
HIBIISIX, JKOJICH Hi YHIBEPCHUTET, Hi MICTO MOXBa-
JUTHUCS HE MOXYTh. TOMy 1Ie Jjaio MeHi IpaBo
SIKOCh TIPY BIJINOBIIHII HAarofi ckazaru, 10 mou
He Oyé cmyoenmom, Xmo ne uuecs y Yepnieysx!
S MOpiBHIOBAB 3 CTYACHTCHKUMH POKAMH CBOTO
cuHa y KuiBcbkoMy Jep>kaBHOMY YHIBEPCHUTETI. ..

VY UepHiBeIbKOMY YHIBEPCUTETI y TOM Hac,
sK B3arayi y YepHiBIIX, MPAKTHYHO YOMYCh BCI
PO3MOBIISITH POCIChbKOI0. YKpaiHChKOI HE OyIo.
Ha Bynuisix Ta y Mara3uHax KpiM pociiicbKoi 10-
OpOTHO 3BY4YaB iQuii, MOLOABCHKA, PYMYHCHKA,
piamie — wiveyska. ..

Ha reonoriunoMy ¢axynasTeTi yauTucs 0ysao
JIETKO, BIIACHE, IPAKTHYHO HE NMOTPiOHO Oys10 mpa-
moBatu. M 1 He nipaitoBain. CTyIeHTH-Te0JIOTH
NPAKTUYHO TUIBKH TYJSIIH, 1HOMI OCIIKeTyBaH,
Jesiki JTroouu i BunuTH. Y UepHiBLAX TO1 Oyiio
0araro “noepe6kig” 3 IemeBuM, 100pUM HATY-
pallbHUM BUHOM. .. Bci, 0cO0MHBO, JiBUaTa XOTiIN
3 T€OJIOTaMH JPYKHUTH — OYyJI0 IPECTUKHO, aje
BCi, 0COONMBO XJIOMIll, HAM 3a3/PUIIH, & MOXKE
Hac U 3HeBaXKau... “Ilinesin — ceonoe 6in” — TaK
00i3BaB HaC HAHMOMYJSPHIMINKA B YHIBEPCUTETI
CaMOJIISUTbHUM eCTpaHUi CaTUPHK 13 (LI0IOTiB —
Tapacos ... [IprKHIIOCH 1 HAC CTY/ICHTIB-TEOJIOTIB
3HEBAXKJIMBO HA3MBAJIM TaK HABITH M TOMII, KOJIH
reoJIoriYHOro (aKynbTeTy y YepHiBeIbKOMY yHi-
BEPCHUTETI yKe€ HE CTAJIO. ..

Bigpa3sy micns 3akiHYeHHS eK3aMeHaIlii-
Hoi cecii y kiHIi TpaBHs 1956 poky s paxis, 60
YCHIITHO 3[1aBIIH, MOXe, HAWCKIIaTHIITUN eK3a-
MEH 3 MiHEepaJorii 1 ye Ha JpyTuil IeHb MaB BH-
DK/KaTH Ha JITHIO TIOJIbOBY NMpakTuKy y Kapnaru
pasoM 3 noueHra Mockanenko Tamaporo leanis-
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HOl0, sIKa 30Mpaja TaM MaTtepiai 3 MajJeoHTONOT i
Ha CBOIO JIOKTOPCBKY aucepTariro. L{e Oyma Bemu-
Ka yJaua—y TaKy HayKoBy ekcremuilito Tamapa
IBaniBHa BigiOpasa JuIIe TBOX CTY/IEHTIB — MEHE
Ta Bacuna 3azapia. Toii OyB ayxe MILHUM 1 Mir
HOCHUTH BaXXKHH HAIUTIYHUK 13 3pa3KaMH T1PChKUX
MIOpi/1 Ta MiHEpaiB, a s BiAPI3HABCS MOXKe i 0Co-
OJIMBOIO 37ATHICTIO 1 BiIOMpATH, 1 BU3HAYATH HA
JOTHUK 3pa3Ku OyJb-sSKOT OPOAM YU MiHEpaiy,
a TaKOXK MAaJICOHTOJIOTIYHI 3a/JIUIIKHA, HABITh HE
DISIHYBIIX HAa HUX... 3pO3yMiJIO, SIKIIO 5 YKe KO-
JUCh TPUMAaB y pyKaxX Taki 3pa3ku... S He mir
MOSICHUTH K MEHI To yaaBainocs... [IpoOyBas
HABUUTH 1HIIUX — Hi y KOTO HIYOTO 3 TOTO HE BU-
XOIWIIO. .. BifBIIICTh 3 THM Manu mpobiaemMu Ha-
BiTh TOJIi, KOJIH i 3 JIyTIOI0 Y PyKax Ti 3pa3Ku 00-
3upanu... Hac 3apaxyBanu KOJEKTOpaMu 1 Masiu
BUIUIA4yBaTH HaM 1€ 1 SIKiCh TPOILIi.

Ta 3amiCTh IILOTO HAC, BCIX CTYACHTIB T'€0-
JOTIYHOTO (haKyabTeTy 310panu y HalOiabIIii
114-i1 ayauropii HaIIoro TPeTboro KOpITycy 1 cam
pexrop yHiBepcutety Kopriti Mamsiiiosuy Jleym-
CbKUll 3a4UTaB HaM Haka3 MiHicTepCcTBa OCBITH
PO Te, 10, OCKITIBKU, HUHI (Di3UK MOdiCe 3poouUmu
Yy 2eonoaii He3pieHAHHO Oinbule, HIdHC K1aCUYHUL
2e0/102, Mo 8i0 Cb020OHI 2e0N02IUHUL PaAKYIb-
mem y Yepuigeyvkomy yHigepcumemi 3aKpuea-
emvca. Ha nepwuii kype cmyoenmis nabupamu
He Oy0ymb, a cmyoenmu, Ki 3aKIHYUIU nepuiuil,
opyeutl ma mpemiti Kypc 6y0ymuv nepesedeti Ha
8I0N0BIOHI Kypcu (izuko-mamemamuinozo ¢ga-
Kylbmemy, npu 4omy mi, Xmo 3aKiHuue mpemiu
KYpC 3HO8Y NO8epmMalomvcs Ha mpemitl Kypc...
CmyOenmis, sKi 3aKiHUUIU Yemaepmull Kypc nepe-
8edymo 00 JIvbgiscbkozo yHisepcumemy, oe 2eono-
2luHULl haKkyibmem wje 3a1uuaemspcs, a 3auiaB-
Csl MOXKe i TOMY, 1110 PEKTOPOM YHIBEpCUTETY OyB
akaneMik Jlazapewnko, Binomuii reonor... Cemu
MOIM OJHOKYPCHHMKAM BJAJIOCS MEPEBECTUCA /10
JIsBoBa. i moixas mo JIbBOBa 13 3ami3HEHHAM
1 caMm peKTop cKa3aB MeEHi, 10 OiNbIe BakaHCii
y HUX HEMaE. .., a HIBUJIIIE BChOTO, sl HE CIIPaBUB
Ha HbOTO HAJIEKHOTO BpaXkeHHs. .., 00 [ puys Ba-
Kapuyka, o MaB I-it po3psig 3 Oiry Ha cepeaHi
JTUCTAHIIIT MPUAHSITH U T3HIIIE. ..

O4eBHUIHO KEPIBHUIITBO YHIBEPCUTETY 3PO-
3yMLJIO, 110 HE BCI CTYAEHTHU 2e0n02iuH020 (a-
KyIbmemny 3MOKYTh BAUTHCS Ha ¢hizvami 1 Haano

nesiki BUtbHOCTI. [IpakTHYHO 1MOJIOBMHA KOMHUIIIHIX
r'e0JIOTiB MEePEBENIOCh Ha reorpadiyHui Gaxyib-
TET, 100 MOTIM CTaTH TiAPOJIOraMu Ta CHHONTH-
KaMH, TI0JIOBHHA 3aJIUIIMIOCS Ha (i3mari... MeHi
HE 3aX0Ti10Cs OyTH Hi CHHONTHKOM (YOMYCh HE
BBaXXaB TO CEPHO3HUM), Hi TiIPOJIOTOM..., a 3a-
Jaumarucs Ha ¢izMari IpocTo modosBes, 60 Ma-
I0YH TaM JIpY3iB, S 3HaB, 10 TaMm Tpeba Oyme He
TE 1110 MpAIIOBATH, a Jy’ke 0araTto mpamioBaru,
TUM Oinblne, mo ¢izmar Tpeda Oylio MOYHHATH
3 TPETHOTO Kypcy... [ToTiM BHSIBHIIOCS, IO MOTM
Jpy3siM, 100 JOTHATH y>K€ HOBUX CBOiX OJHO-
KYPCHHKIB, IPUUAIIUIOCH MaiKe 10 3aKiHYCHHS
YHIBEpCHUTETY IPAIIOBATH 10 CIM Map Ha JCHb...
To 1o % podbutn?

Ha meit pa3, MeH1 30a€ThCs, 10 5 MOCTY-
nuB myopo... llpuixaBum 10 YepHiBylb eCh
Oinst 25 ceprHs 51 MOOITaB MO BCiX (haKyIbTeTax.
Bcronu 11e BUCIIM PO3KIIAaIN €K3aMEHIB MUHYIOT
cecii 1 11e JaI0 MeH1 MOXKJIMBICTh MTOPIBHSTH, 1110,
K1 TIPEIMETH BUBYAJIM HA MEPUIOMY Ta JAPYTroMYy
Kypci, BIIacHE JIBOX — XIMIYHOTO Ta G10J0T1YHOTO
¢axyneretiB. 100 cratu 6iomorom, To Tpeda Oyino
J0371aTH YOTUPHU €K3aMEHHM 13 BEIUKUX KypCiB
010JIOTIYHUX AUCIUILIIH, BiIPOOUTHU BiIMOBII-
HUN TpakTukyM. HallGmmxaum 3a mporpamoro
JI0 TEOJIOTIYHOTO (aKyJIbTETy BHSIBUBCS XIMid-
Huii. [I{o6 BuMTHCS Ha XIMIYHOMY MeHi Tpeba
OyJ10 1031aTH €K3aMeH, 3 MaTeMaTUKH, TpaB/a,
3a Kypc y 300 JeKIiiHUX TOAMH Ta OIUH eK3aMeH
13 3aranpHOI Ximii. Te 1 Apyre Mu BUBYAIH HA
reoJoriyHoMy (haKkysabTeTi, ajle y CKPOMHIIINUX
Macmradax i s, e pa3 moxBaio cede, crpaBe-
JIMBO BUPIMIUB, 110 HA XIMIYHOMY (aKy/IbTeTi HE
BCI CTYJICHTH BiIMIHHUKH, & TUM TIOCEPEIHIM Ta
calmmM s He yCTyIUIo, 60 1 MaTeMaTHKy 1 Xi-
MiI0 Ha TeoJIOTIYHOMY (aKyJIbTETi KOJIUCH 37aB
Ha BiIMiHHO... PajyBaino me i Te, mo omiHka
3a M037aHi peaMeT (Morna OyTu 1 “mpitixa”)
HE BIUTMBaJia Ha OJICp’KaHHs cTHHEeHAll... Tak,
Yy 1HAKIIE, s ITO4AaB 3asBU Ha IIi 1Ba, 010JI0Trid-
HU Ta XiMiuHu# akyasreTH... 1y BepecHi 1956
POKY MEHI HapaxyBali CTUTICHIII0 Ha YOTHPHOX
dakynbrerax... [Ipocto, s 3aryouBcs. ABToma-
TUYHO MEHE TepeBeNu Ha (hi3UKO-MaTeMaTuIHUN
(dakynapTeT, HE 3HAMIIIOBIIHN TaM, Pa3oM 3 APYTO0
MOJIOBUHOIO KYPCY 3apaxyBalid Ha TeorpadiqHui,
a 3T1IHO MOiX 3asB — Ha 010JIOTIYHUN Ta XIMiY-
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Hui... CTUIICHIIO S B3SB TUIBKU OAHY, 00 yikKe
MICSLlb TPOBUMBCS Ha XIMIYHOMY (aKyJIbTETi. ..
My1ry ckaszatu, 1o To OyB MOJIBHUT, 60 31 MHOIO
Ha XIMIYHUH (QaKynbTeT i3 MOiX OJHOKYPCHHKIB
HIXTO HE 3aXOTiB NEPEXOAMUTH, X0Ua s IEPEKOHY-
BaB 0ararboX CKJIAcTH MEHI KOMIaHito. Maio-
BaB iM mepeBary XimiuHoro... He mepekoHas...
I, mo-ckinbku, MOi HOBI OJHOKYPCHUKH-XIMIKH
YOMYCh NPUIHSIN MEHE ITOTaHo, K YyXOT0 1 TaKi
CTOCYHKH 3 OLITBIIICTIO 30epiraiaucs ax J10 3aKiH-
YEeHHS YHIBEPCUTETY — BOHH IIPOCTO HE BBaXKaJIU
MeHe XiMikoMm. LlikaBo, 110 TaKy CBOIO 3HEBary i
MOTOP/Y /10 MEHE HANOLIbII BiABEPTO MPOSIBIISIIN
Ti, XT0 OyB cradumM... Tomy s TOBro IIKOTyBaB,
10 BijipBaBCA BiJ CBOI KOJMINIHIX JPY3iB 1 HE
3anumuBcs Ha ¢i3Mati, a00 He IEPEUIIoB pa3omM
3 1HIIOIO TIOJIOBUHOIO Kypcy Ha reorpadiqyHui. ..
Jech 3 Micsits OyB OU3BKUM JI0 TOTO, IIOOU OTHX
“2anoeenie” — Tak HACMIXAIOUNCh HA3MBAIN MEHE
MOi KOJIMILIHI T€0JI0TH, TOKHHYTH... Ta cranocs
TIMBO. ..

Ha nepriomy KoJoKBiyMi 3 opeaHiunoi ximii,
a JIeKI 51 TOYaB CIyXaTH JIMIIE 3 APYTol OJIOBHU-
HU LIOTO BEJHMKOTO Kypcy, 00 mepiia mojIoBUHA
YHUTaNacs Ha JIPYromMy Kypci, KOJH 5 I1l€ BUUBCS
Ha reoJIOTIYHOMY, KepIBHUK MPAKTUYHUX 3aHATh
nekaH (GakyabTeTy, TOMI 11e AOUEHT Auopii Bo-
n00uMuposuy J[omoposcvKuli MEHE €JUHOTO 13
HAIIOT Y€TBEPTOI I'PyNHU NOXBaIUB. S equHUN,
“nozbupaswiu y ceoiil 201061 3HaHHA 1€ 13 ce-
penHbOI KoM (Y HAIIii ITKOI XIMil0 BHKJIA 1B
Onexcandp Ilasnosuy Ilywuncokuil, yxe mMoBax-
HOTO BIKY YUUTEIb, SIKHIA {yXe HE IIOOUB CTaBUTH
BiJIMiHHI OIlIHKW) Ha3BaB MPABWJIHHO BCi ByTIIE-
BOJHEB1 paJiKaiii napadiHoOBOTO PALY, MOSICHUB
iX CTPYKTYpHi BiIMIHHOCTI, 130Mepit0, PO3IOBIB
SIK BOHH YTBOPIOIOTHCA 1 IKMM YMHOM iX MOXHA
BBOJUTH y CTPYKTYpY IHIIHUX OPTaHIYHHUX CIIO-
ayk... L{iel moxBanu BiJ JekaHa, M0 JiCHO OyB
BHJIATHUM XIMIKOM-OPTaHIKOM, BHSIBHIIOCS JIO-
CTaTHBO, MO0 5 3a0yB 1 PO T'eONOTiB, 1 Mpo ¢i3-
Mar, i npo reorpadiyauii pakynasrerT... S craBaB
XIMIKOM.

Pazom 3 ycim (akynsTreTom 27 BepecHs 56-
r0 POKY MU Moixasin 30MpaTh KaByHH y KOJITOCII1
615 cranuii Jonuncwvrka na KipoBorpaammsi. Tam
OmKye 31HIIOBCA 13 CBOIMU OJHOKYPCHHKAMHU.
Ta, HaifroyoBHiIIe, 110, MOBEPHYBIIUCH 8-TUC-
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TOMAa/aa 0 YHIBEPCUTETY, 51 YCIIIIHO T0103/aB
(0o60B’s13k0BO Tpeba Oyno g0 HoBoro poky) Tux
JIBa €K3aMEHH 1 CBOIO TIEPIIy CECil0 Ha XIMIYHOMY
dakynbTeTi 31aB “Ha cmunenodil”, a TAaKOX, 1110
HalBa)kMBile, oTpuMaB HeoQiliiiHy, ane ayxe
BAXXJIUBY Ha MaliOyTHE XapaKTEPUCTUKY... 3iHO-
sitt Camotinosuyu /[pymman — OTEHT 13 Kadenpu
¢bi3ngHOT XiMii, BacHe, “2po3za’ QpaxkynpreTy, BiH
xKe i 0e33MIHHUHN mapTopr (GaxkyiabTeTy MyCTUB
YyTKY, 1[0 JO HAC IIPUMILIOB CWIbHUMI CTYACHT. ..
VYCHimHo 3aKiHYMB TPETil Ta YETBEPTUH KypC.
Jumnomuy po6oTy mimoB pooutHn Ha Kadenpy
opraHidHoi XiMii 10 AHapis Bomogumuposuya
JloMOpOBCHKOTO, X04a MEHE JIy’Ke 3Ba0IIIOBaB 10
cebe y IMIUIOMaHTH BUKJIa1a4 13 Kadenpu ¢iznd-
Hoi ximil Tapac Bacunvosuu [openko, Skuii BiB
y Hac MPaKTUKyM 3 (i3UYHOI XiMii 1 4acTo 1 XBa-
JIMB, 1 HAaBITh 3aXOILTIOBABCSI MOIM YMIHHSIM IIPO-
BOJIMTH €KCTIEPUMEHT 1 TOOPUMHU pe3yNbTaTaMHu. . .
Tapac BacunboBuy mpartoBaB TOA1 HaJl CBOEIO
KaH/IUJIaTChKOIO MHUCEPTAIi€lo 1 oMy moTpiOHI
Oy/ny IOMIYHUKH. . .

OcTaHHIO cecito Ha I’ATOMY Kypcl s 371aB
Ha TMiJBUIIEHY CTUMeHito. [1i1 KepiBHUIITBOM
Annpist Bonogumuposuda JIoMOpOBCHKOTO 1 32
MIATPUMKHU TOJ1 aCHCTEHTa KadeapH, a MmoTimM
npodecopa JIbBiBChKOTO YHiBepcuTeTry Muxo-
au leanosuua [ anywaka 1 BUKOHAB TUIUIOMHY
po0OTY, IPUCBSIUEHY TaJIOT€HAPHIIIOBAHHIO (pe-
akuis MeliepBeiiHa) akposieiHy Ta KpOTOHOBOTO
anpaeriny. OCHOBHUM 3aBJaHHSAM OyJIO OTpUMa-
TH TAaKUM YUHOM KOPUYHHH ajbJeriJ Ta Horo
rOMOJIOTH:

H H H
=\_0 CIN=N “«
Y . \© L ©)\¢O - Wo

3pobuTH 11e HaM He YIaocs — HisIK He BJia-
BAJIOCS BIJILENUTH XJIOPUCTHIA BOJEHB BiJl MPO-
IYKTY XJIOpApHIIIOBAHHS [IUX almbAeriaiB. Pobora
Oylla HE BaXXKOI0, aje cami BHXIJHI pEYOBUHU
BIAPI3HSTUCS CUIIBHUMHU JIAKPUMATOPHUMHU (aKpo-
JIeTH) BIACTHBOCTSIMH — IJIAKaB HE TUIBKHU 51, aje
1 KOJK€H, XTO MpaIoBaB Mnopyy... Hisika BUTSKKa
HE JorioMarasia Ta i B yHiBepcUTEeTI BOHa Oyna
T “npupoonoio”...

VY yomy Myiy npusHatuca? A y Tomy, 110
CBOIO JTUIVIOMHY pOOOTY 5 BUKOHAB SIKOCh HECBI-
noMo. Bona meHe mBuie po3uapoByBaia, HiX
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Hajuxana... Ta, Miif HayKOBUI KEepIBHUK, JIEKaH
ximiuHOrO (hakynsTeTy AHIpii Bonogumuposuy
JIoMOpOBCHKHIT YOMYCh MEHI BiJiJaB OT€ €IUHE
Ha Hallly TPYIy 3 IT'SITH AUIUIOMAHTIB TaKH Haii-
Kpallle HarpaBJIeHHsI Ha poOoTy y PyOixkaHCbKy
¢biniro MocKkoBchKkOTO HaykoBo-mocimigHOTO 1H-
CTUTYTYy OPTaHIYHHMX HAIiBIPOIYKTiB Ta OapBHU-
KiB — pociiicbka abpesiatypa — HIOITiK. Moxe 1o
Oyno i HecpaBeaAuBO, 00 y Hamii rpymni Oynu
CHJIbHIII, Maiike (haHATUKHU Ti€l OpraHivyHoOT XiMmii.
Ue lséan Lllonocon, 1 boeoan Kacnpyx, Ommo
Cmawxesuy ... HalCHITBHIIITNM XIMIKOM CepeI Hac
0yB Mukona boonapuyk, ane BiH Ha 1ie HalpaB-
JIeHHS HE MPETEeHAyBaB, 00 €IMHUI 13 HAIIOTO
Kypcy — 57 BUIYCKHHUKIB OTPUMAaB PEKOMEH/IAIIII0
Buenoi Pagu YHiBepcuTeTy Ha mpaBo MOCTyIaTH
B acmipaHTypy B [HCTUTYT opraHiuHoi ximii Aka-
nemii Hayk YPCP no Kuesa Binpasy micist 3akiH-
YeHHs YHIBEpCUTETY. .. Bci ocTanHi oTpuMyBaiu
Take MPaBO TUIHKU MICIs BiAMPAIIOBAaHHS ABOX
POKIB 3a mpu3Ha4eHHsAM. .. HaM Toni BumaBanocs
1€ YUMOCh HAJ3BUYAWHUM. .., 2 BOHO BUSBUIIOCS
TaKUM, 110 HIOH I1Ie Ha TPU POKH MOBepTaio Tede
y cryaeHTu... I'yproxkurok. KimHara Ha 4oTu-
prox. Jlyxe Mi3epHa CTUNEH/IS y HE3PIBHIHHO
OararmioMy Ta JOpoX4YOMYy, HK UepHiBII Belu-
koMy KueBi, naneko Bij piIHOTO 10MY, IO Y Celi
YepHsatuH Ha [BaHo-DpaHKIBIIUHI... Y HEALTIO
0 Xapyi He Moijell. . .

i xyomi 11e 3 APYroro Kypcy modaim 3a-
HMaTHcs HayKOBOIO poOO0TOIO Ha Kadepi opraHiv-
HOI XiMiT — IiCIIst JeKLiN XOIUIIU MPAIIOBaTH Y J1d-
bopamopi. bonqHapuyk yxe MaB jBi, a [Llonoron
OJIHY OMyOJTIKOBaHI HAYKOBi CTATTI... Sl K HE 3HaB,
10 TaKe Haykoea poboma... Ta 1e nanpasnenns
Ha poOoTy 1y JJoMOpOBCHKOTO HE BUIIPOIITYBaB.
Bin cam, HaBiTh Ha JIEsIKE MO€ 3MBYBaHHS, 90-
MyCh BifaaB ioro MeHi. Moix apy3iB 1ie 3aue-
MUJIO 1, 51 BBAXKAIO, IIO 13-32 IIOTO, KOJIH YK€ ITi]T
KIHEI[b HAaBYAaHHS HAaIlll XJIOIIL[l Ta W JiBuUara IIo-
YaJi OpY’KyBaTUCS, TO Ha BECUILJISI 3alIPOLITYBAIN
Maii’ke BCIX, TUIbKA MEHEe OHOTo — Hi... J[oOpi
CTOCYHKH yCTAaHOBHJIUCS MaiiXke 31 BciMa yxe Tic-
JIs IEK1TBKOX POKIB IO 3aKiHUEHH1 YHIBEPCUTETY,
KOJIM OUIBIIICTB 13 MOIX JApy3iB abo yxe crainu
KaHJuJaTaMi HaykK, a0 BYWIMCS B acCIipaHTYy-
pi... Moxe He BapToO, ajie X0uy MOXBaJUTHUCS, IO
s Opyeum icast Mukonu bonnapuyxka i3 57 Hammx

OJTHOKYPCHHKIB TIOCTYIIUB JI0 aCHIPaHTYpPH 1 Opy-
2uM 3aXUCTHB KaHIUJIATChKY nucepranit. Kpim
Jlinii’ Kanimanosoi (mkona akaaemika K. b. Ayu-
MUPCbKO20) Ta MEHE (HISIKOI IIKOJIN) TOKTOPOM
HayK HE CTaB HIXTO, X04a MOXKJIMBOCTI y HacC Oynu
piBHI, a MOXKe i HE piBHI — BOHHM BUMWJIMCA HA Xi-
MigHOMY (haKyJIbTeTi I’ SITh POKIB, a 5 3aKIHYUB
fioro 3a Tpu... Terep MeHi 31a€ThCA, MO HAII
reHiadbHUN yuuTenb, npodecop JoMOpoBChKuUit
HiOM mepen0aumB 11e 1 IKpa3 MEHEe BUJIUINB 13 Tpy-
U CBOIX TaJaHOBUTHUX Yy4HiB... [IpakTu4yHO BCi
BOHHU CTaJld KaHauaaramu Hayk. IBan Illonoron
12 pokiB OyB IUPEKTOPOM YKpPATHCHKOTO HayKOBO-
nocainnoro iHetutyTy (YkpHII IThacmmac) y M.
JloHeubKy.

HayxoBa po6ora ximika

XiMmikoM 5 BinuyB cebe y PyOixkHOMY. Tam
JUIs IbOTO Oynu 1 YMOBH 1, 51 O CKa3aB, 100pa Me-
TOIOJIOTISI, Y ¥ TEXHOIOTIS MIATOTOBKH XIMIKiB-
JOCIIAHUKIB, X04a y HatIii ¢imii Tozi me He Oyino
YKOJTHOTO KaH/AWJaTa HaykK, a BCIM KepyBaJl IBOE
Y TPOE ACMIPaHTIB, BUKOHYIOUUX 1 000B’SI3KU
3aBIAYIOUMX BigJiiaMu Ta nadoparopismu. Ta
BCE MO-TIOPSJIKY... HayKOBUM KEpiBHUKOM MOTO
BiJiIiny OyB BUITYCKHUK MOCKOBCBKOTO XiMiKO-
TeXHOJOTi4HOro iHCTUTYTY iM. /1. I. Menaene-
eBa Jleonio Xauinosuu Bunoepao, sikuil micis
3aKiHYEeHHS acHipaHTypu, OyB fK 1 5 HaIrpaBie-
HUll Ha poboty y Pybixkanceky HIOIIiK-a i ro-
TyBaBCsI JI0 3aXMCTy KaHIMJIATCHKOI AUCepTalii.
Mosxke it Tomy, 110 y Jleonina XaninoBu4a He Oys10
yacy i pobdora y PyOixkHOMY #0Or0o, MOCKBHYA HE
Jy’Ke I[iIKaBWiIa, TO BiH y MEPIINHA JeHb HaIIO-
ro 3HaOMCTBa PO3MOBIB MEHI YUM 3aliMa€ThCS
HIOITIK, sxe 3aBIaHHs CTOITh Mepe] BiIIIIOM
1 ckasas, 1o s Oyay 3aliMarucs CUHTE30M (PTO-
poBmicHoro OapBHUKa Gelindon Chaki V, sxuii
HIMIII 1e y BiliHY BUIyCKajdu Ha KoHUepHi /G
Farbenindustri 1 BAKOPUCTOBYBAJIHU SIK JTy’Ke CBIT-
JOoCTiMKMiA # ast papOyBaHHS CBOIX OTHOCTOIB Ta
nparopis... lled naB MeH1 HiIMEUBKHI MpoIUc
JUIS. CHHTE3Yy I[bOTO OapBHHKA, ajie CKa3aB, IO
MH MAa€MO 3HAWTH 1HIIHUI MeToa, 00 TEXHOJIOTII0
1G Farbenindustri Mu BUKOPUCTATH HE 3MOKEMO,
tomy 110 B CPCP ajis IbOTO HEMae€ BiJIMOBIIHOT
CHUpPOBHHH. .. Iliciis TaKoro KOPOTKOro 03HAHOM-
JICHHSI, CMIIOYHChH 13 MO€ET pOCIHiChKOI MOBH LieH
MOCKBHUY CKa3aB MEHi, 100U 51 PO3MOBIISIB 3 HUM
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Kpaiie HiMeIpkoo (BiH OyB 1923 poky HapoKeH-
HS 1 BCIO BiffHY NPOCIYXMB TepeKiIagadem), abo
M0-yKpaTHCBhKH, 00 CITyXaTH MOIO POCIMChKY — BiH
HE BUTPHMAE, ITOMpPE 30-CMIXy... |, HE po3nuTy-
FOYM MEHE, 10 S 3HAIO, 1[0 BMIIO 1 YUM 3aliMaBCs
B yHiBepcureri, JIeoHin XaHiHOBUY OyKBaJIbHO
B3s5IB MEHE 32 PYKY 1 BiJIBIB y HayKOBYy 0i01i0TeKy
[acTutyty. [lokazaB ne € i sika miTeparypa, mo-
SICHUB SIK HEI0 KopucTyBaTHcs. Takoi 610mioTeku
s e He 0auuB — BCsI JIITEpaATypa, a ii, Maiike BU-
HSTKOBO HIMEIIbKOT OyI10 ysxe Oararo i BoHa Oyna
Iy’Ke OCTYIHOO — MiIXO/Ib 10 TONHIIl 1 Oepu
o 1061 Tpeda. BrkaxHyBCS S TUTBKH Bif TOTO,
110, BJIACHE, HE JOMCTAaTHLEO BOJIOMII0 HIMEILKOIO
MOBOIO 1 HIKOJIM ¥ HE 3/10Ta1yBaBcsl, 10 BOHA TaK
MeHi Oyzie motpibHa. .. 3 medom Tpeda po3MOoBIIs-
TH HIMELBKOIO. .. 1 BCS JIITEpaTypa Ha HIMELbKIM.
AHTIIOMOBHOI J1iTepaTypH ToAi Oya0 Mao.
3anumuBIIM MeHe y Oi0mioTeni med cka-
3aB, IO CIOU Oymenn XOAUTH TPH Micdlli, a 3y-

l l NH
Cl

OH
Zn + HCI MeOH
— 0 —
H+
OH

3aBaaHHs 3BOJMIIOCS O TOro, IIOOH Bif-
HaWTH HOBUH CIIOCIO OTpUMaHH 2, 3-0en3izaminy,
HE BUKOPUCTOBYIOUU S-HadTriaminy. s Buko-
HaHHJ 11i€1 poOOTH MEHI y>Ke 1alii IBOX J1a00paH-
TiB 1 TO YK€ BBaXKajnocs sk “epyna Tanuyka”

He 3nar0 xomy, ajge He MeHI, MpUUIIIA
JyMKa BHUKOPHUCTATH AJs CUHTe3y 2,3-0eH3i-
3aTUHIB, TOOTO 13aTHHIB HAPTAJTIHOBOTO DAY
2-rigpokcu-3-HadToNHY KUCIOTY (OoHKUCHO-
my), Ka BUpoOJIsiIacs Ha HamoMy Pyb6ican-
CcbKOM)Y XIMKOMOIHATI 1 IIUPOKO BUKOPHUCTOBYBA-
jacs y BUpOOHHMIITBI a300apBHUKIB. Iy 11bOTO

CI-CH,COOH “/NH -CH,-COOH
KOH/NaOH

CTpivaTucs MU 3 T0O0I OyIeMO KOKHOI cyOOoTH
(Tomi ue OyB pobounii nenp). Tu Oymemn po3ro-
BiaTH MeEHI IO BUYMTAB 1 YOTO HABYUBCH, AKI1
i1ei BigHOCHO poboTH y TeOe mosBUIATHCS. Bee
3BaKUMO, 00CYIMMO, BHECEMO KOPEKTHBH 1 Oyjie-
MO pyXaTHcs Aali...

3MmyuieHuit OyB cigaTtu 3a HIMEIbKY MOBY
1 yxe yepes napy micauis... Hi, cinkyBarucs
3 11e(h)oM MO-HIMEIIbKY sl He HABYMBCS, alle 3 XiMid-
HOIO HIMEIIbKOMOBHOIO JIITEPaTypolO 1 MPOITUCAMHU
Ta pernameHTaMu KoHuepny /G Farbenindustri
(HayKOBO-TEXHIUHY JIiTEpaTypy 3 XiMii OapBHUKIB,
BUBE3€HOI 1o pernaparii i3 Himeuunnu 1 micis Bi-
itHH, 3aBe3nu 10 PyOixHOrO) mpobieM He MaB...
Ta ngech yepe3 MIBTOPH MicsALll TEMY pOOOTH MEH1
YOMYCh 3MIHHJIH 1 IOPYYMIH PO3POOKY CHHTE3Y
HIIIOTO, YK€ 3€JIEHOTO IHIUTOITHOTO OapBHHKA,
mo Hazusascs Gelindon Grinblau. Himmi otpu-
MYBJIM HOTO BUXOASYH 13 f-Hapmunaminy — myxe
KaHIIEPOT€HHOI PEYOBHHH, 32 CXEMOIO:

Cl H
D —

o
- do — e
e

i1 HeoOXigHO OyJI0 MEPETBOPUTH Y BIAIOBIIHY
2-amino-3-Hagpmoiiny Kuciomy aMMOHOJII30M
(BOIHMI PO3YMH aMiaKy B aBTOKJIAB1 11l TUCKOM
y 40 am Ta y IPUCYTHOCTI XJIOPUCTOTO ITUHKY, SIK
Karasi3aTopa):

OH NH,OH NH,

coon  #Ch COOH
1 yKe 3a KITaCHYHHM CIIOCOOOM CHHTE3y 13aTHHIB
(mo-3anamaiiepy) yepe3 OKUCHEHHS BiIMOBij-

HOTO OeH3iH0ic0, 32 BITOMOIO CXEeMOIO0 OTpPUMATH
Hagpmizamun:

10
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Mu nuMm nyxe OpyaHuM 1 BuOyxo-Hebe3-
neyHuM cnocobom (criaBnenHs KOH/NaOH
y IPUCYTHOCTI aMily HaTpio) 2,3-0eHnsizamun
OTpHMAJIH, ajie 3 Ay’)Ke HU3bKUM BUX0J0M. Kpim
TOT0, B OTPUMaHUN TaKUM CIIOCOOOM Haghmiza-
muH TIPAKTUYHO HE BJAJIOCS BBECTH H1 XJIOpY, Hi
opomy. Tpeba Oyno mrykatu iHmui crocid. Tyt
y>Ke TIOBHICTIO TIPOsIBUIIACS MOsI 1HIIiaTuBa. S Bij-
LIyKaB y JITepaTypi CBIXKO OIyOIIiKOBaHHM criocio,
3a sikuM ppaniysu (Bul. Cim. De France), nns
nukiizamii 3-kapOokcu-2-HaTaTiHTITIITUHOBOT
KHCJIOTH 3aMiCTh JIY)KHOTO TUTaBJICHHSI BUKOPHC-

TOBYBAJIMHM HAarpiBaHHS B OLITOBOMY aHT1ApHUII

3 HaCTYHHI/IM HepeTBOpeHHSIMZ
“i \/COOH

[Tpu yomy, B AMALETUIBHY MOXIJHY JIEeT-
KO 3BHYAIHUM CIIOCOOOM YIJIOCSA YBECTH aTo-
MU 1 XJ0py 1 O6pOMy 1 OTpUMAaTH TaKUM YHHOM
HeoOXiHUH HaM /-Xy10op-2, 3-0eH313aTHH 3 aTOMOM
OpoMy y HaTamiHOBOMY KUIBIIi, 13 SKOTO TaKOX
3BUYAIHUM CIIOCOOOM yIalloCsi OTPUMATH OYiKYy-
Bauuii Gelindon Griinblau, 3a cxemor10:

*C" o O \%cw* **

LikaBo, 1m0 moTpiOHYy MeHi CTarTIO 3 Ppan-
IIy3bKOi MEeHI nepekiaB Mukura MypaBiioB, Ha-
maI0k aekadpucra MypasitoBa-AmocToa, sIKoro,
Ka3aJid, 3 POAUHOIO (APYKUHA 1 TPOE JIOHBOK) 32
MIPOKOMYHICTHYHI TIOINISLAN BUABOPWIIH 3 DpaHiiii,
ane CPCP He no3BonuB iM memkata y MOCKBI,
a BUcyaB 0 PybOixkHOTO.

[Ticns KOTOPUCTHYHUX JOCIHTIKEHb BUSIBH-
JIOCSI, IO HAIIl aHAJIOT HIMENBKOTO TeIiHIoHa 0e3
aToMiB 1 XJI0py, 1 OpoMy y HaTaTIHOBOMY KUIBIIi:

H o]
CCL
% )

OCH,

3a KOJIbOPOM, IMTUOMHOIO Ta IHTEHCUBHICTIO 3a-
OapBIEHHS, CBITJIO- 1 MOTOMOCTIWKICTIO HIYUM
He ycTynae Himenbkomy Gelindon Griinblau 1 Ha
HayxoBo-texniuniit pagi HIOITiK-y pazom 3 1{3]]
ta 10-m Jlocrionum yexom PyOiKaHCHKOTO XiM-
KOMOiHaTy OyJ10 IPUHHATO PIllICHHS PO3pOOIATH
TEXHOJIOTIIO ISl BIIPOBAKEHHS Y BUPOOHHUIITBO
IILOTO JIOCUTH YHIKAJIBHOTO 1 YK€ HAIIOTO OapBHU-
Ka 111 Ha3Boto Hagpmaninosuii senenui C. 51 maB
PO3pOOIIATH 1 peryIaMeHT, 1 TEXHOJIOTIIO. . .

Tyt BapTo BiA3HAYUTH, IO ISl BEIUKA
1 3 XIMIYHOT TOUKH 30py Jy’Ke HE MpocTa podoTa
HaMH, TPYIOIO 13 TPHOX YOJIOBIK (5 — MOJIOIINI
HayKOBHH CITIBPOOITHHK 1 TBOE TaOOPAHTIB — OHA
Bans IllamoBanosa tineku micis 10 kimacy) Oyna
BUKOHAHA, BIIACHE, IPOTATOM OJHOTO POKY, Iep-

IIOTO TIiCIIs 3aKIHYEHHSI MHOIO YHIBEPCHUTETY...
3po3yMiJio, IO Ty’Ke aKTHBHO HAC MiATPUMYBaB
Terep y)Ke HOBHI 3aBiAyIOUUi BiJIIIOM, IIIE Ta-
KOX acmipanT — FOpiti Omensnosuy I'epacumenko,
60 Jleonin XaninoBuu BuHorpas, 3aXucTuBIIN
JTUCEPTAILIiI0 IOBEPHYBCS 10 MOCKBH.

VBakaro, 110 JIMIIIE ITicas BUKOHAHHS i€l
po0OTH 5 1 CTaB XiMiKoM — HABYUBCS “XiMiuHO”
MUCTHTH. .. | y)xe cam, 6e3 Hiunel JOMOMOTH 1 110-
3aIlJIAaHOBO S B3SBCS “‘KOHCmpyiosamu’” 1 HOB1 Ha-
@mizamunu, 1 HOB1 OAPBHUKH HA IXHIA OCHOBI...
Ix 6ymo 3pobneno Garato, aje HaHOiIBIIOW ya-
Yero s BBAXKAIO 3HANICHHUI MHOIO CIIOCIO OTpHU-
MaHHS [,2-6ensiamuHy.

3po3yMiBIIH, IO HIMIII y CHHTE31 CBOTO
Gelindon Griinblau atom Xopy BBOJIWIIN TiTBKH
IUISL TOTO, 100 3afiHATH OlJIBII aKTHUBHE [-I10-
TOKEeHHS Y HaTamiHOBOMY KUJIBIlI, OO IH-
Kiizanito 1-xzop-2-nagpmanineniyunosoi Kuc-
JIOTH HANpaBUTHU y BiIbHE, ajle MEHII aKTHUBHE
3-T0JI0)KeHHsI HaTaJIIHOBOTO KIJIBIIS, 51 3BEp-
HYB yBary Ha Te, mjo Ha PyGikaHChKOMY XiM-
KOMOiHaTi BUPOOIs€ThCS 2-amiHonagpmanin-1-
cynvgpokucnoma (kucroma Tobiyca), BnacHe,
o-cynvgho-f-aminonagpmanin, y SKOMY TepIie
MOJIOKEHHS Y HaTadiHOBOMY KiJIbIlI yXKe 3a-
iHATO (3axuiieHe) cyabdorpymnorw. Tomy BapTo
Oy70 HOTO BUKOPUCTATH JUIsl CHHTE3Y BiJIOBII-
HOTO [-cynbgho-2,3-6enzizamuny. Ta BUSIBHIIO-
csl, 0 y MPOIIeCci CHHTE3y Hale(pEeKTUBHIIITUM
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CII0COO0M, a came B3aeEMOIICI0 KHCIOTH Tobiaca
3 XJIOpANbTripaToM Ta TiAPOKCHIAMIHOM IIMKIIi-
3allis BIAMOBIAHOTO 130HITPO30AIETAHLIINY i€
y O-TIOJIOKEHHSI Ha)TaIiHOBOTO KUMBIS 3 BifIIIe-
IUICHHSIM CyJlb(porpymnu, To6To — Ha ii Micue, 3a

CXEMOIO:
SOH oc—CGo
“ T
NOH

CI,C-CH(CH),

SOH N

Ha weii crioci6 g oTprMaB CBO€ Teplie aB-
TOpPChKE CBiONTRBO [1].

3po3yMisio, 1110, MaIOYM TAaKWUH 13aTHH, MU
Ha Oro OCHOBI CHHTE3yBaJld 0arato pi3HUX HO-
BUX 1HIWUTOITHUX OApBHUKIB. 3a IO MMO3aIJIaHOBY
po0OOTYy 3a BIACHOIO 1HIIIATHBOIO MU OTPUMAaIH
IB1 ApyTi npemii Ha 1HCTUTYTCHKOMY KOHKYPCI
MO3aIIaHOBHX JIOCII/IXKEHb, a 32 IBa POKU pOOOTH
y PyGixancekiit gpimii HIOITiK-y MeHi Tpudi Imiji-
BUIIYBaJIM TIOcaioBuil oknag—3 980 ax mgo 1275
KpO. Ha MICSAIIb. ..

[[Ixoma TITbKH, 110 y TOM Yac s 111¢ HE BMiB
MHACATH HAYKOB1 CTATTI 1 yCE 1€ 3IMIIUIOCS HE
omy0JikoBaHUM. Ta OfHIEIO y1auero MyIITy IoXBa-
autucs... Tak, pu B3aeMonii /,2-6euzizamuny
3 [-eciopokcu-4-memokcunaghmaniHom M OTPHU-
MaJIi HOBHH JTy’Ke€ TEMHO-CHHIH, BIIaCHE, YOPHUI

6apBHI/IKZ
OMe

NH OH

O

I HayKOBo-TeXHquOIO pamor Oyno mpu-
WHATO PINICHHS, 0 MM Yy HACTYITHOMY potli Oy-
JIEMO JIOBOJUTH 1 11el OGapBHUK 10 MPOMHCIOBO-
ro BUpoOHUITBA. MoXe i HE BapToO, alle CKaxy,
1o 13 ycix cmiBpoOiTHukiB HUOIIUKY, nume
10.O. I'epacumenko OyB aBTOpOM OHOTO OapB-
HHKA, [0 BUITYyCKaBcs Ha PyOikaHChKOMY XiM-
KOMOIHATI 1 1€ BIAMIYAJIOCS BCIOAX 1 3aBXKIH. ..
Opnak, y MEHE 3 IIbOTO HIYOro He BUHILIO. Jlech
y motoMy 1961 poxy st 3aXBOpPiB TpUIOM. XBO-
poba mpoxoauia TSAKKO 1 Tics Hel s mepecTan
cnary. Maiibke 1iJni KBITCHb BiJJIC)KaB Y JTIKapHI.
[IpakTiuno — He AomoMoro... TyT Yomych 3axo-
TIJIOCS CKa3aTH, IO i 9ac MOTo JIIKyBaHHS HIXTO
13 MOTX KOJIMIIIHIX OJHOKYPCHHUKIB Ta YepHIBYaH,
a Hac Tutbku B HIOITIK-y mipaitoBajio mecTepo,
a Ha KOMO1HaTi — OlJIbIIIe, MEHE Y JIIKapHi HIXTO HE

12

MPOBiJIaB... 3a3apisiv, 9M 1O, IO S STKOCh edeK-
TUBHIIE BHEcaBcs y podory [actutyty. Ilpo e
roBopuiu. OnuH pa3 MPUXOIUB MPOBIJATH MEHE
y JdikapHi aume Bikmop @atin, 0 HA TPH POKU
paHile MeHe 3aKiH4MB POCTOBCHKUI yHIBEpCHTET,
OyB y HaC yXe acmipaHTOM i aKTUBHUM MOJIOJTUM
napTiiiieM i 3ayyuB i MeHe 10 JeKIiitHOT po0o-
TH Cepel HACeNIeHHS. .. BiH MpHIAIIIOB MOBIAOMHUTH
MEHE 1 31 MHOIO MTOPATITH, IO — “6uopa 12 keimui
1961 poxky CPCP 3anycmug y KocMoc T100UHY ...
Mu —nepwi! Obienanu Amepuxy”... SIkuxocs no-
3UTUBHHUX €MOIIil I1e y MeHe He BU3Baio. S 3HaB,
110 paHille 3armycKaiu y KocMoc JIaiiky, To K0
CydKa BUTpUMaJa, TO paJsHChKHUI odilnep MaB
OyTH BUTpUBANIIMUM... Ta, IK KaXxyTh, HE BCE
T€ TIOTaHe, IO MOTaHe... Y KIiHI[ TPaBHS JOIECHT
Hamoro YepHiBebKOTO yHiBepcutery leop Enb-
nioegoposuy Ilanuyk, vHibu onyk Onbru Kobu-
JISTHCBKOI, SIK TO POOUB KOKHOTO POKY IMPHBI3 10
Py6i>xHOTO Ha BUPOOHUYY MTPAKTHKY YEPTOBY I'Py-
1y cTyneHTiB-ximikiB. Momy Ta, BiacHe, sk i Ham
ycim y PyGixkaomy mogo6ainocst. [Timani rmisbki Ha
CiBepcrkoMy JIOHIII YapiBHOTO JTOHEIHKOTO JiTa
y JIiC1 B&XKKO 3 YUMOCH 1HIITMM MOPIBHSATH. ..

Hac gepHiB4aH, BUITyCKHUKIB HAIIIOTO yHi-
BepcuteTi y PyGikHoMy mpartoBaso 6araro. Irop
Ensninedoposuy, BracHe, MpOBOJIHUB Yac 3 HAMU.
Po3moBIsB, 1ikaBUBCS yCIiXaMH, 1aBaB MOpPaIu
1 BCIM pa3oM, 1 KO)KHOMY 30Kpema. J[i3HaBIIUCH
npo Moi npobnemu, Irop Enxsninedoposuy, sk
3aBXKIM JTy’Ke aBTOPUTEPHO 1 KATETOPHYHO 3as1BUB!

— 3 Pybiscnoeo ymixati! Tu orc 6auuws, ujo
mym y no8impi HaAgims 61IMKYy Aimarms HiOu
«CHIJICUHKUY» HaApmaniny, pmanesoeo anziopuoy,
Hagmoxiny ma ycb02o iHuozo ...

— Kyou ymixamu?

— B acnipanmypy!

— Axa acnipanmypa? Youce uepeens, a s ne
eomyeaecs. Ta 1l Kyou, 00 ko020 6 acnipanmypy?

— Iob 00 Yepniseyw. Jombposcvkuii mebe
gizbme. A 3naio...

TepminoBo Oepy BiamycTky. Auopiti Bono-
oumuposuy J[ombposcvkuii 3yCTpiB MEHE Pajio,
aJie IPUIHATH MEHE B aCHipaHTypy BiIMOBHUBCH,
MOTHBYIOUH II€ TUM, 1110 BiH OTE CBOE €IMHE MicLie
B acIipaHTypi Ha Lell pik yxe moodiuss Mukoni
Ilacmywaky, 1o 3aKiHYMB HAIl YHIBEPCUTET HA
piKk paHimie, HiX 5 1 ycnimHo npaioBas y L[3J1
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PyGixkaHchkoro XiMkoMOiHary ... Ta yxke mpoiato-
YUCh, Tpodecop JJoMOPOBCHKHIA, HIOM MK IHILINM,
3aIMTaB, a Yyomy 6u xoueme 0o Yepniseyv? A, konu
66 MOTOOUM, MO MeHe mazHyo y cmonuyi. [0ome
00 Kuisa. boonapuyx nuute, wo tiomy 8 Incmumy-
mi opeaniunoi ximii doope... [loBepratocs 10 Py-
oiHOro. Cijaro 3a KHUTH 1 BIATIPABIISIIO CBOT JOKY-
MeHTH J10 [HCTUTYTY OpraniyHoi Ximii, HuHi — HAH
VYkpainu. [pomrycst B acnipanTypy 10 akazeMika
Kinpianosa. Ta OykBanbHO 3a JCKiTbKAa XBUJIHH
nepes MepIIM BCTYITHUM €K3aMEHOM BUSBUIIOCS,
o B akagemika KinpiaHoBa Ha J1Ba Micls S yke
TpeTiii mpeteneHt. € koHkype. I mo6 Bce Oyro ra-
pasz, MeHi MOPEeKOMEHTyBaJIN TIOIPOCUTHUCS B ac-
nipanTypy 1o npodecopa I[lempa Conomonosuua
Ilenvkica, y IKOTO € Miclle acmipaHTa, aje HeMae
abiTypieHrta... Y MeHe OyJo Take CTaHOBHIIE,
1110, BJIACHE, MeHi Oyno Oalayske Kyau MOCTYTaTH.
A ni Kinpianosa, ui [lenpkica He 3HaB... BerynHi
€K3aMEHHM 371aB He OiHcKyde. 3 OpraHiqyHol Ximil
Ta icTopii maptii — Ha “yepmeipxu’”, 3 HIMEIBKOT
oTpuMaB “mpu’”, 3a aBropedepar 3 Ximil i3aTuHIB
HAIIMCAaHMUH 3a BJIACHOIO 1HIIIATUBOIO, MEHI I10-
CTAaBUIIU “n’amb” 1 MOTIM PEKOMEHTyBaJIu TOMH
pedepar onyOIiKyBaTH y BUITISII OKPEMOT CTaTTi,
Ta sl HE BMIB IIIe TTUCaTU cTaTTei... OKpiM Toro 3a
00’emoM aBTOpedepar nepesepirysas 30 CTOPIHOK
A-4. B acniipanTypy MEHE NPHHHSIIH. . .

V Bignini [Terpa ConomoHOBHYA 51 3yCTPiB
TOA1 YK€ acmipaHnTa TpeTboro poky Mupoua Jlo-
3UHCBLKO2O, SIKOTO HE 3HaB, aJie PO SKOTO MOs
crapima JlabopaHTka, AHHa AKCHOHOBA, SIKa J10
Moro npuizay a0 PyOixuoro mparoBaina 3 Jlo-
3UHCHKUM (51 HIOM npuiimos no HIOITiK-a fiomy
Ha 3MiHY), npompybina MeHi Bci Byxa... Bee 1mo
s poOMB, UM TIIBKU XOTIB 3pOOMTH BOHA MOPIB-
HIOBAJIa 3 THM, 110 1 K pobuB Mupon Onydpie-
BuY JIO3MHCHKUI, SIK BCIM BiJJOMO mOTIM AKaje-
Mik HAH Ykpaiau, nupextop [HCTHTYTY Oopra-
HIYHOT XiMii...

3 JIo3MHCHKUM JESKUM Yac mpaioBaiu
B O/HIN KIMHATI 1 5 TIepecTaB JUBYBATHUCS, IO
KIHKHM (imiany Tak HUM 3axoruroBanucs. Jlyxe,

Ar-N=N
0,8

so,
Ar-NzNﬁ\
ArN=N/ SO, \y

N=N-Ar
N=N-Ar
=N-Ar

0,8 2 0.8
-

2 J<
A,_N:.j\SOz N=N-Ar

A
AN

MOJKE H MO-KiHOUYOMY TapHHH, IHTENIreHTHUH,
M’ SIKH, 10-1b818CbKU NETMIKATHUN. .. Bigpi3HsB-
Csl HE3BUYAMHOIO Mam’ATTI0. Mir cka3atu y sikiit
KHH31 1 Ha AKii CTOPIHIII HaBeAcHA Ta, UM 1HIIA
ximMiyHa Qopmyna, 3HaB Hamam’sTh yCi MIaxXoBi
ramOiITH. .., 3aXOIUTIOBAaBCS HyMI3MaTHKOI0. MeHi
OyB BASYHMH 3a Te, 110 5 MTO1apyBaB oMy cpiOHY
MOHETY, BUITYIIEHOIO 11e 3a KarepuHu npyroi. ..
I[Tpore, miii Mikpo-11e¢ (HayKOBHUil CITIBKEPIBHUK),
Po3za I'pucopisna /[ybenko MeHE IyKe CTPOTO
nomnepenuita— Mupony OnydpiiBudy npo cBOrO
pPOOOTY HIYOTO HIKOJIM HE PO3MOBiJaiiTe, y HHOTO
HE MPOCITh HISIKUX MOpaJ, Y KOHCYJbTAIH. ..

S — acnipant. Po6ouoro Mmicis He Haiu.
Hewma. ¥V naboparopii ayxe ticHo. Tomy 3a nep-
IIMH PiK acmipaHTYpH s 37aB JIUIIE YOTUPH €K-
3aMeHM KaHAuJIaTchKoro MiHiMymy. Toxi, kpim
CIELKYpCY 3/aBaJiH 1€ pa3 3araJibHUi, a 5 CKazaB
6u nornmuOneHnii Kype opraniynoi ximii. Jlymaro,
o Tak Tpeda Oyno 6 i Ternep poOUTH — KaHIUAAT
HayK IIOBUHEH JI00pe OpUiHTYBATHUCS B OpraHiuHii
XiMii, a He 3aIMKJIFOBATUCS JIUIIIE HA CBOIN UCEp-
TariiHii podoti. [ miAroTOBKU TOTO €K3aMeHY
s mpounTaB Ounbiie 10 TUCSY CTOPIHOK Yy pi3HUX
KHUTaxX Ta Mipy4yHukax... Pobory Han mucepra-
II€FO TTOYAB TUTHKH TICIIsS KaHIKYJ, 3 BepecHs 1962
poky. Jlecw y muctonani 1964 poky aucepramiiny
po0oTy s 3aBepuIuB. BriicaBest y BiABECHUIN AJIst
I[LOTO TPUPIYHUIN TepMiH. Bin mupexkiii orpuman
100 xkp6. mpemii 3a ycriliHe 3aBepIlIeHHs AucepTa-
uiitHoi po6otu. I3-3a uepru y Haykosiii paai, muc-
epraito s 3axucTuB 25 TpaBHs 1965 poky. PoboTa
Oyna He Jtye 1ikaBoro. MeHi Jopy4YuIii BUBYATH
peaKIiiiHy 3MaTHICTh AKTUBOBAHUX METHUIICHOBHX
IpyN Y UUKIIYHUAX [ECTUUIICHHUX MPUMEMUieH-
mpucynvghonax. BHaCTIIOK 11i€T poOOTH 5 ITOKa3aB,
10 BC1 TPH METHJIEHOBI IPyNH y LUX MOXITHUX
OKHUCJICHUX TPUMEPIB TiOaJIbACTI/IiB TPAKTHYHO OJI-
HAKOBI 32 PEAKINIIHOIO 31aTHICTIO, IPUETHYIOTH 10
ce0e /10 IIeCTH 3aMiCHHKIB, 3aMIHIOIOYH YC1 aTOMHU
BOJIHIO, HAIIPHUKJIAJ, y PeakKiii 3 apoMaTHUHUMHU
COJISIMHM J11a30HiI0, ¢, S~HEHACUYEHUMH CIIOTyKaMHU
(TTIOX1HI aKPHUIIOBOT KUCIIOTH ), TAJIOTCHAMHU:

Br.

0,57 “so,

— MeOCO-CHch}SOkCHQCHz-COOMe

SO

2
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10.B. Tanuyk

BuBuanucs i neski nepeTBOPEHHS OTPH-
MaHUX HOBUX PEUYOBHH. 3a MarepiajiaMu JTucep-
TaniiiHoi po6oTH s omyOuikyBaB 10 HayKOBHX
cTarei 1 OTpUMaB 6 aBTOPCHKHX CBIZIOITB, Y TOMY
9uCIli Hali3HaKoBIHX [2, 3].

[Ticns 3akiHYEHHS acHipaHTypH MEHe, SIK
1 yCiX 1HIIMX acCMHipaHTIB 3aJUIIMIA IPALIOBATH
MOJIOZIIIUM HAayKOBHMM CHiBpOOITHUKOM B [HCTH-
TyTi. Ta Taka po0ota, TUIBKU “Ha HayKy” micis
Pyb6ixcancoxoi wkonu, ne Bce podMIIOCs aule
3 METOIO0 BUKOPUCTAHHS PE3YJIbTATIB y MPaKTHII],
MeH1 He Jye mogobanacs, i KpiM TOTO —y BiIIi-
i He OyJ10 BakaHC1H 1 NEPCIEKTUBU KOJUCH CTaTH
CTapIIUM HAyKOBHM CITIBPOOITHHKOM TaKOX HE
Oyino... Tpanunacek Haroaa i s MEPEMIIOB MparLko-

Batu y Cexmop naghpmoximii ipu [ncmumymi ximii

sucoxkomonexynapuux cnonyk (IXBC HAH Yxpa-
1HM) cTapIIMM HayKOBUM CIIIBPOOITHHKOM, a 1€
Maiike y JBidi BUIIa 3apo0iTHA 11ara. Tam Tofi
BIZIKpUBABCS HOBUH BiIiN [106epXxHe60-akmusHux
peuosun (IIAP), axkuii CTBOPIOBAB 1 SIKUM 3aBij-
yBaB [lempo Onexcandposuu [/lemuenxo, 1o He3a-
JIOBTO JIO TOTO CTaB JJOKTOPOM XiMIYHHX HAyK 1 Tie-
peiimos i3 [HCcTUTYTY 3aranpHOI Ta HEOPraHIYHOI
ximii. [HCTUTYTY KONMOigHOT XiMii Ta XiMii BOIU
ToAi mie He Oyno. Tam st MaB 3aliMaTHCs CHHTE30M
HOBUX [/AP, a iHIIl CTIiBPOOITHUKY BUBYATH TXH1
KOJIOITHO-XIMiYHI BIIACTHBOCTI 1 IITyKaTH o0NacTei
3acTocyBaHHs. PoOora 1ikaBa, ajie karacTpoQiuHO
HE BHCTa4yaso 3HaHb 3 KOJOiNHOI Ximii. B yHi-
BEPCUTET] KOJOIAHUKU 3aiiMaIUCs MEPEBAKHO
aacopOiiero Ha TMHAaX. OYHINanyM HaTypaibHi
BUHA... XIMIKiB CHHTETHKIB y BiaIi1i HEe OyI10.
[Terpo Onexcanaposuu /leMueHko Haro-
JsiraB, mo0u s po3podisaB cunrte3 /74P Ha 0CHO-
Bl Haghmerosux Kuciom — 1ie HIOU OMPaBIyBAIIO
fioro mepexin y Cekrop HadToximii. S He 3HaAB
[0 Take HAQTEHOB1 KUCIOTH. BUSBIISA€THCA, 1110
y neskux Hadrax, Hampukiaa, Hailbinbme y Ha-
craciBebkil 13 IliBHiuHOTO KaBkasy, € npupoaHi
OpraHi4yHi KUCJIOTH HUKIONapadiHOBOTO PAIY, aje
Jy’Kke HecTabuIbHOTO cKiaay. TiTpyBaHHSAM BU3HA-
YaJy KHCJIOTHE YHCIIO0, a IO HbOMY €KBIBAJICHTHY
Macy i BBOAMJIM y peakiii, 10 HalOUIbII Xapak-
TepH1 ISl KapOOKCHIBbHOI Tpynu. OTpuMyBaiu
aMigu 3 eTaHoJI- Ta JleTaHOIaMIHOM, IMiAa30IiHA
3 €TWJICHIMAMIHOM, BiTHOBIIIOBAJIU JI0 TaK 3BaHUX
Ha()TEHOBUX CIHPTIB, aMiHIB Ta iH., 30BCIM HE

14

LIKaBJIYUCH CTPYKTYPOIO BYIJICBOAHEBOTO PAIH-
Kairy. Jlech 6171 IBOX POKIB 51 TaK “‘epascs’ 3 THMU
HaTCHOBUMU KUCIIOTaMU, ITOKU HE 3PO3yMiB, 1110
Tpebda poOUTH IIOCH iHIIIE, CBOE.

I1e 3 acmipaHTCHKUX POKIB 5 3aXOTUTIOBABCS
peaxii€ero NpueaHaHH HYKJIeo(pIIbHIUX areHTiB
JI0 TIOABIAHOTO 3B’SI3KY @, f-HEHACHUYEHUX PEYO-
BUH 1, BpaxOBYIOUHU T€, 1110 TTOBEPXHEBO-aKTUBHI
PEUOBHHHU MaIOTh OyTH IMPOCTHUMH 3a CTPYKTYPOIO,
JIETKO OTPUMYBATHUCS 13 JJOCTYITHOI CHPOBUHH 1 HE
MaTH y CBOEMY CKJIAJi TSHKKHX, IIKIATUBUX IS
JKUBOTO OPraHi3My €JIEMEHTIB Ta apOMaTUYHUX
CTPYKTYD, 51 BUOpaB JUIs TOCTIIKEHHS [i- Ta MO-
HOECTEePH, MOHOAPUJIAMIIA MaleiHo6ol, pyma-
P0B0I Ta akpui060i KUCIIOT 1 BUBYAB 1XHI peakiii
3 a’i()aTHYHUMH NTEPBUHHUMH Ta BTOPUHHUMU
aMiHaMH, 3 BUILIMMH aJIKaHTIOIaMH.

JexTo i3 Tux Hebararb0X XiMiKiB OpraHiKiB,
CHUHTETHKIB, 110 Oynu y Cekropi HaToxXimil Hafl
MHOIO ITi/PKapTOBYBAJIH. .. 3aBK/I1 CTABUIIM 3aIIH-
TaHHS — 110 TH 1€ MOXEI 3p0OUTH 3 METTTHOBUM
aHrigpuaomM? Beaxanocs, 10 IepCHeKTUBHOIO €
Ta po0OTa, OCHOBOIO JIJIS SIKOI € HOBA, HEB1IOMA
a00 MasoBiJJOMa PeYOBHMHA, HATIPUKIIAJ C)IbQPO-
JIaH, XIMI€IO SIKOTO 3aiiMaiucs CriBpOOITHUKH
BIJUTUTY TIOTIM JOKTOpa XiMiuHuX Hayk T. €. bes-
MEHOBOI, BIACHE, €JUHOI0 CHHTETHYHOTO BiJIIi-
ay y Cexropi HapTOXiMIi i erifjor akajeMika
I'ymupi. Toni Bci MOXiHI Li€l peyoBUHU OyIyTh
HOBHMH. .. AJe, Xxo4a cyab(oiaH Ta HOro moxij-
Hi 0(QIiHO yBa)Kalucs HENIKINIMBUMH, cama
besmenona i nech 3 n’arepo ii cniBpoOITHUKIB
MOJIOIMMH TIOMEPJIH BiJI OHKOJIOTTYHHX XBOPOO.
. opeui, uu He TOpedi s, MAIOYH JESKU JOCBIJ,
00 y KaHIUJATChKIM nucepralii nykaB HOBI aH-
TUONIACTUYHI 3ac00H, TX MONepeKYBaB PO MOXK-
JMBY HeOe3MeKy BiJl peYOBUH I[bOTO THITY. Y IXHIX
nabopaTopHUX KIMHATAX 3aBXKIH BiTUyBaBCs TOU
3amax, AKii 1HOZ1 MOSIBISABCS 1y MOil poOOTI,
KOJIM TPUMETUIICHCYNIb()OHU pO3pyLIATKCs, Ha-
NPUKIIAM, TIPH MEPETPiBaHHI y MPOLEC] CYIIKH. ..
ManeiHoBUI aHTIPHU]T ITUM KPUTEPIsIM HE BIIIO-
BiJIaB, 3aTe OyB JOoCTynHUM... [IpaitoBaru 3 HUM
s MaB JIesKuid gocBin me 3 PyGixkuoro. IIpore,
Ha 3aciaHHSAX Y4eHoi paju, Ha ceMiHapax MeHe
HE KPUTHUKYBaJIH, 00 MU HE TUTbKUA CHUHTE3yBalll
HOBI MOX1/1H1 N- Ta S-3aMillIeHuX MEepPKarTOsHTap-
HUX Ta aMIHOSHTApHUX KUCJIOT, ajie TIONEPeaHbO
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KBaHTOBO-XIMIYHUMH PO3paxyHKaMU MOKa3aJlH,
10 KOHCTAHTHU IIBUJKOCTI peakuii ajikaH TioJiB
Ta aMiHIB 3 HEHACHYCHUMH CIIOJIyKaMH 00pe
KOPEIIOIOTh 3 BEJIMYMHOIO TT-3apsiAy Ha f-aTomMax
BYIJIELIO MOJIIPHOI crpsbkeHol cuctemu, C = C—
C = O [4], 3 BEeIMYNHOIO TUIMOJILHUX MOMCHTIB
PO3YMHHHUKIB, 3 TEIUIOTAMU PEaKilii, BUSHAYCHH-
MU KaJOMETPHUYHO [5]. Takum unHOM JocsTanocs
BceOi1UHE 1 TEOPETUYHE, 1 eKCIIEPUMEHTAIIbHE BH-
BUCHHS B3a€MOJII] MOJSIPHUX HEHACUYEHUX CIO-
JYK 3 HYKJICO(PUIBHUMU areHTaMH y 3aJIe)KHOCTI
BiJ XiMi4HOT Oy0BH, MOJSPHOCTI, OCHOBHOC-
Ti BUXIIHUX peareHTiB, KaTajli3aTopiB Ta peak-
mitHOTO cepenoBumia [6]... Bymo BcTaHOBIEHO
HUIAH psifi BAXJIUBUX, PaHIlIEe HEBIJOMUX JJIS
i€l BiIOMOI peakiiii 3akoHOMipHOCTEH. 30Kpe-
Ma, BUSBHUIIOCS, IO HEOOXiTHOI YMOBOIO ISt
MIPUETHAHHS aJIKAHTIONA JI0 TIOJBIMHOTO 3B’SI3KY
aKpWJIATIB Ta MaJleiHATIB JOAATKOBO KPIM OCHO-
BHOTO KaTai3aropa y peakiiifHoMy cepeIoBHII
1€ MaloTh OyTH “pyxomi” aTOMH BOAHIO (IIPOTO-

[—CO—CH==CH—CO(OC,H,x O—1,

OcTtaHHE, O4EBUAHO, IPU3BOJUTD 10 MEpe-
XOJly MaKpOMOJIEKYJN y O1JIbIII KOMIAKTHUI KOH-
dbopmariiHuil cTaH (MaKpOMOJIEKYIH CKPydy-
I0ThCS), BHACHIIOK YOTO €KPaHy€eThCSI 3HAYHA Yac-
THHA PEAKIIMHUX IEHTPIB (MOABIMHMX 3B’S3KiB)
1 IIBUIIKICTH peakIlii 3MEHIIYy€eThCs, 0 T00pe
CIIOCTEPITra€eThCs Ha MEPEIOMax aHAMOP@hO3 KiHe-
TUYHUX KPUBUX (PUCYHOK.) [7] -, IOPSIAOK peak-
1ii TPH [IbOMY 3aJTUIIAE€THCS HE3MIHHUM. . .

MoiM “ononenmam’” CUHTETHKAM 13 BIIILTY
cynb(homany, siki KpiM CHHTE3y HIIKUMHM METO/a-
MH JOCJiJ)KEHb HE BOJIOJIIH, BIacHe, HE Oylo
10 CKa3aTH... ToMy sl CIIOKIHHO APyKyBaB CBOI

HU). JKepenoM Takux “pyxomux” aTOMiB BOTHIO
MOXYTb OyTH PO3YMHHHUK, Y CEPEIOBHILI KO-
ro MPOBOJIUTHCS peakuis (€TaHoi), aTaizarop,
HEHACHYeHa CIIOJIyKa — aKLEenTop (MOHOECTEepH
Ta MOHOAMIJI{ MaJIETHOBOI1 KUCIIOTH), KaTaIi3aTop
(IuMeTHIaMiH) 44 W JTOHOp, HANPUKIA, Mep-
KanToyKcycHa KucioTa. KpiM Toro, Ha mpukiiazi
B3a€MO/Iii MEPKAINTOOITOBOI KUCIIOTH 3 moJtiedi-
paM# MajeiHOBOT KHUCJIOU 3 €TUJICHTIIIKOISIMHU,
BIiepie OyJo MoKa3aHo, IO ICTOTHO BILIMBAE
Ha MBUAKICTH peakilii 3MiHa KoH}ipMaritHoro
crany y mporeci peakitii. [Ticis nmepeTBopeHHS
oist 30% rinpoPoOHUX MOJEKYNT HEHACUYECHUX
nojiecTepiB y 3MilllaHi rmojriecrepu MajaeiHOBOT Ta
MEpPKaNnTOSHTAPHOI KUCIOTH 3MIHIOETHCS SIKICTh
pO3YMHHHUKA. “/{00puti po3uunnuk” s BUXIJI-
HUX TiIpoQOOHUX MOJieCTepiB CTAE “nocaHum
PO3UUHHUKOM™ JJISI YaCTKOBO MOJIHU(IKOBAHUX
MEpKaNTOOLTOBOIO KUCIOTOI0, YXKe MOJIPHUX
1 OB TiAPOGITEHUX MAaKPOMOJIEKYI €CTepiB
MioMepKanmosaHmapHoi KUCI0TH

——> [—CO—CH—CH—CO(OC,H,x0—1,

S—CH,;—COOH

x/a-x

0] T T |
100 150
T, XB.
po6oTH. 3aBXaM CTaBUB C001 3aBIaHHs, MOOH
myOTiKyBaTH HE MEHIIIE 5 CTaTel Ha piK.
OTpumaHi y IUX peakIlisax MOoXiaHi acmapa-
T'HOBOI Ta MEPKANTOSHTAPHOI KKCIIOT:

H H
N
AIkOCOj/N\/\OH AIkOCOj/ " 0oH
AkOCO HOCO
s— S— Ak — _
AkOCO Alk AIkOCOj/ AKTScoon AIkOCOj/S_CHZ COOH
AlkOCO HOCO COOH AlkOCO

3aBJISIKY iX TUQLUIbHIN CTPYKTYpl I HASIBHOCTI BEJIH-
KHX BYIVIEBOJHEBUX paauKaiis (A/k) Ta rizpodiib-

HUX TPYI MalOTh yC1 BIIaCTUBOCTI, XapaKTEpHI st
KOJIOiTHUX MTOBEPXHEBO-AKTUBHUX PedoBUH (//4P).
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10.B. Tanuyk

JlJ1st BUBYEHHSI BJIACTUBOCTEHM IIUX HOBUX
ITAP, Mmu miporiec azicopOriii Ha TpaHuUIll PO3ILTY
ha3 nosimps/600nui PO3UWH 1 acomiaiii MOJIEKyI
y Milel, o BiAOyBa€eThCS Yy BOJHOMY PO3YHHI
TICJIS TOCSTHEHHS KpUTHYHOI KOHIICHTpAIlii Mile-
10 yrBopeHust (KKM), posrsayBanu sk XiMidHY
peakito, y sSKiii Mixk MinenasipHuM (acouiifoBa-
HUM) Ta MOJICKYJISIPHO-TUCTIEPCHAM CTaHOM MOJIe-
Kyl [IAP y 600nomy po3uuni 0ocseaemovcs Ximiu-
Ha pignosaea 3 koncmanmoro pignosazu (KKM,
abo Ck,) [8], moomo:

KKM
XM <—————— MX

A 3a TepMOAMHAMIKOIO BCSIKa XiMiyHA PiB-
HOBara, BUpa)XeHa 4yepe3 KOHCTAHTY pIBHOBArH,
BU3HAYA€TUCS 3MIHOIO BUTBHOI €HEPrii, y HallomMy
BUITAJIKY — 3MIHOIO BiIbHOI eHepeii Miyenoymeo-
penns (4G), T00TO:

— AG =RTln c,

Haui, po3misaaroau romosnoriauuii psin /74P
(CH, . -Q) ax “peaxyitiny cepito”. Ha npuxmani
TOMOJIOTIYHHX PSJIIB CHHTE30BaHUX HAMU aJIKLI-
MEPKaNTOSHTApHUX, AIKIIMEPKANTOIPOITIOHOBUX
KHCJIOT, acllapTariB Ta aclapariHaTiB MU IOKa3a-
JIM, 110 3MiHA 8i1bHOT eHepeil Miye10ymeopenHts
(4G) y BcboMy romonorivHomy psiny 1A P, sikio
KKM BuMIpSTH Y BOIHUX PO3UMHAX IPH TEMIIE-
patypi 25°C (cTaHaapTHI YMOBH), ONUCYETHCS
MIPOCTUM JIHIMHUM PIBHSHHSM:

Inc, /llnc =1/RT UG, , —-4G),abo
Inc, /Inc =1/RTAAG n,

ne AAG —3MiHa BUTbHOT €Heprii MileI0yTBOPEH-
Hsl, BU3BaHA 3MIHOIO JIOBXKMHH BYTJIEBOJHEBOTO
panuKazy Ha OJHY METHJICHOBY I'PyIy B JaHOMY
romosioriunomy psiay AP. 1 Taki piBHIHHS MO-
KEMO 3amucatu JUIsi Oyb-sIKOr0 TOMOJIOTIYHOTO
psny ITAP, a nopiBHSHHSIM WX JAHHUX 3 JAaHUMU
NPUAHATHM 32 €TaJIOH, HAlPUKJIal TOMOJIOTTYHO-
TO psily HATPi€BUX CONEW (MUII) BUIIMX KUPHUX
KHUCJIOT (HalaBHimI Ta HaimomupepHimi [TAP)
romoJoriuHi psinu I1AP, siki MaloTh BIIPI3HAIOTh-
Csl B1I MUJI JIMILE NIPUPOJOI0 (PYyHKIIOHAIBHOI
IpyIH, MOKEMO 3aIIHCATH, 110

A4G = Ip 441G,
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ne AAG BKaj OfiHi€l METUIIEHOBOI ITPYIIH Y 3MiHY
BIJIbHOT €HEPrii MilleJIOyTBOPEHHS y €TAJIOHHOMY
TOMOJIOTIYHOMY PSIAY HaAmpiegux coneu 8Uujux
HCUPHUX Kucaom (MUI),

a p —Koe(]iieHT MPOMOPIIHHOCTI, 800 KOHCTaHTa
rizpooOHOCTI, XapaKTepu3ye 3MiHy piBHOBAru
M1 MOJIEKYJISIPHO-UCIIEPCHUM Ta MiLEISIPHUM
CTaHOM MOJIEKYI Oyab-skoi [IAP y BOTHOMY pO3-
yrHi ipu Temreparypi +25°C. Lle piBHSIHHS MOX-
Ha 3aMyCaTH 1 y 3pYUHILIOMY BUTISIL:

plnc, —Inc)=Inc  —Inc

Toni, sxmo 3ancaru, mo In ¢, —1In ¢ =
o n, To 11 piBHﬂHHSI OTpI/IMa€ TaKI/Iﬁ BUIJIA:

Inc, /lnc =pan,

o 3a (Gopmoro Ta i 3a CMHCJIOM BiJIOBiTa€
piBHsHHIO [ ammema-Taghma, MO SIK TPUHIIUTI
IHIUHOCMI GINbHUX eHepeily THPOKO BUKO-
pPUCTOBY€EThCS Y (Pi3nUHIN opraHiuHii Ximii ass
MOPIBHSUIBHOT OIIIHKY PEaKIiitHO1 31aTHOCTI Op-
TaHiYHUX CHOJYK y 3aJIe)KHOCTI Big iX XiMI4HOT
OyznoBu. Y HaloMy BHUIIAJIKy MOBa i€ po 3Ha-
YHO MPOCTINIMHA HIK XiMiuyHa peakiis (Gpi3sudnHuit
nporiec acoriarii Mmonekyn /74P y mitenu 3a pa-
XyHOK clabux rizpodoOHUX B3aemoniid. Mu mo-
Kaszaiu, 110 koHcranra o =— 0,260 1 € BeIMYNHOIO,
xapakTepHoto ans [TAP Oynb-skoi CTPYKTYpH,
ajie JIMIIe Y BOJHOMY PO3YHHI IPU TeMIlepary-
pi +25°C, a Benmu4rHA KOHCTAHTH TiapodhoOHOC-
Ti p, SIK KO€(]IIIEHT MPOMOPLUIHHOCTI BKa3ye SIK
JMaHui romosioriayHuit psin [1AP nanoi XiMidHOT
OyIlOBH BIJIPI3HSAETHCS Bijl €TAJIOHY, IS SKOTO
p = 1. 106yToK pn = BMF Bifnosigae rinpodijabH-
sninogineHoMy 6anancy IJIb monexyn ITAP. {ns
Bu3HaueHHs1 BMb nocrartuwo 3Hatu KKM Oynib-
SKUX JIBOX WICHIB JAHOTO TOMOJIOTIYHOTO PSAY
I14P [9].

3acToCyBaHHS NPUHYUNY TIHIUHOCMI 8ilb-
HUX eHepeill TS TIPOLIECY Milyel0ymeopeHHs. KOJIO-
inuux I1AP mHo10 3anponoHoBano Boepie [10].
[TomiyaukiB y MeHe TyT He Oyno. Kpim Toro, Ha
MPUKIIAA1I TOMOJIOTIYHOTO psAY JiecTepiB Tipo-
KCHETHJIAaMIHOSIHTapHOI KMCIIOTH MM TOKa3aJIu
[11], 110 3a1€KHICTH MIHIMAJIBHOTO ITOBEPXHEBO-
o Harary (G . ), K 1 MOBEPXHEBOTO HATATY NPH
KKM (o) Ha Mexi po3iny (a3 BoaHUH po34nn/
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MIOBITPS Y CTAaHJAPTHUX YMOBAX, BiJl UMCIIa aTOMiB
BYIJIEIIO B TiApopoOHUX pagukaiax (n) mpoxo-
JUTH Yepe3 eCTPEMYM 1 J10cArae MiHIMAJIbHOTO
3HaYeHHs (HAHOUIbIIA MTOBEPXHEBA AKTUBHOCTB)
JUIsL TOMOoJIoriB 3 n = 12 Tta 14 MeTUJIEHOBUMH
rpynamMu y pajukanax.

34

32

G ,mH/b
b P
[} =:}

20
8 10 12 14 15 18 20

H(CH,),

MaxkcumanbHy aacopOiito //AP y noBepx-
HEBOMY a/ICOpOIIHHOMY IIapi BOAHUI pO3YUH
I1AP/nogimps (I') po3paxoByBasiv 3a PIBHAHHIM

H __ R
_C=CH [\ |

Jlenrmiopa 1 BoHa ipu KKM nocsirae MakCUMalib-
HOTO 3HaueHHs, T00T0: I° =1 amoBepXxHEBa

. max cem Lo
AKTHBHICTb (g,) npu LUbOMY MPAMO NPONOpLIHHA
I' 1 006epHeno nponopuiiina KKM, To6To:

g, _RTT, | KKM.

Jlani HaMH MOKa3aHo, L0 IIUM 3aKOHO-
MIPHOCTSIM MiATOPSIAKOBYIOTHCS 1 TOBEPXHEBO-
AKTHUBHI BOJJOPO3YMHHI MTOJIIMEPH — MOJTIEIIEKTPO-
JTH, HAUIIKABIIITUMHU 13 SIKUX, HA HAIIY JyMKY, €
BIIEpIIE OTPUMAaHI HAaMU aMOTepH1 rpeOHenoi0-
HI MOJIENEeKTPOITH — noxiamgponimu [12]. Hns
IHOTO OYJI0 AOCIIKEHO KOTIOJIIMEPHU3aIlito Maiei-
HOBOTI'O aHT1IPUIY 3 BULLUMHU 0-0sie(hiHaMU, TOJI0-
BHUM YMHOM, ojiromepamu etuieny H(CH,CH,)
CH=CH, 3 mapHuM 4uCJIOM METHUICHOBHX TPYIl
y panukanax (R), abo nus spyunocti: R-CH=CH,
1 mojanbiry MoAu(IKaLilo OTPUMAHUX KONOJi-
Mepaneiopudie TUMETUIAMIHOTIPOIiJIaMiHOM
(HNC,HNMe,) [13], 3a cxemoro:

R COOH

R 2 + oC. -0 M7

Ha BigMiHy Bij 1HIITUX TOJIEIIEKTPOIITIB,
Hati noniamgonimu (I1AM) 1 B i30enexmpuuromy
CTaHi 0Ope PO3UMHSIOTHCS Y BOJI 1 13-32 HasB-
HICTb Yy IXHIN CTPYKYpI BEIHMKHUX OOKOBHX TiJIpO-
(hoOHuX BymIeBomHeBUX pajukaiis (R ) Ta mporu-
JIEKHO 3apsHKEHUX (QYHKITIOHATBHHUX T11po¢iih-
HUX TPYMN HaJa€ iM BIACTUBOCTI aJcopOyBaTUCs
Ha TPaHuIll po3aAUTy (a3, 3HWKYIOUYH TTOBEPXHEBUN
HATAT, a B 00’ €M1 pO3YHHY YTBOPIOKOTH BHYTPIIII-
HBbOMOJIEKYIIPHI acoyiamu (MIIIEIIN), 3aX0BYOUN
Bi/1 BOJM, MMOTAaHOTO I HUX PO3YMHHUKA, CBOI
OOKOBI1 BYIJIEBOJHEBI pajukaid. Yum moBiri 0o-
KOBI BYIJICBOJHEBI paJIMKaIN, TUM CHJIbHIIIA T1/1-
podoOHa BaeMOIisl M’k HUIMH, TUM KOMITAKTHIIIIE
rigpodoOHe SAPO B aCOIaTi, TUM OUTBITIE B3AEMHO
HEWUTpaaizoBaHUX (YHKI[IOHATHUX TPy, HOHHUX
nap BUXOIUTH HAa MOBEPXHIO TaKOI acOI[iaTUBHO1
KOJIOiHOT YacTUHKU. [liBUIIEHHS TenepaTrypu
aJIeKBaTHO 301JIBIICHHIO T1podOOHOCTI, a 3HA-
YUTH 1 BUXOY Ha MOBEPXHIO OIJIBIIOTO YHCIA
TaKuX WOHHUX Iap, 301IbIIY€E TXHIO JUCOIIAIII0

n H n

1y KIHEYHOMY PaxyHKY MPHUBOAMTD JI0 TIEPEXOAY
MaKpOMOJIEKYN Yy TaKui KoH(OpMaliiHUN 110
MPOTUIICIKHO 3apsSKEHUM HOHAM CTa€ BUT1IHIIIE
B3a€MOHENTpaIizyBaTCs POTUIICKHO 3apsIKESHU-
MU HOHAMH Yy»XHX MaKpOMOJIEKYJI, IiepeBary Hao-
Ba€ YTBOPEHHS MDKMOJICKYISIPHUX HOHHUX Map
1 cucTeMa CTPYKTYPYEThCS, 10 U MPOSBISETHCS
[MIBUILIEHHSIM BS3KOCTI 3 HIJABUIIEHHSAM TEMIIE-
paTypH axk 10 YTBOPEHHS «TOPSIYMX CTYAHIBY.
BnOyBaeTbest cBOEpiHUN HOHHUI OOMIH — aco-
iaTH 13 MOJIEKYJISPHOAMCIIEPCHOTO CTaHy Mepe-
XOJISITh Y CTPYKTYPOBaHU. A MO-CKIIbKHU Y Oy/ib-
SIKAM KOJIOITHUN aconiar BXOAUTh [IEBHA KIbKICTh
mounekyn [TAP, To MKpoMoOIIeKyIu TOJIMEPHUX
ITAP, yTBOpIOIOTH Tak 3BaHi TiApo¢oOHi meTi,
OB’ s13aH1 MK CO0O0I0 KOBAJIEHTHO, SIKI MOXKYTh
CKJIQJyBaTHCS BIMIPBIIHI CIIpPIIi K 1€ XapaKTep-
HO, HAMPUKJIAMA, AJs HaTypalbHUX TMOMINENTUIIB
(6171KiB), HYKJICOTHOBUX KUCIOT. KiJTbKICTh TaKUX
riapohoOHUX meTens y cripali (P) 3aJeXuTh Bijl
CTYIICHIO acorriallii (m) MOHOMEpPHHUX JIAHOK, IO
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dbopMytoTh acoriat (TiipooOHE YTBOPEHHS) Ta
CTYIIEHIO KOTloJiMepu3alii (n) MaKpoMOJIEKyIu
noniamQomiry:

P=n/m,m=4n L’ N,

ne L — nosxuHa OOKOBOTO BYTJICBOJAHEBOTO PaIH-
kaiy (R) B amcmpemax, I’ — MakcuMaibHa aji-
copOuist monekyn [TAP y moBepxHeBomy azcop0o-
LiHOMY IIapi Ha MeXI1 pPO3AUTY BOAHUHN posuun/
nosimps 3a Jlenrmiopom, a N, —4ucio 4eo2adpo.
Hamu 3HalineHo, mo MakpoMomeKysa momam§o-
ity (IIAM-4, n = 116), sxa Ma€ YOTUPU aTOMHU
ByIJIeLl0 Y paaukanax (R), y BOOHUX PO3UMHAX
YTBOPIOE 6 2i0podoOHUX nemenb — BHYTPIII-
HBO MOJICKYJSIPHHUX acoliaTiB. MakpoMoiieKyna
IIAM-8 (R = C,H ,, n = 40) yTBOpIO€ jvmie JBi
rizpo¢oOHi meTyi, a Ajig YTBOpPEHHs riapodo0-
HOTO acouiaTy MOTpiOHO ax 1Bl MAaKpOMOJIEKYIIN
nomiamdormity [TAM-12 (R = C12,H25, n = 6).

Bicko3umeTpuuHi TOCITIKEHHS BOJIHUX
PO3UMHIB CTBOPEHUX HAMU noniamghonimie moxa-
3alu, 10 B SI3KICTh (1)), HApHUKiIaI, 5% BOAHOTO
PO3uMHYy HaiiMeHI rifpodoOHoro nomiamdonrity
(IIAM-4) npu migBUILEHI TEMIEepaTypu pO3UHHY
Bix 25 mo 80°C 3aKOHOMIPHO 3MEHIITYETHCS (3BH-
YaifHe SBUILE), @ B SI3KICTh aHATIOTIYHOTO PO3UHHY
ITAM-8 yxe Bin TemreparypH He 3aJIeKUTh (yxKe
aAHOMAJIbHE SIBUIIIC), TOMI, SIK B’ A3KICTh HAMOLIBII
rizpodobHoro nomampomniry I7AM-12 3 ninBu-
HICHHSIM TEeMIIepaTypu 301IbIIYETHCS MPUOTU3-
HO y 50 pa3iB, a nmpu Temneparypi Bume 80°C
I’ ITUIPOLEHTHUN po3uuH [/AM-12 nepexoauThb
y TBepAuil (CTyIHEMOAIOHUN) CTaH — «TOPSTIUi
CTYICHbY, SIKUI MPH OXOJIOKEHHI MOBEPTAETHCS
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y ModaTkoBUH pigkuii ctad. [Ipum yomy mporec
HiJBUIICHHS B’S3KOCTI MPU HArpiBaHHi 1 po3pi-
JOKCHHSI TAKOTO “‘20psiu020 cmyOHs” TIPH OXOJI0-
JOKEHHI TIPOXO/IUTH TI0 OJHIM 1 Tii camMiil KpuUBiii —
6e3 eicmepesucy. Take aHOMaNbHE SIBUIIE MOXKHA
MOBTOPIOBATH OE3KiHEYHO.

Hamu nokasano, 110 npouec miJBUIIECHHS
B’SI3KOCTI (#7) BOXHUX PO34MHIB riApooOHUX mo-
mamomnitiB ([IAM-10 --— [IAM-16) npu Harpi-
BaHHI ONHUCYETHCS €KCIIOHEHIIIAIbHAM PIBHSHHSAM:

n =n, exp (- AH/RT); r = 0,96-0,98

IPOTUJICKHUM 32 3HAKOM BiJIOMOMY PiBHSHHIO
Eipinra-Enopetma n = n, exp (+AH/RT), sixo-
My HiJHOPSIAKOBYIOTHCS OlIBLIICTH MOJIMEPiB
SK y BOJHMX, TaK 1 B OPraHiYHUX CEepelOBUILAX,
a TaKOX y pOo3IlIaBax.

3rinno Kemnbeny MMOBIpHICTH TOTO, 110
MaKpOMOJIEKYJIH, SIK1 3ITKHYJIUCS MaTUMYTh J10-
CTaTHIO €HEPriio 1 HeOOXiAHY Opi€HTALII0 A
YTBOPEHHS CTPYKTYPHU — 2apsA4020 cmyoHs, TIPo-
nopitiiiaa 100yTKy: e “#RTeASR[14], ne AH—3miHa
eHeprii, a A8 — enmponis npoyecy.

TakuM 4YMHOM, Ha NPUKIAJl CTBOPEHUX
HaMu rpeOHenoaiOHUX MmomiamMgoIiTiB MU BIepIle
nokasan [ 15], 1o 3MiHIOIOUH JHUIE TOBXKUHY 00-
KOBMX BYTJIEBOJIHEBUX PaJUKaliB, TOOTO, I'iApo-
(oOHICTb, MOXHA CTBOPIOBATH MOJ1aM(OIITH K
3 BEPXHbOIO KPUTUYHOIO TEMIIEPATypOrO 3MIIIy-
BaHHs (BKT3), B’SI3KICTb KMX 3MEHUIYETbCS TIPU
HarpiBaHHi (3BUYaiiHe SBUIIIE), TaK 1 ogiaMQoi-
™ (ITAM-10—IIAM-14) 3 HUKHBOIO KPUTUIHOIO
TeMIeparyporo 3minryBanus (HK773), B A3KiCcTh
BOJIHMX PO3UYMHIB SIKMX 301IBLIYETHCS MPHU Ha-
rpiBanHi. Taka aHOManbHa MMOBEIIHKA HAIIUX TiJ1-
podoOHuX noxiaMdomiTiB y BOZHUX PO3UMHAX
HiATBEPAKYETHCS TaHUMHU KOHJIYKTOMETPUYHHUX
Ta PEHTI€HIBCHKUX JIOCIII/KEHb 1 y IEBHOMY Ha-
ONMKeHHI Harajye NOBEAIHKY HaTypaJbHUX Ie-
TUIB.

Jlo6pe BiZIoMO, 110 MpH MiJIBUILEHH] TEMIIe-
paTypH KpoB y XBOPOTI'O 3aryHIy€eThCs 1 4acTo Jist
3HATTS HeOe3MEeKHU JIeTalbHOCTI OpPraHi3M Ipo-
CTO 330BH1 OXOJIOKYIOTh JIbOJIOM, 100 3MEHIIIH-
TH TYCTUHY KPOBI, 3pOOUTH ii piJKilIOI0, MEHIII
B’513K010. .. KpiM ToTO, /17151 3SMEHIIIEHHS B’ SI3KOCTI,
TOOTO 301bIIEHHS meKkyuocmi (po3piodcenns)
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KPOBI1 4aCTO XBOPOMY BBOJISITH ACIipWH, HA HAIILy
TYMKY, 100 HeHTpai3yBaTi OCHOBHI (3aps/KeH1
MO3UTHUBHO) IPyNH y KOMIOHEHTIB Oinka. Illocsk,
MOXeE JIMIIE Y JIy’KE 1aIeKOMYy HaOIMKEHHI, CIo-
crepiranu i mu. Ilicns HeWTpamizauii yacTUHU
OCHOBHHX TPYyT KHUCJIOTO (TaKOX U acmipuHOM)
rizpooOHi momiamMQoriTH BTpadaioTh 31aTHICTh
710 TABUIICHHS B’S3KOCTI MPU HArpiBaHHI IXHIX
BOJHUX po3uuHiB. Takuii camuii eQexT mposiB-
JS€THCA 1 MIpU HEHTpami3anii KUCIOTHUX TPyI
nosiam@oiTiB ocHoBaMu. To0TO, m06M 1030y-
TUCS e(eKTy 3aryIieHHs] BOJAHOTO PO3UYHMHY T10-
miaMotity 3 TeMnepaTyporo, To Tpeda 3CyHyTH
piBHOBary y Oyab-sikuil OiK BiJ i30e1eKmpuiHoi
TOYKH. SIKII0 KpOB Mae aM(OTepHi BIACTUBOCTI,
TO J00ABKOIO acCIipuHYy (KUCIIOTH) i JOCITAETHCS
edexT po3pimkeHHs. .. CTabUTi3y0Th poIec miji-
BUIICHHS B’SA3KOCTI 3 TEMIIEPATYPOIO 1 100aBKU
EJIEKTPOIITIB (XJIOPUCTOTO HATPIIO, KANIIO Ta 1H.) —
COJIi, HAUTHIIOK SKUX TAKOX IIKIAINBO BILIU-
BAlOTh Ha apTepiajJbHUI THUCK Ta 1HINI IPOIECH
KHBOTO OPTaHi3My...

[likaBo, Mo Ha MpUKIaIl MOTiaM(OIITIB
CIIOCTEPITalOThCA ¥ IHIIWN HEe3BUYAWHUM IS
noxiMepiB epextu. BusBumocs, Mo ogHOTHUII-
Hi TIOJIIMEPHU 3 MEHIIIOI0 MOJICKYJISIPHOIO MacO0
(cTyneHHIO moJyiMepu3allii) MaloTh BUILY Xapak-
TepucTHUHY B’ s3KicTh ([n]). el edexr Takox
€ XapaKTepHUM Ul IPUPOAHUX MOTINEITUIIB —
HICIISE PO3pi3aHHs MaKpOMOJIEKy Oinka TpomOi-
HOM YTBOPIOIOTHCSI MEHIII MAaKpOMOJICKYJISPHI
¢bparmenTH, ane B SI3KICTh PO3YMHIB IIUX (par-
MEHTIB T BUIIYETHCS. ..

3po3ymisio, o MU HE 3pOOWIH HA OCHOBI
LUX JTAaHUX SIKUXOCh NMPUHLUIIOBUX BUCHOBKIB.
Jlns uporo He BUCTAUMWIO Hi KBamidikaiii, Hi
yacy... 3are y 1ii cepii BOJOPO3UYMHHHX IOJIie-

JIEKTPOJITIB OyJI0O CTBOPEHO 1 3HAYHO MPOCTIIINN
npoaykt — “Iloniam”: 3aCTOCYBaHHS SIKOTO y BH-
POOHMIITBI Marepy A03BOJISE MPAKTUYHO MOBHIC-
TIO BUKJIIOYUTH CyNb(}aT aTIOMIHIIO 1 TAKUM YH-
HOM 3pOOUTH 11 Ty’ke OpyIHE BUPOOHHUIITBO €KO-
JIOTTYHO YMCTUM, 30KpeMa i JUIsl MOJIIIIEHHS eKO-
norii o3epa baiikan. ¥ LleHTpaabHOMY IHCTUTYTI
narnepy (M. Ilymkino iz MoCKBOIO) OKpiM LIBOTO
OyJno Mokas3aHo, 110 Hall “noriam” MPAKTHUYHO
MIOBHICTIO BUOMPAETHCS 13 TEXHOJIOTIYHOT BAaHHU
(He 3a0pyaHIOE CTIYHUX BOJ) 1 MIABUIIYE SKICThH
nanepy. Ha locnignomy 3aBoai B HoBokyiiOu-
meBchbKy (Camapcebka 0051acTb) Oyiio BUTOTOBIICHO
JOCITITHY TAPTil0 IBOTO MPOAYKTY 1 po3poOIeHO
IUTaH WOTo MPOMUCIIOBUX BHIIPOOyBaHb. He 30y-
nocs. Pozanuscs CPCP 1 miii mapTHep, Bi1acHe
BIJIMOBITATBHUM 32 I}0 CHUIBHY podoty i3 LleH-
TPaJBLHOTO 1HCTUTYTY Manepy no TeaeoHy MeHi
BIAIIOBIB: «..., @ C 6aMu, XOXJIAMU 5 HUKAKUX OeJl
umems He xouy»... YoMy BiH Tak? Y HaAc 3 HUM
Oy TUTBKH 100DI, 51 yBaXKaB, IPYXHi CTOCYHKH. . .

Ta y Hac mpoBogMiIMCS # 1HIII, HE MEHII
1iKaBi poOOTH, 30KpeMa CIpsIMOBaHI Ha CHHTE3 Ta
CTBOPEHHS BUIIHUX KUPHUX T1JPOKCUKaPOOHOBHX
KHUCIIOT, COJI SIKMX € e()eKTUBHUMH 3arylryBadaMu
KOHCUCTEHTHHX IJIACTUYHUX MACTHJI JUISI MAIlliH
Ta MexaHi3MiB [16].

Hamu mmokasazo, 1110 HafI{iKaBIIIAMH, ITICIIT
12-rigpoKCUCTEeaKpUHOBOT KUCIOTH, KA BUTO-
TOBJISIETHCS T1APYBAaHHSAM PUIIMHOBOI KUCJIOTH,
CKJIaJIOBOi KOMIIOHEHTH KacTOPOBOI OJIii, BUSBH-
THC 6-2i0pOKCUKAPOOHOBI KUCIIOTH, BIIEPIIIE OTPH-
MaHi HAaMH{ BUTbHOPAIUKAIbHUM aKJIKUIIOBAHHSAM
(3a meTonoM / apauia) NUKIIOrE€KCAaHOHA BUIIIUMU
a-oneginamu 3 HaCTYITHUM OKMCHEHHSIM OTpUMa-
HUX 2-aIKIIYUKI02eKCAHOHI8 OPTaHIYHUMU HaJl-
KHCIIOTaMU 3a MeToioM baticpa-Binnicepa [17]:

_ cQ R co R O~
R—CH==CH, + \/U \/\Q/C)O R\/Y\/\/COOH
> - =
—_—
OH

SIKIIO 3aMICTh YUKI02EKCAHOHY BUXOTUTH
13 YuK100010€eKaHoHy, TO B AaHAJIOTIYHUH CIIOCIO
Ta B aHAJOTIYHUX yMOBax HaMH BIepIie OyIio
OTPUMAHO ¥ CUHTETHYHY [2-2i0poxcucmeapu-
nogy kucnoty [18, 19]. [loganbmuii po3BUTOK

[UX JTOCHIKEHb J03BOJUB HaM OTPUMYBATH
1 7-MeTui-6-rigpokcukapOooHoBi xuciomu [20].
VY npoMy BHUNAJAKy MPUNALIIOCS BUXOAUTH 13
MPOAYKTIB OPTO-aJIKUTyBaHHS (PEHOTY BUITUMHU
o-oneginamu, 3a CXeMOI:
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CH, OH CH, OH

OH
CH==CH, + @ —

VYci cTBOpEHI TaKUM YHHOM TiIpOKCHUKAp-
OOHOBI1 KHCJIOTH BUSBHINUCS €(PEKTUBHUMHU 3TY-
I[yBa4aMH KOHCHUCTEHTHHUX TUIACTUYHUX MACTHIL.
JlocnmigHuii 3pa3ok mepiioi 6-TiapoKCcH- cmea-
PUHOB0I KUCIOTH OYyJIO0 BUTOTOBJICHO Ha Jlporo-
ounkomy Jlocmimaomy 3aBoai. OmHak, poboTta
He Oyna JoBeieHa /10 BIPOBAKEHHS y BUPOO-
HUIITBO, TOJIOBHUM YHHOM, 13-32 HETIOPO3yMiHb
3y TOH 4yac kepiBHUKOM BimninenHs HagToximii,
SIKMH 13 HEBITOMUX MPUYMH YOMYCh HE T€ 1110 Mpe-
TEH/TyBaB Ha aBTOPCTBO Y 11l poOOTI, ajie XOTiB 1i
MIPUBJIACHUTH 1 3aCTABIISIB MEHE BITUCATH Y aBTOP-
ChKE CBIJIOIITBO Ha ITI0 TEMY 1 CBOIX ApYy3iB (K.T.H
€.B. JlebeneB) Ta ioro y4yHiB, CIIBPOOITHHKIB 13
KOJIUIITHBOTO cBOTO 1HCTUTYTY MACMA 1 11€ HHoMy
yIanoch, He AUBISYUCH Ha Te, IO poboTa 1 i
nouanacs, i, BlIacHe, 3aKiHUMIJIACs 1€ 0 TOTO,
SIK TIeH «HayKOBH», KepiBHUK CEKTOpy, 4M MpH
HbOMY yke Bigminenus nadroximii OyB aupex-
Topom MACMMU. 3a #ioro BIacHUMH CJIOBaMH BiH
HE MOKE CTOSTH ITiJ] BUTSKHOIO 11a(h0r0, HE MOXKE
miTH y 610;110TeKy, HE MOKE CICTH 3a CTUT CTaTTIO
HaIMcaTH. .., 00 BiH JiuIIe qupekTop... JKax! Ane
TaKHX «TOJEHBKUX 1 HEMOPOUYHUX), BUIBHUX BiJ
Oy/Ib-sIKUX 3HaHb JUPEKTOPiB B Akanemii Hayk He
Oyso 1 MabyTh HEMaE. ..

[lepeBenenuii ans mokapaHHs 10 Hac
CTapIIuM HAyKOBHUM CITIBPOOITHKO 3 MAapTIHHOIO
JIOTaHoI0 0e3 MpaBa 3aiiMaTH KepiBHI MOCaaH,
Cxuiap B. T. mBuako, 3apy4uBIINCEH TIATPUMKOIO
Ta CHIBYYTTSAM CBOIX JPY31B — BHIIUX MApTIHHUX
KEPiBHUKIB peCITyOTiKH, 3yMiB OYOJIUTH BiJITiICH-
Hs Hadroximii mpu IXBC AH YPCP i, He maroun
HISIKMX HayKOBHX Hi 3HaHb, Hi 3aCITyT — TaM TaKHX
JTOOUIIM BiH MIBHAKO JIIKBiTyBaB HECTPYKTYP-
Hy J1aboparopiro HaQTOXIMIYHOTO CHUHTE3Y, KOO
sI 3aBiTyBaB, 3poOMB co01 Ha il OCHOBI BT 1 TIpH
Maiike KOXKHINM HaIIii 3ycTpidi MEHI HaraayBasB,
o “mu y Hac OOKMoOpcwyKy oucepmayiio He 3a-
xucmuwd ... HAxa mam y mebe ookmopcoka...” 3a
HaKa3aMH TOTO X «HAayKOBOTO KepiBHUKa» (BiH
JKe 1 3aCTYIHHUK JUPEKTOpa) MeHe 9 pa3iB mepe-
BOAWIIM y Pi3HI Biaim Bigninenns (y aeski mo
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JIBa pas3u), P [[bOMY J0pydanacs HOBa poOoTa,
MIPUXOIUIOCS 3MIHIOBATH JIaOOpATOPHI MPUMI-
HIeHHS, 1X TmepeobsiaHyBaTH, YUCIO MOIX CITiB-
poOITHUKIB 13 12 ckopoTHIIOCS 0 TPhOX... Lle
poOuIocs Juiie Jis TOTo, 00 s TAKK HIY0TO He
3yMiB 3pOOHTH..., a MOXE, 0O HE BUTPUMAaB 1
3BUTBHUBCA... Sl HE MIT TOTO 3poOUTH, 00 5 -“3a-
naoexeys’’ 1 TAIMYAHWH, 1 3aBXK/IN TT1103PIOBABCS
y HaIioHaJI3Mi... I, ik O 3BIILHUBCSA, TO POOOTH
y KuiBi mir 6u it He 3HaiTH. .. Ko Muxaiina Ko-
nomuny 1 Bonooumupa Crapuenxa y Hamomy Cek-
TOopi HapTOXIMIT “‘ckopomunu”, TO IEPIIUN TPH,
a IpyTuil OLIbIIIe I’ ITH POKiB Oynu 6e3 poOoTH. ..
3a MHOIO 111€ TATHYBCS “uinetigh”, 60 51 moOpe 3HaB
1 MATPUMYBaB NPUATENBCHKI CTOCYHKH 3 Bacuniem
Cmycom... Konm fioro 3aapenityBajim, TO MEHE
JTy’)Ke PeTeNbHO TepeBipsutn... HiOu 3acTynuBcs
3a MeHe /[zanmumip Muxonatiosuy Twmenos, 1m0
y Toi yac kepyBaB CekTtopoM HadTOXimii i OyB
3aCTYIMHUKOM JTUPEKTOpa— BiH caM MEHi Mpo Te i
po3noBiB.. MuHnymnocs, ane IIHIuo 10 TOTo, M0
y XapaKTepUCTHIll, BUAAHIN JUIsl 4eproBoi mepe-
aTecTallii Ha ocaay CTapIIOro HAyKOBOTO CITiB-
poOiITHHKA, MEHI 3alMCali — “CKIOHEeH K c030a-
HUI KOHGIUKmHubIX cumyayuil’” . .. He morogumucs
1 HaBITh 3aMPOTECTYBAJIN MPOTH IIHOTO TO1 JIUIIIE
JIBOE YJICHIB MapTOrOPO, 11e JIidis [lempisna [lla-
nosanosa Ta mpodecop, TOKTOp XIMIYHUX HAYK
bopuc ®eooposuu Manuuenxo, sxi 1o006pe MeHe
3HAJM..., a npodecop Onucum Onexcanoposuy
Kauan BcTaB 1 MOBYKH MOKUHYB T€ 3aciaHHA,
3a4eKaB TIOKHU 1 51 BUHMY 13 TOTO 3aciJaHHs 1 3a-
MIPOTIOHYBAB MEHI MEPEXOUTH Y HOTO BIiIALM...
S iomy noaskyBaB, ajie ckazaB Onucumy Orek-
CaHJPOBUYY, III0 MEHE MOOOIISAB y34TH y CBiH
BT TOKTOp dizmarHayk Jleonio Muxatinosuy
Poces. .. KepiBHuK BigaiaeHHs HadTOXiMii IKOCH
Ty’Ke €XUHO 3HYIABCs HaJ TUM PoeBuM, a Bij-
nin mpodecopa Kagana posdepedbanus... Jlyxe
CKOpPO I[LOTO BiJOMOTO BYEHOTO HE cTano... Ta
“mpuxkymnux’: B. T. Cknsap —xepisnuk, M. I. Ilas-
Jenko — mapropr ta B. Jlanunenko — npodopr
Biooinenns taxy xapaKTepUCTHKY ITiAMUCATIH. ..
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31uBYyBajIo MeHE TyT Xiba-11o0 Te, mo i Mukona
[TaBnenko mignmucas, xoua 3aBKI4 HiIOU OyB MOTM
OMM3bKUM TpuATeneM... MalbyTb TO JuIile MeHi
TaK 37aBajiocs, abo i XoTijgocH. ..

He MoXy BiAIOBICTH Ha 3aITUTAHHS, @ YOMY
31 mHOI0 B.T. Cxisip Tak nmocrynas? I npuiiion
710 BUCHOBKY, 1110, HalleBHE TOMY, III0 Y€KaB BiJl
MeHe “ydapy”, Ta g He 6us... ToMy BiH TOUaB
6utu MeHe nepmuM. .. [Totim, motim, 3po3ymiio,
He 13-3a MeHe (CKIp 1 3 IHIIMMHU CiBpOOITHUKA-
MU BinineHHs noBoguBCs He Kpaine — OyB sSIKH-
MOCH TaKUM YOJOBIKOM, L0 Y TOOPUX, APYKHIX
CIPUSATINBUX YMOBAX Hi MPALIOBATH, Hi )KUTH HE
mir) cam B.T. Ckusip moctpaxaB Haiibinb1Ie.
[Ticns uncnennux ckapr iy Hapoguuii KoHTpoIb,
i ax y UK KITPC Ta anonimok Ckisipa 3 poOoTH
3HSUTH 1 HOMY JTOBENOCS MOKUHYTH BimmineHHs
HapTOXIMIi. ..

[Ipote, HaBiTh 3 TAKOIO HETATUBHOIO XapaK-
TEPUCTUKOIO aKaJeMiK-cekpeTap BimmineHHs xi-
Mii Ta ximiuaoi TexHonorii [Ipesunii AH YVPCP,
akaneMmik HAH Yxpainu Banepiu Ilasnosuy Ky-
Xap MeHe mepearectyBaB. A, sikOu Ha HOTO MicIi
y TOH 4ac akageMiKoM-CeKTpeTapeM OyB XTOCh 1H-
LM, XTO HE 3HaB MEHE, TO HAaTIeBHE MOl HAyKOBa
Kap’epa Ha LIbOMY i 3aBepuImiacs Ou...

3a mnanoM Buenoi panu Binninenns s ma
3aXMCTUTH JOKTOPCHKY nuceprarito y 1980 poui,
a 3aBepIleHOr0 BoHa Oyna yxe y 1977 poui. Jluc-
epTarllito s 3aXUCTUB ax y ciuni 1992 poky, micins
Toro, sik CKisipa 3a YHCICHHI MaxiHayii Ta Ha-
YKOBY HeUUCmONIOMHICMb 3HSIIN 3 poOOTH, a Ha
ocHOBI 1 Binninenns Hdproximii Oy0 cTBOpEeHO
HOBH — [HCTUTYT OGioOpraniuHoi Ximii Ta Ha-
droximi (IBOHX HAH Vkpainn). Moro cTBopus
1 ouonuB Axkanemik HAH Ykpainu Banepiii [1aB-
noBu4 Kyxap. Tenep Inctutyt 6i0opraniuoi Ximii
Ta HapTOOX1l HOCUTH iMs anemika Kyxaps, mo
MOJIOIUM BiIIHIIOB y IIAPCTBO OE3KOH(ITIKTHHUX. . .

BrparuBim Hafio KOJIUCh CTaTH JOKTOPOM
HayK, s TIepecTaB i TyMaTu PO MOXKJIUBICTb CTa-
TH JOKTOPOM HayK 1 MPOCTO MpaIioBas... PoOus
T€, 110 MEH1 OyII0 1iKaBO, T€ M0 MIr i Te 110 Oyio
noTpiOHO. 3a MOEIO 1HILIATUBOIO TA YYacTio OyiI0
OpraHi30BaHO MPOMHCIOBE BUPOOHHUITBO iHT101-
TOpiB KOpo3ii Ty “Hagmoxim™ Ha Jlporoouiib-
KoMy HadromepepobHOMy 3aBoai. Y Pocii Oymno
CTBOPEHO BUPOOHMIITBO cepii iHT10ITOPiB KOpO3il

tuny “Tiomens” Ta “Inkanykp”. Jleski i3 HUX 1 BH-
POOIISIIHCS, 1 BUKOPUCTOBYBAJIMCS Y IPOMHUCIIOBUX
yMOBax. 3a IUKJI POOIT y IbOMY HaNpsMKY MuH-
negpbmenpom CCCP BHUIaB MEH1 TOKYMEHT, SIKUI
INIACHUB: «pe3y1bmamsl €Mux pabom no3eonsaom
CCCP cokpamumb 3aKynKu o UMROpPMy peazeH-
mog 0Jisi HeghmedobwbIuU HA CYMMY 8 25 MULIUO-
HO8 0011apo8 edxce200H0Y. MeHe SIKOCh BCe 1€
HIOM ¥ He 3a4inmano, s MPOCTO JIOOUB MpallOBa-
TH, BHOadTe 32 HECKPOMHICTh — TBOPUTH. | TOMY
HallO1IbIIIe TOPAKYCTh, MOXKE M HAHMPOCTIIIO0
3a XiMi€0 po0OTOr0, BHACIIZOK sikoi Ha Kamyr-
ChKOMY KOHLIEpHI «Xopgininy, BIacHe, JIUIIE 32
MOEIO 1HIIIaTHBOIO OYJI0 OpPraHi30BaHO MPOMHUCIIO-
Be BUpOoOHUITBO (710 6000 TOH/piK) aMiHOHITPUITY
HEJ/]A: NC-CH,CH,- NH - CH,CH,- NH -
CH,CH, - CN, six nnpeKkypcopa i CUpOBUHU J1JIst
BUPOOHHUIITBA 1HTiOITOpa KOpOo3ii «Hagmoxim-3»
y HAporo6uui. Po6oTa moyanacs 3 XiMigHOi (op-
MYJIH, HallUCaHOi MHOIO Ha marepi, 1 npoiima
HUISAX BiJI PO3POOKH TEXHOJIIOTIYHOTO PEINIAMEHTY,
IPOEKTY, PUTTS KaHaB /Ui (PyHIaMEHTY, Oy/iB-
HUIITBA IIPOMHUCIIOBOI YCTAaHOBKH 1 CEpIfHOTO BH-
MYCKY NMPOAYKIii Ha aBTOHOMHIH (1111 BIIKPUTUM
HEOOM) TPHOXIIOBEPXOBii YCTaHOBIII 3 IBOMA pe-
akTopamu Ha 25 »* xoxHuii. [Ipomec Oyio Bija-
NpalbOBaHO HACTUIBKH, 1110 3aJlaHa TeMIleparypa
80°C 0e3 0XOJOPKEHHS 1 MiAIrpiBy TpUMaacs
B MEXax OJIHOTO rpajyca... 3po3yMiso, 1o Oara-
TO yBaru NpuAIsAB ik podoti Moticeui Llletiniko-
euu Kenoic, y B SIKOTO 51 HAHOLIBII YCIIIITHO
i TIpaIoBaB MPOBIAHUM HAyKOBUM CIIBPOOIT-
HUKOM, a BiH 3a0e3redyBaB i (piHaHCYBaHHS Ha-
IIMX JOCHTIKEHb, 1 peaizallifo HalluX HayKOBUX
po3pobok... Ta, cranocs. 3gox CPCP. 3aBasiku
nigTpumili akagemika B.I1. Kyxapa st 3axuctun
JTOKTOPCHKY nucepTaisiro, a Moiiceit [lefniko-
BUY HA3aBXK/IM BUiXaB 10 AMEPUKH. .. 1 Iech uepe3
piK TaM TIOMep 1 HaM He BAAJI0Cs 3AIMCHUTH HOTO
MpIiI0 — peastizyBaTy Hallll po3poOKH 1 Ha c8inoeo-
My PUHKY... A, 31aBajIoCs, 1110 BiH JIUIIIE 3 TAKOIO
MeTolo i nepedupancs 1o CLIA. ..

A Ha Ykpaini nouanacst po3pyxa. Hibu e
VYkpainceka He3anexHa Jlep:kasa, ajie Hema rpo-
meif... Ha po6oTi mepecranu BUILUIaYyBaTh 3a-
pOOITHY IU1aTy, MPaliBHUKIB BiNPABISAIOT Y BH-
MylIeHy 0e30IIaTHy BiAMyCTKy... Ta MeHi HiOu
1 TyT ycMixHynacsa A0is. 3a KOHKypCOM Ha Miit
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MPOEKT Ha PO3POOKY TEXHOJIOTIi 3HEUTKOIKEHHS
(ymunizayii) piIKOTO paKeTHOTO MaBLHOTO (een-
muay) MiHicTepcTBO 00OPOHH BUALTIIIO AESKi
KOIITH. ...

VY Csiti Ha TO# yac He Oyn0o TEXHOJOTIi
3HEIIKOJKEHHS, BIacHe, XIMI4HOI mepepoOKu
i€l HaI3BUYAWHO 1 TOKCUYHOI, 1 KaHIIEPOTCHHO1
pedoBHUHH, 00 SACPHI JepKaBH IIe HE PO330po-
I0BanuCs. YKpaiHa Mepiuoo B3sja Ha cebe Taki
3000B’s13aHHSI, OTPUMABIIHU BiJ SACPHUX JCpPKaB
“Memopandym” TIPO TapaHTii BOEHHOI O€3MEKH Ta
TEPUTOPIATBHOI IITICHOCTI. SIK MU Temep Oauu-
MO — JIUIIE HIY0TO HE BapTUH Mamipeib, a OJUH
13 TUX «TapaHTiB» 1 HAII “cmpameiuHuti napm-
Hep” yKe OKylyBaB Yxpaincokuti Kpum, yacmuny
Jonbacy, ma Ilpuyopromops i Beie KOPCTOKY
BiliHYy Ha 3HMILIEHHA Hamoi /lepxaBu, Bi1acHe, Ha
IIOBHE 3HUILECHHS YKPAIHCBKOI JEPKaBU Ta BUHE-
IICHHS /10 HOTW yKpaiHuiB... XKax! Ane ykpainui
4OMYCh Ha 1€ HE 3BAKAIOTh — HIOU HE BIpPATSH, 1110
iX CUHIB, YOJNOBIKIB, OpaTiB Ta 0aThKIB pyccKie,
HIOW Ha 3aBXAM “‘Hawi cmapwi bpamu’”, wo eu-

twiau pasom i3 Hamu ma Oinopycamu i3 0OHiel

KOIUCKU, JKOPCTOKO yOUBAIOTh, CIAIIOIOUH yCe
JKUBE 1 HE)KMBE BOTHEM Oarapeii Ta pakeT “rpad”,
«OyK», «CMepu», «Kamiop» Ta «KUHIKAI. .. [1o-
IPOXYIOTh 3aCTOCYBATH MPOTH HAC 1 TEPMOSICPHY
30poto. PakeTHe manbpHe U1 OATICTUYHHUX PAaKeT
pycckie GamucTH-MyTiHIl HE JiKBiIOBYBaIH. . .,
a toxi, y 90-Ti poKM MUHYJIOTO CTOJITTS iCHYBaJIa
il 1HIIIA 3arpo3 — BijJ BEJIMUYE3HHUX 3aMaciB Terep
y’Ke HeTMOTPIOHNX PAKETHUX MAJIUB Ta OKUCITIOBA-

XiMmito “eenmuny” s y>ke TPOLIKH 3HaB, 00
KOJIUCh MU BUKOPUCTOBYBAJIM HOTO SIK CUPOBHHY
JUIsS CUHTe3Y 1HT10iTOpiB KOopo3ii “Iukanykp” (1H-
ribitop xopo3ii Akagemii Hayk Ykpainu). ¥ mpo-
MUCIIOBHUX JOCIIIHUX MapTisiX HOTO BUTOTOBIISUIN
y J13epxkuHchky HukHEHOBrOpoachkoi 001acTi
B Pocii 1 3acTocoByBasin Ha HaQTOMpPOMHUCTAX
Hegmerweancovka:

Ta mo6 BUpIKUTH npodiiemMy yTuizalii
eenmu.iy HeOOXiTHO OyJIO BUBYUTH BIACTHBOCTI
i€ peYOBUHHU TIOBHIIIE. YK€ TOMEePeIHi JOCIi-
JOKCHHS TToKazand [21], 1o HaiO1IbIl aKTHBHUM
peaKifHuM HEHTPOM Y MOJIEKYJI HECUMETPHY-
HOTO TUMETHUITIAPa3suHy BUCTYIA€ TPETUHHUMN
aToOM a30Ty, a BUIbHY aMiHO2pyny 3a PeaKIiifHOI0
37IaTHICTIO MOJKHA OyJIO MIPUPIBHATH 710 3BUYAM-
HO1, MaJI0 peakUiiHO31aTHOT METUIBHOI TPYIIN.
Bnacue, To yxe Oylio 1moka3aHO y CHUHTE31 iHKa-
Hykpa, ne mu H/[MI" anxumoBany HOHiI(DeH1I-
B-xmoperunoBuM etepoMm. llikaBo, ane mu
BIIEpILIE TIOKA3aJM, 10 OTPUMAaHI TAKUM YHHOM
N-anxun-N, N-Ooumemun-N-aminoiminu Ta iXHi
COJIl MOXYTh OyTH BUKOPHUCTAHI, SIK €()eKTUBHI
MPEKYpPCOpHU B OpraHiYHOMY cUHTe31. Tak, Hamu
MOKa3aHo, M0 diazomyganusam (Ais a30THCTOT
KHCJIOTH) 13 YETBEPTHUHHUX COJICH aMOHIMIMIHIB
NPaKTUYHO KIJBKICHO YTBOPIOIOTHCS TPETHHHI

4iB, a 1€ “‘eenmun’, “amin’, “camin’ Ta iH. OUMEMUANKITAMIHU:
IYIe -N, ,CH,
MeN-NH, +  AlkBr ——= Ak—N—NH,.Br + HNO, — = AK—N
\
Me —H,0 CH,

BusiBuinocs, 1o 4eTBepTUHHI AMOHIUIMIHU
MPAKTUYHO 3 KUTbKICHUM BHXOJIOM YTBOPIOOTHCS
ripu B3aemonii H/[MI" 3 okcuaamu aiKeHiB, MiCIs

Alk—v

o)

22

+ |
+ MeNNH, — > Ak—CH— CszrTJ—NH2 — A —CH—CH;—N__

J11a30TYBaHHAM SIKMX, MOXKYTh ¥ HalIIPOCTIIIUM

CIocoOOM YTBOPIOIOTHCS BIJMOBIAHI TPETHHHI

AMIHOANIKAHONU:
CH,

/Me

CH Me

3 OH
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B3aemogi€o oTpuMaHuX aMiHOAJNIKaHOJIB
3 ecTepaMH MOHOXJIOOITOBOI KUCIIOTH MH OTPH-
MaJId JAy’Ke IIKaBl reTepOLUKIiuHI CYeTBEPTUHHI
coul, IO 3a BIACTHUBOCTSIMH € KarioHHuMuU [TAP:

SIKII0 BUXOIUTH 13 HAWAOCTYITHIIIIOTO OKCH-
Ny eTUJIeHY, TO BHACIIIOK Ili€l peakuii yTBOpIo-
eTbest dumemunaminoemanon: Me,N-CH,CH -OH,
SIKU{ IITMPOKO 3aCTOCOBYETHCS y (hapMalleBTUYHIN
XiMii (BUpOOHHIITBO XOuiHY Ta iH.). Ta, oueBuaHO,
HaWIepCreKTUBHILIE Oyrie 1 OTPUMYBATH OUMenmu-
JaMiHOemaHon 1 TAKUM YMHOM 3HEIKO/KYBaTH
eenmul IPOCTUM KaTATITUYHUM T1IpyBaHHS 2i0-
POKCUEMUTAMOHIUIMIHY, OTPUMAHOTO B3a€MO/II€I0
HJIMI 3 OKCUOM E€TUIIEHY:

CH
H,C\ O 1 - H, HyC,
N=NH, + /N ——  HN—N-C—C—O0" __~ N—CH,-CH,-OH + NH,
H3C CH3 2 2 Kat H3C

TexHoJ0Ti10 TaKOTO MpOIIeCy MOXKHA OyI0 O
peanizyBaTh Ha OJJHOMY 13 MOOUTBHHX 3aBOJIB
bipmu “Thiokol” (Mu Taki meperoBopu BeIU
3 mpeacTaBHUKOM Tiel dhipmu 1. Vorcuncoxkum),
Hanpukiag, nepeganux Pocii ypsoom CIIA nns
3HELIKO/PKEHHS TeNTUiTy. PI3HULA TUIBKY Y TOMY,
1o 3a TexHosoriew “Thiokol” necumempuyunuii
oumemunciopa3un BiTHOBIIOKOTH A0 OuMemu-
Jaminy, O HE BUPINIYBajIo MpoOieMy MOBHO,
00 13 TMMETWIaMIHYy Ha Tii kK€ caMiil YCTaHOBIII
JIETKO MO)KHA OYyJ10 1 AMMETHUIIaMIHy OTPUMYBATH
1HMT ...

VYkpaiHa 3aMiCTh TaKHUX 3aBOJIIB OTpHUMasia
BiJl AMEpPUKH JIUIIIE KOIITH /7151 OyAIBHUIITBA Ty>KE
HEHAIIWHUX cXOBHIN 1jist H/[MI'. SIk BUSBUTHCS
mi3Hime, YKpaiHi Hi Taki CXOBHIIA, Hi TaKi 3aBOIU
BUSIBUIIMCS] HEMOTPIOHNMHU, 00 KEPIBHUIITBO 30pOii-
HUX CHJI YKpPAiHM L€ PafsSHCBKOIO 3pa3Ky SIKOCh
HEMOMITHO KOMYCh Tpoasio yci 5000 T rentuy.
Henotpi6Horo BusiBIIacs 1 po3po0ieHa HaMH TeX-
HOJIOT1sl HOTO 3HEUIKO/PKEHHSI Ta OTPMMaHHA Ha
HOro 0OCHOBI HOBHUX TIOBEPXHEBO-aKTHBHUX PEUOBH-
HU aMOHIM-IMIHHOTO THITY, HAIIPUKJIa/1, HA OCHOBI
HaTypaJbHUX TPUIIILEPUIIB (piaKoBa OJisl, YU
COHSIIITHUKOBA OJTisl) Ta OKCHTY €TUJICHY:

/ OCOR
|+ EOCOR
RCOOMe + _ o/\/N *NHZ + OCOR
Biodisel
MeOH j\ M HO OH OH
- Me e
— OH
R™ N —rTJf\/

[eit HalmIpoCTiHii CIOCi0 1 3HETTKOIKEH-
HS TENTUIY 1 OTpUMaHHS Ha HOoro ocHOBI edek-
TUBHUX y HadToa00yBaHHI 1HT1OITOPIB Ta OAHO-
9acHO €MYJbraTopiB JOBECTH JI0 MPAKTHIHOTO
BUKOPHUCTAaHHS HAaM HE yIaJIOCh, X04a HEOOXI1I-
HUM persiaMeHT OyJIO TiJATOTOBIICHO 1 MepeIlaHo
Ha Qipmy «bapsa» B IBano-DpankiBcbky. Ta 3a
TaKy poboTty Tpeda Oys0 BiAMOBIIHO 3aIJIaTUTH,
TOOTO MOMITUTHCS 3 «bapeoroy TUMH KOIITaMU,
o Oynu BUAIJIEHI HaM Ha 1o poboty. Ta Ha-

)OJ\
|
RT "N—N-C—C-OH + Ar—NH, —>
| H; H

Me

yaJbHUK HAayKOBOTO IIeHTpy MinoOoponu Ykpa-
THM He 3aXOTIB Hi 3 KUM JITATHCS... BiH XOTIB
IO POOOTY TATHYTH «BI4HO»... BpemTi-pemT
TeNTUI TIPOJAIU 1 HaIlla TEXHOJOTIsI BUSBHUIIACS
HernoTpiOHOM0... Ta TyT, MaOyTh, BapTO Oyi0 O
MIJIKPECITUTH, 10 y TPOoIieci po3poOKH criocobiB
yTUII3a11i, XIMIYHOT TepepoOKH 1 3HEUTKOIKEH-
HS TEeNTUIIYy HaMu OyJI0 3HalJIeHO crocoOu Taki
OTpUMaHHSI aJKiTapuiKapOamiaiB (IU3aMIIeHUX
CEYOBHH):

H H

R/N\H/N\Ar +

N
N
I <" 0H
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Ta HeBiOMe paHillle IeperpynyBaHHs:

0} O
/ﬂ\ B+ HN-N] —=
R (0] 2 N R
Ha oMy MoOst akTHBHA, €KCIIEPUMEHTAITb-

Ha JISUTHICTH B OpraHivHIA XiMii 3aKiHUMIIACS.
3 2005 poky 3a gopy4yeHHsM akanemika Hario-
HainpHOI Akanemii Hayk Ykpainu, Bazepis [las-
nosuya Kyxaps s nepeiiioB Ha “rimepamyphy”
pob6orty. [ToyaB mucaru OIJIsA0BI CTATTI, IPUCBSI-
YeHi CHHTE3Y, KaTAIITAYHOMY Ta aCHMETPUIHOMY,
Henpomeino2enHuxX aMiHOKUCIIOT, HAUI[IKaBIIIINMHU
13 SIKUX € “w-I emepunzamiweni a-aminokuciomu’”
[22] (Tanuyk FO. B., Kyxap B.I11. Kypnan ope.
ma ¢apm. Ximii.— 2006. Tom 4, eun. 1(13). —

H OH
Oz,,' o NHZ
HO~\s ;
> COOH
OH
A

H OH
o, NH,
HO Qo
P " cooH
OH

B

aki € C-i3ocTepamu rajgakTo3mwi-O-cepuny (A4)
Ta rajakrosunacnapariny (D); «f-I'iopokcu-o-
aminoxuciomu. Acumempuunuii cunmesy, 1, 11 [24]
(Kyxap B.I1., Tanuyx FO. B. JKypnan ope. ma gpapm.

Cm. 3-27.), TUIy aMiHOKHUCIIOTH:

o} H
SN
N/

“—OH

HO

OH

SKa BXOJUTh Y CTPYKTYpPY MOJIOKCUHIB; “I10-
Xioui oxcaszoniouny y cunmesi C-cemepui- ma
C-eniyuoun- a-aminoxkuciom’ [23] Tanuyx FO. B.,
Kyxap B.I1, Tanuyx B. FO. JKypuan ope. ma ¢apm.
ximii.— 2007. Tom 5, eun. 1(18). — Cm. 3—-24.),
tuny C-tinuani-o-aminokucnot (C i D):

HO, OH
| o)
HO . //\\//\1/COOH

OH NH
I 2
HO, OH
. o n
HO&___ N/NWCOOH
OH
(e} NH,
D

Ximii— 2010. Tom 8, 6un.2(30)— Cm. ta [25] Ky-
xap B.I1., Tanuyx FO. B. JKypnan ope. ma gapm.
Ximii—2010. Tom 8, 6un.4(32) — Cm.21-39), Tuny
1,4-(2°’-0ymenin)-4-wemun-N-memun-L-mpeoniny:

OH O

OH

Me NHMe

SIKa BXOAWTH Y CTPYKTYPY UMKIOCHOPHHY Ta IHIIHMX [-TiAPOKCH-0-aMiHOKUCIIOT, Hanpukian, (2R, 3S)-

[-eiopoxcugpeninananiny:
OoH

COOH
R/Y

NH
2 S o
R = Ph, p-Me-Ph, m-Me-Ph, p-t-Bu-Ph, ,-CI-Ph, ,-BnO-Ph, h-Br-Ph, @/ @/

Ta 6araThOX IHIIMX MPUPOJHUX AHTHOIOTHKIB
(Cyclomarin A, Callipeltin A, Papuamide A).

Jlo B-rigpoKCu-0-aMiHOKHCIIOT TaKOX BiJi-
HOCSATBCSA W Taki CHIbHI IMyHOCYNEPCAHTH K
Myriocin ta Sphingofungin E:
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MOBHUM CHHTE3 SKMX 3A1HCHEHUHN SIMOHCHKUMU
XiMiKamH, 1 11 CKJIaIHI pOOOTH TaKOXK PO3IIISTHYTO
y HaIIOMY OIS

Hanaxku, ciopoxcuaminoxuciomu, T1iApoO-
KCHJIbHA Ta aMIHOTPYIH Y SIKUX 3HAXOASATHCS BijI-
MOBIJTHO Y 0~ Ta B-TTOJIOKEHHSX 110 BiAHOIICHHIO
710 KapOOKCHIIBHOT IpyH, SIK (hapMako(hopu BXO-
ISTh y CTPYKTYpy becmamuny, Amacmamuny,

/I;lH\z)(L NH, O
R™ Y "OH R/'\E/U\OH
OH OH
2R,3S 2R,3R

Taxcon OGyn0 BUIIEHO 13 KOPH THXOOKEaH-
cekoro tucy Taxus brevifiola, ane, He TUBITYUCH
Ha MOTro JIIKyBaJIbHI BIACTHBOCTI JIJISl BCIX BUIIB
3TI0SIKICHUX 3aXBOPIOBAHb T4 PAKOBUX METACTA3 SIK
Yy CCHCUTUBHOMY, TaK 1 y PE3UCTCHTHOMY CTaHaX,
el mepnenoio TPUBAIMIA Yac HE 3HAXOUB IIUPO-
KOTO KJTIHIYHOTO 3aCTOCYBaHHS, TOJIOBHUM YHHOM
13-3a HU3BKOTO (Big 40 10 160 Me/ke) BMICTY HOTO
y Kopi JiepeBa Ta uepe3 CKIaIHy TEXHOJIOTiI0 Horo
BUJIUICHHS 13 Li€1 IPUPOIHOI MOBLIBHO BiTHOBIIO-

OH :
OCOCH,

Taxol

Ili maHi 3HAYHOIO MiIpOIO poO3vapyBajH
JTOCIITHUKIB, 00, SKIIO TOCUTH MPOCTY aMiHO-
KUCIIOTHY KOMMOHEHTY — (2R, 3S)-N-6enzoin-3-
Genunizocepun MO>KHa CUHTE3YBaTH, TO TaKHil
CKJIQJHUI 32 CTPYKTYPOIO Ta CTEPEOXIMEIO Tep-
MEHOITHUN aJIKOTOdb K [ 0-ayemokcubaxkamun
II] oTpuMaTH CHHTETUYHUM CIIOCOOOM HiOH 1I1e
Hi KoMy He BAanoch. OJHaK JOCTITHUKAM IO-
macTtiino. Y 1988 porii Denis i3 criiBpoOiTHUKaMU
TTOBIJIOMHUJIH, IO Y JIUCTI (TOJIOKaX) EBPONEHCHKO-
ro Tucy laxus baccata € TEpIICHOITHUIA aJTKOTOJTb
10-0eayemunboakamun, SKAA 3a CTPYKTYpPOIO Ta
CTEPEOXiMI€I0 IIJKOM BiAIMOBI/Ia€ OCHOBHOMY
KOMITOHEHTY MaKcoid, IpUIOMy IIbOTO aJIKOTOIIO
y JIUCTI €BPOTIEHCHKOTO TUCY 3HAYHO OLITbIIE — 10
2r Ha 1 Kr 1 TUCTA € BITHOBIIOBAHOIO CHPOBUHOIO:

OY()
CBHS
10-Acethylbakathin 111

@ebecmuny, Mikpozeniny Ta TAKUX CUHTETHY-
HUX 1HTi0iTOpiB amiHonenTuinas sk HIV KNI-227,
KNI-272 Ta 6ararbox iHIIUX MPUPOAHUX TA CHUH-
TETHYHHUX O10JIOT1YHO BXKJIMBUX PEUOBHH Ta JIi-
KyBaJIbHUX 3ac00iB. OiHaK, uie BiAKpuTTs [1a-
kaimakceny uu Takcony cTano HaWBaXIJIMBIIIUM
CTUMYJIOM JIJIsl IHTEHCUBHOTO PO3BUTKY XiMii IIUX
0-2I0poKCU-F-AMIHOKUCTIOM:

NH, O NH

2 - 2
R OH R/ﬁ)kOH
OH OH
2S,3R 2S,3S

BaHOI CHPOBHMHU — ITICJIst 0OAMPAaHHS KOPU IEPEBO
ruHe. Tomy Ha3pina morpeda MOUIYKY K HOBHX
JUKepelt, Tak 1 Cloco0iB OTpUMaHHS Ii€l BKpaid
BAXKJIUBOI PEYOBUHU.

Perpocunres Ta BceOiuHi XimMiuHI Ta iHCTpPY-
MEHTAJIbHI JOCHIIKEHHS IOKA3aIH, 0 [aKcol €
MOHOECTEPOM MO (PYHKITIOHATIBHOTO JTUTEPIICHO-
inaHoro momniony — /0-Ayemunbaxamuny Il Ta
(2R,3S)-3N-b6en3oin-2-2iopoxcu-3-¢genianpo-
nionoeoi kuciomu (N-6eH3011-3-(heHinizocepruny):

OCOCH, (2R,3S)-N-Bz-3-phenylisoseri

O%‘/ ° 6COCH3

CeHs

3 TUX Mip ¥ MoYaBcs IHTEHCUBHUN PO3BUTOK XiMil
SIK TOMOJIOTIB, TaK 1 MOXIJHUX TAKCOJY, a TAaKOXK
e OibIle pi3HOMaHITHUX aHAJNOTIB (2R,3S)-
N-6en3oin-3-gpenunizocepuny. 1likaBo TyT TE,
10 CHHTE3 aMiHOKHUCIIOTHUX CKJIQJIOBUX TAKCOIY
PO3BHBABCS TPAKTUYHO OJHOYACHO 3 PO3POOKOIO
B LIUTOMY MAKCONI8. Ix muni Bimomo 6araro.
Takum ynHOM Oynia CTBOpEeHa, MOXKHA CKa-
3aTH, OKpeMa XiMis Halle()eKTHBHIIINX MPOTUPA-
KOBUX MEIMYHUX TIpenapariB — makcoiois. Kopot-
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KO MM IpOaHaJIi3yBaly Leil Marepial y HalloMy
omsil — “Acumempuynuil i KAMALMUYHUL CUHME3
a-eiopokcu-f-aminoxuciom”, [26]Tanuyx FO. B.,
Kyxap B.I1., Kamanu3 u ne¢pmexumus, 2011 (19). —
C, 1—47. 3po3ymio, 110 Hi O10JIOTTYHHX, Hi MEIHY-
HUX aCIIEKTIB IIi€i MPOOIeMH MU HE TOPKAJUCH.

Bucnosknu

Brnacue, HaOpaBIIKCh TOCBIy Ha aHami3i
IIOTO BEJIMKOTO MaTepiany 3 CUHTE3Yy Henpomei-
HoeenHUX (PYHKIIIOHAIBHO 3aMIIIEHUX aMIHOKHC-
JIOT, S MPUHILIOB 10 BUCHOBKY, 1110 3BUYAKWHOIO,
KJIACUYHOIO OPraHIYHOIO XIMIE€IO y CTIHAX aKa-
JEMIYHUX HAyKOBHX 3aKJIaJiB 3aiiMaTuCs yKe He
BapTo. Haiikpami cuHTeTnyHi 6apBHUKH, MOJI-
MEpHI MaTepiaiiu, IHCeKTULIUIN Ta i HAUTIPOCTIII
010JIOT1YHI MaTepialii Ha OCHOBI MOXITHUX aJji-
(haTHYHUX, APOMATUIHUX Ta W TETEPOIMKIIUHUX
CHOJYK, MaOyTh, YK€ CTBOPEHI, i TOMY OCHOBHUM
1 HAaOUTBII IEPCTIEKTUBHUM HAIIPSIMKOM TI0/1aJTh-
III0T0 PO3BUTKY OPraHivHO1 XiMii € acumempuynuil
cunme3s, SKUW JO3BOJISIE CTBOPIOBATH HOBI, 4aCTO
aHAJIOTIYHI IPUPOJHUM, PEUOBUHU 3 BUCOKHUMU
010JI0T1YHO-aKTUBHUMH Ta JIIKYBaJIBHUMH BIlac-
THUBOCTAMU. ToMy s BBa)karo, 110 XIMiKU-OpraHiK{
Ha JaHOMY eTarli Ta B Mall0yTHbOMY MaroTh y CBO-
X JOCIIDKEHHSX, SIKOi O BOHM raly3i opraHiqyHol
XiMii He CTOCYBAJIMCS, 3aMIHATH, HAIIPUKIIAJ, Tpa-
JUIIIHI apOMaTUYIHI UKIIIYHI CUCTEMH — OSH30J1,
TOJIYOJI Ta 1H. HA aHAJOT1YHI MUKJIIYHI CUCTEMHU
MPUPOTHOTO MOXOKEHHS, HAPUKJIIA, HA MOHO-
LyKpH, JU- Ta MOJiCaXapuau, aMiHOKUCIIOTH. ..
Jlymaro, o y BCiX BHIIAKaXx i JIIKapchKi 3aco0H,
1 BUCOKOMOJIEKYJISIPHI CIIONyKH Oynu O 3HaYHO
MEHIII HIKIJJTMBUMH, HI)K aHAJIOT14HI TPOIYKTH
Ha OCHOBI apOMaTHYHUX BYIJIEBOIHIB HAPTOBOTO
YU BYT'UIBHOTO TIOXO/KeHHA. Taki po3ayMu npu-
BEJIM MEHE JI0 TOro, 100 HAaMHMCaTH CHeliadbHy
crartio — [27] “Llykpu, sicupu ma ix noxioui ax
peazenmu 01 opeaniunozo cunmes” — Kamanus
u negpmexumus, 2008, (16), 27-37.

o me xoTiB 3pobuTH 1 He 3pobuB? bara-
to! Illkonyto, 110 0OCTaBUHU 3aCTaBUJIU MEHE
3aKUHYTH XIMIIO 1HIUTOITHUX OapBHUKIB. SIK
OyB O MyIpilIuM, TO MIir OU BMOBUTH MOTO
yuautensd, npodecopa I1. C. Ilenpkica B3sTH, Ha-
NIPUKJIAJ, 32 OCHOBY CBO€1 KaHIUAATCHKOI JHUC-
epraiiii, xoua 0 /-ciopoxcu-4-memoxcunagpmanin.
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51 3HamIOB e(heKTUBHIIINKI, HIX TO pOOMIIOCS Ha
1G Farbenindustri ciocid 1uis Horo CUHTE3Y 1 BiH
JIETKO BCTYTIA€ Y PEAKIII0 3 ApOMaTHUYHUMHU COJISI-
MU J11a30HI0, MM, BJIaCHE B OCHOBHOMY 3aliMaB-
cs Bigain Cunmemuynux 0i010214HO-AKMUSHUX
peuosuHa... XOTiB HAIlMCATU CTATTIO, a, MOXE,
i kHHTY, 00 MaTepiany TyT xyxe Oararo, 3 Ximil
aminoyykpis. JIns nporo yxe 03HaliOMUBCA 3 IIPO-
6memMoro. Tak-csK OCBOIB KOMIT IOTEp, AYXKE TiIi-
THaB CBOIO aHIVIINCHKY MOBY Ta, HAWTOJIOBHIIIIE,
HABYMBCS OPIEHTYBATHCA Y XIMIUHINA acUMETPIi...
He Bnanocs, ninioB Ha neHcito. He Bnanocs cTBo-
PUTH 1 HOBY Tally3b — KOJIOIOHY Op2aHiyHy XiMilo,
ajpke (pismuHa opraHiyHa XiMis € 1 yCIIIIHO po3-
BHBAETHCS, TO UMM Tiplia KonoigHa?

Ta, six Oyno Hamrcano Ha niepcHi napst Co-
JIOMOHA — “Bce munac”... € I’ ATh JUILIOMIB, €
303 naykoBi ctarTi, € 71 ABTOpPCHKE CBiOLTBO
1 IBa y»K€ YKpaiHChKi maTreHTH... [IpamoBano
KOJINCh YOTHPH BUPOOHHUIITBA 1HT1OITOPIB KO-
po3ii— nBa y Pocii, 1Ba B YkpaiHi, mpoMuciaona
ycTaHoBka amiHo HiTpuny ([{E/[A). He ctBopuB
Haykoeoi wixonu (TAr0TyBaB JUIIE TPhOX KaH]IU-
JIaTiB HAayK) — HE JIO3BOJISUTA 0OCTaBUHU. byB nuiie
CTapIIKM, a TIOTIM MPOBIJHUM HAYKOBHUM CITiB-
POOITHUKOM 1 3aBXK/]IM MPUHIIMIIOBUM OecrapTiii-
[EeM... YKe MiClis acmipaHTypy HE MaB HisIKUX Hi
YUUTENB, HI KEPIBHUKIB... 3 BISYHICTIO 3raaylo
Axanemika HAH Yxpaiau @edopa /lanunosuua
Osuapenka, SKAI MATPUMAB MEHE ITPH po3po0Ii,
s cKa3aB OM, TEPMOAMHAMIYHUX OCHOB IPOLECY
MILEIIOYTBOPEHHS Y BOJHUX PO3UHMHAX KOJIOTIHUX
MOBEPXHEBO-aKTUBHUX PEYOBHH. BiH mocmpusis
onyOnikyBauHio y Konoionomy Kypnani moix
CEeMU MEepUIuX CTaTell, MPUCBIYECHUX [[OMY ITH-
TaHHIO. .. BiacHe, s 3aBX11 pOOUB TUIBKH T€, 10
XOTIB, T€, II[0 MIT... 1 BBaXaro I¢ HalOIIbIINM
IaCTSAM JUIS JOCIITHUKA. . .
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MY LIFETIME IN CHEMISTRY

Yu. V. Tanchuk

Institute of Bioorganic Chemistry and Naphthochemistry of the National Academy of Sciences of
Ukraine, Ukraine, 02094 Kiev, st. Murmanska, 1
V _ tanchuk @ yahoo.com
About the view of scientific activity doctor of chemical sciences, professor
Yulii Volodimirovich Tanchuk

Summary

Looking back at the example of the first hundred years of the formation of science and the last
development of important fields of organic chemistry along the path of fundamental achievements,
applied research and the development of complex results in important ways for the development
of new scientific aspects in various scientific fields small processes, and for significant industrial
productions of new materials and speeches, the effectiveness is shown on a large scale correctly
selected methodological approaches to the development of difficult of technological tasks.

It has been given a low application in the distance to the synthesis of new speeches, which is
confirmed by pointing to similar structural schemes, certificates and patents for inventions, approval at
scientific forums and publications in prestigious publications to fully describe their power and potential
for the sphere of occupancy.

Actually, having gained experience in analyzing this extensive material on the synthesis of
non-proteinogenic functionally substituted amino acids, I came to the conclusion that it is no longer
worthwhile to study ordinary classical organic chemistry within the walls of academic scientific
institutions. The best synthetic dyes, polymeric materials, insecticides and simple biological materials
based on derivatives of aliphatic, aromatic and heterocyclic compounds have probably already been
created. Therefore, the main and most promising direction for the further development of organic
chemistry is asymmetric synthesis, which makes it possible to create new, often similar to natural
substances with high biologically active and medicinal properties. Therefore, I believe that organic
chemists at this stage and in the future should replace, for example, traditional aromatic cyclic
systems —benzene, toluene, etc., in their research to similar cyclic systems of natural origin.

Keywords: organic chemistry, thermodynamic processes, quantum chemical calculations,
synthesis
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MOI NIBCTOJITTS B XIMII

0. B. Tanuyx

InctutyT Gloopraniunoi ximii Ta Haproximii HAH Vkpainu, Ykpaina, 02094 Kuis,
Bya1.MypmaHcCeKa, |
V_tanchuk@yahoo.com

O HayKOBOI AisSIJILHOCTI IOKTOpPA XiMiYHMX HayK, podecopa
KOuis Bosionumuposuya Tanuyka

Pedepar

B omsaai Ha mpuKIIai BIACHOTO MIBCTOMITHROTO AOCBITy CTAHOBJICHHS HAYKOBIIS 1 TTOCITIIOBHOTO
PO3BHUTKY BOXJIMBHX T'aly3el OpraHiqHO1 XiMii IIISIXOM (DYyHIaMEHTATBHUX J0CIIHKEHB, IPUKITATHIX
PO3pO0OK 1 BIPOBAKEHh KOMIUIEKCHHX PE3YJbTaTIB BXKIUBUX SIK JJISI PO3YMiHHSI HOBHX HAyKOBUX
ACTeKTIB PI3HOMAHITHUX XIMIYHUX MPOIIECIB, TaK 1 TSI 3HAUYIIUX TPOMHUCIOBUX BUPOOHHUIITB HOBUX
MaTepiajiB i pEeYOBHH MacCIITaOHO IMOKA3aHO PE3ybTaTUBHICTh MPABUILHO BUOPAHUX METOOJIOTTYHHUX
MIAXO/IB JI0 PO3B'SI3aHHS HEMPOCTUX TEXHOJIOTTUHUX 3a7ad.

HageneHo HU3KY PUKJIIAJIIB BAAJIOTO CHHTE3Y HOBUX PEYOBHH, IO MiJTBEPIKCHO HABEICHUMH
BI/IMOBITHUMH CTPYKTYPHUMH CXEMaMH, CBIIOITBaMH 1 TAaTCHTaAaMHU Ha BUHAXO/IH, arpo0alli€ro Ha Ha-
yKOBHX (hopymaxi myOJTiKaIisiMi B IPECTHKHUX BUAAHHSX, JI€ JOCUTh ITOBHO OMUCAHO iX BIACTUBOCTI
1 MOXKJTUBI cpepH 3aCTOCYBAHHS.

Brnacue, HaOpaBIIMCh JIOCBiTy Ha aHAII31 I[LOTO BEJIMKOTO MaTepialy 3 CHHTE3y HEIPOTETHOTCH-
HUX (YHKIIIOHAJIFHO 3aMIillICHUX aMiHOKHUCIIOT, 5T TIPUHIIIOB 10 BUCHOBKY, 1110 3BUYaliHOI0, KIIACHYHOIO
OpPraHIYHOIO XIMI€I0 Y CTIHAX aKaJeMIYHUX HAyKOBUX 3aKJIaJiB 3aiiMaTHCs yke He BapTo. Haiikpari
CUHTETHUYHI OapBHUKH, MOJTIMEPHI MaTepiaiy, IHCEKTUIIMAM Ta i HAUMpOCTiMIi 010JI0TIYHI MaTepiad Ha
OCHOBI MOX1THUX aTi(paTHIHUX, APOMATHYHUX Ta i TETEPOIMKIIYHUX CIIONTYK, MaOyTh, YK€ CTBOPEHI.
ToMy OCHOBHMM 1 HAMOUJTBIIT IEPCIIEKTUBHUM HAPSIMKOM ITOIAJIBIIOTO PO3BUTKY OPraHIYHOT XIMii €
ACHMETPHYHHI CHHTE3, SIKHI JI03BOJISIE CTBOPIOBATH HOBI, YaCTO aHAJIOTIUHI MPUPOIHUM PEUOBHHU
3 BUCOKMMH 010JI0TTYHO-aKTUBHUMH Ta JIIKYBaJbHUMH BIACTUBOCTSAMU. ToMy 51 BBaXKalo, 0 XiIMIKH
OpraHiK{ Ha JIAaHOMY €TaIli Ta B MaliOyTHhOMY MarOTh Yy CBOIX JIOCII/DKEHHSIX 3aMiHSTH, HAIPUKIIA]I,
TpaAUIiiHI apOMaTHYHI [IUKIIYHI CHCTEMH — O€H30J1, TOJIyOJI Ta 1H. HA aHAJIOTTYHI [UKIIYHI CUCTEMHU
MPUPOTHOTO TTOXO/KECHHSI.

Kuro4oBi cjioBa: opraniyna ximis, TEpMOAMHAMIYHI MMPOIECH, KBAHTOBOXIMIUHI PO3PAXYHKH,
CHHTE3
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AHAJJITUYHA MOJAEJb IJIA HNIAITOPOTOBOT'O PO3KHUAY B MOSFET
3 BUTOKOM HA OCHOBI XOJIOJHOI'O METAJIY

M. B. Cmpixa'?, K. O. Koporc!
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AHAJJIITUYHA MOJAEJb IJ HNIAITOPOTOBOT'O PO3KHUAY B MOSFET
3 BUTOKOM HA OCHOBI XOJIOJHOI'O METAJIY

M. B. Cmpixa, K. O. Kopoc

AHoTanig. Y pamkax y3arajibHeHOI TpaHcropTHOI mozeini Jlannayepa-Jlarra-Jlynacrpoma
oZIep>KaHO aHAJITUYHY (opMyiy ais mianoporooro po3kuay B MOSFET 3 BUTOKOM Ha OCHOBI XO-
JIOHOTO MeTaly, Jie Yepe3 HEBEJIUKY LIIUPHUHY BaJEHTHOI 30HM 1HXKEKTOBaHI B KaHaJ TPaH3UCTOPA
€JIEKTPOHM B)XKE€ HE MaIOTh Y PO3MO/LII 32 eHEPrisAMU «rapsiuoro» boneimanoBoro «xsoctay». [Tokasa-
HO, L0 JJISl TAKOTO BUMAJKY MiAMOPOrOBUI PO3KH] MPU KIMHATHIM Temmeparypi cTae HUKYUM BiJl

TPAaHUYHOIO 3HAYEHHS S = mlok—eT ~ 60 mB/nekana. Lleit egext Moxke OyTH BUKOPUCTAHO TSI 3HIKEH-
Hsl HAIIPYTY YKUBJICHHS TPAH3UCTOPIB Ta 1X MMOAAJIBIIOI MIHIATIOPU3ALLli.

KurouoBi cioBa: TpancnoptHa mozens Jlangayepa-Jlarra-Jlynacrpoma, TpaH3uCTOp, MiANO-
POTrOBHUI PO3KUJ, XOJIOAHUN METAI

ANALYTICAL MODEL FOR A SUBTHRESHOLD SWING IN A MOSFET
WITH A SOURCE BASED ON COLD METAL

M. V. Strikha, K. O. Korzh

Abstract. In the framework of Landauer-Datta-Lundstrom generalized transport model we
obtained an analytical formula for the subthreshold swing in MOSFET with a source fabricated from
a cold metal, where the electrons injected into the FET channel has no longer a “hot” Boltzmann “tail”
in their energy distribution. It was demonstrated that for such a case the subthreshold swing becomes

lower at ambient conditions than the limit value S = lnlok?T ~ 60 mV per decade. This effect can be used
for the lowering of the voltage supply and for the further MOSFET scaling.

Keywords: Landauer-Datta-Lundstrom transport model, transistor, subthreshold swing, cold
metal
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[igmoporoswuii po3kun S € GpyHaamMeHTa b-
HOIO XapaKTEPUCTUKOIO TPAH3UCTOPIB MeTal-
JEJIeKTPUK-HATIBIIPOBITHUK (B aHTIIOMOBHIM JTi-
TepaTypi /U1 HUX 3aCTOCOBYIOTH 3a3BHUail abpe-
aBiarypy MOSFET). Bona nokasye, y CKiTbKU
pa3iB Tpeba 301IBIIUTH HANIPYTY Ha 3aTBOPI v,
y TAOPOTOBii 00IACTI AJISt TOTO, MO0 TOCATHYTH
301IBIIEHHS CTPYMY Ha CTOKY /, Ha mopsiok [1]:

dv
S=In10—=—.
d(Inl,)

(1

Bigomo, mo 3a KiMHaTHOI TeMIepaTypH
B SIKICHOMY TPAH3UCTOPi 3 BEITUKUM 3HAUYCHHSIM
iA3aTBOPHOI EMHOCTI TpaHUYHE 3HAUYEHHS I[LOTO
napameTpy J0piBHIOE [2]:

kT
S =In10— ~ 60 MB/nexana,
e

)
1ie e —3apsa] eJIeKTpoHa, k — ctana bonbimana,
T'—temneparypa B rpaaycax KenbBiHa.

BaxnuBicTh pOTO TapaMeTpa MoJsirae
B TOMY, III0 MO0 HAalMEHIIIAa TPAHUYHA BEJIUYMHA
BHU3HAYa€ MIHIMAJIBHO MOXJIMBY poOOUy Harpy-
Ty )UBJIeHHs TpaH3uctopa (puc.l). Tomy 3meH-
LIeHHS S HIbKYe BiJl pyHAaMeHTaIbHOI Mexi (2)
TEOPETUYHO BIAKPUBAJIO O BEJIMKI MEPCIIEKTHBU
JUISL 1aJIbIIOTO 3HMKEHHSI €HEproCIOKMBAaHHS Ta
MiHIaTIOpU3aIlli TPaH3UCTOPIB.

log(1a)
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Puc. 1. Buxinna BAX MOSFET noxka3ye 38’5130k Ha-
npyru sKuBjieHds V, (1o Bianosigae MmakcumalibHo-
My CTpyMy 4Yepe3 CTiKk /) ) 3i 3HAUeHHAM
nignoporosoro poskuuy S. st kKpuBoi 3 §,< .S,
mMaemo 3Hmkennst V' <V,

3 1i€r0 METOl0, 30Kpema, Oyso 3amporio-
HOBaHO BUKOPUCTATH €(PEKT HEraTUBHOI EMHOCTI
B CETHETOENEKTPHKY, 1110 (hopMyeE 1Iap mia3aTBop-
HOTO AienekTpuka [3—6]. OnHak 6e3nepCcreKTuB-

HICTh TaKuX crupoO Oyino goseneHo B [7, 8] Ha
OCHOBI1 (yHJIaMEHTAJIBHUX TEPMOJUHAMIYHUX
OPUHIUIIB Ta YHCEIbHUX PO3PAXyHKIB pealb-
HUX CHCTEM.

Y [9, 10] Oyno 3anmpomoHOBAaHO 1HIIWMH,
3HaYHO (i3MUHIMMK crocid momonaTu QpyHaa-
MeHTaJIbHy MexXy (2). Piu y Tomy, mo Bupas (2)
OyI10 ()aKTUYHO OTPUMAHO JUISl CUCTEM, 1€ BEPXHS
Me)Ka BaJICHTHOI 30HM Y BUTOKY (1€l TepMiH 3a-
CTOCOBY€EMO TYT IO HAMBHUILO1 YaCTKOBO 3allOBHE-
HOI €JIEKTPOHAMHU 32 HYJIbOBOI 7 30HU TO3BOJICHUX
eHepriii B MeTanax) po3ramioBana Ha Oarato k7T
BuIe Bix piBast Depmi £ » 1110 O3HAYa€e HasIBHICTH
MOBHOIIHHOTO BUCOKOTO BOJIBIIMaHOBOTO «XBOC-
Ta» Yy CIIEKTPl I'YCTUHH eNeKTpoHiB n(E). L ymo-
Ba J100pe BUKOHYBaIAacs ISl BCIX MaTepialiB BH-
TOKIB, SIKI BAKOPHUCTOBYBAJIUCS JJOHEIaBHA.

MarematuyHo, sik Oyne, 30Kpema, oKa3zaHo
HUKYE, caMe TaKui po3nofiit i3 bonblMaHOBUM
«xBoCcTOM» y KOHBeHLIHHUX 3D 12D marepianax
BUTOKIB 1 MPU3BOIUTH 0 TPAHUYHOTO 3HAUCH-
Hs (2), IKe B aHIIOMOBHIH JiTeparypi NpUHHATO
OCTAaHHIM 4acoM Ha3MBaTH «boOJIBIIMaHOBOIO TH-
paniero» [11].

OnHaK y NpOTHIICKHOMY BHIIAJIKY, SKIIO
I BEpXHS MEKa BaJIGHTHOI 30HM pO3TAIIOBaHA
JOCTAaTHHO HU3BKO, BC1 €JIEKTPOHU HAJl PiBHEM
depMi «CTHUCHYTI» B TIOPIBHSIHO BY3bKOMY €HeEp-
TeTUYHOMY MPOMIXKKY 1, SIK HACTIAOK, PO3MOJIIT
n(E) BUMYIIEHO BUSABISETHCS KIIPUTHUCHYTUM»
1o piBaa @epwmi. Lle Moxe peanizyBaTucs Hacam-
nepen y JipakoBux marepianax, i Tomy B [9, 10]
1t iononanHs «bonkiManoBoi TupaHii» (2) Oyino
3alpOIIOHOBAHO BUKOPUCTOBYBATH Tpa)eHOBUI
BUTIK, noeaHannii 3 2D kananom. B [11] takuit
TPAaH3UCTOP 3 KaHaJIoM MoHomapy MoS, ta rpa-
(eHOBUMHU BUTOKOM 1 CTOKOM OyJIO MPAKTHUYHO
peasi3oBaHo, 1 Ha HbOMY CIpaB/i OTPUMAHO 3Ha-
yeHHs S, Hwk4i Big 60 mB/nekana. I1poGiema,
OJTHAK, IOJISITA€ B TOMY, 110 JJIst TOCSTHEHHS Bij-
MIOBITHOI €HEPreTUYHO1 BiICTaHi MK Toukoro Jli-
paka Ta piBHeM ®Pepmi B rpadeni, 1o A03BOIIsIE
criocTepiratu 3a3HauyeHui e(eKT, MoTpiOHI BUCO-
Ki HaIpyru Ha 3aTBOPI HOPSAKY AeCATKIB B, 1m0
pPOOUTH OMUCAHUN IPUCTPIN MATONPUIATHUM IS
3aCTOCYBAHHS B peasIbHIl eNEeKTPOHIII.

11006 cTBOpHUTH MPUCTPIid, IKUH TO3BOJIUB
6u nonaru bonbiManoBy Mexy (2) pH Hampyrax
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Ha 3aTBOpi nmopsaaky 1 B (1o pobuso 6 #oro mo-
€IHYBaHHUM 3 MPAKTUYHUMH cxemamu), B [12, 13]
OyJ10 3aIpOITOHOBAHO BHUKOPHCTATH JIJISI BUTOKY
1 croky monomapu NbS, i TaS,. Ix mpmitasaTO Ha-
3UBATH «XOJIOIHUMHU METaJlaMi» caMe 4epes3 Bijl-
HOCHY BY3BKICTh BaJICHTHOI 30HU 1 BIJICYTHICTh
«TpaguUiiHOTO» aJis OUIbIIOoCTI MeTalniB bomb-
IIMAaHOTO «XBOCTa» rapsyux eiaekTpoHis. IIpo-
BezeHi B [12, 13] sxicHiI MipKyBaHHS Ta YHCENb-
HI CUMYJIALIT TOKa3yl0Th, 10 B TAKUX CHUCTEMax
3 MOHOIIIAPOBUM CYy0-10-HAaHOMETPOBUM KaHATIOM
MoS, MoxHa OTpEMaTH 3a KIMHATHOI TEMIIEpATy -
pu 3HaueHHs S, HKYl Big 60 MB/nekana. OnHak
HAOYHOI aHAIITHYHOI MOIEINI, IKa TO3BOILIa O
OLIIHIOBaTH BEJIMYMHY OYIKYBaHOTO €(EeKTy, 10Cl
TakK 1 He OyJI0 CTBOPEHO.

[TobynyemMo B pamkax y3arajlbHEHOI TpaH-
cnoptHoi Mopeni Jlannayepa-/larra-Jlynactpoma
(JIAJT) [14] anropuT™m A7st ONKCY MPOXOKEHHS
CTpyMy uepe3 KaHas MPOBITHOCTI, Iepepi3 IKOro
300pakeHuit Ha puc. 2. be3 BTparu 3araibHOCTI
PO3MIsAa€EMO MPOBIIHICTh €JIEKTPOHIB Y p-KaHal
IOOKO B TIAMTOPOTOBIH 0071aCTI, B peKMMIi BUCHA-
YKEHHSI OCHOBHHX HOCIiB-TIpOK (pe3yabTaTH s
n-KaHaiy IUTKOM aHanoriuHi). CTpym 4yepes Takuit
KaHaJI ONMCYETHCS 1T PSKUMY JITHIMHOTO BIITYKY,
Kosu piBHI DepMi BUTOKY 1 CTOKY Pi3HATBCS MAJIO,
crangaptHoro (opmyroro Jlangayepa:

|2 LY@
1= jM(E)T(E)[ — jdE Vi, (3)

E

s

Tyt V, —Hanpyra moMi>k BUTOKOM i CTOKOM;
M(E) —amnciio MO IPOBIIHOCTI, SIKE JUIsSl TTOCI-
OBHO 3’eqHaHuX 2D BUTOKY ¥ KaHay BU3HA-
YAETHCS JJIA eHeprii £ cTaHIapTHOO (GOPMYIIOH:

M) %4 (E)* %4 (E)-

Bupas (4) o3nauae, 1110 3arajgbHe YUCIIO MOJ
MPOBITHOCTI OOMEKYETHCS YUCIOM MOJX y Tii
YaCTHHI CHCTEMHU, Je BOHO MEHIIE (Ii€ MPUHITUTT
«BY3bKOTO TOpinay). [Ipudomy mo3a eHepreTHaHuM
1HTepBaJoM, Jie 100yTOK T'YyCTHH CTaHIB KaHAIy
1 cToKy HeHynboBHH, M(E) nopiBHIO€ Hymo. Jlns
qrcia MOJl y BUTOKY i KaHaji 3 upHuHOI0 W niie
BHpa3 [14]:
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4)

w

M, (E)=——F—"—,
A,Lh( ) ﬂ;;h(E)/z

()

e Aos (B) — nosxuna xBuii e Bpoiiis eexTpo-
Ha 3 eHepriero £y BUTOKY Ta B KaHaJIl BIIMTOBITHO.
B cucremi, IKy MU PO3TIASAAAEMO, A << Apy
(sIx BUHO 3 puc. 2, piBeHb Pepmi y BUTOKY 3Ha-
YHO HIDKYHUH BiJI THA 30HU MTPOBIIHOCTI HAMIBIIPO-
BiJIHHMKA KaHAITy, a OTKe, KIHEeTHYHA SHEPTis eeK-
TPOHA, 10 1HKEKTYEThCS 3 BUTOKY B KaHaJ, 3Ha-
9YHO OibIlIa B BUTOKY, aHDK y KaHaumi). Sk Haci-
JIOK, MaeMO M (E)>>M ,(E), a OTKe, B CAILY it
MPUHIINITY «BY3bKOTO Topia» (4), M(E)= M, (E).

Y popmyni Jlangayepa (3) T(E) — koediri-
€HT IIPOXOJIKCHHS KaHaly 3 JNOBXHHOIO L. [{ns
HbOTO BUKOPUCTAEMO CIIPOIEHUM Bupas 3 [14],
y SIKOMY JIOBXXHMHA BUJIBHOTO MPOOIry eleKTpo-
Ha BITHOCHO PO3CIIOBaHHS Ha3a] /10 BIJIIIOBIgA€
MaKCUMYMY T'yCTUHH €JEKTPOHIB 3a €HEPri€ro
1 HE 3aJIeKUTh BiJ] €HEPrii B TOPIBHIHO BY3bKOMY
Jliara3oHi IHTerpyBaHHs B Bupasi (3):

T(E)zi

A, +L - ©)

DyHKIII10 po3noaLTy B (3) Tt JaJIEKOTO BiJl
BUPOJDKEHHS BUITAJIKY, 300pa)KEHOTO Ha pHC.2, 3a-
nrcyeMo B bonbliMaHOBOMY BHIVISII:

1y =exp{ Z22E )

(7)
IaTerpyBanns 3a eneprisimu B (3) 3iCHIOE-

MO JIJISl BC1X MOYKJIMBUX €HEPTii elIeKTpOoHa Ha 1H-
Tepdeiici kKaHaTy 3 OKCHUIIOM: BiJI €HEpril THa 30HU
MIPOBITHOCTI, 1110 BiAMOBiIa€ iHTEpdeiicy KaHaTy:
ECS = ECO _el//S ? (8)

ne £ —eHepris aHa 30HU IPOBIAHOCTI B INIMOMHI
KaHally, i/, — 3HaYCHHs IOTEHIaTy €JIEeKTPOHA Ha
iHTepdeiici kaHaTy 3 OKCHOM; BBKAEMO BHU-
pa3 (8) 3acTOCOBHHUM ISl KaHAJy 3 MOHOIIIAPy
JUXaJbKOTeHIly MepexiJHOr0 MeTaly, SKUl, Ha
BiIMiHY BiA rpadeHy, MICTUTh HE OAHH, a TPU
MOHOaToMHi mapu [15], 10 £, — BepXHbOi Mexi
BaJICHTHOI 30HU Y BUTOKY (€JICKTPOHU 3 BUIIIH-
MU €HEPTisIMU IH)KEKTYBAaTHUCS B KaHAJ HE MO-
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KyTb). CaMe B TAKOMY €HEPTeTUYHOMY HPOMIKKY
HEHYIbOBUM € KoediieHT mpoxomxeHHs M(E),
KU 3HU3Y 32 CHEPrisiMU OOMEXYETHCS BHUIJISA-
nom M (E), a sropu— M(E) (mo3a uumMu Mexamu
T'YCTHHA CTaHiB BIANOBIAHO Yy KaHAi Ta Y BUTOKY
HYJIbOBA).

ECO
el/)s I Ec

ECS ;
= =
AN a
Ul Er L
| m
Ev =

KAHAT x

Puc.2. EHepreTu4Ha CTPYKTYpa KaHAJTY
NMPOBiIHOCTi B HANIPAMKY, NEePIEHIUKYJISIPHOMY
710 TIOBEPXHi.

[TincranoBka Bupasis (4—8) 1o (3) Ta nepe-
Xig 10 0e3BUMipHOI 3MiHHO1 IHTErpyBaHHS

E-E

£==_"s MO3BOJSIFOTH TIEPENUCATH B HAOIKEHHI
T

2
KBaJ[PATHIHOTO CIICKTPY eleKTpoHiB £ = E, +7 %m
BUpa3 Ul CTPyMY Yepe3 KaHall y BUIIISIL:

2e* W 2m kT E —-E
I — c 0 _ cs F F V ’
T /10+L6Xp( KT j BY.,

E -E,
kT 9)
[arerpan F(f) y (9) Mmoxke OyTH JIerKo mpo-
TaOyJabOBAaHO JJIsl BCiX 3HAYEHb MapameTpy f,
SKHUH 3aJI€)KUTh BiJ] GHEPreTUYHOT MPOTSKHOCTI
BAJICHTHOI 30HU BUTOKY HaJ| EHEpri€lo JHA 30HU
MIPOBIAHOCTI KaHAy Ha Horo iHTepdeici 3 OKcu-
JIOM, 3BiJIKH €JIEKTPOHU MOKE OyTH 1HKEKTOBaHO
1o kanaiy. J{ns Bunaaky S>> 1 (o Bignosinae
IIMPOKiN 30HI CTAHAAPTHOTO METAJIEBOTO BUTO-
Ky, JIe peali3yeTbcsl MOBHOMIHHUN BonbiMaHiB

«XBICT»)
F(x©)= \/;é .

B
F(p)=[Vee de; f=

(10)

Haromicts mst f <1 (uro Bixmosimae rpa-
HUYHO BY3bKI{ 30H1 JJO3BOJIEHUX CTaHIB y BUTO-
Ky — 1€ MOYKE peai3yBaTuCs /Il BATOKY Ha OCHO-
Bl CHJIBHO JIETOBAHOTO HAIIBIIPOBITHUKA)

F(py~= p* (an
3

[l Toro, 06 3a Bupaszom (1) po3paxysaru
3 70moMoroio (9) mianoporoBuil po3kuna S, MU
TIOBUHHI 3HATH LI€ M 3B’A30K MOTEHIIANY Y Ha
iHTepdeiici 3 OKCUIO0M, SKHI BXOIUTH 10 BUPA3y
(8), 13 Hampyroro Ha 3aTBOPI V. Bukopucrasiiy
CTaHJIAPTHY €MHICHY €KBIBaJIEHTHY CXEMY TpaH-
3uctopa (puc.3), MOXKEMO 3aMUCaATU:
. C

(223

S ete g, e

Tyr C  —emHicTb MiA3aTBOPHOTO OKCUJIHO-
ro npomapky, C , — €MHICTh KaHally TPaH3HCTOpa
(3a3BU4ail BOHA € 3HAYHO MEHIIIOIO BiJl EMHOCTI
JieNeKTpuKa), V,  — Halpyra INIOCKUX 30H, siKa
KOMIICHCY€E Pi3HHIIIO pOOIT BUXOIY 3aTBOPY 1 IPO-
BIJTHOTO KaHAJy Ta HAasIBHICTB 3B’ S3aHOTO 3apsiay
Ha iHTepderici HamiBIPOBITHUK-OKCHT [ 16].

Vg

3ATBOP

Puc.3. EmMHuicHa ekBiBajIeHTHa cxema
Tpansucropa MOSFET.

3BiACHA MOXXEMO 3HAWTHU aHAJIIITU4YHI BU-
pasu s MiAMOPOTOBOI0 PO3KUIY s JIBOX
3a3HAaYCHMX BHINEC T'PAHMYHUX BUIMAAKIB. Jlis
S>> 1 (BaJIeHTHA 30Ha BUTOKY IIHMPOKa, B PO3-
MOZIUTI €JIEKTPOHIB TaM € bonblMaHIB «rapsuuit
XBICT») OIEPIKYEMO:

Szlnlok%(1+cch/c j (13)

Jist AKICHOTO TPaH3UCTOpA, B SIKOMY €M-
HICTb T1/I3aTBOPHOTO JIiJIEKTPHUKA Habararo repe-
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BHUIILY€ €MHICTh KaHAJIy MPOBIJHOCTI, LIeH BUpa3
MIEPEXOIUTD Y BiloMe (hyHAaMEeHTaIbHE TPAaHUYHE
3Ha4eHHs (2) — «bonbliMaHOBa THpaHis» Ji€. 3a-
3HaYMO, 110 B CHJIY CTPYKTypH 3HameHHuKka (1)
MAMOPOTOBUIA PO3KHUJI HE 3aJISKUTH BiJl YCIX Ma-
paMeTpiB, 110 BXOATH /10 NEPEIEKCIOHEeIaIbHO-
ro MHOXKHHKA y BHpas3i s cTpymy (9).
Haromicts mist Bunaaky S <1 maemo:

kT C,
S_mm/4@+/%;)
_ . .

3 k
I+
2E -E, +tael,

(14)

3 Bursiny (14) 6auumo, 110 3HAYEHHS IMijI-
MIOPOTOBOTO PO3KUAY S Yy 3arajlbHOMYy BUIAJKY
€ MmeHmuM Bif (13), 1 Mipa #ioro 3MeHIIIEHHS BU-
3HaYa€ThCs BiAHOMIEHHSIM eHepii k7 (26 meB 3a
KIMHATHOI TeMIIepaTypu) 10 3HAYCHHS CHEPreTHY-
HOTO MTPOMIDKKY MK BEPIIMHOIO BaJ€HTHOT 30HU
Marepiajgy BUTOKY i 3HAUCHHSIM 1HTEP(EHCHOTO
MOTEHITIay B KaHalll TpaH3uctopa. HaBiTe mis
XOJIOAHUX METAJIB L€ CITIIBBIIHOIIEHHS 3aJIMIIa-
€THCSl CYTTEBO MEHIIUM BiJ OAWHHUIN (IIUpUHA
BaJICHTHOI 30HU 32 OPSIKOM BEJIMYHMH JOPIBHIOE
eB), Toxx Moe WTHCS PO 3HUKEHHS TPAaHUYIHO-
ro 3HaueHHs (2) 60 mB/nekana B kpamomy pasi
Ha KUJIbKA BIJICOTKIB (110 ¥ BiJMOBIIA€E TEpeI-
O6auenHsM [12]). [IpuyomMy 1HIIT XapaKTEPUCTHKH
KaHay, 0 BXOIATh 110 (9) (IOBXKHUHA BIIBHOTO
po0iry, eeKTUBHA Maca €JIeKTPOHIB TOIIO) Ha-
MpsIMY Ha JIOCIIKYBaHUH €()EKT HE BIUIMBAIOTh.

OpepxxaHuid pe3yiabTaT MOKa3zye: cama
MPUHIUIIOBA MOKJIMBICTh 3HMKEHHS LIJIAXOM
BUKOPUCTAHHS BUTOKY 3 XOJOAHOIO MEeTaiy Iiji-
MOPOTOBOT0 PO3KUY JJIsi KIMHATHOI TeMIepaTy-
pU HIKYE Bif GyHAAMEHTAJIbHOTO MOPOTOBOTO
3HaYeHHA (1 MOJ0JaHHS TaKUM YMHOM «bob-
IIMAHOBOI THpaHii») CYMHIBIB y€ BUKJIUKATH
He ToBMHHA. BuBeneHa B paMkax y3arajibHEHOI
tpancnopTHoi moneni JIJIJI ananitiuuna dpopmyna
(14) He TIIBKH MOKa3ye, 10 B BUNAAKY 0OMexe-
HO1 IIAPUHMU BAJIECHTHOI 30HU BUTOKY 3HAYEHHS
S cTae 0HO3HAYHO MEHIITUM Bij] TIepeI0aueHOro
crannaptHoto dopmynoro (13), a it gae 3mory
OB’ sI3aTH NapaMEeTPH TAKOTO 3HUKEHHS 3 €Hep-
TeTUYHOIO IIMPUHOIO BAJICHTHOI 30HU Marepianty
BUTOKY i TEMIIEpATypOIO.

34

Onnak yu Oysie BUKOPHCTAHO Takui e(exT
ISl 3HU)KEHHSI HANPYTH JKUBJICHHS CepidHUX
tpan3uctopiB MOSFET Tta s ix moganbmioi Mi-
HiaTIOpH3aIlii, 3aJ1eKaTUMe 1 BiJl MOXKJIMBOCTI 1H-
TErpyBaTu TaKi TPAH3UCTOPH (THILY JOCIIHKEHUX
B [12] 3 MoHOmapoBuM cy0-10-HaHOMETPOBUM
KaHajaoM MoS, Ta BUTOKOM 1 CTOKOM Ha OCHOBI
NbS, i TaS,) i3 HassBHUMH CHOTOJIHI TEXHOJIOTIAMH
CTBOPEHHS IHTETPATIBLHUX CXEM.

Asropu BasiuHi @. T. Bacbky 3a 3pobneHe
BaXXJIMBE 3ayBakeHHS 1 KUiBCbKOMY HallioHasb-
HOMY yHiBepcuTeTy iMeHi Tapaca IlleBuenka 3a
HiATPUMKY I1i€1 poOOTH.
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Summary

In the framework of Landauer-Datta-Lundstrom generalized transport model we
obtained an analytical formula for the subthreshold swing in MOSFET with a source

fabricated from a cold metal.

The subthreshold swing § 1s a fundamental characteristic of MOSFET transistors.

It shows how many times the gate voltage V', must be increased in the subthreshold
region in order to achieve an increase in the drain current /, by an order of magnitude:
S=1In10 dg:;' . At room temperature in a high-quality transistor with a large value of sub-
gate capacitance, the minimal value of this parameter is equal tos = m10*" <60 mV/
decade, where e is the electron charge, k£ is the Boltzmann constant, and T is the

temperature in Kelvins.
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The importance of this parameter lies in the fact that its smallest possible value
determines the minimum possible operating voltage of the transistor supply. Therefore,
a decrease in S below the fundamental limit would theoretically open up great prospects
for further reducing power consumption and scaling transistors.

For this purpose, in particular, it was previously proposed to use the effect of
negative capacitance in a ferroelectric that forms the gate dielectric layer. However, the
futility of such attempts has been proven on the basis of fundamental thermodynamic
principles and numerical calculations of real systems.

Therefore, another, much more physical way to overcome the fundamental limit
was proposed: to use a cold metal source for electron injection into the MOSFET
channel, where, due to the small width of the valence band, the electrons injected
into the channel no longer have a «hot» Boltzmann «tail» in their energy distribution.
Transistors with a monolayer sub-10-nanometer MoS, channel and drain and source on
the basis of NbS  and TaS, with a subthreshold swing below the fundamental limit have
already been realized experimentally. However, a visual analytical model that would
allow us to estimate the magnitude of the expected effect has not yet been created.

Within the framework of the LDL formalism, we have derived an analytical
expression for the subthreshold swing S, which implies that S is generally somewhat
smaller than the fundamental limit, and the degree of its decrease is determined by the
ratio of the energy A7 (26 meV at room temperature) to the value of the energy interval
between the top of the valence band of the source material and the value of the surface
potential in the transistor channel. The formula can be used to estimate the magnitude
of the effect under study in real state-of-the-art electronics systems.

Keywords: Landauer-Datta-Lundstrom transport model, transistor, subthreshold
swing, cold metal
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AHAJJIITUYHA MOJIEJb IJs IHNIAITOPOTOBOT'O PO3KHUAY B MOSFET
3 BUTOKOM HA OCHOBI XOJIOJHOI'O METAJIY
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Pedepar
VY pamkax y3aranbHeHO1 TpaHcropTHoOi Mmozeini Jlanaayepa-/larra-Jlynacrpoma onepxaHo aHa-
mituany Gopmyny g mignoporosoro po3kuay B MOSFET 3 BUTOKOM Ha OCHOB1 XOJIOJHOTO METAITY.
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[Tixmoporouii po3kua S € pyHIaMeHTaIbHOIO XapakTepuctukoro Tpanzuctopis MOSFET. Bona
MIOKAa3ye, Y CKUTbKH pa3iB TpeOa 301IbIINTH HAPYTy Ha 3aTBOPI V.y MiAOPOroBii 00IaCTi IS TOTO,

1100 TOCATHYTH 30UIBIIEHHS CTPYMY Ha CTOKY /, HA MOPAIOK: S = lnlod(T‘;). 3a KIMHATHOI TeMIIe-
paTypu B SKiCHOMY TPaH3HCTOPi 3 BEJIMKNAM 3HAYEHHSM ITi/[3aTBOPHOT €MHOCTI TpaHHYHE 3HAUCHHS
I[LOTO TIAPAMETPY JOPIBHIOE S = In IOk—T ~ 60 MB/nekana, ne e —3apsn enekrpoHa, k—crana bombima-
Ha, T'—Temneparypa B KenbBiHax.

BaxmuBicTh 1IbOT0 MapaMeTpa MoJIsirae B TOMY, 1110 HOro HaiiMeHIla rpaHMYHa BEJIMYMHA BU3HA-
Yyae MiHIMAJIbHO MOXJIMBY pPOOOYy HAIPYTy >KUBJICHHS TpaH3UCTOpa. ToMy 3MEHIIeHHs S HUXYe BiJ
(byHIaMEeHTaIbHOT MEX1 TEOPETUYHO BIAKPUBAIO O BEJHKI MEPCIEKTUBU JUIS JAJIBIIOTO 3HUKEHHS
€HEeproCroKMBAaHHs Ta MiHIaTIOpHU3allii TPaH3UCTOPIB.

3 11i€0 METO10, 30KpeMa, paHirie OyJi0 3alpOINOHOBAHO BUKOPUCTATH €(DEeKT HeraTUBHOI EMHOCTI
B CEHETOCNIEKTPHKY, 1110 (hOpMYE IIap Mif3aTBOPHOTO JienekTprka. OngHak O0e3nepCreKTUBHICTh TaKUX
cpoO Oyno 10oBeEHO Ha OCHOBI (PyHAAMEHTATbHUX TEPMOJMHAMIYHUX NMPUHIUIIB Ta YACEIBHUX
PO3paxyHKIB pealbHUX CHCTEM.

Tomy Oys0 3ampONOHOBAHO 1HIIMK, 3HAYHO (Pi3UUHIMINKI croci® moxonatu GyHIaMEHTAIbHY
MEXY: BUKOPHUCTATH JUIs 1HXeKIii enekTpoHiB y kaHaa MOSFET BuUTiK Ha OCHOBI XOJOIHOTO MeTa-
Ty, JIe Yepe3 HEeBEJIMKY IIUPHUHY BaJIEHTHOI 30HHM 1HXKEKTOBaHI B KaHAJ €JEKTPOHH BXKE HE MalOTh
y PO3MOALII 32 EHEPTisIMU «Taps4oro» boiblMaHOBOrO «XBocTa». TpaH3UCTOPU 3 MOHOLIAPOBUM
cy0-10-nanomeTpoBuM KananoM MoS, Ta BUTOKOM i cTokoM Ha ocHOBI NbS, i1 TaS, 3 miamoporoBum
PO3KHUIOM, HIDKYUM Bijl (DyHIaMEHTAIbHOT MeXI, BXkKe OyJ10 peati3oBaHO eKClepUMeHTaIbHO. OqHaK
HAOYHOT aHAJITUYHOI MOJIei, sIKa J103BOJIsUIa O OI[IHIOBATH BEJIMUMHY OUiKyBaHOTO €(eKTy, 0ci TakK
1 He OyJI0 CTBOPEHO.

Hamu B pamkax dopmanizmy JIJIJI orprumano aHamiTHUHUNA BUPa3 IS MiIOPOTrOBOTO PO3KHIY S,
3 SIKOTO BUIUIMBAE, 1110 S'y 3araJiLHOMY BUIAJIKY € JIEII0 MEHIIUM BiJl (pyHIaMEHTaIbHOI MEX1, a Mipa
HOro 3MEHIIIEHHs BU3HAYA€ThCs BITHOIIEHHIM eHepii k7' (26 meB 3a kiMHaTHOT Temneparypu) 10 3Ha-
YEeHHsI €HEPreTUYHOI0 MPOMDKKY MIK BEPIIMHOIO BAJIEHTHOI 30HM MaTepialy BUTOKY W 3HaYEHHSAM
MIOBEPXHEBOT'0 MOTEHIlialy B KaHall TpaH3ucropa. Popmyna Moxxe OyTH BUKOpUCTaHA ISl OLIHKU
BEJIMYMHHU JOCHTIKYBAHOTO €(EeKTy B pealbHUX HOBITHIX CUCTEMaX €JIEKTPOHIKH.

Kurouosi ciioBa: Tpancnopraa moaens Jlannayepa-/larra-Jlynncrtpoma, TpaH3UCTOp, MiAIO-
POTrOBHUI PO3KU, XOJIOIHUN METAI
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TA30BHH CEHCOP HA OCHOBI CHEKTPAJIBHOI'O E®EKTY IIIP
3 KOJIOPUMETPUYHOIO PEECTPALICIO BIAI'YKIB
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TA30BUIl CEHCOP HA OCHOBI CHEKTPAJIbBHOTO E®EKTY IIIP
3 KOJIOPUMETPUYHOIO PEECTPALICIO BIAT'YKIB

O. M. ®eduenxo, O.B. Pabuenxo, O.JI. Kyxna, 0. M. llupwos

AHoTanisA. 3anpornoHOBaHO HOBHM BapiaHT OMTOEIEKTPOHHOTO CEHCOpa IS JIeTEeKTyBaHHS
ra30BUX MOJIEKYJI Ha OCHOBI €()eKTy CHEKTPaIbHOTO MOBEPXHEBOTIO M1a3MOHHOT0 pezoHancy (I1I1P)
y XpOMaTU4HOMY PEKUMI 3 KOJIOPUMETPHUUHOIO PEECTPALII€I0 KOJIIPHUX KOMIIOHEHT BiIOMTOTO CBITIIA.
SIK oNTUYHMI Yy TIIMBUI €JIeMEHT BUKOPHUCTOBYBAIAaCh TOHKA CpiOHA IJTiBKa Ha 0a30Bii TpaHi MPU3MHU
y reometpii Kpeumana, 1o go3Bonuio peasnizysatu nosHouinHUM edekr [P y Bcbomy BUIMMOMY
niarasoHi cnekTpy Big 450 no 700 HM. [y BUMIpIOBAaHHS ONTUYHOTO BIATYKY 3aCTOCOBAHO METOJ
Bimeopeectpaiii R, G, B- koMnoHeHT BiZOMTOTO CBiT/Ia 32 JOTIOMOTOI KOJIHOPOBOi BeO-KaMepH.
OntruyHa cxeMa IpUCTPOIO J03BOJISIA OTHOYACHO OTPUMYBATH MOBHUHM CHEKTP IUIa3MOH-BIIOUTOTO
CBiTJIa 06€3 3aCTOCYBAaHHS PYXOMHUX MEXaHIUHUX By3:1iB. CeHCOpHUI e(DEeKT MoJsAraB y 3MiHi MOKa3HUKA
3aJIOMJIEHHSI OTOUYIOUOTO CEPEJOBHUIIA MTiJ] AI€I0 ra3iB, 110 0e3MocepeIHbO BIUTUBAJIO HA MTAapaMeTpu
crnekrpanbHoro [II1P. CtBopeno naGoparopHHii MakeT ONTOENIEKTPOHHOTO CEHCOPHOTO MPHUCTPOIO, Ta
MIPOBE/ICHO OILIIHKY €(EeKTUBHOCTI 3alPOINIOHOBAHOTO METO/Y Ha MPHUKIA/I AETEKTYBAaHH MapiB Py
OpraHIYHMX aHAITIB.

Kuarouosi cioBa: cnekrpansuuit [1I1P, xpomarnauuii pexxumM, ONTUYHUMA CEHCOp Tazy, cpiOHa
IUTIBKa, KOJIOpUMETpUYHA peecTpallis, R, G, B komnonentu
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GAS SENSOR BASED ON THE SPECTRAL SPR EFFECT
WITH COLORIMETRIC REGISTRATION OF RESPONSES

O. N. Fedchenko, O.V. Riabchenko, O. L. Kukla, Yu. M. Shirshov

Abstract. A new variant of the optoelectronic sensor for the detection of gas molecules based
on the effect of spectral surface plasmon resonance (SPR) in the chromatic mode with colorimetric
registration of the color components of the reflected light is proposed. As an optical sensitive element,
a thin silver film was used on the base face of the prism in the Kretschmann geometry, which made
it possible to realize a full-fledged SPR effect in the entire visible spectral range from 450 to 700 nm.
To measure the optical response, the method of video registration of R, G, B components of reflected
light by color webcam was used. The optical scheme of the set-up allowed to simultaneously obtain
the full spectrum of plasmon-reflected light without the use of rotating mechanical parts. The sensory
effect was a change in the refractive index of the surrounding medium under the action of gases, which
directly affected the parameters of the spectral SPR. A laboratory prototype of an optoelectronic sensor
device was created, and the effectiveness of the proposed method was evaluated by detection of a

number of organic analytes vapors.

Keywords: spectral SPR, chromatic mode, optical gas sensor, silver film, colorimetric

registration, R, G, B components

BCTYII

[ToBepxHeBUH NIIa3MOH-IOJIAPUTOHHUN
PE30HAHC € MIUPOKO MOIMUPEHUM (PI3UYHUM Me-
TOZIOM JIJIsl peecTpallii B3aeMO1ili Ta30BUX Ta 010-
MOJIEKYJI Ha IOBEPXHI TOHKOI METaJeBOi IIIBKU
[1]. Ho mporo yacy onucaHo 0e3iid MpUCTPOiB
Ha ocHoBI edekry I1I1P ms cnoctepexkeHHs cre-
nu(piYHOTO Ta Hecneuu(iuHoro 3B’ A3Ky aHali-
30BaHUX MOJIEKYI 3 pelenTopamMH Ha MOBEPXHi
Merany. HalluacTime npu 1boMy BUKOPUCTO-
BYETbCSI MOHOXPOMATUYHUI peXUM 30y1KEeHHS
[IITP p-nonsipu30BaHUM BUIIPOMIHIOBAHHSM 3 JI0-
BKMHOIO XBUJII YEPBOHOTO CBITJIa B reoMeTpii
Kperumana 3 Bapiani€ero KyTa MajaiHHS Ta pee-
CTpali€l0 MIHIMyMY 1IHTEHCUBHOCTI B1I0UTOTO
npoMmens. [lpu 3MiHi mapaMeTpiB 30BHIIIHBOTO
cepenoBuIa (MMOKa3HUKA 3aJIOMJICHHS, JieNeK-
TPUYHOI MPOHUKHOCTI) BIAMOBIHO 3MIHIOETHCS
KyT MIHIMYMY IIJJA3MOHHOTO PE30HAHCY, 3CyBa-
I04MCh y TOM uM iHmui 6ik. OnHak edexT miasz-
MOHHOI'O PE30HAHCY MOXXHa (iKCYBaTH TaKOXK
y XpOMaTHYHOMY PEKUMI 3 KOHTPOJIEM CIIEKTpa
BiIOUTTS MpH 3MiHI TOBKUHU XBUJI1 (IIPU TOCTii-
HOMY KYTi MaJ{iHHS CBiT/a). B 0cHOBI 3a3HaueHUX
MiAXOMAIB JICKUTHh BIIOMUN BUpa3, M0 OMUCYE
YMOBY MiHIMYMY BHYTPIILIHBOTO BiJOUTTS B reo-
metpii Kperumana [2]:

(1)

sin0 = /—g’” QL ,
n,\e, A +¢,
ne 6 —KyT naaiHHsA TIPOMEHS p-TIOJIApHU3Aallii 3 10-
BXKUHOIO XBHJII A, IPH SIKOMY CIIOCTEPIraeThCs
TIA3MOHHHI PE30HAHC, /1, — IIOKA3HHK 3aJIOMJICH-
Hsl CKJISIHOT IPU3MH, € — NiHCHA YaCTHHA JieTIeK-
TpuuHOi (yHKLIi MeTany (BOHA HETaTHBHA), KA
3aJI€KUTE Bl JOBXUHY XBHUIIL, £ i JeeKTpUIHA
MPOHUKHICTh CEpPEOBUILA. 3MiHA MOJIEKYIISIPHOTO
CKJIaJy JOBKIJUISI PU3BOAUTH IO 3MIiHH J1ETICK-
TPHYHOI MOCTIHHOI CEPEIOBUINA € . SIK BUILIMBAE
3 (1), s 3MiHa Moxe OyTH 3apeecTpoBaHa 3a MiHi-
myMoM [ITTP nBosiko —abo 1o 3MiHi KyTa najiHHs;
cBiTiIa @ MpH MOCTIHHIN JOBXHHI XBUJI, a00 110
3MiHi JOBKUHU XBUJII A CBITJIA MPU HE3MIHHOMY
KyTy TaJliHHA, 1 caMe OCTaHHI| BapiaHT po3Iisia-
€TbCS B 1aHii poOOTi.

[Tpu BUKOpUCTaHHI METOY CIIEKTPAIBHOTO
(xpomaruunoro) IIITP BaxnuBuM € BUOip onTu-
MaJbHOTO THITY METally SK IIa3MOH-HECYy4Oro
mapy. 3a3BU4ail JJs CEHCOPHHUX 3aCTOCYBaHb
BUKOPHUCTOBYIOTHCSI TOHKI TUTIBKH 30JI0Ta, POTE
edekr TP y mux muiBkax peanizyeTbes JIHIIE
y YepBOHIH Ta iHppauepBOHiil 00IACTIX CIIEKTPY.
B Toii sxe "ac g iHpOpMaTUBHOTO aHAI3y CeH-
COPHHUX B3a€MO/Iiil MeTo1oM crniekTpasibHoro [TITP
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HEOOX1JHO BUKOPHCTOBYBATH LIMPIINHN Jiara3oH
JTOBXHH XBHIIb. Y poborax [3, 4] mpomoHyeThb-
cs1 BukopucrtoByBatu B [IITP-cencopax 3amicTh
TPAAUIIHHOTO 30JI0Ta TUTIBKH Cpi0iia, OCKUIBKU
Cpi0II0 JEMOHCTPYE OLIBII ONTHMATbHE 3HAUCHHS
TICHOT YaCTUHH JieNeKTprUUHOi QYHKIIT y BUAU-
MOMY Jliana3oHi; B pe3ysbTaTi po3paxyHKiB Oyino
MOKAa3aHo, 110 3 Py BUCOKOIPOBIAHUX METaJiB
came B IUTIBKax cpibna MoxxiauBa renepauis [TI1P
B IIMPOKOMY Jliara3oHi BUIUMOTO CBITIIA.

Binomi HeuncieHHi cnpoOu BUKOPUCTAH-
Hsl €(PEeKTy MIa3MOH-TIOJISIPUTOHHOTO PE30HAHCY
B PEKUMi BUMIPIOBaHHS CIEKTPY BIIOUTTS MpHU
Bapiallii JOBKUHH XBHJII MAAr040ro cBiTaa. J{ms
3MIHCHEHHS CIEKTPaJbHOT PO3TOPTKH 3a3BUYAl
BUKOPUCTOBYIOTH TapajelbHUil MPOMiHb 0170T0
CBITJIa TP MTOCTIHHOMY KyT1 NaJliHHsI, a BiAOUTHI
CHTHAJI PEECTPYETHCS CIIEKTpoMeTpoM. B poboTax
[5-9] onucani BapiaHTH peajizalii ClieKTpaIbHUX
[ITP-nipucTpoiB U1 BUMIPIOBAHHS a1cOpOIIii MO-
JIEKyJ Y BOIHOMY Ta MOBITPSHOMY CEpeI0BHILAX.
B nux npuctposix sk JpKepeno O110ro cBiTia BU-
KOPHUCTOBYBAaJIaCh raJIOTEHHA JIaMIIa PO3KapIOBaH-
HSL, ISl peeCTpartii BiIOUTOTO Bifl 30JI0TOI TUTIBKU
CBITJIa 3aCTOCOBYBABCSl IOPTATUBHUM CIIEKTPO-
METp 3 ONTOBOJIOKOHHUM BXxonoM, IIIIP peectpy-
BAaBCsI Ha JIOBKMHI XBUJI1, TIPU SIKiH criocTepiraBcst
MIHIMYM BiJIOMTTS, BEJIMYMHOIO BIATYKY CITY>KUB
3cyB OBXHHU XBII MiHiMymy [TITP nipu agcop6-
1ii 6iomornekyn abo rasis.

3a3HaYMMO, 110 CYTTEBUM HEIOIIKOM 3Ta-
nanux Buie cnekrpanbHux [TITP-ipucTpois Oyna
HEOOX1THICTh BUKOPUCTAHHS KOIITOBHOTO CIIEK-
TPOMETPUYHOTO OOJIQJHAHHS I PeecTparii iH-
TEHCUBHOCTI CBIT/JIa HA PI3HUX JIOBKHHAX XBUIIb.
Li€1 iHCTpYMEHTAIBHOI CKJIQJIHOCTI MOJKHA YHUK-
HYTH, NEPEUIIIOBIIN Bil CIEKTPOMETPUIHOTO J0
KOJIOPUMETPUYHOTO CIIOCO0y peecTpariii BiAryKy
3a JOTIOMOTOI0 KOJIOPOBOI BifieoKaMepu. Y po-
6otax [10—14] onucaHo psa NPUKIAIIB peaiza-
uii noBumipHuX [II1P ceHcopHUX MaTpullb Ha
OCHOBI Bi3yaJi3allii KoJIipHOT KapTHHU BiJOUTOTO
cBiTia 3a gonomoroio [13C kamep. Takox BenbMu
MEePCIEKTUBHOIO BUITISAJAE 11€s1 BUKOPUCTAHHS
cmaptdoHniB [15-18] msa peectparii ciekrpaib-
Horo edexty IIIIP y Bumumomy aianazoHi.

Ha BigMiHy BiJ OiNbIIOCTI ICHYIOUHX
nyOiikamii momo peanizaii CeKTpalbHUX

40

[TITP-TexHoMOTIi, B 1aHiii pOOOTI MU BUKOPHC-
TOBYEMO OpPUTIHAIBHHUM MiJIX1]], 3aCHOBAaHUI Ha
epexri [P y ToHKHX miiBKax cpibna B mIu-
POKOMY Jiara30Hi BUANMUX TOBKHH XBUIb BiJl
YEepBOHOI 1O CUHBOT 00MacTi, y KOMOiHaLii 3 KO-
JOPUMETPUYHHUM CIOCOOOM peecTpalii Crex-
TPy BinOHUTOTO CBiTiIA. SIK peecTpoBaHi CUT-
HaJld BUCTYMAIOTh 3HAYEHHS TPhOX OCHOBHUX
koMrioHeHT R, G 1 B Gi0ro cBiTia B psi/ii TOYOK
KOJIIPHOI KapTHHHU (siKa sBJsie c0000 HAOIp KO-
JIPHUX CMYT), CTBOPIOBAHUX B PE3YJbTATI FeHE-
panuii nIa3MOH-MOJSIPUTOHIB Y TUTIBKax cpibia
IpU OCBITICHHI IyukoM Oinoro cBitia [19, 20].
BrinB 30BHINIHBOTO CepeOBHINA MPU3BOIUTH
710 3CYBY KOJIIDHMX CMYT CHEKTpPajbHOI KAPTHUHU
B1IOMTOrO CBIT/Ia BHACIIAOK 3MIHH BEJIHYHH R,
G, B curnaniB y o6panux toukax. [Ipu upomy
pizHuIo 3Ha4eHb R, G, B-KOMIOHEHT 10 1 micis
BIUIMBY CEpPEOBUIIIA MOKHA TPAKTYBATH SIK CUT-
HaJIi CEHCOPHOTO BiATyKy. Pi3nuuHa mpupoja i€l
3MIHU JISKUTH y BIUIMBI TIOKAa3HUKA 3aJIOMJICHHS
(mieneKTpUYHOT MPOHUKHOCTI) TOBKIUIS Ha Ta-
pametpu IIIIP edexTy, 110 MaTeMaTH4HO MOXKHA
onucatu popmyioro (1).

Meroto 1aHoi po6oTu OyIo BiAMpaItOBaHHS
METOIUKH peanizauii cnekrpansHoro [P y xpo-
MaTUYHOMY PEXKHUMI 30yPKEHHS B IIMPOKOMY Jia-
Na30H1 BUIUMHUX JOBXKHH XBUJIb 3 BAKOPHCTAHHAM
KoJopuMeTpudHoi peectpauii R, G, B-komnoHeHT
y BiIOMTOMY CBITJIi 32 JIOTIOMOTOIO KOJIBOPOBOT Ka-
MEpH, a TAKOXK OI[iHKa €(heKTUBHOCTI TAKOTO CEH-
COpPHOTO METOJY IpPHU JACTEKTYBaHHI MapiB psay
OpraHiYHMX AHAJITIB.

METOJAUKA BUMIPIOBAHb
TA EKCIIEPUMEHTAJIBHA
YCTAHOBKA

[Tpu momaganHi MpoMeHs CBIT/Ia Ha TUTIBKY
cpibna mpu KyTax majiHHs OiIbIIIe KyTa IOBHOTO
BHYTPIIIHHOTO BITOUTTSI CBITIIO MaiiyKe TIOBHICTIO
B1I0MBA€THCS HA30BHI (32 BUHATKOM HEBEJITMKOT
YaCTUHH, TIOTJIMHEHOI B MeTali). Aje pu BU-
HUKHEHHI PE30HAHCY MK €JIeKTPOMAarHiTHOIO
XBHJICIO 1 TUIA3MOBHMU KOJIMBAHHSIMH B METa-
JI, EHeprisi CBITIOBOI XBUJII H1€ HA 30YIKCHHS
TJ1a3MOH-TIOJISIPUTOHIB, 1 B IIbOMY CTaHI1 BiIOUTTS
HaOJIMKAETHCS 10 HYJIA.
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[IpoBeneHO MOAENBbHI PO3PAXyHKHU CIEK-
TpiB BinOuTTs npu 30ymxenHi [P y reomerpii
Kperumana s 45-rpagycHoi CKIsSHOT IpU3MU
3 IOKa3HUKOM 3ajomiieHHs 1.51 ta miBok cpibna
3aBTOBIIKU 40—45 HM Ha 0a30Biil TpaHi MPU3MHU.
Jlis 11poro Oya0 BUKOPUCTAHO BITBHOAOCTYITHY
nporpamy WinSpall 3.02 [21] myis MonenroBaHHS
kpuBux [I1P Ha ocHoBi popmanizmy Dpenens,
3HAUEHHS ONTUYHUX KOHCTAHT JUIs Cpibiia B3STO
3 pobotu [22]. [Ipukmnaay oTpuMaHUX pe30HaHC-
HUX KPUBUX Ha TMOBITPI AJIs TUTIBKY CpiOia TOBIH-
HOTO 40 HM 3aJIeKHO BiJl KyTa MMaiHHs CBITIIA IPU
OCBITJICHHI IPU3MH MaPATIEITBLHUM ITyYKOM 3 TPHO-
Ma PI3HUMH JOBKHHAMH XBHIIb, IO BiIMOBiIA-
10Th uepBoHii (R=660 uM), 3eneniit (G=520 HM)
1 cuniit (B=450 HM) KOMIIOHEHTaM, HaBEJCHO Ha
puc. 1. SIx BUAHO, MiHIMYM IJIA3MOHHOTO TIO-
[JIMHAHHS JUIS IUX JIOBKUH XBWJIb Peaji3y€eThCs
3a PI3HUX KYTIB MaJiHHS CBITJIa B Jiara3oHi BiJ
42,7 rpan. nis yepBOHOro 10 46,7 rpaa. nmis cu-
HBOTO CBITJIA.

1,04

—— 450 Hm
—+— 520 Hm

0,9 1

0,8
0,7 4
0,6
0,5+
0,4

0,3 1

Koed. BinbuTTH, BigH.04.

0,2

0,14

0,0 4

KyT, rpag.

Puc. 1. CnekTpajibHa 3ajIe:KHiCTh KoediuieHTa
BiaOuTTs npu 30yxxenHi [P y naisui cpidiaa Tos-
muHoK 40 HM Ha MOBIiTPi (JiBa KpUBa BiaMoBinae
YepBOHiil IOBKUHI XBHITi, CepeTHs — 3eJIeHili,
npapa— cuHiii) y giana3oHi KyTiB najgiHusa cBiTia
Bix 42 no 47 rpan.

OntuyHy cxemy JAJIsl peastizaliii CieKTpaib-
Horo IIITP B reomerpii KpeTumana HaBeqeHo Ha
puc.2. BunpomiHioBaHHS BiJ JpKepesa 0iJ10To
CBITJIa IPOXOAUTH Yepe3 Komimarop (Akuil ¢op-
MY€ napajieIbHUI My4O0K), p-noaspusaTop, 1
yepe3 OiYHy TpaHb CKJISHOI MPU3MH NOTparuise
Ha i1 6a30By rpanb. CKJISHA IUIAaCTUHKA 3 HAaHE-
CEHOIO METAJIEBOIO IIJTIBKOIO, 3BEPHEHOIO Ha30BHI

JI0 TIPU3MH, TIPUKIIAIAETHCS Yepes 1map imepcii 1o
6a30Boi rpani npu3Mu. Konimarop HanamroByoTh
TaKUM YUHOM, 1100 BUXITHUN CBITIIOBUN MTyUYOK
OyB Tpoxu po30ikHUM. Ll 0coOaUBICTh myXKe
BaYKJIMBA, OCKUIBKHU JTO3BOJISIE OTPUMATH MTOBHUMN
CIEKTp IJIa3MOH-BIIOUTOTO CBITIIA, 1 HAJAl BU-
Ouparu Ty o0nacTh cuekrpy, ne 3mina R, G, B
KOMITOHEHT OyJie MakcuManbHOI0. Ha MaioHKy
MoKa3aHl KpaifHi MpOMeHi 31 CBITJIOBOTO MyYKa,
KyTH TaJiHHS SKUX 91 u (92 JIEI0 BiIPI3HSAIOThH-
cs (y Mexax 5—6 rpamyciB, K BUTIKae 3 puc.l),
MK HUMH 3HaXOJSThCS BCI MPOMIXKHI MPOMEHI
B MeXaX JaHOoi po301’KHOCTI CBITIIOBOTO IMy4YKa.
3rigHo 3 BupaszoM (1) mpu geskomy ¢ikcoBaHO-
My KyTi TafiHHs 6 O OesKoi JOBXKUHU XBUII1
/A B MIEBHOMY MICIli METaJIeBOi IJIIBKH BUHUKAE
IUIa3MOH-TIOJIAPUTOHHUM PE30HAHC, 1 CBITIO Aa-
HO1 JJOBKWHH XBWJII MPAKTHYHO IMOBHICTIO IMO-
[IMHAETHCS B METai (3a3HAYMMO, 1110 [T cpidia
cuektp [II1P oxorutroe Bech BUAUMUN Alana3oH
BiJI Y4EPBOHOTO JI0 CHHBOTO: Ha pHUC.2 JIOKAIbHI
o0nacTi pe30HaHCy B IUTIBLI METalTy MO3HAYCH1
BiJIMOBITHIMH KOJTLOPOBUMHU KBaJPaTaMH ).

AbC

®T‘ n o
n %
/\\ Mpuama / /’:‘9&

CknsiHa nnactuHa

T~ ]

CpibHa nniska —» ]

Puc. 2. OnTnyHa cxema s peasizauii cnekTpalib-
Horo IITIP B reomerpii Kperumana:
JABC — nxxepesio 6isioro citia, JI — nadip Jain3,
II — monsipusarop, A — anaJjizarop.

VY Toii ke Jac iHIII, HEPEe30HAHCHI JIOBKUHU
XBWJIb TIPU JTAHOMY KyTi MaJiHHS BUIBHO BiTOH-
BAIOTHCS, B PE3YJIbTATI KOJIpP BIJOUTOTO MPOMEHS
Oyae KOMIUTIMEHTApHO TOB’SI3aHUH 3 KOJIbOPOM
JOBKMHU XBHJI1 TUIA3MOHHOTO PE30HAHCY, OCKLIb-
KU B HbOMY OyJi€ BiZICYTHsI IOIVIMHEHA PE30HAHCHA
noBkMHa XBuii. Ile o3Havae, 1m0 3a HasIBHOCTI
TPOXH PO3OIKHOTO MAAAFOYOTO CBITIIOBOTO MyYKa
MU 1100aYUMO Ha €KpaHi BiAOUTOro CBITIIA MOCITi-
JOBHUU HaOlp KOJIPHUX CMYT BiJ OJIAKUTHOI 710
JKOBTOi. A came, YepBOHA PE30HAHCHA JOBXKHHA

41



O.M. ®enuenko, O.B. Paduenko, O.J1. Kykia, FO. M. [llupmios

XBWII B METaJll BIAMOBIJaTUME TOSBI Ha €KpaHi
B11I0MTOrO CBITJIa OJIAKUTHOI CMYyTH, )KOBTA pe-
30HaHCHA JOBXHMHA XBUJI BIAMOBiAaTUME CHUHIN
cMy3i, 3e1eHa — PioJIeToBIN CMy3i, a CHHS — KOB-
Tiif cMy3i (AMB. BIATIOBITHICT KOJIBOPIB Ha pUC.2).

Ha puc.3 naBeneno ¢oto nmaboparopHoi
YCTAHOBKH JUIsl peatizallii MeToay XpoMaTuu-
HOI peecTpalii MOJEKyJIsIpHOI aacopOuii mpu
30yI)KeHHI MJIa3MOH-ITOJIIPUTOHHOTO PE30HAH-
Cy B IUIiBII cpibma. YcraHoBKy Oyno 3i0paHO Ha
6a3i roniomeTpy I'5SM, Ha nmoBopoTHiii mardopmi
SIKOTO PO3TAIIOBaHI BCl €IEMEHTH KOHCTPYKIIi.
B ontuuHiii cxeMi 3acTOCOBaHMIA BapiaHT 3 (iKCO-
BaHMM KyTOM TaJliHHA CBITJIA Ta JHKEPEIOM CBITIIA
IIMPOKOTO CIEKTPY.

Puc. 3. 3oBHimHiii BUII81 J1aGopaTopHoi ycTa-
HOBKH /ISl peaJiizalii ra30Boro ceHCopy Ha OCHOBI
edexTty cniekTpaabHoro IITIP Ta koopuMeTpuyHOL
RGB-peectpauii curiasis.

BurnpominioBaHHS BiJl HaASCKpaBOro Oiso-
ro ceimoniona (Cree XTE Star, 6e3nepepBHuit
CHEKTP BUIIPOMIHIOBAHHS, KOJIipHA TeMIIepaTy-
pa 4000K) npoxoauts uepe3 Hadip Gpokycyrouo-
KOJIIMaTOPHUX JIiH3 BCEPEIMHI YOPHOT LTI HAPHAY-
HO1 TpyOKH ¥ 30MpaeThCs y BUXIAHUN Ty4OK Jia-
METpOM OJIM3BKO 5 MM, SIKUH Jai uepe3 aiadpar-
MY 3 By3bKOIO BEPTHUKAJIBHOIO IIIJTMHOIO MOMAAa€e
Ha 0a30By rpaHb CKJISHOI npu3Mu. Kyt maninus
CBITJIOBUX IPOMEHIB (3 ypaxyBaHHSM iX MEBHOI
po30ixkHOCTI) 0Opanuii y Mmexkax 42—48° (3 onsiny
Ha rasu), o0 y cpiOHi MBI Mir 30y/KyBaTHCS
TUIa3MOH-TIOJIIPUTOHHUH PE30HAHC Ha PI3HUX J10-
BXKMHAX XBUJIb. B11OUTE CBITIIO MPOXOIUTH Uepe3
p-aHami3arop, J0IATKOBHIA BiIOMBAFOYHIA MAaTOBUIA
€KpaH, i HanpaBIsSETHCS HA 00’ €KTUB KOITHOPOBOT

42

BeO-kamepu (Logitech C-525), sxa ¢ikcye 30-
OpaskeHHs y BUIIISAI HAOOPY CHEKTPAIbHUX CMYT
B KoopauHarax X, Y. OTpumana KoJlipHa KapTHHA
00po0IISETHCS CTelliaTbHIM IPOTPaMHUM 33a0€3-
MICYCHHSIM Ha TEPCOHAIILHOMY KOMIT IOTEpi.

Jist peectpauii rasis 10 cpiOHOI MOBEpXHI
IIUIBHO NMPUTHUCKAJACSI TepMETHYHA ra30Ba KIO-
BeTa 00’eMOM 4 MII 13 IPUETHAHOIO CUCTEMOIO
HaIycKy NoBiTps / aHaiiTy. Cucrema mnojadi rasy
CKJIaJIajiacsi 3 EMHOCTI 3 PiJIKOIO OPTaHIYHOO pe-
4OBUHOIO (aHaliTOM), OapboTrepa, MiHi-HACOCY
Ta 3’€IHYBaJIbHUX TPYOOK. SIK TeCTOBI OpraHiuHi
aHaiTi Oynu oOpaHi aleToH, 130MPOMNiJIOBHIA Ta
eTWIOBHMH ciupTH. BuMiproBaHHs 3/11CHIOBATIOCH
y IPOTOYHOMY PEXKUMI B TpU eTarnu (KOXKeH TpUBa-
mictio 70 cex). Ha mepiiomy erami y BUMiprOBajib-
HY KIOBETY MO/IaBaJIM YUCTE TMOBITPS, Ha APYTOMY —
BBOJMJIM HACHUYEHI NIApU aHAJIITY B MOTOKY IMOBI-
Tpsl, Ha TPETHOMY — IPOBOAMIIM MPOAYBKY KIOBETH
YHCTUM MOBITpsIM. Ha BCiX BkazaHMX eramax 3a
JIONIOMOT010 BeO-KaMepH 3 IHTEPBaJIOM 7 CEK. BElr
(oTO3HOMKY 300pa’keHHSI OTPUMYBAHOI CIIEKTPO-
rpamMu. Yci BUMIpIOBaHHS MPOBOAWIN TPU OJHA-
KOBi# HMIBHIKOCTI MPOTOKY rasis O6imst 30 mi1/xB.
3a OCTiIHHO KiMHaTHOT Temneparypu 20+0,5°C.

Tunosuil peanbHUl BUNIIAL OTPUMYBAHOI
CIIEKTpOrpaMu BiIOUTOTO CBiTJIa HABEJIEHO Ha
puc.4, Ha Hill BiToOpakeHa HU3KA KOMIPHUX CMYT
CBITIIOBOTO MOJs BeO-KamMepu B KOOpPAUHATAX
640x360 mikceniB. 3a3HaunMO, 110 KOKHIN TOYIl
CIEKTpOTpaMu BiJNOBiga€ CBilf Habip 13 TPHOX
napameTtpiB R, G ta B.

Koopaunata Y
N
8

-
(6]
o

200 300 400
KoopanHata X

Puc. 4. 3apeecTpoBanuii Bed-kameporo Logitech
C-525 B po3pizaenni 640x360 Touok BuXigHUi
CIEKTP KOJIpHUX cMYT BiZ0uToro citia (3;1iBa-
HANpPaBo): cAJIATOBA, 0JJAKUTHA, CUHS, IyPIypoBa.
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VY BHUXIZHOMY CTaHi (10 HAaIyCKy aHAJIITY)
peecTpyBaiucs o4aTKoBi 3HaueHHs R, G, B- kom-
MOHEHT Y OOPaHMUX TOYKAX BCIX KOJNIPHHUX CMYT,
TOOTO TpH 3anaHiil koopauHaTi Y (ikcyBaBcs
KOJIIPHUH 3pi3 110 TOPU30HTANIBHIN JiHII B3IOBK
koopauHatu X. SIk KoopIuHATH Ui aHai3y 00u-
payiucs IeBHI TOUYKH B TEPeXiTHUX OOJACTIX Ha
Mexax KOJIPHHX CMYT, Jie YyTIUBICTh BIATYKiB
Oyna HaifOinbIIa (Taki TOYKH BIIMIYEHI B MICIISIX
MEPETUHY BEPTUKAIBHUX MYHKTUPHUX JIHIH, TO-
3HaueHux koopauHaramu X1, X2, X3, 3 ropu3oH-
TaJBHOIO JIiHI€I0 3 KoopauHaroo Y=180, nus.
puc.4). Hagani Hamyck mapiB aHamiTy 10 BUMi-
PIOBAJIbHOT KaMepH MPU3BOJIMB JI0 3CYBY CIIEKTPO-
rpamMu o KoopAuHaTi X, i y IIbOMY CTaHi 3HOBY
peectpyBanucs R, G, B-3HaueHHs B THX ke 00-
PaHMX TOYKaX TOTO K KOJIPHOTO 3pi3y.

METOJANKA OBPOBKH
RGB JAHUX

O06poOKa OTPIMAHUX BHUXIIHUX KOJIbOPOBUX
300pakeHb BUKOHYBAIAcs 3a JIOMOMOTOI0 MPO-
rpaMHOTo 3a0e3reyueHHs Ha 06a31 BHCOKOPIBHEBO1
MoBu MATJIAB-7, nyist 611k 3pydHUX PO3paXyH-
KiB aOCOJIIOTHI 3HAUCHHSI OTPUMAHHUX KOJIPHUX
kommioHeHT R, G ta B 3amibsuvcst BITHOCHUME —
BIINIOBIIHUMH 3HAYEHHAMHU KOCUHYCIB KyTiB @,
B> 7, Tak 3BaHOTO BEKTOPY KOJBOPY Y TPHMBUMIp-
Homy RGB- npoctopi [23]:

cosa _R' COSﬂ = G cosy _B
R~ G~ ;> B~ ;9
L L L

e L=NR <GP+ B 2)
JIE O, B, ¥, — KYTOBI IOJIOXKEHHS BEKTOPY KOJIBO-
py mozo Bicei R, G, B, BiagnoBigHo, L — T0BXH-
Ha BeKTOpy Koibopy Y RGB-koopaunarax. Crin
TaKOXK 3a3HAYMTH, 1110 1HIIOK METOI BKa3aHOIO
MePETBOPEHHS KOJIPHUX KOMIIOHEHT y BiJHOCHI
3HAYEHHSI € 3MCHIIICHHSI BIUTMBY (DIYKTYyallii iH-
TEHCHUBHOCTI JKepesa CBIT/Ia Ha BEIMUYUHUA OTPHU-
MaHHUX BIJTYKiB [24].

Sk curHanu BIATYKY Ha BIUIMB ra3oBoi pe-
YOBHUHM OpaJiacst pi3HUI BIAMOBITHUX KOCUHYCIB
JI0 1 TCJIS BIUTMBY aHAMITY Y aHaJi30BaHUX TOY-
Kax cnektpy. [Ipukiaa KiHeTUKH 3MIHU KOTIPHHUX
KOMIIOHEHT Ha BIUIHMB IapiB 130MPOMAHOIy y 00-

paHiii TOUIli Ha MEXIi IypITypOBOi Ta CHHBOT CMYT
HaBeleHO Ha puc.S. TeHaeHis 3MiHU KOJTIPHUX
KOMIIOHEHT y BCIX IHIIMX TOYKaX HasiBHUX KOJIp-
HUX CMYT Ta JyIs BCiX 1HITUX TE€CTOBAHUX aHAIITIB
Oyna momiOHa, BiJIpi3HSAIOYHCH JIUIIE BETMUYUHOO
Ta B JESKUX BHUIAJKaX 3HAKOM BIATYKY, TOMY MU
IX HE IPUBOJUMO.

1.0
0.9- B

08] T T T e
0.7
0.6

0.4

R,G,B Biaryku, BigH.oa.

03- G
0.2 m

0.1+
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Puc. 5. Cencorpamu KoJIipHUX KOMIOHEHT R,

G, B Ha BILTUB HACHMYeHHUX NapiB i30nponaHo.Ly,
OTpUMaHi y To4li crnekTpy 3 Koopaunaramu (X3 x
Y=180) na nypnypoBo-cuHiii Me:Ki KOJTipHUX CMYT
BiI0MTOrO CBiT/Ia; 11O Bici OpAUHAT BiK/Ia7€HO KO-

CHHYCH KYTiB BEKTOPY KOJIbOPY 3riHO BUpa3aMm (2).

Jani 3 ux JaHux po3paxoBYBaBCs y3aralb-
HEHHUH 1HTETpaJbHUM BIATYK S 32 BCiMa TphOMa
KOJIpHUMU KoMIIOHeHTamH. Lleil Binryk Bu3Hava-
€THCA SIK BIIXMJICHHS KYyTOBOTO MOJOKEHHS BEK-
TOPY KOJIbOPY BiJ HOTO MOMEpPENHBOrO CTaHy, Ta
PO3paxoBY€THCS 3a HACTYIHOIO (hopmyIioro [25]:

B, _B,

LI,

L L

R _R

2
Rl 16 _G
L I

» (3)

ne iggexkcn 0 1 1 BimgHOCSTHCSA BIAIIOBIITHO A0
MOYaTKOBOTO Ta HACTYMHOIO CTaHy (JI0 1 Mmicis
BILJIMBY TapiB aHAJITY), MAaKCUMaJbHE 3HAYCHHS
S TeopeTndHO MoXe cKkiacTi V3x1,73.

Cnin 3a3Ha4UTH, 10 MPU PO3PAXYHKY 1H-
TErpajbHOro BIATYKY (3) BHECOK BiJl yCiX TPbOX
KOJIIPHUX KOMIIOHEHT € HEOJHAaKOBUM 1 4acTo
HEPIBHOIIHHUM, BIH TaKOXX MOXKE€ 3HAYHO Bapito-
BaTU Y PI3HUX YaCTHHAX KOJIPHOTO creKTpy. Tomy
Ma€ CEeHC JOIYYUTH J0 aHami3y 1 00poOKu pi3Hi
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TOYKH OTPUMAHOI CHEKTporpamu. A sik Oyio 3a-
3HAYHO BHIIE, OCKIJIBKYA HAWOUIBIII CUTHAIN Bif-
T'YKY PEECTPYBAJIMCS caMe Ha KOJIIPHUX MeXkKax, TO
Ut 0OpOOKH JOIITFHO BUKOPUCTATH BCi HASIBHI
KOJIIPHI MEX1 HAIIOTO CIIEKTPY, 110 BiOBIIAI0Th
koopauHaram X1, X2, X3 Ha puc.4.

Jlo Toro K, IK MOKHA 0a4uTH (IUB. pUC.5),
Biaryku komrnoHeHT R 1 B a6o R 1 G € monapuo
npotudasaumu. byno nokasano, 1o s 0coonu-
BICTh BIJTYKIB € CIPaBEJIUBOIO JJIsl BCIX PO3TIIsi-
JYBaHUX TOYOK cHeKTpy. binbm toro, excnepu-
MEHTAJIHO OyJI0 BCTAHOBJIECHO, IO TaKa MPOTHU-
¢da3HicTh 30epiraeThCs s yCiX JAOCTIIKEHUX
aHaJiTiB. 3a3HaueHy 0OCTaBUHY MOXHa BUKO-
pUCTaTH AJIs1 OTPUMAHHS PI3HIIEBUX MiACHICHUX
3HAYEeHb BIATYKIB MMOTAPHO MIX TBOMA TIEBHUMU
KOJIIpHUMH KOMITOHEHTaMH, 1110 MA€ TPU3BECTH 10
301IBILICHHS Yy TJIMBOCTI peecTpartii ra3is. B naniit
po06OTI came 1151 MOXKITUBICTD 1 Oyiia 3acTOCOBaHA
npu 00poO1Ii yCiX CUTHATIB.

OTtxe, 3 BpaXyBaHHSIM 000X BKa3aHUX BHILIE
ocoOnuBocTel 00poOKH JaHUX, OyJI0 3armporno-
HOBAHO OPUTIHATBHUM MIAX1I 10 PO3PaXyHKY 1H-
terpansHOro R, G, B- BiAryKy Ha BIUIMB aHAJITY.
Bin nonsras B ToMy, 1110 TIO aHAJIOT11 3 pO3paxyH-
KOM BIJTYKY 3TiJJHO Bupasy (3) 3a TpboMa KOJIip-
HUMH KOMIIOHEHTaMH B OJIHIH TOYIIi, B IbOMY pa3i
3 METOI0 OTPUMAaHHSI MaKCUMaJbHOTO 1HTErpaib-
HOTO BIATYKY MU Opalii HaiOuIbIni pi3HULIEBI
BIATYKHM B PI3HUX TOYKAX Ha BCIX TPbOX HAsIBHUX
KoJTipHUX Mexkax. Toni popmyna it po3paxyHKy
IHTErpajJbHOTO BIATYKY S MEpPETBOPIOETHCS Ha
TaKy:

S = JAS? +AS? +AS? (4)
ne 4S8, 4S5, 4S5, PI3HUIIEB] BIATYKH BiAMOBIA-
HO y Toukax X1, X2, X3 komipHHX MEX, 10 pa-
XYIOTbCS HaCTyNmHUM 4uHOM: A4S =A(R -G )-1,,
A8,=A(B -G )-1,, A4S ,=A(B -G )-1; ne 3nax 4 1o-
3HaYa€ PI3HUITIO BKA3aHMX Y Ty>KKaX 3HAYCHb MIXK
MOYaTKOBUM Ta HACTYIHUM CTaHOM (0 1 Ticis
BIUIMBY Tasy), Ta [, [, I,— ycepeaneni 3Ha4eHHs
0a30B0i JiHI{ pI3HULIEBUX BIAT'YKIB BiJIOBITHO
y THX K€ TPbOX BKa3aHUX TOYKAX.

3a3Ha4YnuMO, 110 OCKUIBKH TEHIEHIIIS 3MIHH
KOJIIPHUX KOMITOHEHT 30epiraacsi OCTIHHOO st
KOYKHOI KOJIIPHOI CMYTH Ta JJIs BCiX aHali30Ba-
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HUX aHaJITiB, TO 3aCTOCOBAHUI METO 0OpOOKHU
CUTHAJIIB € KOPEKTHUM 3 TOUKHU 30py MMOPIBHAHHS
BIITYKIB BiJ pi3HUX aHAMTIB. OTXKE, METOANKA
MYJIbTHIIAPAMETPUYHOT OOPOOKH JaHUX (BHKO-
pUCTaHHS HaMOUIBIINX PI3HULIEBUX BIATYKIB Ha
TPHOX PI3HUX KOJIPHUX MEXAX) JTA€ MOXKIHMBICTh
HE TUTBKH MABUIIUTH 9y TIUBICTh peECTpallii 10-
CJIIJPKYBAHHUX PEUOBHH (32 PaxyHOK OLIBIINX aMII-
mityn curHaiiB R, G, B- Biarykis), ane i Takox
MOKPALIUTH CEJICKTUBHICTh aHaJI3y 3a PaxyHOK
PO3LIUPEHHS Jiana3oHy aMIUTITY]l CUTHAJIB Bij-
T'YKIB.

PE3YJIBbTATH TA OBI'OBOPEHHSA

Otpumani 3a ¢popmymnoro (4) KpuBi 1HTe-
rpanbaux Biarykis [ITTP-RGB cencopy Ha Hacu-
YeHI Mapy TPHOX JOCIIPKEHUX aHATITIB HABEICHO
Ha puc. 6. Sk BUAHO, BEIMYMHH BITHOCHUX BIJITY-
kiB ckiaaanu Bix 0,07 mo 0,18 (110 B mepepaxyHKy
JI0 MAaKCUMAJTBHO MO>KJTUBOTO BITHOCHOTO BIITYKY
cknanano Big 4 1o 10,5%). PozpaxyHok 3a HaBe-
JICHOIO BUIIE MYJIBTHUIIAPAMETPHIHOIO METOANKOIO
00pOOKM TaHWX JTO3BOJIUB y 2—3 pa3u IMiIBUIIUTH
BEJIMYMHU BIJTYKIB y TIOPIBHIHHI 3 PO3PaXyHKOM
3a BUpa3zoM (3), a TaKOXK 3HAYHO 301IBIIUTH BiJI-
MIHHICTh y BiAATYKax MK pi3HUMH aHaJITaMH,
0COOJIMBO MIJK €TaHOJIOM 1 alleTOHOM, III0 BaK-
JIMBO JJIsI CEJICKTMBHOTO aHAJI3y PEECTPOBAHMX
rasiB. 3a3Ha4yuMo, 110 HaBEJEHI BIATYKH Ha JI0-
CII/pKYBaH1 aHAJIITA OyJld OTpUMaHi I YUCTOT
cpiOHOT moBepXHi, HeMOIU(IKOBAHOI T0JATKO-
BUMU YyTIMBUMH IapaMu (MOXKHA TPUITYCTHTH,
10 HAHECEHHS CTICIIAIbHUX YyTAUBUX IIapiB Ha
MeTajieBy IOBEPXHIO IMOBIPHO JTO3BOJIMTH HAJIATH
CEHCOPY MEBHY CEICKTUBHICTh Ta 3HAYHO T1JBU-
IIUTH 9y TJIUBICTh PEECTpallii Ta30BUX MOJICKYII).

Ak Oyno Bi3HAYEHO BUIIE, OTPUMaHi Bij-
I'yKHd MaJi OJHAKOBY TEeHICHIlII0 3MiHU R, G,
B-KkoMMOHEHT /7151 yCiX aHaJIITIB, JIWIIE IETTO0 BiJl-
PI3HAIOYHCH KIJTbKICHUMU 3HAYCHHSIMU BiJTYKIB.
OpHak Taka TSHICHITIS BEJIBMU 3pO3yMisia JJist TI0-
BEPXHI TOJIOT0 Cpidiia, OCKIIBKY AJIs HEl BiACYTHS
Oy/b-sIKa BUpa)KEHA CEJICKTUBHICTD, W yCsI PI3HUILT
y BIATYKax Ha Pi3HI aHATITH MOKe OyTH TIOB’ si3aHa
13 PI3HUMH 3HAYCHHSIMH 1X MOJICKYJIIPHOI pedpak-
1ii. OcTaHHE MOHATTS BKIIIOYAE TaKy KOMOIHAIIIFO
BJIACTUBOCTEH TPO30pOi PEUOBHHH, SIK MMOKA3HUK
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Puc. 6. InTerpa/bHi Biiryku Ha HacH4eHi NapH i301PoNaHOIY, ALETOHY
Ta eTaHoJIy, OTPUMaHi 32 (popMyJ1010 (4) i3 HAOIILIIKUX Pi3HUIIEBUX BiIT'YKiB,
Y3STHX B TPbOX Pi3HHX TOYKAX HA MeKaxX KOJIPHUX CMYT Big0uTOro cBiTJIA.

3aJIOMJICHHS, TYyCTHHA 1 MOJIEKY/IIpHa Maca, i BU-
pa3 171t MOJIEKYJISIpHOT pedpakiiii Mae BUTIIS;

_an—l

R= —>
pn+2

)

7ie 1 — MOKa3HUK 3aJIOMJIEHHS, M — MOJeKyIspHa
Mmaca (), p —ryctuna (r/cm*), BAMipHICTb R (cM?).
Po3zpaxoBani 3a popmyroro (5) 3HaueHHs pedpak-
i1 MOJIEKYJ y psiAl “TOBITPS — €TaHOJ — ALETOH —
130IIpONIaHOJ” CTAHOBIATH BiANOBIAHO 4.435,
12.897, 16.179, 17.603. 3a3HauuMoO, 1110 TOBITPS
TYT BUKOPUCTAHO SIK BiJJIIKOBUH aHAIT (B po3pa-
XyHKAaX 3aMICTh MOBITPs OyJI0 B35TO a30T), OCKLIb-
KM BiH BIJIOBiIa€ curHaixy 0a30Boi JiHii, TOOTO
HYJIBOBOTO BIATYKY. SIk 6auumo, came y 1boMy
psay 3pOCTalOTh €KCIIEPUMEHTAIbHO OTPUMAaHI
BEJIMYMHU BIATYKiB (1uB. puc.6). Lle o3Hauae, mo
iX MOXHa MOSICHUTH, MPUHAWMHI SIKICHO, caMe
BILTUBOM MOJIEKYJISIPHOT pedpaKiiii 1oJaHuX Yy T0-
BITPSI JIETKMX MOJIEKYJI TOCIIPKyBaHUX aHAJITIB.
VY Toli ke yac Ha KUIbKiCHE 3HaUeHHS BIATYKY MO-
JKYTh BIUIMBATH JESAK1 TOaTKOB1 (h13MKO-XIMIUHI1
¢bakTopu.

30KpeMa, Iy PO3IIsIi OTPUMAHUX PE3yilb-
TaTiB MOXYTh OyTH 3aydeHi TaKi MEXaHI3MH, K
npsMa XimiuHa Jiist mapu, 1ugy3iiiHe IPOHUKHEH-
HS MOJIEKYJI BCEpEIUHY TOHKOI CpiOHOT MIIIBKH,

MOXJIUBUH TaKoXK €(EKT MOTIMOJICKYIIPHOT aJi-
copO11ii, O MPOSBISETHCS MPH JOCUTH BUCOKHX
KOHIIEHTpAI[iSIX Mapyu B YTBOPEHHI TOHKUX KOH-
JIEHCOBAaHUX IIapiB aHAJIITy Ha MOBEpPXHI1 cpibna.
VY nepiiomy BUMAAKY XiMidHa peakuis mapiB i3
CpiOJIOM MOKE MPU3BOUTH JI0 TIOPYIICHHS 11 1O-
BEPXHEBOI CTPYKTYpPH 1 HaBITh Mopoorii. [Ipo-
T€ MPSIMUI XIMIYHUI BIUIUB MU HE PO3TIIIAEMO,
OCKIJIbKM BKa3aHi aHAJITH HE € PO3UYUMHHUKAMU
cpibia, i KpiM TOTO, BIUTUB MapH JOCUTH KOPOT-
KOYacHUM. 3 OCTaHHBOI X MPUYUHU TOJIIMOJIE-
KyJISIpHa a7copOIlis TakoK MajoiMoBipHa. Haii-
IMOBIpHIIINM € epeKT aacopOuiiHO-anpy31HHOTO
BIUIMBY MOJIEKYJI-aHAJIITIB Ha MOBEPXHIO cpidia.
[Tpu ToBmmHI 61M3bKO 40 HM MeTalieBa TUTIBKA €
JOCUTH TOPHUCTOIO, 1 MOJIEKYJIH HNUISIXOM AUQY-
311 MOXYTh MMPOHUKATH BCEPEIUHY HEl, OCiaTu
B [TOpax 1 TUM CaMUM 3MIHIOBAaTH (13UKO-XIMIYH1
napameTp iBKu. OTkKe, SMIHIOETHCS HE TUTHKU
JieJICKTPUYHA MPOHUKHICTh 30BHIITHBOTO CEPEI-
OBHIIA, aJie¢ W JIEJECKTPUYHI MMapaMEeTPH CaMOTO
MeTaiy. A 3rigHo 3 Bupazom (1) 1ie Beae 10 3MiHU
ymoB peamizartii [1T1P, kyTiB MiHIMyMy pe30HaHCY
Ha PI3HUX JIOBXKHHAX XBUJIb, OTKE, 1 BEJIMIMHU
3CyBY KOJIIpHUX CMYT IIpH BIUIMBI aHamiTy. [Ipu
[IbOMY XOYa TaKi 3MiHU 1 € 000OpPOTHUMHU, ajie Ha-
nepe;] HeBiIOMUMH 32 BEJIMYMHOIO. 3 BHUILECKA-
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3aHOTO BUIUIMBAE, 10 JUJIsI BUKOPUCTAHHS B CEH-
COPHUX MPHUCTPOSX ONTHYHI €IEMEHTH 31 CPIOHOIO
MOBEPXHEIO CIIiJ 3aXUINATH BiJ MpsAMoi il ce-
pEenoBUILA, TUM CAMUM YHHMKAIO4M 1 OKMCIICHHS,
a TaKOX MPOHUKHEHHS B TUIIBKY MOJIEKYJI BOJIOTH
Ta 1HIIUX aHAJIITIB.

BUCHOBKUA

Po3po61eH0 KOHCTPYKITiIO, ONTUYHY CXEMY
Ta JIOCIIKEHO XapaKTePUCTUKH HOBOTO BapiaHTy
ONTOENEKTPOHHOTO CEHCOpa ISl IeTeKTYBaHHS
ra30BUX MOJIEKYJI HA OCHOBI €(PEKTy CIIEKTpaJIb-
HOT'O TTOBEPXHEBOTO IMJIa3MOHHOTO PE30HAHCY
B TOHKHX TUTIBKax cpioa.

3a J01OMOroI0 MPOBEACHOTO MOJIENIIOBaH-
HS Ta €KCIIEPUMEHTAIBHO OTPUMAHUX ONTHYHUX
XapaKTEPUCTUK BIJIOUTTS B yMOBaX 30yIKCHHS
IJ1a3MOH-TIOJISIPUTOHHOTO PE30HAHCY BiJI IKeperna
O1J10T0 CBIiTJIa MOKA3aHO, 110 TOHKI CPiOHI TIJTIBKU
(ToBmuHOIO 40—45 HM) HO3BOJIAIOTH pealli3yBaTh
noBHOMIHHUHN [1[TP-edexT y BcboMy BUIUMOMY
CIIeKTpaJibHOMY Aiama3oHi Bix 450 mo 700 aMm.
SIK ONTHYHUI YYTIUMBHUUN €JI€MEHT BUKOPHUCTOBY-
BaJlaCh came Taka cpiOHa ITiBKa Ha 0a30Biii TpaHi
npusMu y reometpii Kpeumana. 3actocyBaHHs
TOHKHMX IUIIBOK Cpibiia K MIa3MOH-HECYYOTO
mapy Juisl peaizamii XpoMaTHYHOTO PEKUMY
30ymxkennst [1T1P € BimMiHHOIO O0COOIUBICTIO J1a-
HO1 poOoTH. Binrykamu ceHcopy BUCTYIIAU 3Ha-
yeHHs KoipHUX R, G, B- xoMmoHeHT BigOMTOTO
B1JI TUTIBKH CBiT/a. /{7151 BUMIpIOBaHHS ONTHYHOTO
BIITYKY 3aCTOCOBAHO KOJIOPUMETPHUUYHUMA CIIOCIO
peecTpartii CeKTpiB BiAOUTOrO CBiTIA 3a JOTO-
MOTOI0 KOJIbOPOBOI BEO-KaMepH.

BaxiauBoro 0coOIMBICTIO ONTUYHOI CcXe-
MH € GOpMYBaHHS BUXITHOTO Iy4YKa CBITJA, IO
TPOXHU PO3XOJUTHCS (B MeXKaxX 5—6 rpamyciB) ais
OCBiTIIEHHS Mpu3Mu. L{uM mocsiraeThes peamizartis
[ITIP y mumiBIi cpibna OgHOYACHO Y BCbOMY BHU-
JTUMOMY JT1aria3oHi, 3 MPOCTOPOBUM PO3IOAIIOM
(3a KyTOM MaJliHHS CBITJIa) JOKAIBHUX MICIIb Te-
Heparlii M1a3MoHIB 3 PI3HUMHU JOBKHWHAMHU XBHIIb,
[0 B CBOIO YEPry JI03BOJISI€E OTPUMATH MMOBHUI
BUXIJHUN CIEKTP TJIa3MOH-BIAOUTOTO CBITIA U
HaJaai BUOpaTu 3 HbOTO IUISHKHU CIIEKTPY 3 MaK-
cumasibHMU curHaiaMu RGB-Binrykis. ¥V kom0i-
HaIlii 3 KOJIOPUMETPUIHOIO PEECTPALIIEIO BIITYKIB
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3a JIOTIOMOTO10 BeO-KaMepH 11e BIAKPUBAE MOXKIIH-
BICTh JUIsl CTBOPEHHS MOPTAaTUBHUX CEHCOPHUX
[TITP-RGB netekropiB 0e3 BUKOPUCTAHHSA MEXa-
HIYHHUX BY3JiB Ta KOIITOBHOTO CIIEKTPOMETPHY-
HOTO 00JaIHaHHSL.

3 MeTOI0 301IbIICHHS Yy TIMBOCTI Ta Ce-
JIEKTUBHOCTI JIETEKTyBaHH:I I'a3iB 3alIPOMIOHOBAHO
Croci0o MynbTHIapaMeTPUYHOi 0OpOOKH Pi3HHU-
[[EBUX BIATYKIB CIEKTPaTbHUX KOMIIOHEHT AR-
AG, AG-AB, AR-AB Ha mMexax KOJTIpHHX CMYT
BIIOMTOrO CBIT/IA, J€ MOCATA€ThCI MaKCHMajabHa
YYTIUBICTh PEECTPAIil Ta30BUX MOJIEKYT. TUM
CaMMM 3a JJOTIOMOTOIO OJTHOTO CEHCOpa (PaKTUIHO
peatizyeTbcsi MyJIbTUCEHCOPHA CUCTEMA 32 paxy-
HOK peectpaii R, G, B curnanis ogHovacHo y 6a-
raThOX TOYKAX KOJIIPHUX CMYT BiAOUTOrO CBITIIA.

[TokazaHo, 110 CIEKTPAJIbHY 3aJIEKHICTh
BinOuTTs npu peanizauii I[1ITP y reometpii Kpet-
ymaHa 3 RGB-BifgeopeecTpalii€ro MoXKHa YCHILITHO
BUKOPHUCTOBYBATH JUIS OLIHKU Ta KOHTPOJIIO BMiC-
Ty JIETIOUMX MOJIEKYI Yy 1po0i rasi. ITokazaHo, 1o
BEJIMYMHA MOJIEKYISApHOI pedpakuii (mokazHuka
3aJIOMJICHHSI) cepelloBHIIA Oe3M0CepeaHbO KOope-
moe 3 BennuuHoto Biaryky IITTP-RGB cencopa.
3apeecTpoBaHi 3HAUCHHS 1HTETPAJIbHUX BIATY-
KiB IIOBEPXHI YUCTOTO cpiliia Ha HACHYEHI Mapu
TPHOX THUIIIB OPTaHIYHUX AHAJITIB CKIATAIH BiJ
4 no 10,5%.
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GAS SENSOR BASED ON THE SPECTRAL SPR EFFECT
WITH COLORIMETRIC REGISTRATION OF RESPONSES

O. N. Fedchenko, O.V. Riabchenko, O. L. Kukla, Yu. M. Shirshov

V.E. Lashkaryov Institute of Semiconductor Physics, NAS of Ukraine
45 Prospekt Nauky, Kyiv, 03028, Ukraine, alex.le.kukla@gmail.com

Summary

The work is devoted to the development and research of a new variant of the optoelectronic
sensor for the detection of gas molecules based on the effect of spectral surface plasmon resonance
(SPR) in the chromatic mode with colorimetric registration of responses. Preliminary modeling of the
optical characteristics of reflection under conditions of excitation of plasmon-polariton resonance from
a white light source showed that just thin silver films (with thickness of 40—45 nm) allow to realize a
full-fledged SPR effect in the entire visible range from 450 to 700 nm. Such a silver film on the base
face of a prism in the Kretschmann geometry was used as an optical sensitive element. The values of
the R, G, B color components of the light reflected from the film were used as responses. To measure
the optical response, a colorimetric method of recording the spectra of reflected light using a color web
camera is used. A feature of the sensor’s optical scheme is the formation of an output beam of light that
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diverges within 5-6 degrees to illuminate the prism. Due to this, in the silver film, the implementation
of SPR was achieved simultaneously in the entire visible range, with a spatial distribution (by the
angle of light incidence) of local places of plasmon generation with different wavelengths, which in
turn made it possible to obtain the full output spectrum of plasmon-reflected light and further choose
from spectrum sections with maximum signals of RGB responses.

A laboratory prototype of the SPR-RGB sensor device was created, and the effectiveness of the
proposed method was evaluated on the example of vapor detection of a number of organic analytes.
In order to increase the sensitivity and selectivity of gas detection, a method of multiparametric
processing of the differential responses of the spectral components AR-AG, AG-AB, AR-AB on the
boundaries of the available color bands of reflected light, where the maximum sensitivity of registration
of gas molecules is achieved, is proposed. It is shown that the spectral dependence of reflectance when
implementing SPR in Kretchman geometry with RGB video registration can be successfully used to
estimate and control the content of volatile molecules in a gas sample, which opens up the possibility
of creating portable SPR-RGB detectors without the use of moving mechanical units and expensive
spectrometric equipment.

Keywords: spectral SPR, chromatic mode, optical gas sensor, silver film, colorimetric
registration, R, G, B components
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TA30BUI CEHCOP HA OCHOBI CIIEKTPAJIBHOI'O E®EKTY IIIP
3 KOJIOPUMETPUYHOIO PEECTPALICIO BIAI'YKIB

O. M. @eouenxo, O. B. Pabuenxo, O.JI. Kykaa, FO. M. [upuios

[nctutyT dizuku HaniBnposinHuKIB iM. B. €. JlamkapsoBa HAH Ykpainu
npocn. Hayku, 41, Kuis, 03028, Ykpaina, alex.le.kukla@gmail.com

Pedepar

PoGota npucesueHa po3poOiIii Ta JOCIIHPKEHHI0O HOBOTO BapiaHTy ONTOEJIEKTPOHHOTO CEHCOpa
JUISL IETEKTYBaHHS Ta30BUX MOJIEKYJT Ha OCHOB1 €(DeKTy CIEKTPaIbHOTO MOBEPXHEBOTO MIIa3MOHHOTO
pesonancy (III1P) y xpomarnuHOMY pekuMi 3 KOJOPUMETPUYHOIO peecTparliero Biarykis. [Tomepe-
JTHBO MPOBEICHE MOIECNIIOBAHHS ONTHYHUX XapaKTEPUCTUK BIIOUTTS B yMOBax 30y/IKEHHS MJIa3MOH-
MOJISIPUTOHHOTO PE30HAHCY BiJ JKepesa O1J0TO CBITJIa MOKa3ajo, IO caMe TOHKI CpiOHI TUTIBKH
(ToBmmHOIO 40—45 HM) M03BOJISIOTH peanizyBatu noBHoliHHUEN [ITTP-edekT y Bchomy BuIuMOMY
crieKTpajabHOMY diama3oHi Big 450 g0 700 HM. SIk ONTUYHUN Yy TIIMBUI €JIEMEHT BUKOPUCTOBYBAJIaCh
Taka cpiOHa TuTiBKa Ha 6a30Bii rpaHi Ipu3Mu y reomeTpii Kpeumana. Biarykamu BUCTyIamu 3HaYSHHS
konipHux R, G, B- KOMIMOHEHT BiIOMTOTO Bij TUTIBKH CBITNIA. [[7151 BUMiprOBaHHS ONTHYHOTO BiATYKY
3aCTOCOBAHO KOJIOPUMETPUYHUH CIIOCi0 peecTparltii CEeKTPiB BIAOMTOTO CBIT/IA 3a JJOMTOMOTO0 KOJIbO-
poBoi BeO-kamepu. OCOONMMBICTIO ONITUYHOI CXEMHU CeHcopa € popMyBaHHS BHXITHOTO ITydYKa CBITIIA,
10 PO3XOAMTHCS B MEXKax 5—6 rpaayciB IJis OCBITICHHS MPU3MHU. 32 paxyHOK IIbOTO Yy TUTIBIN cpibia
nocsiranacs peainizauis [1ITP ogHowacHo y BcboMy BUAMMOMY Jiana3oHi, 3 MPOCTOPOBUM PO3MOILIOM
(3a KyTOM A iHHS CBIT/IA) JOKAIBHUX MICIIb T€HEpallii IJIa3MOHIB 3 PI3HUMH JIOBXKUHAMHU XBHUJIb, 110
B CBOIO U€PTy J03BOJISUIO OTPUMATH MOBHUM BUXIIHUN CIIEKTP MJIa3MOH-BIIOUTOrO CBiT/ia i Hagaui
BUOpAaTH 3 HHOTO AUISHKH CIIEKTPY 3 MaKCUMaJdbHUMH curHanamMu RGB-Biarykis.
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CtBOpeHo sraboparopuuii mpototunt cencopHoro [ITTP-RGB npuctporo, Ta mpoBeIeHO OIiHKY
e(DEeKTUBHOCTI 3apONMOHOBAHOTO METOIY Ha MPHUKJIAIl ACTCKTYBaHHS MapiB psAAYy OpraHIuHUX aHai-
TiB. 3 METOIO 30UIBIIICHHS YyTAUBOCTI Ta CEJIEKTUBHOCTI JETEKTyBaHHS T'a31B 3alPOMOHOBAHO CITOCIO
MYJIBTHUIIApaMETPUIHOT OOPOOKH PI3HUIIEBHX BIJATYKIB CIIEKTpaibHUX KoMIOHEHT AR-AG, AG-AB,
AR-AB Ha Mexax HasBHUX KOJIPHUX CMYT BIIOMTOTO CBITIIA, JI€ AOCATAETHCS MaKCHUMallbHA Yy TIIH-
BICTh peecTpallii ra30BuX MosieKyil. [TokazaHo, 1o CrieKTpaibHy 3aJIeKHICTh BIIOUTTS P peatizarii
[IITP y reometpii KpeTumana 3 RGB-BineopeecTpartiero MoykHa YCIIITHO BUKOPUCTOBYBATH TSI OITiH-
KM Ta KOHTPOJIFO BMICTY JICTIOUMX MOJICKYJ y Tpo0i Ta3i, Mo BiAKPHUBAE MOXKIIMBICTD JIsI CTBOPCHHS
noptaruBHuX [1[IP-RGB nerexropiB 6€3 BUKOPUCTAHHS PYXOMUX MEXaHIYHHUX BY3JIiB Ta KOIITOBHOTO
CHEKTPOMETPUYHOTO 001 THAHHS.

Kurouosi cioBa: criekrpanbuamii [1T1P, Xxpomatnunuii peskxuM, ONTHYHUN CEHCOp rasy, cpiOHa
TUTIBKA, KOJIOpUMETpUYHA peectpaliis, R, G, B komnonenTu
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JJIA EJEKTPOXEMIJIIOMIHECHEHTHOI'O AHAJII3Y

B. C. Bacunvroecokuil, A. M. I'niniyovxuii, /]. B. Cuixcxo, FO. T. Konyoos,
M. I. Cninyenxo, K. M. My3uka

AHoTanisi. B po60Ti 10CHi1K€HO MOXKIIMBICTh BUKOPUCTAHHS CKJIOBYIJIELIEBUX E€JIEKTPOIIB,
MO (IKOBAHUX JIa3ep-1HIyKOBAaHUMH MEPIOTUIYHUMU TTOBEPXHEBUMU CTPYKTYpaMHU, IJisl IPOBEICHHS
€JIEKTPOXIMIYHUX Ta €JIEKTPOXEMUTIOMIHECIIEHTHUX JOCIIIKeHb Ta CTBOPEHHS BIAMOBIAHUX aHaJIi-
TUYHUX cucTeM. Moaudikallisi moBEepXHi eeKTPOAIB MPOBOAUIACH 32 JOMIOMOTOI0 ()eMTOCEKYHIHOTO
nazepy. Mopdororito moBepxHi Mo ()IKOBAHUX €IEKTPO/IB JOCIIIKEHO METOIOM aTOMHO-CHIIOBOT
MIKpPOCKOITii, 10 TT0Ka3ana cTabiibHe YTBOPEHHS MEePiOINYHIX MTOBEPXHEBUX CTPYKTYyp. Enekrpoxe-
MITIOMIHECIIEHTHI JTOCITIHKEHHS TIOKa3aJId MOXJINBICTh €()eKTUBHOTO 3aCTOCYBaHHS MOAM(IKOBAHUX
€JIEKTPO/IIB /ISl CTBOPEHHS BiMOBIAHUX aHAIITUYHUX CUCTEM.

Kurouosi ciosa: JITITIC, enexkTpoxeMiuTIOMIHECIICHITIS, €IEKTPOXiMis, CEHCOP
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GLOSSY CARBON ELECTRODES WITH LASER-INDUCED PERIODIC SURFACE
STRUCTURES FOR ELECTROCHEMILUMINESCENT ANALYSIS

Volodymyr Vasylkovskyi, laroslav Gnilitskyi, Dmytro Snizhko, Yuriy Zholudov,
Mykola Slipchenko, Kateryna Muzyka

Abstract. In this paper, the possibility of using glassy carbon electrodes modified with laser-
induced periodic surface structures for conducting electrochemical and electrochemiluminescent
studies and creating appropriate analytical systems is investigated. Modification of the surface of the
electrodes is carried out with the help of a femtosecond laser. The surface morphology of the modified
electrodes by atomic force microscopy shows the stable formation of periodic surface structures.
Electrochemiluminescence studies indicate the possibility of effective use of such modified electrodes
for the creation of electrochemiluminescent analytical systems.

Keywords: LIPSS, electrochemiluminescence, electrochemistry, sensor

1. Betyn

EnexTpoxiMig — 1e Hayka, 10 BHUBYAE
B32€MO3B 30K €JIEKTPUYHUX BEJIMYMH, TAKUX K
CTpYyM, OTEHIIIAJ YH 3aps] 3 XIMIYHUMH [apaMe-
TpaMu pedoBUH. CyyacHi HaNpPsIMKHU 0CIIHKEHb
B €JICKTPOXIMIUHIH Taiy3i HampaBieHO Ha 30epi-
TaHHA Ta NEPETBOPEHHS €Heprii, 3aXMCT BiJ KO-
po3ii, XiMiYHUI CHHTE3 1 MO ]iKAaIlit0 TIOBEPXHI,
€JIeKTPOaHaNITUYHI CUCTeMH Ta iH. Enekrpoana-
JITUYHI METOH, Takl sk enekrpoximiuni (EX) Ta
enekrpoxemintominectenTHi (EXJI), Bigirpatots
BaYXJIMBY POJIb y CyYacHIN aHAJIITUYHIN Hay1ll 3a-
B/ISIKH X YHIBEpCAIbHOCTI, €()EeKTUBHOCTI, Uy TIIH-
BOCTI, IIBUJKOCTI, TOmIO [1, 2].

s po3poOKHU €1eMEeHTIB eIeKTpOoaHamli-
THYHHUX CUCTEM 3 HOBHMH BIIACTUBOCTSIMH Ta TiJI-
BUILIEHOIO POJYKTUBHICTIO, MOXKYTb OyTH 3aCTO-
coBaHl MoaudiKkailii moBepxHi enekrpoxis [1, 3].
Mopdornoris moBepxHi Ha HaHO- Ta MIKPOPiBHI
€ BU3HAYaIbHUM (DAKTOPOM I ii MEXaHIYHHX,
XIMIYHUX, 3MOYYBaIbHUX Ta (HI3UYHUX BIACTHU-
BocTeil. BukopucTanHs HaHOMarepialiB Pi3HOI
npupoau st Moaudikailii eleKTpoIiB MOXKe 3a-
MIPONIOHYBATH MiABUILEHHS CTA0UIBHOCTI Ta e(ek-
TUBHOCTI pOOOYHX E€NEKTPOIIB s eNeKTpOaHa-
JTITUYHUX 3aCTOCYBAaHb Ta PO3MIMPUTH CIIEKTP
PEUOBHUH SIKI MOXJIMBO JI€TEKTyBaTU. 3a3BUYa,
Marepiai s MoaudiKkarii eJIeKTPO/IiB HAHOCHTb-
Csl Ha TIOBEPXHIO EJIEKTPOAY Y BUINISAL €JIEKTPOAK-
TUBHUX TOHKHUX IUTIBOK, MOHOIIAPiB 200 TOBCTUX
MOKPHUTTIB K1 MICTATH 3a37aJeTib CUHTE30BaH1
HaHOYACTHHKMU [4].

52

VY uiit po6oTi Oyn0 BIepiIe 10CHIiIKEHO
BUKOPHUCTaHHS Mou(IKaIlii poOOYNX eIeKTPOIIB
3a JIONIOMOTOIO JIa3ep-1HIyKOBaHUX MEPIOAUIHUX
nosepxHeBux ctpykryp (JIIIIIC) ans enekrpo-
XIMIYHUX Ta €JICKTPOXEMUTIOMIHECIICHTHUX JO-
ciimkenb piguH. e cnocid mogudikaii Bija-
PI3HSETHCS TUM, 1110 HAHOCTPYKTYpU (POPMYIOTHCS
0e3rmocepeHbo 3 MaTepialy eJIeKTPOay Ta € 1H-
KOPIOPOBaHUMH B TIOBEPXHIO EIEKTPOLY.

JIIIIIC — me camoopraHi3oBaHi mepioany-
HI HAaHOCTPYKTYpHU $IK1 PO3TalllOBaH1 y BUIIISIAL
(xBa3i)mepiogMuHUX TOnorpadiuyHuX JiHIN, 10
MPEACTABISIOTh CTPYKTYPY JiHIHHOI MOBEpXHE-
Boi peuritku. JIIIIIIC BuHMKaOTh 3aBAsIKM Ha-
HOCTPYKTYpPYBaHHIO IOBEpXHI MaTepialliB 3 BUKO-
PHUCTAHHSAM YJIBTPAKOPOTKHX JIA3EPHUX IMITYJIBCIB
y (heMTOCeKyHTHOMY 1 HAHOCEKYHTHOMY Jliara-
30Hax Ta 0O0yMOBIICHE HETEPMIYHHUMHU MEXaHi3-
MaMH a0yl 1 XapaKTePU3yEThCs BIJICYTHICTIO
TEepMaIbHUX JE(PEKTIB HAa MOBEPXHIX PI3HUX Ma-
tepianiB [5, 6]. JIIIIIIC moxHa knacudikysaru
BIJIMOBIJTHO /IO X MPOCTOPOBUX TEPIOIIB 1 OPI€H-
Tallii JTIHIHHOT MOIsIpU3allii Ja3epPHOTO MPOMEHIO,
sIKa BUKOPUCTOBY€EThCS /17151 1X reHepaii [7].

Bukopucranns JIIIIIC mist monudikarii
noBepxHi enekrpoxaiB manst EX ta EXJI mocni-
JOKEHb 00OYMOBIIEHE MOMKJIUBICTIO BILIMBY J1a3ep-
1HIyKOBaHOI MoAM(iKallil MOBEpXHI Ha (i3UKO-
XIMIYHi BIIACTHBOCTI 1 HA KIHETUKY €JIEKTPOIHHUX
nporiecis [8]. Lle, B cBOtO yepry, Mae o3HaYaTHUCh
Ha iHTeHcuBHOCTI EX Ta EXJI curnanis npu Bu-
KOPHUCTaHHI TaKUX EJNEKTPOAIB ISl CTBOPECHHS
XIMIYHUX ceHCOpiB. BapTo 3a3HaunTH, 1110 70 TE-
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NEPIIIHBOTO Yacy BiACYTHI IOCIIHKEHHS (Di3UKO-
ximMiuHuX npoueciB renepauii EXJI Ha enekrpo-
nax momugikoBanux JIIIIIC.

2. Marepiaam i MmeToau

2.1. EXJI cucrema

EX ta EXJI BUMiptoBaHHS TTPOBOIUIIHCS
3a IOOMOTOI0 €JIEKTPOXIMIYHOT POOOUOT CTaHITii
«Methrohm Autolab PGSTAT 128Ny, migkirode-
HO1 J10 3-€JIEKTPOAHOI €JIEKTPOXIMIYHOT KOMIPKH
BCEPENHMHI CBITJIOHETPOHUKHOI KaMepH BJIACHOT
po3poOku. Ontuuyauii EXJI curaan BumiproBanu
3a 1ornomMororw ¢gorornoMHoxkyBada «OEY-136»
(6araromyxnuit porokaron SbNaKCs, 1400 B),
[0 UBUTHCA BiJ JXKepesia BUCOKOT HAIpyru
«Hamamatsu Model C9525».

EnexTpoximMiuyHa KOMipKa CKJIaiaaach 3 po-
6040ro JAMCKOBOTO €JIEKTPOJa; MPOTHEIEKTPOLY
3 IJIATHHOBOI ()OJIBTH; 1 €EKTPOAY MOPIBHIHHS
3 Ag/AgCl. Y npoMy I0CIiKEHHI BUKOPUCTOBY-
BaJIM TMCKOB1 pOo00Yi €JIEKTPOAM BJIACHOTO BUPOO-
HunrTBa 31 ckiaoyrento (CB) (miamerp pobdouoi
30U = 3 MM). CtpmxkHi 13 CB Oynu BcTaBneHi
B Te(PJIOHOBI BTYJKH 13 30BHIITHBOIO Pi3b00I0,
SIK1 3arBUHYYBAJTUCH B TE(PIOHOBUI €IEKTPOIO-
TpUMad, 10 MICTUTH MO30JI0UYCHUN NMPYKUHHUN
koHTakT (Puc. 1).

2.2. I'enepanis JIIIIIC

Jlst rereparnii JITITIC Ha moBepXHSIX eek-
TPOJIIB BUKOPUCTOBYBaBCS (heMTOCEKYHITHUM Jia-
3epHui KoMrieke «Pharosy Ha 6a30Biif TOBXKUHI

Pucynok 1. 300paxeHnHss podo4oro
CKJIOBYIJIELIEBOTO €JIEKTPOAY

xBuii 1030 HM Ta 3 TPHUBATICTIO IMITYJIBCY 266
(beMTOCEeKYH/I, ISl OTPUMAHHS JIPyToi Ta TPEThO1
rapMoHik (515 um Ta 355 HM BiATIOBIAHO) 3aCTO-
COBYBAaBCSI MOJIYJISITOP TAPMOHIK, IO ITiJ]’ € THAHUI
B ONTHYHOMY IIUISIXY ITOCIIJOBHO 0 Jlazepa [9].
[ToTyXHiCTh Ta PIBHOMIPHICTh IHTEHCUBHOCTI
JIA3€pHOrO My4YKa KOHTPOJIIOBAJIaCh BUMIPIOBa-
9eM MOTYXHOCTI «Standa» Ta MIBHIKOIIFOYHM
JICTEKTOPOM BiINOBITHO. Jla3epHuii my4dok OyB 3a-
BEJICHUI B TaJIbBOCKAaHYIOUY TOJIOBKY, sIKa KOHTP-
OJIIO€ HOTO TPAEKTOPIIO PyXy 3TiTHO MPOTpamMu
MIiKpOKOHTpoJepa. J{o raibBOCKaHy04Y0i TOJIOBKH
BKpyueHa crieuiaibHa d-tera jiH3a, 10 A03BOJIsE
00pOOIIATH 3pa3Ku BEIMKOI TUTONII Oe3 BiIXHIICH-
Hs Big ¢okycy. Enekrpon o6pobisiBest cokyco-
BaHUM JIa3€PHUM MPOMEHEM Ha 3-0ChBOMY XYZ
MOTOpU30BaHOMY CTONHKY (Puc. 2).

PoswwuptoBad Miexeunesa
ny4ka nnacTuHka
lanbBOCKaHep Y Nasep
- f— | -
NMPOMiHb
MepcoHanbHWUn

. ; Komm'roTep
Veewvw
3pasok

ol

Mo3wuuioHep

Pucynok 2. Cxema ¢opmysanns JIIIIIC na enekTpoaax
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2.3. Xapaxkrepusauis JIIIIIC

3 METOI0 BCTAHOBJICHHS B3a€MO3B’SI3KY
Mopdomnoriuaux ocodauocter JIIIIIC Ta ix
€JIEKTPOXIMIYHUX BIACTUBOCTEH OyNI0 MTPOBEACHO
MOpP(OJIOTIUHI TOCTIKEHHS 3pa3KiB Ha HAHOPIB-
Hi. J{ist orpumanns iHopMmarii mpo HaHOMOPdO-
noriuni ocoonmuBocti JIITIIIC 6ymo BukopucTano
METOJl aTOMHO-CHJIOBOT 30HA0BOI MIKPOCKOITIi.
B po6orti BukopucroyBaBcs ACM NT-206 Bu-
pobHuunTBa «Microtestmashine Coy.

2.4. CepenoBume aiasa EX ta EXJI Bu-
MipIOBaHb

Tt EX ta EXJI nocinikens, B IKOCTI ¢o-
HOBOTO €JEKTPOJIITY BUKOPUCTOBYBanuchk: 0,1
M ¢ocdaranii 6ydpep (pH 6.8) — 0,1 M docda-
Ty (NaH,PO,, Sigma-Aldrich) i rizpodocdary
narpiro (Na,HPO,, Sigma-Aldrich) po3unneni
y JUCTHIIbOBaHii Bozi; 1 MM Tpurigpar rekca-
uianopeppary (II) xaniro (K, Fe(CN), « 3H,0 >
99%, Sigma-Aldrich) B sIKOCTI OKHCITFOBAJILHO-
BiHOBHOI napu y 0.1 M docdarHomy Oydepi.

Z,nrn 12l

Jnsa EXJI nocnigkeHb, B SKOCTI JHOMIHO-
dbopy BHKOPUCTOBYBCS rekcarigpart tpuc(2,2°-
oinipuaun)auxiopytenio(Il) (Sigma-Aldrich),
a B SIKOCTI CIIBpeareHTy BUKOPUCTOBYBABCS TPH-
nporninamid (98%, Fluka).

3. Pe3yabTarTu i 00roBOpeHHst

3.1. Mopdouaoria JIMIIC-moaudiko-
BAHHX €JIEKTPOAIB

3a momomororw ACM Oynio IOCHiIKEHO
CB po0oui enexrpoau, monudikosani JIIIIIC.
JlocmipkeHHST HA MaJiOMy IOJII CKaHyBaHHS
(5 x5 MKM) mokaszanu, o CTPYKTYPH Y BUIIISIL
OO0piH, sIKI YTBOPWJIMCH Ha IOBEPXHI €JIEKTPOY,
OpPTOrOHANbHI J0 HANPSIMKY CKaHyBaHHs Ja3ep-
HUM IPOMEHEM, MAIOTh MEPIOIUYHICTh OJIU3bKO
867 um. Ha npo¢ini nepeTuny moBepxHi 3paska,
Ha GoHI CyOMIKPOHHHX OOpiH, HAssBHA 3€pPHUC-
Ta CTPYKTypa KpUCTAJIITIB Marepiady po3MipoM
100-200 um (Puc. 36).

1bJ

X6 Dum ¥-§5 Mum Z:7 Sum [0 5-1]

=
@

C5-Topagraphy, um

=
n

(R of

a
[0 FE— c5-Topagraphy

Length, um FRIER [0 0e]

Ra: 0.%um Rg: O.dum = 1,1] ™ e
1848
1356 v\ \
7 . ! - - - - T - - - - T - -

Absolute walues: [4]-> x=0.0um; z{1)=304.5nm;
Difference between markers: dx=2.6um; da(1)=261.9nm;
Difference between first two lines: x[a]=0.0um, dz[a)=0.0um; x[b]=2.6um, dz[b]=0.0um

[b]-= x=2.6um; 2(1)=566.4nm;

6)

Pucynoxk 3. 3D Tonorpadis noBepxsi (mose ckanyBanus 5 X 5 mxm) (a) Ta npodinb noBepxHi (0)
JIIIIC Ha ckJI0 ByIJleLeBOMY eJ1eKTPOoi

3.2. EX nociigxeHHs

Jlns BU3HAYEHHS AONYCTUMOi o0Giac-
Ti EX nmorenuianiB Ta Brnuy JUIIIC cTpyk-
Typ Ha KIHETHUKY peakuii mepeHocy eJIeKTPOHY
Ha eJIeKTPO/HIN moBepxHi, Oyno mposeaeHo EX
BUMIpPIOBaHHS METOAOM IMKJIIYHOI BOJITAMIIE-
pometpii (UIBAM) na CB enextpoai 6e3 Moau-
¢ikanii Ta Ha CB enexrponi, MoaudikoBaHOMY
JIIIIIIC (Puc. 4). BumiproBanHs Oynu mpoBe-
neHi y gocdarnomy Oydepi (Puc. 4a) ra 'y doc-
¢darHomy Oydepi 3 BMICTOM JAemnojispuzaropa
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K,[Fe(CN), /K, [Fe(CN),] (Puc. 46), BianosiaHo.
Sx BugHO 3 Puc. 4a, nns enekrpony Moaudiko-
Ba"oro JIIIIIC, Tak i nns He Moau(iKOBAaHOTO
€JIEKTPOaY, 001aCTh JOMYCTUMHUX MOTEHITIaTiB
npuOIU3HO OJHAKOBA, OJHAK IJs €JIEKTPOIY
3 JIITIIIC 3HaueHHS EMHICHUX CTPYMIB 3HAYHO
OlnpIe, 1mo 1 Mae OyTH I pO3BUHYTOI IMOBEPX-
Hi MoaudikoBaHoro enekrpoay. Ha Puc. 46 mo-
ka3aHo, mo Ha CB enekrpoai 6e3 monudikarii
y nopiBHsHHI 31 CB enexTpomom, MmoaudikoBaHUM
JIIIIIC, criocTepiraroThCsi JOCHTD 100pe BUpaXKe-
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Hi CUTHAJIA €JICKTPOOKUCIICHHS Ta BiJIHOBICHHS
y po3uuni 3 nenonspusaropamu K, [Fe(CN),]/
K,[Fe(CN)] y docdarnomy Oydepi. byno sera-
HOBJICHO, 110 Y PO3YHHI, 110 MICTUTH ACTIOIAPH3a-
Top K, [Fe(CN),J/K, [Fe(CN),], na CB enekrponi
3apeecTpOBaHi BOJIBTAMIIEPOIPAMMH, SIKi BiJIO-
BiJIalOTh 00OPOTHOMY MPOTIKAHHIO €JIEKTPOIHO-
r0 MpoLecy: aHOJHUH 1 KaTOIHUH MIKH CTPYyMiB
PiBHI, 3aJI€)KHICTh CTPYMIB MiKiB BiJ IMIBUIKOCTI

30 <4
20 4
10
0

10

CTpyM, MKA

20 4

30 -

T T T T
10 056 00 05 10 15

Tlotenmian, B

a)

noJsipy3anii 1 KOHIEHTpaLii AeTosIpr3aTopa Ji-
HiliHa, TOTEHIIaJId KaTOMHOTO 1 aHOJTHOIO IIKIB
HE 3JICKHUTH BiJl IIBUIKOCTI MOJSpU3aIii, a ix
pizauns (AEm) = 0.21 B BignoBigae omHoeNIeK-
TPOHHOMY MpOIIeCy MepeHocy 3apsany. Biamo-
BIIHMI CUTHAN Ha MOAU(IKOBAHOMY €IIEKTPOIi
Ma€ MEHIIl BUpaxeHy (HopMy depe3 BUCOKHI €M-
HICHUH CTPYM Ta OLIbIIY PI3HHUIIO MK IIKaMU
OKHCJICHHS Ta BIJHOBJICHHSI.

CtpyM, MKA

T T T T 1
o0 02 04 08 08

IToTtenmian, B

6)

=

Pucynok 4. (a): HBAM Ha esnexkTpoaax 3i ckiaoByrienio (1) Ta ckoasyriemnto, moaugixosanoro JIIIIIC (2)
y po3uuHi pocarnoro oydepy (0.1 M, pH = 6.8) 3a mBuakocti posroprkn norenuianxy V =100 mB/c; (6):
BAM nas CB eaextpona (1) ta mogudikosanoro JIIIIC CB exextpona (2) B po3unHi ¢ocdarnoro oyde-
pa (pH = 6.8) + 10~ M [Fe(CN),|*"* 3a mBuakocti noasipusanii V = 100 mB/c

3.3. EXJI nocaigxeHnns

Ha Puc. 5 noxazani curnanu EXJI 3i cmiB-
pearentom Ha CB enexrponax 3 JIIIIIC, Buroros-
JICHUX 3a PI3HUX TPUBAIOCTEH IMITYJIbCY Ja3epa
(266 dc, 500 de, 1 nic, 10 nic) y nmopiBHSHHI 3 HE
Moan(ikoBaHUM eJeKTponoM. 3 pesynbrariB EXJI
BUMIipIOBaHb BUIHO, 0 KiHetnka EXJI na CB
enekrponi 6e3 monudikamiit i CB enexrpomgax
momudikoBanux JIIIIC nemo Bigpi3HAETHCS.
Oco06nuBO BiIMIHHUM € XapaKTep 3BOPOTHOTO
xomy EXJL. ITpu npomy kinetrka EXJI ma JITITIC
CTpYKTypax moziOHa, BiIMIHHICTb JIAIIE MOJISATAE
y inTeHcuBHOCTI EXJI-curnany.

TyT BBXIUBO BiJ3HAYUTH, [0 HA BiJMi-
ny Big EX mosexninku enexrponis 3 JIIIIIC, ne
4yepe3 BUCOKUN €MHICHUN CTPYM iX aHAJTITHYHE
3aCTOCYBAHHSA € JIOCUTHh HEC(PEKTHUBHUM, B TaJy-
31 EXJI ananizy wasBuicts JIIIIIC cTpykTypn
Ha MOBEPXHI €JIEKTPOy HE BIUIMBAE CYTTEBO HA

CIIBBiJTHOIIEHHS CUTHAJ-IIYM Ta HE 0OMEXy€e
AHAJTITUYHOTO 3aCTOCYBAaHHS TaKUX €JIEKTPOIIB.

e (B enerpoyt Ge3 Mo ikarii

e CB eltekpoy, 3 JILLIC (266 (o)
CB enexpoyt 3 JITTTIC (500 dc)
CB euexpoy, 3 JULLIC (1 uc)

s C3 @11€1p0,, 3 JIITIC (10 110)

InTencuBnicTs EXJL, BinH.0A.

L i L . L L L L I L L . L L L L
01 0 01 02 [H) 04 05 06 07 08 08 1 11 12 48 14

Hanpyra, B

Pucynok 5. I'padixu inTtencuBuocti EXJI
cucremu 3i cniBpearentom: 0.1 MM TBP + 10 MM
THA y ¢pocharnomy 6ydepi Ha CB enexkrponax
0e3 moqudikaniii Ta 3 pisHEMHI
JIIIIC moaudikanisimu.
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BucnoBku

VY po6oTi Oys10 BCTAHOBJIEHO MOKJIUBICTh
MoaudiKaIlii CKIOBYIJICIICBUX €IEKTPO/IIB JIa3ep-
1HIYKOBaHUMHU TMEPIOAUYHUMH MOBEPXHEBUMHU
cTpykrypamu. ACM pociimKeHHs TPOAEeMOH-
cTpyBaiu chopMOBaHi CyOMIKpOHHI TIepioanuy-
Hi CTPYKTYpH, OpTaroHaJIbHI J0 HANpPSMKY CKa-
HYBaHHS JJa3epPHOTO MPOMEHIO, Ta 3€PHUCTI Ha-
HOCTPYKTYypHU Ha (poHI cyOMIKpOHHUX OOpIH.
EnexrpoxiMidHi TOCHIPKEHHS BCTAaHOBUIIH, 1110
JHTITIC momudikartist MpU3BOIUTH 10 301IbIIICHHS
€MHICHOTO CTPYMY, aji¢ HE BIIUBAE CyTTEBO Ha
0071aCTh TOMyCTUMHX €JIEKTPOTHUX ITOTEHITIAIB.
EnexTpoxeMisrOMiHECIIEHTHI BUMIPIOBaHHS 31
criBpeareHToM IpojaeMoHcTpyBany, mo JIITIIC
Moau(ikallis eIeKTPOAiB YaCTKOBO BILUIMBAE Ha
dbopmy EXIJI curnany, ajne He 3MIHIOE IMOTEHITI-
an nmouatky EXJI peakmii Ta cmiBBiqHOIICHHS
curHaI-myM. JlocmimkeHHs 00yMOBITFOIOTH MOXK-
JIUBICTh BUKOPUCTAHHS MIKPO- Ta HAHOCTPYKTYPO-
BaHMX JIa3€POM €JICKTPOIIB JUIsl CTBOPEHHS aHa-
mitnaaux EXJI cucrem ta EXJI ceHcopis, Ha 1110
MaroTh OyTH CIIPSIMOBaHI MOAJIBIII JTOCITIIDKEHHS
B IIbOMY HampsMKYy.

IHoasika

Po6oty Oyno BUKOHAHO B pamMKax IPO€EK-
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Summary

Electroanalytical methods, such as electrochemical (EC) and electrochemiluminescence
(ECL), play an important role in modern analytical science due to their versatility and efficiency. To
develop elements of electroanalytical systems with new properties and increased productivity, surface
modifications of electrodes can be applied.

This paper investigates the use of laser-induced periodic surface structures (LIPSS) modification
of working electrodes for electrochemical and electrochemiluminescence analysis of liquids. This
method of modification differs in that the nanostructures are formed directly from the electrode material
and are incorporated into the electrode surface.

The Pharos femtosecond laser complex was used to generate LIPSS on the electrode surfaces. An
atomic force microscope (AFM) manufactured by “Microtestmachine Co” was used to characterize the
surface. EC and ECL measurements were carried out using an electrochemical workstation “Methrohm
Autolab” connected to a 3-electrode electrochemical cell inside a light-tight chamber.

In the work, glassy carbon electrodes were successfully modified using LIPSS. AFM studies
showed the formation of submicron periodic structures orthogonal to the scanning direction of the
laser beam and granular nanostructures against the background of submicron furrows.

Electrochemical studies have shown that LIPPS modification leads to an increase in
capacitive current, but does not significantly affect the range of permissible electrode potentials.
Electrochemiluminescence measurements with a co-reagent showed that LIPPS modification of the
electrodes slightly affects the shape of the ECL signal, but does not change the potential of the start
of the ECL reaction and the signal-to-noise ratio.

Keywords: LIPSS, electrochemiluminescence, electrochemistry, sensor
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Pedepar

EnexrpoananiTuuni metonu, Taki sk enekrpoximiuHi (EX) Ta enexTpoxeMmimtoMiHECIIEHTHI
(EXJI), BigirparoTh BaXJIMBY POJIb y Cy4YacHIM aHAIITHYHIN HAyIll 3aBISIKH iX YHIBEPCAJIbHOCTI Ta
edekTuBHOCTI. J[7151 pO3pOOKH €IeMEHTIB eNEeKTPOaHaTITHYHUX CUCTEM 3 HOBUMH BIIACTUBOCTSIMH Ta
IT1IBUIIICHOIO MPOTyKTUBHICTIO, MOXKYTh OyTH 3acTOCOBaH1 Moau(DiKaIlii MOBEPXHi €IEKTPOIIB.

VY 1iif po6OTI JOCTIHKEHO BUKOPUCTAHH MoAu(diKkaiii poOoUnx €IeKTPOdiB 32 JOTIOMOTOIO
Ja3epHO-1HAYKOBaHUX TepiogundHux noBepxHeBux cTpyktyp (JIIIIIIC) nis enekTpoxXiMiyHHX Ta
€JICKTPOXEMUTIOMIHECIICHTHUX TOCiKeHb pinuH. Llei cocid Moaudikariii BiApi3HAETHCS TUM, 110
HAaHOCTPYKTYpH (HOPMYIOThCS 6€3M0CepeHbO 3 Marepiaty eJIeKTPOoay Ta € IHKOPIOPOBAHUMHU B IO-
BEPXHIO €JICKTPOLY.

st renepartii JIITITIC Ha moBepXHSAX €IEKTPO/IIB BAKOPUCTOBYBABCS (PEMTOCEKYHIHHM J1a3ep-
Hull kommieke «Pharosy». J{ns xapakrepu3atiii moBepxHi 0yJ10 BAKOPHCTAaHO aTOMHO-CHIIOBH 30H/0-
BUIA Mikpockon BupoOHuirBa «Microtestmashine Co». EX ta EXJI BuMiproBaHHS IPOBOAMIIUCS 32
JIOTIOMOTOFO €JIEKTPOXiMiuHO1 pobouoi cTanIli «Methrohm Autolab”, migkmtoueHoi 10 3-eneKTpoaHOT
€JICKTPOXIMIYHOT KOMIPKH BCEPEIMHI CBITIIOHETPOHUKHOT Kamepb.

VY poboti Oyno moaudikoBaHO CKIOBYMIIeneBi enekrpoan 3a gonomororo JIIIIC. ACM no-
CJTIDKEHHS ToKa3aiau c(hopMoBaHi CyOMIKpOHHI MEPiOINYHI CTPYKTYPH, OPTAroHaIbHI 10 HAPSIMKY
CKaHyBaHHS JIA36pPHOTO IPOMEHIO, Ta 36PHHUCTI HAHOCTPYKTYpH Ha (DOHI CyOMIKPOHHHUX OOpIiH.

Enexrpoximiuni gocmimkenHs mokaszanu, mo JITITIC Mmoaudikariis npu3BoAUTh 10 301IbIICH-
HSl EMHICHOTO CTPYMY, aJi€ He BITUBAE CYTTEBO HA O0JIACTh JOMYCTUMHX €JIEKTPOIHUX MOTEHIIAIB.
EnexrpoxeMitoMiHeCIIEHTHI BUMipIOBaHHs 31 crmiBpeareHToM noka3anu 1o JITITIC mogudikartis
eneKTpoAiB aemo BrummBae Ha popmy EXJI curnany, ane e 3miHroe noteHiian moyarky EXJI peakiii
Ta CHiBBIIHOIIEHHS CUTHAJ-IIIYM.

Kumrouogi ciiosa: JIIITIC, enekTpoxeMiTFOMIHECIICHITIS, €IEKTPOXiMisi, CEHCOP
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HARDWARE AND SOFTWARE COMPLEX FOR CONDUCTOMETRIC
MEASUREMENTS WITH HIGH METROLOGICAL RELIABILITY

V.G. Melnyk, S. V. Dzyadevych, P. 1. Borshchov, V. K. Beliaev, O. D. Vasylenko,
Nicole Jaffrezic-Renault

Abstract. The article summarizes and supplements the results of the development of methods
and tools for improving the reliability of differential measurement of local changes in electrical
conductivity in electrolyte solutions using a pair of interdigitated transducers, which are used in
conductometric biosensors. The aim of the work is a deeper suppression of the error due to the
influence of background changes in a solution when the parameters of a pair of transducers are not
completely identical. The essence of the issue, the causes and mechanism of the resulting error, and
possible ways to reduce it are considered. The structure and algorithms of operation of a computer
biosensor system with an intelligent module of a differential conductometric channel based on an
alternating current bridge, with balancing in absolute value and phase of the disequilibrium signal, are
described. Methods have been developed for tuning such a bridge to a special quasi-equilibrium state,
in which a change in the background electrical conductivity does not change its output informative
signal. The results of experimental studies are presented.

Keywords: Conductometry, AC Bridge, balancing, differential sensor
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AITAPATHO-IIPOIT'PAMHUIA KOMILJIEKC JJ51I KOHAYKTOMETPUYHUX
BUMIPIOBAHB 3 BUCOKOIO METPOJIOTTYHOIO HAJIMHICTIO

B. I Menvnux, C. B. /[3a0eeuu, I1. 1. bopwes, B. K. benses, A.J]. Bacunenxo,
Hikxonv JKaghghpesix-Perno

AHoTauis. Y CTarTi y3araJpbHeHO Ta JOMOBHEHO Pe3yJabTaTH PO3POOOK METO/IB Ta 3aCO0IB TIijI-
BUIICHHS JOCTOBIPHOCTI AM(epeHIiaTbHOTO BUMIPIOBAHHS JOKAJIBHUX 3MiH €JIEKTPOIPOBIIHOCTI
B PO3YHMHAX €JIEKTPOJITIB 32 IOTIOMOTOIO MapH 3yCTPIUHO-TPEOIHYACTHX IIEPETBOPIOBAUIB, SIKi 32CTOCO-
BYIOTBCSI B KOHAYKTOMETPUYHUX OioceHcopax. MeToro poOoTH € muoIe NpuayeHHs TTOXUOKY Yepes
BIUTUB ()OHOBHX 3MiH y PO3UMHI NPH HETIOBHIH 1IGHTHYHOCTI MapaMeTpiB Mmapu nepeTsoprosadis. Po3-
DJISIHYTO CYTh MMUTAHHS, IPUYMHU T4 MEXaH13M BUHUKHEHHS ITOXUOKH, MOYJIMBI IIUTAXH i1 3MEHIIICHHS.
Onucano CTPyKTYpy Ta JITOPUTMHU POOOTH KOMIT IOTEPHOT O10CEHCOPHOI CHCTEMU 3 IHTEIIEKTYaATbHUM
MOAyJIEM TU(epeHITiaTbHOTO KOHyKTOMETPHYHOTO KaHaTy Ha OCHOBI MOCTa 3MIHHOTO CTpyMy 3 0a-
JaHCYBaHHSM IO MOJYIIIO Ta (ha3i CUrHaITy HepiBHOBAaru. Po3po0iieHo MeToIu HaTaTyBaHHS TAKOTO
MOCTY B OCOOJTMBHI CTaH KBa3ipiBHOBArW, IPH SIKOMY 3MiHa (DOHOBOI €IEKTPONPOBITHOCTI HE 3MiHIOE

fioro BuXigHUN iHpOpMaTHBHUN curHai. HaBeneHo pesyiabsraT eKCIIepUMEHTAIBHUX JOCIiKEHb.
KurouoBi ciioBa: KoHaykToMeTpisi, MOCT 3MIHHOTO CTpyMy, OanaHcyBaHHs, quddepeHanbHbIi

CEHCOop

Introduction

Conductometric measurements of the
concentration of electrolyte solutions are used
in many technological processes, to determine
the composition of the working environment,
raw materials and finished products, as well
as in biomedical and environmental studies,
in particular, in biosensor analyzers. Their
advantages are the speed and low cost of obtaining
results, the simplicity of the equipment and
measurement methods, the possibility of using for
automatic monitoring [ 1-5]. The disadvantages of
traditional conductometric methods that use direct
measurement of electrical conductivity are the low
selectivity of determining an informative change
in the electrical conductivity of a solution relative
to non-informative influences, as well as the effect
of technological deviations in the parameters of
a conductometric transducer on the sensitivity
of the measuring channel. Partially, this problem
is solved by using bio- or chemo-selective
membranes, when the change in conductivity in
the solution inside biological membrane on the
sensor surface occurs only when there is a certain
change in the parameters of the medium during
the biological reaction [6].

Earlier studies have shown the possibility
of significantly reducing these disadvantages
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due to the use of differential measurements using
a measuring channel (MCh) with a balanced
alternating current bridge [7—12]. The direction
of their use with impedance sensors, in particular
with conductometric ones, turned out to be very
promising [6, 9, 13, 14]. The arms of this bridge
contain identical conductometric transducers
forming a differential sensor [15]. One of these
converters is selective (working, active). It
perceives the background electrical conductivity
of the solution and its local (informative)
change, while the second transducer (reference,
passive) perceives only the background electrical
conductivity. When preparing for measurements,
the bridge is balanced to the minimum final
output signal. During measurements, a certain
amount of the substance under investigation
(analyte) is introduced into the buffer solution.
In proportion to its concentration, the electrical
conductivity of the solution in the selective
membrane changes locally. The value of the
corresponding informative change in the final
output signal of the bridge is recorded by MCh
means. When introducing the analyte, it is also
possible changing the background electrical
conductivity of the solution in the measuring cell,
which is in-phase (common mode) interference.
Note that the background conductivity changes
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both when the composition or concentration of
the solution changes, and when the temperature
changes (approximately 2% per degree).

When the RC-parameters of the equivalent
circuit of the converters differ by up to several
percent (which is ensured by their manufacturing
technologies), a sufficiently high suppression
(up to 100 times) of the signal of such common-
phase interference is achieved. This ensures high
selectivity and sensitivity of MCh. Thanks to this,
the differential measurement method has shown
effectiveness when using working transducers
with selective membranes in biosensor devices
[16]. The paper [17] summarizes the results of
previous studies of the most essential questions
of such measurements and the principles of
construction of the necessary equipment. With
changes in the background electrical conductivity,
which does not exceed a small informative change
in the local electrical conductivity (usually of the
order of 1%), the relative error of determining
the latter does not exceed a few percent.
Consequently, the relative value of the additive
error from the change in background electrical
conductivity, which determines the resolving
power of the differential measuring channel, can
reach hundredths of a percent.

However, during the practical use of
conductometric transducers, it is difficult to
maintain a high identity of their parameters
for a long time, even with the most advanced
manufacturing technology. The reason for this
is that the equivalent circuits of the transducers
contain near-electrode impedances in addition to
the informative parameter — the R, resistance of
the solution between their electrodes. They consist
of parallel-connected double-layer capacitance C,
and active charge transfer resistance R , which
are connected in series with R.. The impedance
parameters of such an object are determined using
an equivalent two-element series RC circuit. The
active resistance in this scheme differs from the
resistance of the solution due to the presence of
charge transfer resistance.

The transducers of the differential sensor
retain their identity if the parameters of the near-
electrode impedances are the same. However,
when the transducers are used, processes occur

on the surfaces of the electrodes that change them.
The values of these changes can reach tens of
percent and differ greatly in transducers forming
a differential pair, which leads to differences in
active resistances in their equivalent two-element
circuits [17, 18]. There are also differences
in the phase angles of the impedance of the
transducers. The multiplicity of suppression by
the differential scheme of the background
influences of the measurement environment at
the same time decreases from hundreds of times
to several units [19]. Therefore, conductometric
analyzers with an ordinary, balanced bridge circuit
guarantee good metrological characteristics only
under the condition of constant control over
the sufficient identity of the parameters of the
transducers and when ensuring minimal changes
in the background electrical conductivity in the
measuring cell [20]. It is not always possible to
comply with these requirements in the conditions
of real practice. As a result, the metrological
reliability of measurement results decreases
and the application of the selective differential
conductometric method for determining the
concentration of electro-conductive substances is
limited [21].

To solve the described problem, it is
necessary to achieve the invariance of the
determination of the difference in the resistance
of the solution in the working and reference
transducers in relation to the difference in their
near-electrode impedances. Theoretically, it is
possible to determine the parameters of three-
element equivalent circuits of transducers by
the data of separate measurements of their two-
element circuits parameters at several frequencies
[22], and then calculate this difference. Such a
way is very complicated, inefficient due to non-
simultaneity of the required measurements (this
reduces the accuracy of the result), and most
importantly, the advantages of the differential
method are lost — the mutual subtraction in
bridge circuit the background components of
the transducers’ signals, of some errors and
interference.

As our studies have shown, a more
promising way is to pre-balance the bridge in
a special state of quasi-equilibrium, in which
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the minimum value is achieved not of its output
signal, but of the response to changes in the
background electrical conductivity. The bridge
circuit can be brought to such a state by setting
the parameters of its mode (voltage modulus
and phase on the conductometric transducers),
obtained by calculation from the previously
measured parameters of their two-element
equivalent circuits. The purpose of the presented
work is to create and study the metrological
characteristics of the hardware and software
complex of the conductometric analyzer, which
allows implementing such a measurement
method and achieving a significant reduction in
errors from difficult-to-control changes in the
background conductivity of the working solution.

Principles of equipment construction
and measurement methods

Structure and principle of operation of
differential conductometric analyzers with a
quasi-balanced bridge circuit.

The structure and operating principle of
the device for implementing such an approach to
building a differential conductometric analyzer
were firstly proposed in [23]. To set the necessary
parameters of the bridge circuit mode, it used
analog functional converters: an integrator, a
DAC, an adder, a phase shifter, which made it
possible to adjust the test voltage vectors on the
converters by two quadrature components.

Further studies have shown that in such a
structure, using the existing analog element base,
it is difficult to provide the necessary accuracy
in setting the parameters of the above quasi-
equilibrium mode at frequencies that are optimal
for conductometric measurements. Therefore, a
bridge circuit was developed for a differential
conductometric analyzer with digital balancing
in absolute value and phase of its output signal
(in polar coordinates). Its circuit contains digital
generators of two coherent quasi-sinusoidal test
signals with precise, frequency-independent
amplitude adjustment and accurate digital setting
of their phase relationships within +90°. A detailed
description of the principles of construction of
such a generator, its characteristics and application
for measuring the impedance is given in [24, 25].
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To understand the set of algorithmic
solutions proposed below, we first briefly
consider the structure of the bridge circuit of a
conductometric analyzer with digital balancing in
polar coordinates and the electrical signals in it.
This is described in more detail in [26].

The diagram in Fig. 1 illustrates the
principle of operation of this device. The arms
of the bridge circuit consist of synthesizers
(generators) DG1 and DG2 of quasi-sinusoidal
test voltages U, _and U, to which conductometric
transducers are connected by keys SW1 and
SW2: working (active, a) with impedance Z_and
reference (passive, p) with impedance Z. They
can be modeled by a two-element circuit R,
C,, by which their parameters are measured, or
by a three-element circuit with the parameters
of the near-electrode layer C, R , which more
accurately reflects the nature of their impedance.

The complete equivalent circuit of a
conductometric transducer also contains an
interelectrode capacitance in parallel with R and
a Warburg impedance. However, they have very
little effect on the value of Ry and C, at the used
frequencies of 30-100 kHz. Therefore, we can
assume C = C,. The additional local conductivity
of the solution AG, which occurs when the analyte
is introduced into the measuring cell, is the
informative measured value. The synthesizers
consist of a ring counter CNTR according to the
Johnson code, a decoder that extracts pulses from
the counter signals to form quasi-sinusoid steps,
and a digital-to-analog converter DAC that forms
these steps from a constant reference voltage U, .
This voltage can be adjusted with a DAC, digital-
to-analogue converter to change the amplitude of
the quasi-sine wave. Synthesizers are clocked by
fc pulses from the MC microcontroller. To provide
an adjustable phase shift between U and U, the
circuit has a PHASE SHIFT block, which forms
sequences Icl and Ic2 from fc. The delay between
them is determined by the code Ag. Pulses Is1 and
Is2 synchronize the counters with each other. The
output current signal of the bridge is converted to
voltage in the I/U block. Synchronous detector SD
extracts the in-phase or quadrature U, component
from it using one of the quadrature reference

voltages UgorUp, which are obtained from the
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Figure 1. Structural diagram of the bridge circuit of a conductometric analyzer
with digital balancing in polar coordinates.

CNTR. These signals are converted into codes
by a highly sensitive multi-bit integrating ADC
and transferred to the microcontroller for primary
processing. The data obtained as a result of it
are transmitted through a standard interface to
a personal computer of the hardware-software
complex for further processing, accumulation and
presentation as analysis results in the required
form.

For experimental studies of the balancing
process and metrological characteristics of the
conductometric analyzer, the electrical equivalent
of a differential conductometric sensor with
adjustable parameters of series-connected

SDnF
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R and C components was used. The values of
these parameters lie in the range typical for
planar intercomb conductometric transducers
widely used in biosensors with gold electrodes
with a width and gaps between them of 20 pm
with a total grating size of 1.5 X 1.5 mm. [15].
The equivalent’s circuit is shown in fig. 2. The
RC-parameters of the transducers can vary by
+20% relative to the average values of 1 kQ
and 5.6 nF, which corresponds to the allowable
values for such sensors. In this equivalent, it is
possible to connect an additional component Rn
in parallel with the capacitance, simulating the
charge transfer resistance Rct.

Rpd My s e N i

T B e
200 cpl
‘1f1£t —20%C

L_swpl
+208Rpe 2 CD2

: +20%Cp

tgp=0

TE—20%Rp
3 PBp |
S~ SWap?2
20K | ARp =1 3|
Ret 7,5k

Wp3

- ==
)_‘DK&R{:}Q(
|

Za ¢
I

& d:-Zp
GND

Figure 2. Equivalent circuit for experimental studies

of the balancing process and

metrological characteristics.
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Analytical models of measurement
processes with a quasi-equilibrium bridge
circuit.

The vector diagram in fig. 3 explains the
changes in currents and voltages in the bridge
circuit during its preliminary balancing and during
measurements. It is built on the complex plane
with coordinate axes Re and Im. The generator
voltages U, and U , which are antiphase in the
initial state, are located on the Re axis. The
voltages on the active (R) and reactive (C)
components of the impedances of the active and
passive conductometric transducers in the initial
state of the bridge are designated U, and U,
respectively. They form vector triangles with U,

|

+ o ALy

and U,. For ease of comparison, the vectors of the
active transducer are shown with a “-” sign. The
voltages U, and U, coincide in phase with the
currents of the transducers I,and I and differ in
phase by the difference in their phase angles Ao.
At the output of the bridge, the summation of the
current vectors —/ and / takes place and a signal
of disequilibrium of the bridge A] is formed. At
subsequent stages of balancing the bridge, these
vectors take positions indicated by the numbers
1, 2, 3. At stage 1, the Up vector turns to the Up ;
position, and at stage 2, its amplitude decreases to
the U , position. The current vectors of the active
(-1 ) and passive (IPZ) converters coincide in this
case, i.e. the bridge is balanced.

l

Figure 3. Vector diagram of currents and voltages in the bridge circuit during
its preliminary balancing and under measurements.

In the case of equality of R, and R, at
different C,, and C, the result of this balancing
stage is the alignment of the ends of the voltage
vectors U, and U, along the arc between points
P and A. In this state of the bridge, the current
increment vectors are —A/ and AL, with the same
background effect on the sensors have the same
amplitude, but different phase angles relative to
the current vectors (they are equal to the phase
angles ¢, and ¢, respectively). To eliminate this
difference, at the next tuning stage (stage 3), the
bridge is transferred to a quasi-equilibrium state by
an additional rotation by an angle Ao of the voltage
vector on the passive sensor from the position U,
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to U .. In this state of the bridge, these background
actions lead to current increments (now —A/ and
A1p3) that become collinear (with opposite phases)
and equal in absolute value, and therefore cancel
each other out in the bridge output signal.

The initial data for this bridge presetting
method is obtained by measuring the quadrature
parameters (along the Re, Im axes) of the current
vectors of the working and reference transducers,
and then calculating the values of their phase
angles and active conductivity G,, G,

The complex currents through the sensors
in the initial state of the bridge are determined by
the following expressions [27]:
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. Ua explarctg(tgo )] ;
ly=—7—""=U,Gg ;Ipl
. 1 1 J1+igle,
JoCsy  Ggy

where: tgo, = G, /0C,,; tgo, = G, /oC, are phase
angle tangents @, and ¢, of sensor’s impedances.
Balancing the measuring circuit is to
achieve equality of the modules and phase shifts
of the currents / , and Ip .- Based on this condition,
the relative value of the modulus of the regulated
voltage of the dependent generator to the voltage
of the independent generator ND1 (this is the
DAC, control code) and the phase shift between
these voltages A, are found, corresponding to
the equilibrium state of the measuring circuit:

A _ _ _ GSA \Il+tg2(pP
¢, =9, —9p. ND, = : —
’ Gp J1+1g7 o,

The quasi-equilibrium of the bridge is
obtained by addition rotation of the vector / by
the angle Ag.

In [27], a justification is given for achieving
the necessary quasi-equilibrium also in the case of
inequality between R, and R, To do this, after
reaching the equality of the current’s modules
of the converters, the current’s module of the
reference converter is corrected, depending on the
ratio of active resistances of the differential pair of
converters. This correction brings the bridge into
a state of quasi-equilibrium (in terms of current)
and equilibrium in terms of voltages across
their active resistances. The latter ensures the
equality of current increments in converters with
a difference in Ry, and R, when the background
electrical conductivity changes. The analysis of
the mathematical model of the measuring process
also showed that at the third stage it is necessary
to perform an additional correction of the voltage
modulus U by a coefficient depending on the
ratio of the phase angles of the passive and active
converters:

(1

\/1+tg2(PP
\/1+tg2(PA .

B ‘Up ‘ exp(¢p) ‘ - ‘ exp(Qp) -explarctg(tgep)]
- P SP s
JoCsp  Ggp

Thus, the correction values of the voltage
vector on the reference sensor in phase and
modulus to achieve the necessary quasi-
equilibrium have the following values:

on phase AQ,, =2(¢,—¢p);
on modulo

ND — AGSA _l+tg2(pP — GSA .1+tg2(pP
' AGg, 1+1g'0, Ggp 1+1g’0,

2)

Experimental studies of suppression of
background influences.

Due to the described corrections of the
state of the bridge circuit, the increments of the
current amplitudes in the converters with the same
changes in the background electrical conductivity
on them coincide with a higher accuracy. This
ensures their more complete mutual compensation
at the output of the bridge circuit. Therefore,
the weakening of the influence of changes in
the background electrical conductivity is much
higher. In [27], the results of computer simulation
and research on an experimental sample of
a differential conductometer are presented for
several typical values of the parameters of planar
interdigitated conductometric transducers with
gold electrodes, which are used in conductometric
biosensors. The increase in the suppression of
changes in the background electrical conductivity
using the described device and measurement
method ranged from 10 to 60 times if to compare
with the devices of the previous generation [17,
19, 20]. On fig. 4a and 4b show photographs
of the hardware-software complex (HSC) of
the conductometric analyzer and the electrical
equivalent of the differential conductometric cell.

Table 1 shows the results of testing of
the suppression factor of additive error due to
the influence of changes in the background
conductivity of the buffer solution in the cell using
a real analyzer. Three differential sensors were
used: 1 — with an average difference between the
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values of the parameters R and parameters C of
the transducers (the differences is 5% and 10%)
under low values of the phase angles; 2 — with a
small differences in the values of the parameters
(less than 5%) and with an increased (more than
0.5) values of the phase angle tangent; 3 — with
an increased differences in the values of the
parameters R and C (7% and 46%) at low phase
angles. Studies were carried out by adding 0.1 ml
of distilled water to a phosphate buffer solution
(volume 2 ml, concentration 5 mM/1, pH 7.0).
The suppression coefficient was calculated as the
ratio of the response of the working transducer
to such an addition to the change in the output

signal of the bridge circuit during the in-phase
effect of this addition on both transducers. An
analysis of the test results shows a large increasing
in the suppression of the influence of background
changes compared to the devices of the
previous generation [17, 19, 20] under moderate
differences in the R and C parameters values of the
transducers both at normal and at increased values
of their phase angles. With a significant difference
in phase angles (which is not recommended for the
operation of sensors), the suppression coefficient
drops significantly. However, it should be pointed
out that in devices of the previous generation the
suppression is only a few units in this case.

i
«212 s
LR ﬁ. -
\ P .‘b't'qﬁ'

Figure 4. Photo of the hardware-software complex for the conductometric analyzer
and the electrical equivalent of the differential conductometric cell.

Due to a significant reduction in the additive
error from poorly controlled factors, the real
measurement range of differential conductometric
analyzers expands towards small values of
informative quantities. However, the most
important thing is to increase the metrological
reliability of the results obtained.

Usually, such parameters as the
measurement range, sensitivity, resolution,
linearity and stability of the conversion function

are used as metrological characteristics of
measuring instruments. These parameters allow
you to estimate the expected basic measurement
error — relative or absolute.

The methods for their determination
and normalization are well known, as are the
methods for estimating and accounting for
random (noise) interference. However, for
complex measurements, which include those
considered in this article, the errors associated

Table 1.

Work Common Common
Sensor R,,, tgo Cs. R, tgo Cyp transduc. mode mode
number Ohm A F Ohm A F influence influence influence

# 3 response response suppression

1(5-2) 623 0,321 12,7 596 0,379 11,3 8490 30 283
2(7-2) 523 0,763 6,93 541 0,683 6,9 6960 50 139
3(6-2) 612 0,60 6,88 654 0,386 10,0 6485 380 17
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with a complex of deterministic, but unstable
factors of measurement conditions are very
significant. Their cumulative impact on the results
obtained can be very significant, and it is very
difficult to determine and correct it. Therefore,
we have to talk about the metrological reliability
of measurements by various means in various
conditions. In our article, we mean by this the
ability to obtain a reliable result with significant
differences in the values of the RC-parameters of
conductometric transducers and the presence of
changes in the electrical conductivity of the buffer
solution during the measurement process.

The considered technical solutions for
preliminary balancing of the conductometric
analyzer’s bridge circuit were based on the
representation of the equivalent circuit of the
differential sensor in the form of two pairs of
RC-components connected in series. However,
as mentioned above, such a model of the object of
measurement is not always sufficiently adequate
to real practice. First of all, this concerns cases
of significant nonidentity of the RC-parameters
of transducers when working with electrically
conductive analytes. The latter leads to significant

changes in the background electrical conductivity
when they are introduced into the measurement
environment. In such cases, for a sufficiently
accurate setting of the quasi-equilibrium state of
the bridge, it is necessary to take into account the
charge transfer resistances R  in conductometric
transducers buffer solution during measurements.

Balancing the bridge circuit taking into
account the effect of charge transfer resistance.

In [28], a method for solving this problem
is presented, based on a simple method for
estimating the values of R , which is described
in detail in [29]. It consists in measuring the
RC-parameters of converters at two frequencies
in the region where their equivalent circuit is close
to serial (from 30 to 100 kHz) and recalculating
the obtained differences in Ry, and R, values at
these frequencies into active resistances connected
in parallel C,, and C,.

Table 2 shows the data for determining R |
for one of the studied differential conductometric
sensors (No. 3 in Table 1), which has significant
differences in the RC-parameters of the
transducers, in the range of buffer solution
concentrations used. Simulation data of changes

Table 2.
. 62,5 kHz 100 kHz

fransducer co:c(ll:tt;gltlion R, Ohm Cs, nF tgo R, Ohm Cs, nF tgQ Reo Ohm
3 mM pH7PB 1810 4257 | 033 1741 3,47 0,263 | 7703
W‘Erzlj)rlg 8 mM 770 5,63 0,587 718 5,06 0438 | 4863
10 mM 529 597 | 0,805 | 483.8 5,44 0,606 | 4785
3 mM pH7PB 2017 5,81 0217 | 1967 4,47 0,18 | 6406
Reiezr;‘)“ce 8 mM 814 8,2 0,38 780 7.2 028 | 3631
10 mM 544 8,96 0,52 513 8,12 0,382 | 3131

in R, values depending on R values under typical
values of RC-parameters of applied sensors show
that these changes can be from 3% to 7% of the
R, value. However, they can increase by several
times with increasing transducer tge values, which
often occurs in practice and is one of the main
factors for reducing the metrological reliability of
biosensor measurements. Note that the above data
were obtained in the absence of electrochemical
reactions that change R .

The article [28] gives an analytical
justification for refining the value of the
correction of the ratio of the voltage amplitudes
of the bridge circuit generators, which is
necessary for its equilibrium, depending on the
R values of the converters.

Taking into account such a correction, the
ratio of the voltage of the dependent generator
to the voltage of the independent bridge at
equilibrium has the form:
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|UP| _i. \/1+(w'RAct 'CSA)Z .\/(1+GSP 'RPct)Z +(w-Rp, -CSP)2

Npy ==

|UA| G \/1 +(@- Ry, -Cg)’ \/(1 +Gy Ry) +(@-R,, -Cg,) 9

where G,, G, are the electrical conductivity
of the solutions between the electrodes of the
transducers.

It is shown that in order to achieve the
necessary state of quasi-equilibrium, the ratio of
generator voltages should have the value:

G
Np, =N12)1_P-

5 @

To find the correction factor according to
(4), the approximate values of R,  of the active
(working) and R,  of the reference (passive)
transducers are determined. The results of
measurements of the next values are used for that:
of the active components Re(Z, ), Re(Z,,) and of
the reactive components Im(Z ), Im(Z, ) of their
impedances at the operating frequency ® and the
values of components Re(Z,,), Re(Z,)), Im(Z ),
Im(Z,,) at the frequency ol1. The values of o1 is
greater than the frequency o (at least 1.5 times).

1 . 1 .
CSA ~ ; ’RAct ~ 5 5 2 2
Im(Z,,)- o, [Re(Z ) —Re(Z,,)]-Cg, - o]
1 . 1
~ - SRy, = - - -
Im(Zy,)- o [Re(Zg,) —Re(Zg,)] Cop - @)

SP

Next, we find and substitute in (4) the
values of the conductivity of the solution between
the electrodes:

G, =~ ;
. R
Re(Z,,) - Act 2
I+(e R, - Cyy)
1
GR - 7 RPct
Re(Z;,) -

1+ (@, Rp,, - CSR)2

Detailed substantiation of this bridge circuit
balancing method is given in [28]. In this work,
a comparative computer simulation of the error
suppression from a change in the background
electrical conductivity of the buffer solution was
also carried out for conductometric analyzers
using the quasi-equilibrium balancing method
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described in [27] and the last of the considered
methods.

Table 3 shows the simulation results for
sensors with different parameters of the equivalent
RC circuit, which were previously selected
for experiments. The results of calculations
of coefficients K of the amplitude correction
and the obtained values of the coefficients of
suppression of the influence of changes in the
background electrical conductivity of the K_
solution using the two methods described above
are presented: using two-element and three-
element equivalent circuits of the transducers.
The suppression coefficients were calculated as
the ratio of the change in the current modulus in
the bridge branch with the working transducer
to the change in the informative current at the
bridge output with a change in the background
electrical conductivity in the differential sensor
transducers. The simulation results show that for
close values of the phase angles of the transducers
(1-4 lines), taking into account the values of R |
(if they differ little) has practically no effect on
the coefficient of suppression of background
influences. However, with a larger difference in
phase angles (rows 5 and 6), considering them
makes it possible to increase it approximately in
proportion to the ratio of tge of the converters.
This is consistent with the electrical properties
of their equivalent circuit. We also note that the
data in line 5 correspond to the data of sensor No.
3 in Table 1. 1. Thus, a significant decrease in
the suppression of background influences when
using this sensor (Table 1) is also due to the lack
of accounting for Rct.

As noted above, the results presented
here assume that there are no electrochemical
processes during measurements that significantly
change R , but in practice, this is quite possible.
Therefore, we additionally carried out a simulation
of the suppression of background influences
with differences in R  of the converters of the
differential pair. The data obtained in this case are
shown in Table 4. For comparison, this table also
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shows data for sensor No. 3 in Table 1 with real
values of R,

As can be seen, in this case, considering
R can give a very large gain in suppressing the

Table 3.
G, R, C,, G, . Method 1 Method 2
1,55 | 5529 | 6,69 | 0,5645 1,55 5716 6,68 | 0,5670 1,001 255 1,0 262,5
1,68 | 4601 6,601 0,6101 | 1,686 4921 6,4 0,6325 1,01 125,6 1,01 125,6
1,633 | 4791 6,67 | 0,5902 | 1,541 5415 6,22 | 0,5988 1,004 84,5 1,002 85,4
1,815 | 4359 8,7 0,5107 | 1,634 4572 7,9 0,5054 0,998 117,1 0,999 118.,8
1,299 | 4863 5,63 0,5524 | 1,229 3631 8,2 0,3669 0,933 38,1 0,913 71,5
1,393 | 5386 | 4,63 0,7036 | 1,474 4661 5,4 0,6435 0,973 60,0 0,966 67,3
Table 4.
G, | R c. G, R, Method 1 Method 2
mS |Ohm | nof | %" | mS | ohm | CwnF| teeP K K, K K,
1,613 | 3000 3,82 0,8346 | 1,333 4000 4,0 0,7315 | 09512 11,6 0,8784 165,4
1,613 | 4000 3,82 0,8908 1,6 10000 4,8 0,8101 | 0,9609 8,0 0,8565 189,7
1 |9000| 50 |04935]| 1,01 | 4000 51 | 04679 | 0,99 318 | 1,022 151,2
1 3000 4,9 0,464 | 0,833 10000 5,0 0,414 | 09819 15,1 0,9232 99,1
1 4000 6,2 0,3901 1,01 9000 7,3 0,3471 | 0,9861 354 0,9598 354,6
1,754 | 3817 6,36 0,6476 | 1,597 2665 9,16 | 0,4201 | 0,9104 32,8 0,8877 77,4

effect of changes in the background electrical
conductivity.

Implementation of the hardware-software
conductometric complex.

A photograph of the HSC is shown in
fig. 4. It is based on an MCh module, which is
connected to a personal computer (PC) using
a standard USB interface, and to a sensor unit
with a conductometric cell using a signal cable
with a special holder. This block is mounted on
a magnetic mixer for mixing the buffer solution
in the cuvette during measurements. To test and
calibrate the measuring channel, as well as to
study its metrological characteristics, the complex
is supplied with an electrical equivalent of a
conductometric cell (for practical operation, it is
performed according to a simplified scheme).

The hardware structure of the IR module
is shown in fig. 1. Its implementation was

based on the unified impedance measuring base
module MXP-6, developed at the Institute of
Electrodynamics of the National Academy of
Sciences of Ukraine for precision measurements
in a wide frequency range, which is described
in detail in [25]. It should be noted here that in
order to achieve the depth of suppression of the
influence of background changes, which can be
provided by the methods presented above, it is
necessary to balance the bridge circuit with errors
of 0.01% at frequencies up to 100 kHz.

The software component of the measuring
complex consists of two parts: the lower-level
software package for the microcontroller of the
IR module and the upper-level software package
that is installed in the PC. Their structures and
interaction are organized in such a way that
simple functions of a conductometric analyzer
without of registering arrays of results, their
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complex processing and graphical representation,
could be performed by the microcontroller of the
measuring channel without connecting a PC,
including under mobile using.

Low-level software package.

The microcontroller controls the process of
adjusting the bridge circuit into a state of quasi-
equilibrium, as well as measuring changes in
the electrical conductivity of the solution in the
working transducer. Important components of its
software are shown in fig. 5. In fig. 5a presents a
block diagram of the microcontroller’s operation
algorithm. The operation of the device consists of
six stages.

Stages 1, 2: measurement of the reference
and working converters parameters (blocks 1-8).
The microcontroller sets the switches: SW1 to the
“1” position, and SW2 to the “0” position (block
1). The voltage of the regulated generator DG2,
which is equal to the voltage of the independent
generator DG, is connected to the reference
transducer, there is no voltage on the working
transducer. In-phase U, and quadrature U,
reference voltages are alternately connected to
the reference input of the synchronous detector
SD. The in-phase and quadrature components of
the current through the reference transducer are
measured (unit 2) for further determination of
its impedance parameters. The variation of the
generator voltage is also performed by changing
the N, . code by one-step and the corresponding
increment of the in-phase component of the
InfToDac current is determined to match the scales
of the DAC, and ADC, which is necessary when
balancing the bridge circuit. The switches are set:
SWI to the “0” position, SW2 to the “1” position
(block 5). The DG2 voltage is connected to the
working transducer; there is no voltage on the
reference one. In a similar way, the components
of the current through the working transducer
(unit 6) are measured to further determine its
impedance parameters. Moduli and tangents of
phase angles of currents through transducers are
calculated and memorized. The difference in the
tangents of the phase angles of the transducers is
calculated and displayed on the indicator (block
8). That is used to diagnose the quality of the
Sensor.
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Stage 3: assembly of the bridge measuring
circuit (blocks 9, 10). Switches SW1 and SW2
are set to the “1” position. DG1 is connected to
the working transducer and DG2 to the reference
one. In the initial state, the voltage amplitudes
of the generators are equal, and the phases are
opposite (the Ap code corresponds to 180°). As
a result, a bridge measuring circuit is formed
with the comparison of currents through the
transducers of the sensor. Next the operations
of block 10 is performing. The microcontroller
sets the parameters of the regulated generator,
calculated for balancing the bridge: the initial
N, code is multiplied by the ratio of the modules
of the currents through the transducers; the value
corresponding to the difference in the phase angles
of the currents of the transducers is added to the
initial code Ao.

Stage 4: checking the balance of the
bridge according to the quadrature component
of the unbalance current and, if necessary, final
balancing according to this component (unit 11).
This is done by adjusting the phase delay of the
voltage of the regulated generator relative to the
voltage of the generator DG1 by the PHASE
SHIFT block (Fig. 1). The block diagram of
the “CompenPhase” subprogram in the general
algorithm of the microcontroller is presented in
Fig.5b.

Stage 5: the balance of the bridge
according to the in-phase component of the
unbalance current is checking and, if necessary,
final balancing according to this component is
performed (block 12, Fig. 5a). That perform by
changing the N, . code, which sets the voltage
amplitude value of the regulated generator. The
block diagram of the “CompenInf” routine is
shoun in fig. Sc.

Stage 6: the state of quasi-equilibrium of the
bridge measuring circuit is establishing and the
informative changes in electrical conductivity of
the solution of the working measuring transducer
is measuring (block 13, Fig. 5a).

After reaching equilibrium of the bridge,
it is transferred to a specific state of quasi-
equilibrium according to the method described
in [27] for mutual compensation of the in-phase
effect of changes in the background electrical
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Figure 5. Block diagram of the microcontroller operation algorithm.
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conductivity of the buffer solution on the working
and reference transducers. For this, two operations
are performed: adding to the code A the value,
corresponding to the difference in the phase angles
of the currents through the working and reference
transducers and multiplication of the N, . code by
a correction factor that depends on the tangents of
the phase angles of the sensor transducers.

After the state of quasi-equilibrium is
reached, the components of the imbalance
current are periodically measured, which carry
information about changes in the informative
parameter of the differential sensor — the electrical
conductivity of the solution on the surface of the
working transducer.

Operations of blocks 11 and 12 are
performed by the classical method of balansing
the alternating current bridge using quadrature
detectors of the unbalance signal. The peculiarity
is that the phase and amplitude of the voltage
of the reference generator DG2 are regulated,
and not by the amplitudes of its quadrature
components. Phase adjustment is carried out by
steps in the direction of reducing the quadrature
component of the bridge imbalance signal, and
amplitude adjustment is carried out by DAC code
steps in the direction of reducing its in-phase
component. Equilibrium is fixed when the signs
of those components changes in adjacent steps. A
state with a smaller amplitude of the controlled
component is considered to be in equilibrium.

Balancing of the bridge according to the in-
phase component by adjusting the amplitude of
D@2 is carried out with much greater precision
and discreteness than its phase; because active
conductivity is an informative parameter in
conductometry. To reduce the time to perform
a large number of DAC, steps, block 12 may
perform an extrapolation of the equilibrium value
of the N, . code using the resulting InfToDac
value (blocks 32-34).

Top-level software package.

The top-level program (control program
“MXP_Conductometer”) is implemented in
the form of an executable file with modules of
dynamic libraries, for work in the Windows OS
environment on a PC. The main tasks of the
upper-level program are to provide an interface
for user interaction with the measuring module, to
ensure interaction with the lower-level program,
to ensure playback, analysis and saving of data
obtained during measurement.

Communication of the upper-level
program with the microcontroller program is
implemented according to the Modbus protocol
through a serial communication line using the
RS-232 data exchange interface (connection
through a virtual port). The main blocks of the
top-level control program and their interaction
are shown in the diagram of fig. 6. The program
blocks (with the exception of the block for
providing communication with the hardware

PC
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Figure 6. Block diagram of the top-level control program for the conductometric analyzer.
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part) have their own graphical interfaces for
management and interaction with the user, which
are combined into a common multi-window
graphical interface of the HSC control program.

W X g Wi MV e— g | 0 ."] I I

The main window of the control program is
shown in Fig. 7.

The main management functions provided
by the program:

F_pd [l i

eI Rl LE L R

Figure 7. The main window of the control program «MXP_Conductometer».

— control of the mode parameters of the
units of the measuring module of the complex;

— management of measurements;

— accumulation, presentation, analysis,
storage and reproduction of the measurement data.

Management of the complex’es hardware
units.

The program allows you to set the mode
parameters of main blocks of the measurement
channel blocks, as well as display the set
parameters and save parameter profiles in
separate files for further use. A set of parameters
at which the measurement will be performed is
the instrument’s parameter profile), Parameters
to be set:

— clock frequency of the ADC;

— clock frequency of the test signal
generator;

— type of reference signal of the synchro-
nous detector (in-phase or quadrature);

— voltage phase delay of generator DG2
(code Ag phase shift of voltages U and Up);

— DAC control codes of the measuring
module.

Profiles of parameters can be saved in
separate files, reloaded and installed in the

measuring module, also parameters from the
profile are written to files for storing the results
obtained when they are used.

Organization of measurements.

After the complex is turned on and ready
for measurements, it is necessary to balance
the bridge circuit of the measuring module, for
which the user submits the appropriate command
from the main window of the program. A
balancing perform by the device controller. After
balancing, the complex is completely ready for
measurements and the measuring module outputs
the values of the current results of the conversion
of the output signal of the bridge circuit. Their
parameters (two quadrature components and the
module) are displayed digitally and graphically
on the main window of the program. These
data change when an informative effect is
applied to the differential sensor. The transfer of
results perform in sets (data packets). A single
packet can contain up to 62 values according
to the limitations of the Modbus transmission
protocol. The number of transmitted results in
a packet determine by the program depending
on: the ADC conversion frequency, the type of
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measurement, the transmission time and the
number of results in the clipboard, as well as the
time of processing and updating information on
the screen. The logical scheme of implementation

in the measurement mode program is presented
in Fig. 8.

The presented measurement results together
with the parameters of the device modules and

Elock for ensunng commumication with the measurmg module

H

Olbstaining

I B

A

Yes

the mode PD:?;;M START Lraa Formation #
parameters | |parameters of the package and Presenting packages
ofthe [5| ofthe i request accumulation | | of current lave been
measurng requested {:Mﬂm.m- and of an array of result accepted and
module data ents) reception | [current results presented
blocks package

e
T

Figure 8. The basic operations sequence when working
in the measurement mode in the top-level program.

parameters of the operating mode can be saved
in files (ANSI coding). The saved measurement
results can be viewed in the form of tables and
graphs after the measurements are finished
with the built-in viewer-analyzer (analysis and
presentation of measurement results block). After
balancing the bridge circuit of the measuring
module, the main window displays the obtained
values of the DAC, and A¢ codes, which
correspond to the established state of quasi-
equilibrium (readiness for measurements). Also,
the conductometric transducers’ parameters
are calculated: resistances and tangents of the
loss angle, which is necessary for evaluating
the quality of the characteristics sensor and
metrological reliability of measurement results.

Conclusion

Differential measurements using a pair
of planar conductometric transducers (working
and reference) included in a balanced bridge
electrical circuit are a promising way to create
highly sensitive analytical systems and, in
particular, the development of biosensors. Their
wide application for solving practical problems
is limited by a significant increase in the
additive error from changes in the background
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electrical conductivity during measurements, if
the electrical parameters of the conductometric
transducers differ significantly, which occurs
during their operation. The solution to this
problem can be based on preliminary balancing
of the bridge into a state of quasi-equilibrium,
at which the minimum value is reached not of
its residual output signal, but of its response to
changes in the background electrical conductivity.
This state is set by additional rotation of the
signal phase in the reference transducer by the
difference in the phase angles of the transducers.
Theoretical and experimental studies have
established that for a sufficiently deep suppression
of the influence of changes in the background
electrical conductivity, in addition, it is necessary
to correct the amplitude of this signal, taking
into account the difference of the actives and the
difference of the reactives components of the
two-element equivalent circuits of the impedance
of the converters. It is shown that the degree of
suppression of the effect of background electrical
conductivity also worsens in the presence of a
difference in charge transfer resistances in the
near-electrode region. The developed method
for determining and considering them when
correcting the amplitude of the reference signal
makes it possible to maintain a high degree of
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suppression of the effect of background electrical
conductivity in this case as well. As a result of the
development, a hardware-software complex was
created for a conductometric biosensor analyzer
with high metrological reliability of measurement
results under the parameters of a differential
conductometric sensor transducers typical
for practical conditions, what was confirmed
experimentally by using conductometric enzyme
biosensor [30].

The work was carried out with the support
of the National Academy of Sciences of Ukraine
within the framework of the State Budget Program
“Support for the Development of Priority Areas
of Scientific Research” (KPKVK: 6541030),
the target program of scientific research of
the National Academy of Sciences of Ukraine
“Smart” sensor devices of the new generation
based on modern materials and technologies”.
The project “Development and optimization of the
electronic module of the conductometric biosensor
analyzer for the determination of arginine”.
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Summary

The article summarizes and supplements the results of the development of methods and tools for
determining local changes in the electrical conductivity of electrolyte solutions, which can significantly
reduce the influence of additive error sources under conditions of changes in the background electrical
conductivity in the measurement environment. This is relevant for biosensor and other measuring
systems based on a differential pair of conductometric transducers when their electrical parameters
are not identical. The aim of the work is to provide a deep suppression of the influence of background
changes under these conditions. The essence of the issue, the causes and mechanism of this type of
error, as well as previously developed methods and means of reducing it are briefly considered. A
diagram is shown and a description of the structure of a computer biosensor system with an intelligent
module for a differential conductometric channel based on an alternating current bridge is given. The
algorithm of a bridge balancing operations by adjusting the module and phase of the test voltage on
the converters is described. A vector model of currents and voltages in the circuit during this process
is considered, as well as mathematical expressions that explain bringing the bridge to a special quasi-
equilibrium state, in which a change in the background electrical conductivity does not change its
output informative signal under the above conditions. Additional operations are determined to balance
the bridge to achieve such a state with significant differences in both near-electrode capacitances
and active resistances, and inter-electrode resistances of solution in the impedances of a pair of
conductometric transducers of a differential sensor. The interaction of an intelligent module with
a personal computer is described, which performs a more complete processing, accumulation and
presentation of research results. The results of experimental studies of the suppression of the influence
of changes in the background electrical conductivity of a solution in a differential conductometric
channel carried out on its computer model and on an experimental sample of a conductometric device
with an electrical equivalent of a differential sensor, are presented. A comparison of the results obtained
and the corresponding data for balancing bridge circuits by previously used methods is given.

Keywords: Conductometry, AC Bridge, balancing, differential sensor
YK 621.317
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Pedepar

VY crarTi y3arajibHEHO Ta JOMOBHEHO PE3yJbTaTH PO3POOOK METOIIB Ta 3aC00IB BU3HAYCHHS
JIOKAJBbHUX 3MIH €JIEKTPOIPOBIAHOCTI PO3YHHIB €IEKTPOIITIB, 10 JO3BOJSIOTH CYTTEBO 3MEHIIUTH
BIUIMB JDKEPEJ aJIMTUBHOI MOXMOKH B YMOBaX 3MiHU ()OHOBOI €JIEKTPOMPOBITHOCTI Y CEPEIOBHIIIL
BUMIpIOBaHb. Lle € akTyanbHUM i1 010CEHCOPHUX Ta 1HIIMX BUMIPIOBAILHUX CHCTEM Ha OCHOBI
nrdepeHIiaIbHOT TapH KOHJTYKTOMETPUYHUX NIEPETBOPIOBAUIB, KOJIH 1X SJICKTPUYHI MTapaMeTpHu HEe/l0-
CTaTHBO 1ICHTHYHI. MeTor0 po0oTH € 3a0e3nedeHHs NIMOOKOTO MPUIYIICHHS BIUTMBY (DOHOBUX 3MiH
y X yMmoBax. KopoTko po3misiHyTO CyTh MUTAaHHS, IPUYMHU T4 MEXaHi3M JaHOTO BUAY ITOXUOKH,
a TaKoX Po3po0IIeHi paHilie MeToM Ta 3aco0H il 3HMKeHHs. [Ioka3aHo cxeMy Ta JaHO OITUC CTPYKTYpH
KOMTII FOTEpHOI 010CEHCOPHOT CUCTEMH 3 IHTEIICKTYaIbHUM MOJYJIEM TU(EPEHIIATBHOTO KOHTYKTOME-
TPUYHOTO KaHAJTy HA OCHOBI MOCTa 3MiHHOTO cTpyMy. OIUCaHO ajIrOpuTM omepalliii 6aJaHCcyBaHHS
MOCTa IIIJISIXOM PETYTIOBaHHS MOAY/IS Ta (pa3u TECTOBOI HANPYTH Ha MEepeTBOproBavax. Po3misHyTO
BEKTOPHY MOJICITb CTPYMIB 1 HAlIPyT y BUMIPIOBAJIEHOMY KOJIi ITPH IIbOMY TIPOIIECi, a TAKOK MareMa-
THUYHI BUPa3H, 1110 TOSICHIOKOTh MPUBEICHHS MOCTA B 0COOJIMBUI KBa3UPIBHOBAXKHUI CTaH, PH STKOMY
3MiHa (DOHOBOI EIEKTPONPOBITHOCTI HE 3MIHIOE HOTO BUXIAHHM 1H()OPMATUBHUI CUTHAJ Y 3a3HAaYCHUX
BUIIIe yMOBaX. BU3HaueHO JJ0MaTKOBI omeparlii 3 ypiBHOBaKCHHS MOCTY ISl TOCSTHEHHSI TAKOTO CTaHy
MIPY 3HAYHKX BIIMIHHOCTSIX SIK TIPUEJIEKTPOIHUX EMHOCTEH Ta aKTUBHHX OTOPIB, TaK 1 MIXKEIEKTPOI-
HUX OTOPIiB PO3UMHY B IMIIE/IaHCaX MapHU KOHIYKTOMETPUYHHX TIEPETBOPIOBAYIB AU(EPEHITIATBHOTO
naryrka. OTMCAaHO B3aEMOIIIO IHTENIEKTYATBHOTO MOIYJIS 3 MIEPCOHAILHUM KOMIT IOTEPOM, SIKUH BU-
KOHY€ OUTBII MMOBHY 00pOOKY, HAKONTMYEHHS Ta MPEICTABICHHS pe3y/IbTaTiB A0ciikeHb. HaBeneHo
PEe3yJbTaTH eKCIIEPUMEHTATBHUX JIOCITIPKEHb PUIYIICHHS BIUTUBY 3MiH (DOHOBOT EJICKTPOIPOBITHOCTI
PO3YHHY B TU(EPEHIIIATEHOMY KOHIYKTOMETPUYHOMY KaHaJll, BAKOHAHUX Ha OT0 KOMIT IOTePHIl MO-
JIeJTi Ta eKCTIEPUMEHTAIBHOMY 3Pa3Ky KOHJIYKTOMETPUYHOTO TPUIIAJTY 3 CIICKTPUYHUM E€KBiBaJICHTOM
nudepeHIiaIbHOro JaTynka. J[aHo MOpIBHAHHS OTPUMAHUX PE3YJbTaTiB 1 BIAMOBIIHUX JaHUX IS
OanaHCyBaHHS MOCTOBHX CXEM METOJIaMHU, 0 paHillle 3aCTOCOBYBAIIH.

Kurouosi ciioBa: KoHtyKTOMETpIsl, MOCT 3MIHHOTO CTPyMY, OaslaHCyBaHHS, TUddepeHIInaTbHBIN
CEHCOp
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®I3UYHA MOJEJb TUMYACOBOI HECTABLJIBHOCTI CTPYMY B IOH-
CEJIEKTUBHUX ITOJBOBUX TPAH3UCTOPAX 3 JIEJEKTPUYHUMMU NAPAMHU
OKCHUAY/HITPUAY KPEMHIIO

O.JI. Kykna, A. C. Ilagnouenxo, C. B. /[3a0eeuu, B. M. Apxunosa, Hixonv Kagpppeszix-Perno

AHotanis. Po6ota npucBsueHa M0CHIiIKEHHIO HECTaOIbHOCTI (apeiidy) moporoBoi Hampyru
Pp-KaHaTbHUX 10H-CeNeKTUBHUX MoaboBUX Tpan3ucTopiB (ICIIT) 3 iHgyKoBaHMM KaHAJIOM, BUKIUKAHOT
TPUBAJIMM BIUIMBOM HETaTUBHOI HAIIPYTH, IO NMPUKIAAETHCS HA NIUISTHKY KaHaTy TpaH3UCTopa Yepes
JIBOILIAPOBUIA Ji€EKTPUK SiOz/Si3N ,- Ha OCHOBI OTPMMaHMX €KCHIEPUMEHTATIBHUX JaHHUX 3aIIPOIIo-
HOBaHO (PI3UYHY MOJIEJb CIIOCTEPEKYBAHOI HECTAOIIBHOCTI, 3T1IHO SIKO1 BOHA 00YMOBIIEHA ITPOLIECOM
HAKOMTUYEHHS HEPIBHOBAYKHOTO TIO3UTUBHOTO 3apsiy B MPUIIOBEPXHEBOMY IIapi HITPHUILY KPEMHIIO.
JI71s KiIbKICHOTO PO3paxyHKy MapamMeTpiB MoJelli 3a1y4eHO MeXaHi3Mu Haja0ap’epHoi 1oHi3aIii
[Tyna—®penkens Ta 6aratooHOHHOT 10HI3a1ii MUOOKUX LEeHTPiB. OKPECIeHO KOHCTPYKTUBHI Ta
TEXHOJIOT14H1 BIOCKOHAJICHHS, 10 MOXKYTh MoKpamuTu ctadinbHicTh ICIIT naruukiB 1is TpuBamux
Oe3nepepBHUX BUMIPIOBAHb y PO3YHHAX.

Karouosi ciioBa: [oH-celleKTUBHUI TIOJIBOBUH TpaH3UCTOP, pH-4yTIIUBHIA €1eKTpOI, ITOpOroBa
Hanpyra, Apeid, HITpUI KPEeMHit0, KYJIOHIBChKI MACTKU, AIPKOBHI MEPEHOC 3aps Ty

PHYSICAL MODEL OF TEMPORARY CURRENT INSTABILITY IN ION-
SELECTIVE FIELD-EFFECT TRANSISTORS WITH SILICON OXIDE/NITRIDE
DIELECTRIC LAYERS

O. L. Kukla, A.S. Pavluchenko, S. V. Dzyadevych, V.M. Arkhypova, Nicole Jaffrezic-Renault

Abstract. The work is devoted to the study of the instability (drift) of the threshold voltage
of p-channel ion-selective field-effect transistors (ISFET) with an induced channel, caused by the
long-term effect of a negative voltage applied to the channel section of the transistor through a
double-layer dielectric SiO,/Si,N,. Based on the obtained experimental data, a physical model of

© O.J1. Kykna, A. C. IlaBmouenko, C. B. [I3agesuy, B. M. Apxumnosa,
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the observed instability is proposed, according to which it is caused by the process of accumulation
of an unbalanced positive charge in the near-surface layer of silicon nitride. The mechanisms of
Pool-Frenkel superbarrier ionization and multiphonon ionization of deep centers are involved in the
quantitative calculation of model parameters. Design and technological improvements are outlined
that can improve the stability of ISFET sensors for long-term continuous measurements in solutions.

Keywords: Ion-selective field-effect transistor, pH-sensitive electrode, threshold voltage, drift,

silicon nitride, Coulomb traps, hole charge transfer

Beryn

XapakTepHUMHU pPHCaMU CEHCOPHUX Tepe-
TBOPIOBAYiB HA OCHOBI 10H-CEJICKTUBHHX TTOJTHO-
Bux TpansuctopiB (ICIIT) e Bucoka MIBUAKOIISA,
MIHIaTIOPHICTh, CYMICHICTh 3 MIKPOEJIEKTPOH-
HUMH TEXHOJOTIIMHU MPH MacOBOMY BUPOOHU-
ITBI. 3aBASKHU UM SIKOCTSIM BOHH € MEPCIEK-
TUBHUMHU /I CTBOPEHHS MacHBiB 1 Oararoene-
MEHTHUX CEHCOPHHUX MaTpHIlb Ta MOOYJ0BU Ha
iX OCHOBI PIIMHHHUX aHAI3aTOPiB I MOTPeO
€KOJIOTIYHOTO KOHTPOJIFO, O10TEeXHOJIOT11, MeaH-
IUHU. 30KpeMa, 32 JONMOMOTOI0 MAacHBIB MiHia-
TIOpHUX pH-4yTIUBHUX MOMBOBUX TPAH3UCTOPIB
(pH-IIT) 3 iMM001Ti30BaHMMU Ha TX TTOBEPXHAX
mapamu (GpepMeHTIB Oy CTBOPEHI BHCOKOCE-
JIEKTUBHI CEHCOPHI CUCTEMU O10MOJIEKYISIPHOTO
PO3Mi3HAaBaHHS BaXJIMBUX 010XIMIYHUX PEUOBUH
y JOCIIDKYBAHUX PO3YHMHAX IUISIXOM TPSIMOTO
dbepmentroro anamizy [1-5]. [ToxiOHI MyIbTH-
010CEHCOpHI CHUCTEMH, IO JIFOTh 32 MPUHIIUTIOM
HEenpsAMOro (iHrib6iTOpHOTO) (hEePMEHTHOTO aHaTi-
3y, pO3pOOJICHO TSI 32139 €KOJIOTIYHOTO MOHITO-
PUHTY TOKCHYHUX PEUYOBUH Y BOJHHUX PO3UMHAX
pi3HOTO MOXOMKEeHHS [6—12].

Jns onmucy mpoIeciB Ha MeXi MoJiny
€JIEKTPOJIT-T1IeTeKTPHK, SKiI IPU3BOMSATH 10 3MiHU
KepyIJoi HampyTru B JAHIIO31 3aTBOpA TPAH3UC-
TOpa MpH 3MiHI AKTUBHOCTI IPOTOHIB B PO3YHHI,
3a3BUYail BUKOPUCTOBYETHCS MOZEIb MOABIIHOTO
3apsKEHOTO MIapy B €JEKTPOJIITI, 0 CKIaIa€Th-
cs 3 mapy [enpmrombia i audysiiinoro mapy [oy-
Yanwmena [13]. Lls monens, mpoTe, HE BPaxOBYE
SIBUILL TIEPEHOCY 3apsfy, AKi MOXKYTh MaTu Miclie
Ha TpaHuIll PO3ILTy piaKoi 1 TBepaoi ¢a3. Hampu-
Kiaj, 1e Moxke Oytu nudy3is MPOTOHIB 3 PO3-
YUHY B 00°€M JienekTpuka. Take mepeHeCceHHs
3apsly BUKIIUKAE TOAATKOBUN IPOTOHHUM BITYK
[14], sixuit MOXKHA PO3MIISAIATH SIK JJOBTOCTPOKOBY
HECTaOUIbHICTh CTPYKTYpH. JlonaTkoBuii 10HHUI
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OOMIiH 3 PO3UMHOM BiI0YBA€THCS TAKOXK 32 YUACTIO
TaK 3BaHUX «IIPUXOBAHUX» IICHTPIB 3B’ A3yBaHHA,
PO3TAIIOBaHUX B IMOBEPXHEBOMY TipaTOBAaHOMY
mapi HiTpuAy KpemHiro [15], npuuomy neit me-
XaHI3M BBA)KAETHCSI OTHUM 3 OCHOBHHX JIKEPET
nosroctpokoBoro apeidy ICIIT. HecraGinbHicTh
JAHO1 CTPYKTYpU MOXKe OyTH TaKOXK BUKJIMKAHA
HAsIBHICTIO PYXOMOTO 3apsily B JICICKTPUYHO-
My tapi [16, 17], sikuii mix i€t TpUKIaIeHOTo
EJIEKTPUYHOTO ITOJISI MOKE 3MIIIyBaTHCS B 00’ €Mi
JieneKkTpruka. MexaHi3MH MPOTiKaHHS BCIX BHIIE3-
raJlaHux MpoILECiB 3a1eKaTh Bl €JIeKTPOCTaTHY-
HUX [IapaMETPIB CUCTEMU EJIEKTPOJIIT-T1€IEKTPUK
1 IPU3BOIATH JI0 TIOSIBH JIOIATKOBUX HU3bKOYAC-
TOTHUX CKJIQJOBUX (AOBroTpHUBajoro apeidy)
B PEECTPOBAHMX BIJITyKaX CEHCOPIB.

Merta poboTu monsrae y J0CHiKeHH] hak-
TOPIB, 10 BU3HAYAIOTh CTAO1IBHICTH CHCTEMU
“KpeMHIH — OKCUJ] KPEMHIIO — HITPHU KPEMHII0 —
po3urH 3 ¢ikcoBanuM pH” mpu BITUBI BITHOCHO
CIIa0KUX €JEKTPUYHMX I10JIIB, XapaKTEPHUX JJIs
poGouunx pexumiB ICIIT, it noOynosi ¢i3udHOi
Mojeni apeidy Takux TpaHzucropis. laHa po-
00Ta I'PYHTYEThCS, 30KpeMa, Ha JaHUX HaIIUX
MOTIEPEIHIX JOCIIKEeHb 1010 CTabLTLHOCTI Xa-
pakrepuctuk ICIIT, mo posmisinatorses [18, 19].

MeToauka Ta cxemMa BI/IMiplOBaHb

B po6oTi BuUKOpUCTOBYBaIM CEHCOpPHI
yunu 3 qudepeHniiinow napow pH-uyTauBux
MOJIBLOBUX TpaH3UCTOPiB. Po3polbnena tomoso-
ris mependavana po3MilIeHHs IBOX 1ICHTHYHHUX
p-KaHAJIBHUX TPAH3UCTOPIB HA OJHOMY KpHCTal
3arajpHOIO TIomero 8x8 Mm? (eheKTHBHA ILIOINA
JIIsT HAHECEHHS YYTJIMBHUX IIapiB CKiIagae Oims
12.5 mm?) [3]. Kpucraniyaumii uun 3 qudepeHiiii-
How pH-IIT-maporo MOHTYBaBCs Ha CIeIiaib-
HIl IpyKOBaHIN I1aTi, HOro KOHTAKTHI TUIONTUHA
3’€HYBAJIUCH 3 TJIATOK0 TOHKUMH JPOTaMH Ta
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130JIF0BANTUCS] TEPMETUYHUM KommayH/1oM. DoTo
mudepenuiiinoro pH-IIT- enexkrpoay B 360pi mo-
Ka3aHo Ha puc. 1.

Puc. 1. 3arajgbuuii BUIVIsLI CEHCOPHHUX €JICKTPOAIB
Ha ocHOBi pH-4yT/IMBHMX MOJILOBUX TPAH3UCTOPIB.

s Burorosnenns pH-IIT-cTpykryp BuKO-
PHCTOBYBAJIMCH CTaHIAPTHI omeparii KpeMHi€BOT
MOH-TexHos0rii 3 GopMyBaHHSIM Mi/13aTBOPHO-
r0O J1eJIEKTPUYHOTO LIapy 13 TEPMIUYHO OKHCIIEe-
Hoi Bk Si0, ToBIMHOIO 50 HM Ta 0CaKEHOT
B PEAKTOPI 3HUIKEHOTO TUCKY TLIiBKM Si,N, TOB-
mHO0 50—70 HM. B SIKOCTI mMiIKJTa KU BUKOPHC-
TOBYBAJUCh KpeMHi€B1 muiacTuHu n-tuny KE®
4,5 <100> 3 xoHueHTpariier gomimku 10'° cm.
3ur3aromnojiibHa reoMeTpisi 3aTBOPHOI 001acTi
TPaH3UCTOPA 3 BIAHOMICHHSIM TOBKHWHU KaHATY
1o ioro mupunu, piBHuM 100, 3abe3neuyBana
JOCTaTHbO BUCOKHUH KOE(QIIi€HT MiJACUICHHS
Pp-KaHAJIbHUX TPAaH3UCTOPIB.

[IpoTOH-CENeKTUBHI BIACTUBOCTI TPaH3MUC-
TOpiB 00yMOBIeHI pH-4yTIUBUM AieTeKTPUUHUM
mwapom Si,N,. Bemmunna pH-ayTmmBocTi cencop-
HHUX eJeMEeHTiB craHoBuia Oinsa 40-45 mB/pH,
10 MPU HAasIBHIM KPYTH3HI MEpeXiAHOI BOJIBT-
amriepHoi xapakrepuctuku (BAX) Tpansucro-
pa B mexax 400-500 mxA/B 3a6e3mnedyyBaio
pH-uyTnuBicTh cTpyMy KaHaiy nopsiaky 16-23
MKA/pH. BumiproBanns siaryky pH-IIT BinOy-
BaJIOCA 3a JJOIIOMOT'OI0 CXEMH HPSIMOT0 BUMIPIO-
BaHHs CTPYyMY B KaHaji MOJIbOBOIO TPaH3UCTOPA
3 aKTUBHHMM HaBaHTaxxeHHsM. [loporosa Hampyra
st pH-TIT 6yna 6mu3eko —2,5 B. BumiproBan-
HS IPOBOJWIIMCH 32 YMOB: CTPYM KaHaily OJIU3b-
ko 500 MKA, Hampyra CTiK-BUTIK O0Jau3bKo 2 B,
MiJKJIaaKa 3’ €qHana i3 ctokom (puc.2) [18]. He-
TaJbHUHN OIKMC TOIOJIOTI, AU3aiHy, eJIeKTPUUYHUX
XapaKTEepPUCTHUK, METPOJIOTTYHUX MapaMeTpiB Ta
CEHCOPHOI EJIEKTPOHIKH IS TOCHIKyBaHUX pH-

I1T- eneMeHTIB HaBEEHO B P/l HALLIUX MONEpe-
THIX poOiT [20-24].

BumiprtoBaHHsI CTPYMY CTOKY p-KaHAJIbHOTO
MOJILOBOTO TPAH3UCTOPY MPOBOAMIIOCS B JIIHIHHIT
oOmacrti nepexinnoi BAX npu nocriiiHiii Hanpy3i
croky U, .= -2 B. Hanpyra no 3atBopHOro ni-
enexktpuky Haja kaHainoMm pH-IIT npukinanana-
Cs 4epe3 CTaHAApTHHUH XJIOP-CPIOHHI €IeKTPOT
MOPIBHSAHHSA. SIK €IeKTPOJIIT BUKOPHUCTOBYBABCS
docdaramii OypepHuil po3urH 3 TOCTIHHOIO Be-
anuuHoro pH = 7.0. 3a BenuunHy nOporosoi Ha-
NpyTH MpUiiManacs Harpyra Ha 3aTBOpi, PH SKii
CTPYM B KaHaJll IOYMHAB MEPEBUIIYBATH 2 MKA.

= ML
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Puc. 2. Cxema miak/ouyenns p-kanaabHoro ICIIT
JJIs IPOBE/IEHHSI BUMIPIOBaHb: 1 — eJIeKTPO
NOPiBHSIHHSA, 2 — eJIEKTPOIITHYHA KOMipKa,

3 — nocaigKyBaHuM pO34HH.

IMoOynoBa ¢izuunoi MoaeJi apeidy

J1J1st pOKOTO 3aCTOCYBaHHS PO3POOICHUX
p-KaHAITBHUX KPEMHIEBHUX IOJILOBUX TPAH3UCTO-
piB 13 IIENEKTPUYHUMU TIApAMH OKCUTY/HITPUIY
KPEMHiI0 B 010CEHCOPHUX MPUCTPOSIX TyKE BakK-
JIMBO 3a0€3MEYUTH BUCOKY CTAOUIBHICTh 1X €JIeK-
TPOXIMIYHHUX XapaKTEPUCTHK, OCKUIBKH Ie 0e3-
MOCEPEHBO BIUTMBAE HA Yy TJIUBICTh BU3HAYCHHS
O10XIMIYHMX PEUOBHUH B JOCIIIHKYBAaHUX PO3YH-
Hax. He3Bakaroun Ha YMCIEHHI J0CIHIIKEHHS
IPOIIECIB MEPEHOCY 3apsiay B HITPUII KPEMHIIO,
edekTn apeiidy XxapaKTepuCTUK TPaH3UCTOPIB,
10 MOB’s3aH1 3 3aXOIUICHHSM 3apsily Ha MacTKU
(Jroxai3oBaHi CTaHU B 3a00pOHEH M 30H1) Ta HOTO
NepeHoCcy Mo LUX MacTKax B yMOBax TPUBAJIO1
Iii 30BHINTHBOTO €EKTPUYHOTO OIS, 3aJIUIIA-
IOTHCSI MQJIO BiTOMUMHU 1 MIPAKTHYHO HE OIMHMCAH1
B Jitepatypi. Lleit edexT BUABUBCS BaKIMBUM
nns ¢ynkiionyBants [CIIT, ski KOHTaKTyHOTh
3 PIAMHOIO, OCKIUIBKU BiH CyTTE€BO OOMEXyBaB
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MOXITUBOCTI BUKOPHCTAHHS MPHUIIA/IIB Ha IX OCHO-
Bl B peajlbHUX YMOBaXx.

ExcrniepumeHTanbHe AOCHTIKEHHS 3aps10-
BO1 CTa0IILHOCTI JBOIIAPOBOTO 3aTBOPHOTO JIi-
enekrpuka kpemHieBux MHOH Ta ICIIT tpan-
3MCTOPIB, PO3TAIIOBAHUX HA OJHOMY KpHCTalll,
P IPUKIIaJJaHH] Pi3HOI 32 3HAKOM, BEJIMUYHUHOIO
1 TEpMIHOM BUTPUMKH MOCTIHHOI HAIIPyTH Ta IIpU
pi3Hill TemneparypHiii 00poOui KpUCTaliB BU-
SIBUJIO PsJl HOBUX ocoOmmBocTelt [18, 19]. Ana-
713 OTPUMAHUX JIAaHUX, PA30M 3 NMPUTATHEHHSIM
TEOPETUIHHUX PO3PAXYHKIB MPOIECY TPAHCIIOPTY
JIpOK IOKa3aB, 110 CIIOCTEPEKyBaHa HECTAOIb-
Hicte xapakrepuctuk [CIIT moxe OyTH BUKIH-
KaHa MpOLEeCOM HAaKONHUYEHHS HEPIBHOBAXHOIO
MO3UTHBHOTO 3apsay Ha TOBEPXHI JieJIeKTpUKa.
JIJ1sl TIOSICHEHHST TIHOTO TIPOIIECY 3aIpPOTIOHOBaHA
HACTYyIHA MOJAEIb JIpendy.

Bimomo, 110 HITpHI, OTpUMAHUI XIMIYHUM
ra3oBUM OCAJKCHHSM, MAa€ 3HayHI CTPYKTYpPHI
MOPYIICHHS MMOBEPXHEBOIO IIapy, Ta MOB’sA3aHi
3 HAMH TTaCTKH 3apsiTy, IPY [IbOMY 3a3BUYail IPH-
CYTHIH IIMPOKUNA CIEKTpP MACTOK, BiJ IpiOHUX
3 eHepriero Oins necsaTux eB 10 mmboKuX 3 eHep-
riero nmonax 2 eB. Ilix miero 30BHIMIHBOTO €JIEK-
TPUYHOTO TOJIA (3 HAIIpyramMu Ha 3aTBopi 10 —8 B,
o Biamosigae momsim 10 5x10° B/cm) mokaitizo-
BaHUM 3apsi/ A1IPOK B HITPUAL KPEMHIIO 32 TpUBa-
701 ail BiA’€MHOT HAapyru MOCTYIIOBOTO 3MIMTY-
€THCA TIO IMX MACTKaX JI0 30BHINIHBOI MMOBEPXHIi
Ha MeXI1 po3ainy 3 enekrpoiitom. [lpu mpomy
B MPUIIOBEPXHEBOMY IlIapi HITpUAY POpMyeThCS
MTO3UTUBHUN 3apsIOBUH 1A, SIKUI 3MEHIIYE I10JIe
B HAIiBIIPOBITHHUKY i BUKJIMKAE BIAMOBIIHE 3MEH-
IICHHS CTPYyMY B KaHaJli TpaH3uctopa. OCKiIbKU
PYXJIMBICTH JIOKAQJII30BAHOTO 3apsiIy MO MacTKax
Iy’Ke Maja, 1Ieil mpouec € 3aTArHyTHM B 4aci:
roro mBuaKa (asza, Mo BIAMOBIIAE TPAHCIIOPTY
1o ApiOHUX MacTKax, CKJIAJa€e OIMHUII XBHIIUH,
a MmoBiTbHA (haza, sika BIAMOBIAA€ TIEPEHOCY Uepe3
OLTBII TIIMOOK] TACTKH, TPUBAE JIO KLITHKOX TOJIMH.
Ha xopucth nanoi mozaeni apeiidy, 30kpema, CBij-
YUJIO T€, IO BiJNAaJ KPUCTATIB Y BOIHI TTIOMITHO
3MeHIyBaB HecTaOuibHICTh ICIIT-enemeHTiB, Bo-
YEeBHJIb 32 PAXyHOK TacuBallii 00ipBaHUX 3B S3KIB
Ta peCTPYKTypH3aIlii MOBEPXHEBUX JAe(HEKTIB B JIi-
CJIEKTPHKY, B pe3yJIbTaTi MOXIIUBICT PyXY 3apsiLy
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0 TIAaCTKaX, M0 MPHU3BOJIUTH 10 Apeidy, B 3HA-
YHIH MIpi 3HUKAJA.

Jns monanpmioro oOTpyHTYBaHHS 3ampo-
MMOHOBAHOT MOJIEJI PO3MISTHEMO JAETaNbHIIIE MTPO-
LIECH TEPEHOCY HOCIIB 3apsAay B HITPUAL KPEMHIIO
3a y4acTIO 3aXOIUICHHS / BUBUIbHEHHS HOCIiB Ha
nacTkax 3apsjay. Bixke 1ocuTh 1aBHO BiOMO, IO
y BJIAaCHE B JII€JICKTPUYHOMY Marepiaiii — HITpH-
JIl KPEMHIIO ICHY€ SIK €JICeKTPOHHA, TaK 1 JIpKOBa
eNeKTponpoBiaHicTh. [Ipu oMy mokaszaHo, 110
JIPKU 1HXKEKTYIOThCS B J1€JIEKTPUK 3 KPEMHIIO
IpY HETaTUBHIN MOJSPHOCTI Ha 3aTBOPI, a €JIeK-
TPOHH — IIPU TIO3UTUBHIHN MOJSPHOCTI, 3 HACTYTI-
HUM 3aXOIUICHHSM HOCIiB B HiTpHuai. BcTaHoBe-
HO, TII0 MPOCTOPOBHI PO3MOALT HOCIIB 3aX0OIUTh
IOOKO BCEpEAMHY HITPHUAY, 3aliMaloun Maiike
BCIO TOBIIMHY HOTO IIapy 3 CEPEAHBOIO TYCTHHOIO
3aXOIUICHUX eJIeKTPOHIB mopsiaky 3x10' cm™ Ta
3axoruieHux Jaipok 10" cm? [25]. 3uaiigeHo, 110
HEHTPOIJl PO3MOLITY 3aXOIJICHUX HOCIIB B mIapi
HITPHUTY KPEMHIIO € (PYHKIII€I0 aMILTITYH 3aTBOP-
HOT HampyTH Ta TPUBAIOCTI 11 npukiaaanus. [Ipu
[[bOMY LIEHTPOI/ PO3IO/LTY, K 1 TYCTHHA 3apsay
3aXOIICHUX B MACTKaxX HOCIiB BUSBUIINCS Mailke
BTPHUY1 BUIIUM JJIs AIPOK, HIXK JUIsl €IEKTPOHIB,
1 11e BITHOILICHHS 1€ 3pOCTAJIO MPH POCTI aMILTi-
TyAH Ta TPUBAJIOCTI 3aTBOpHOI Hanmpyru. OTpu-
MaHI JaHl TaKOX CBIJYMJIH, 10 AIPKOBI MMaCTKU
B HITPUJ1 KPEMHIIO BOUEBU/Ib OUIBII JPi10HI, HIXK
€JICKTPOHHI MMAaCTKH, 1110 B pe3y/bTari i MpuU3Bo-
JIUTH JI0 TIEPEBAYKHOT JIIPKOBOI ITPOBITHOCTI HITPH-
1y [26]. Tox 3 pi3HUX €eKCTIEpUMEHTIB OyJ10 BCTa-
HOBJICHO, 1110 32 HEraTUBHOI MOJISIPHOCTI 3aTBOPY
JipKH € OCHOBHUM HOCISIMM CTPYMY B HITpHUII
KpeMHito [27], a CTpyM JIMITy€ThCsI €IeKTPOHHH-
MU Ta JIPKOBHUMHM MACTKAMH, PO3MOAIICHUMH 110
00’eMy 11apy.

[MpucyTHicTh mupoxoi obmacti 3 Ilymn-
@DpeHKeNIBChKOIO 3aJIEKHICTIO CTPYMY BiJ| MPH-
KJIaJIeHO1 HampyTu pi3HOI MOJIAPHOCTI (TOOTO
CIPSIMIIIHHS BOJIbT-aMIIEPHUX XapaKTEPUCTUK
B koopauuarax log(j)—E'"?) cBiguuth, mo mi
MAaCTKU MOXKHA PO3TIISIAATH K KYJOHIBCHKI, U
edexr I[lyna-dpenkens Moke MaTH MICII€ B Hi-
Tpuai KpemHito [28]. 3a3Ha4nMo, 1110 3a3HaYeHU
edekT monsArae B 3HMWKEHHI HagOap epHOT TEp-
MIYHOI eHeprii 10Hi3aIii KyJOHIBChKHX LIEHTPIB
B 30BHILIHBOMY €JIEKTPUYHOMY IOJII. 3 1HIIOrO
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00Ky, mepepi3 3axoruieHHs 5x107"° cm? Bkaszye
Ha KYJIOHIBCBKY B3a€MOIII0 HOCIiB 3 TNMTHOOKUMU
ueHrpamu [29-31]. B miteparypi 06roBoprorOTh-
Csl IBa TUIH MACTOK: BXKE 3rajlaHi KyJIOHIBChKI
(ToOTO TaKi, 10 MPUTATAIOTH a00 BiIITOBXYIOTh
HOCii) Ta HEUTpasbHi (LIEHTPH 3 MOTEHIIIATIOM HY-
JHOBOTO pajiycy). MexaHi3M i0Hi3alii KyJlIOHiB-
CHKHX IMACTOK MPH BITHOCHO CIA0KUX MOJAX Ta
BHUCOKUX TEMIEpaTypax BU3HAYAETHCS €(PEKTOM
[Tyna-®penkens [32] Ta 6araropoHOHHUMH e]ek-
TaMu. MexaHi3M 10Hi3aIlil HeUTpaaTbHUX EHTPIB
IIPU THX YK€ YMOBAX TaKOX BU3HAYAEThCA Oararo-
¢dononnumu epexramu. Tomy i epextu Oyrno
B TIO/IQJIBIIIOMY HaMU 3alIPOMIOHOBAHO SIK BaXKJTUB1
(axTopwu, 110 CIPUAIOTH BUHUKHEHHIO HECTa01Ib-
HOCTI, 5IKa CIIOCTEPIraeThCs EKCIIEPUMEHTAIBHO.
[lepenoc 3apsay B HamiBOPOBITHUKAX, SK
1 IIUPOKO3OHHUX JICIEKTPHUKAX, 10 IKUX BiJ-
HOCHUTBHCS HITPUJ KpeMHito (puc.3), B 3araib-
HOMY BHUIIAQJIKy MO>KHA OTMHCATH 3a JOTIOMOTOIO
nudysiiino-apeiidposux piBHaHb lokmi-Pina-
Xona Ta piBHsHHsA [lyaccoHa, B sKi J0JaTKOBO
BXOJISITh YOTHPHU KIHETUYHI PIBHSHHS TSI IIBH/I-
KOCTeH 3MiHM KOHIICHTpallii BIIbHUX Ta 3aXOIUIe-
HUX eJIEKTPOHIB Ta JIPOK 3 YpaxyBaHHSIM IreHepa-
1ii, pekoMOiHaIi1, 3aX0IMJICHHS Ta BUBLILHCHHS
HOCIiB Ha mactkax. [IoBHUI BapiaHT BUpIIIEHHS
TaKOi CUCTEMH PiBHSHb BEJIbMH CKJIQIHUH 1 JIHIIIE
YaCcTKOBO MOKe OyTH 3HAMIEHUI 3a T0TIOMOTOI0
YHCEIbHUX MALIMHHUX PO3paxyHKiB [33].

PosuuH SiO2

Si3N4
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Puc. 3. EHepreruyna niarpama KpeMHi€BoOi CTPyK-
TYPH, 1€ CXeMAaTHYHO MOKA3aHO PyX 000X THIiB
HOCIIB B €JIEKTPUYHOMY M0JIi MPHUKJIAIEHO] 330BHi
Bi/I’€MHOI 3aTBOPHOI HANpyTH -V .

OpHak B gaHiil poOOTi HAaM He MOTPiOHO
JIeTaJIbHE BUPILLIEHHS PIBHSAHB cTpyMy. Jlo Toro X,
JUTSI KOHTPOJTIO CTaOUTFHOCTI pOOOTH MpUiIaLy Hac
L[IKaBUTh BJIACHE HE caM TMMYacOBUI CTPyM BH-
TOKY B JIIEJIEKTPHKY, a Or0 pe3ysbTaT y BUITISII
HEPIBHOBA)XHOTO 3apsily ad0 MOTEHINay Ha 3a-
TBOP1 TPAH3UCTOPY, SIKUI B CBOIO YEPr'y BUKIIMKAE
3Minu ctpymy B kaHanii ICIIT. Tomy ckopuctae-
MOCSI OUIBII MPOCTUMH OI[IHKAMHU.

Binomo, 1110 BipOTiIHICTh BUBLTLHEHHS 3 KY-
JIOHIBCHKOI MAaCTKW B OJWHUIIIO Yacy 3TiTHO Me-
XaHi3My Haja0ap’ epHoi ioHi3anil [Tyna-Openkens
BU3HAYAETHCS HACTYITHUM BHpa3oM [34]:

W, - pNE ¢

P=vexp| - T L=

. (1)

TIEE,

ne W,— eneprii mactku, f —nocriiina ®penkers,
E — Hanpy>XeHICTb €JeKTPUYHOTO OIS, € — BUCO-
KOYaCTOTHA JieJIEKTPUYHA IPOHUKHICTh HITPHULY,
v —4acTtoTHH# ¢dakrop [34]. 3ayBakumMo, 110 Be-
nuunHa, obepHeHa a0 Bupasy (1) dbaktuyHo €
yacoM 30epekeHHd 3apsaay Ha mactii. Edekt
@penkenst Ma€ Miclie y BiTHOCHO CITaOKHX MOJISX,

KOJIM 3HMKEHHs 0ap’epy ,B\/E HE MEePEBUILYE
BEJIMYMHU €(DEeKTUBHOI €HEeprii eJIeKTPOHa B MO
KYJIOHIBCBKO1 MTACTKH (Tak 3BaHOi eHeprii Pindep-
ra). OLiHKY MOKAa3yI0Th, 10 Iiil yMOBI BiAMOBiAa-
I0Th eJeKTpuyHi mois £< 4x10° B/cm. [lo Takux
HaJISKaTh 1 BAKOPUCTOBYBAHI B JaHii poOOTI 1Mot
(mo 5x10° B/cm), ToMy po3paxoBaHa JiJIs I[bOTO
BUIAJIKy BEJTMYHUHY KYJIOHIBCHKOI 3HHKKU CTaHO-

suth BVE = 4.317x102 JTx, a60 0.027 eB. 3a-
3HAYMMO, 10 JJIsI OLTBIIOCTI MACTOK B HITPHUAL
(sIKi € 3HAYHO TTMOIIMMU) 11e O3HaYae, 110 Bipo-
TIAHICT X 10HI3aIi Oyze BKpail Hu3bKorw. s
TOTO, 00 MPOIIEC PYXY 3apsaiB BCE K TaKH MaB
MicIie (SIK CBIT4aTh €KCIIEPUMEHTH), I Bpaxy-
BaTH Ie U 3a3HaYeHHI BUIE O0araropOHOHHUI
MexaH13M 10Hi13a1li MHOoKUX HeHTpiB. OcTaHHIN
HWMOBIPHO CYNPOBO/IKYETHCSI YNCIICHHUMU TIepe-
XOJIlaMU HOCIiB 3 HUKHIX PiBHIB Ha OLITBII BUCOKI,
SIK1 TIPUCKOPIOIOYHCH B €JICKTPUIHOMY IO, 3a-
Jy4aroTh B Liel nporiec (pOHOHU TpaTku. 3a paxy-
HOK eJIEKTPOH-()OHOHHOT B3a€MOI1 Ta 3BOPOTHOT
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nepeaadi eHeprii macTkaM 301TbIIY€E€ThCS MOYKIIH-
BICTb 10HI3allli JTOKaJIbHUX LIEHTPIB 3 3aXOIUICHU-
MU HOCissMH. BpaxyBaHHs MexaHi3My Oaratodo-
HOHHOT 10HI3a1i1 U1 KyJIOHIBCBKUX LEHTPIB, SIK
MOKa3aHo B poOoTi [35], mpu3BOIUTE 10 3aMiHU
B opmymni (1) mapametpy 1/kT Ha Takuii:

11 22'
kT kT n

ne T*— edexTuBHA TeMmeparypa, T — BU3Ha4Ya-
€THCS SIK Yac TYHEIIOBaHHS JAeeKkTy. 3HaK IUTF0C
B I[bOMY BHpa3i BiJIOBiga€ cI1a0KOMY €JIeKTPOH-
(hOHOHHOMY 3B’SI3KY, a 3HAK MIHYC — CHJIbHOMY.
Bpaxosytouu, 1o 1/k7 32 pO3MIpHICTIO € BETUYU-
HOI0, 3BOPOTHOIO JI0 eHeprii, To mapametp 2 T/ A
MOKHA THTEPIIPETYBATH SIK JIOJATKOBY 3BOPOTHY
€HEPrito, 110 TOAETHCS 10 3BUYANHOI TETIOBOI
ckinanoBoi. I ko 3nauenss 1/k7T 3a HOpManbHOI
temreparypu ckianae 40 eB ', o Bkazana no-
0aBka MOXKe CKianatd, 3a manumu [34], Big 50
eB! (s c1abkoi erekTpoH-(POHOHHOT B3a€EMO/IiT)
10 —20 eB! (m1s cunbpHOI B3aeMofii).

Sk Oyno 3a3HaveHO BUIIE, BETUYHHA, 00ep-
HeHa 710 Bupasy (1) € yacoM yTpuMyBaHHS 3apsiay
Ha TaCTIIi:

=V (W, = BNE) KT (3)

2

3Bi/ICH BUTIKA€E SIKICHUIA BUCHOBOK, 1110 YMO-
Ba CIIAOKOTO eNIeKTPOH-(POHOHHOTO 3B’S3KY (TpHU
pocrti 1/kT*) Bene no 30inbIIeHHS Yacy 30epe-
JKCHHSI 3apsifty ¢, (aHAJIOTist 3 eheKTOM Mam’siTi,
KOJIM 3apsij Mo>1<e 30epiratucs Iy>Xe JI0BIO), 10
TAKOT'0 K pe3ysbTary Bene 301IbIIeHHS TNTHOUHU
3ajsiraHHs nactku W. JIst CUIIBHOT €JIEKTPOH-
(hoHoHHOT B3aemonii (pu 3meHIIeHH1 1/k7*) uei
yac MOKe OyTH IOCUTHh MajuM, I[bOMY CIpHSE
TaKOXX 3MEHIIIEHHS eHeprii mactku. Came BUIAI0K
CUJIBHOI eJIeKTPOH-(OHOHHOI B3a€MOJIIT 1 € JJIst
HAc HalOUIBII IIIKAaBUM, OCKIJIBLKH BiH ITOB’ I3aHHUMI
3 MOXJTUBICTIO MIEPEHOCY JIOKATi30BaHOTO 3apsiay
B HITPHU/Ii KPEMHIO.

B momanpmomy st KUTBKICHUX OIIIHOK
yacy 30epiraHHs 3apsjay Ha macTkax 3a Gpopmy-
7010 (3) HaM TOTPIOHO 3HATH BEIMYUHY YaCTOT-
Horo ¢akropy V. s IbOro NpuitMeMo /10 yBaru,
[0 PO3PaxyHKH 3 BUKOPUCTAHHSM €(EeKTHUBHOI
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TeMIieparypu B po0oTi [34] mokazamnu, 1o mijacu-
JICHHS €JICKTPOH-(DOHOHHOTO 3B’SI3Ky BIATIOBia€
3MEHIIICHHIO YaCTOTHOTO (DaKTOpYy, a MmociadieH-
HSI IIbOTO 3B’SI3KY BiJMOBIa€ WOTO 301IbIICH-
HIO, IPUYOMY JTialla30H 3MIHH 1IBOTO TapaMmeTpy
BimnoBigHO csirae Big 10° mo 10" ¢!. Heassaum
YIHOM 1€ CITIBBITHOLIECHHS KOPEIIO€ TaKOX 3 3a-
JIEKHICTIO BiJl €HEprii 1onizanii mactku W, [34]:
OYEBHUJIHO i3 301MbLIEHHAM eHeprii W, Bennunna
dakTopy v TeX MOBUHHA 3pOCTATH, i HABMAKU.

Takum 4MHOM, 3 BUILE MTPUBEICHUX MIPKY-
BaHb 00€peMO JUIsl OIIIHOK HACTYIIHI apaMeTpu:

Hpi6ui nactku, W, =0.3-0.5 eB, 1/kT* =
20 eB", v=10*-10° ¢!, 3Bincu 7, =25-150 mc;

W =0.7-1 eB, 1/kT* =20 eB!, v =107-
108 ¢!, Tomi L 0.8-3¢;

[nuboxi nactku, W, =1.5-2 eB, 1/kT* =
20 eB!, v=10"-10" ¢, L 0.5-150 ¢;

W =2.1-2.2eB, 1/kT*=20 eB"', v=10" ¢
Loy = 10°-10% ¢

3a3HauuMO, MO JJIs BCIX pO3pPaxyHKiB
MU y3sUTH YMOBY CUJIBHOI €Je€KTPOH-(POHOHHOT
B3aemoyii (1/kT* =20 eB'), mo0 3abe3neunTn
MOKJIMBICTh TIEPEHOCY 3apsy MO MacTKax (ak-
TyalbHUHN BUMAI0K). Sk Gauumo, 7S BCIX TUIMIB
NacToK (ApiOHUX Ta MIMOOKUX) OTPUMAHO IIiJI-
KOM aJICKBATHUM 4ac YTPUMAHHs, IKM KOPEIIo€e
3 eKCIIEPUMEHTAIILHO CIIOCTEPESIKYBAHUMHE YacaMu
SIK MIBUKO1, TaK 1 MOBITBHOT YaCTUHU Aperdy
CTPYMY B TPaH3UCTOpax. 3 1HIIIOI CTOPOHH, JIETKO
0auuTH, 10 B 3aJEKHOCTI BiJl BHOOPY 3HAYECHD
napametpiB W, 1/kT* Ta v, yac yTpumMyBaHHs
3apsiAy Ha MacTil MOXKE CSIraTH MraHTChbKUX MEX
B1JI OMHMITH MIJTICEKYH 0 pOKiB. B mepmomy
BUIAJKY II€ JI03BOJISE JIETKY 10HI3aIlil0 MacTOK
1 MOXKJIMBICTB PyXy 3apsily 1O HUM, B APYTOMY —
BinoBigae edexty nmam’sti B HiTpudi. [lepeHocy
3apsiay MO MAcTKaX, 3BHUaifHO, BiMOBIa€ IEBHA
PYXJIMBICTB HOCIiB (ipoK). B 3B’513Ky 3 MM Bax-
JIMBO BiJI3HAYMTH, 1110 YaC yTPUMYBAHHS HOCIiB Ha
nacTkax 0e3rnocepeHbO MOB’A3aHUM 3 IX PYXJIH-
BICTIO: YAM MEHIIIE€ Yac YTPUMYBAHHS, TUM O1JIb-
1a pyXJIUBICTh HOCIiB, i HaBmaku. Lleil 3B 130K
MU BUKOPUCTAEMO HaJIaJl.

Takum 4MHOM, OTpPUMaHI1 OI[IHKH CBIT4aTh,
10 3aBASKH BEJIUKIN KIJTBKOCTI IMAacTOK B IIapi
HITPUAY KPEMHII0, 1] 1I€10 30BHIMIHBOTO MO
BiJI’€MHOI MOJISIPHOCTI JIPKH IHCHO MOXYTb I1€-
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pecyBaTHCh 1O IMX MACTKaX /10 30BHIIIHBOI I10-
BEPXHI1 HITPUY Ha IPAHUILI PO3IUTY 3 €IEeKTPOITi-
ToM (puc.4). OueBuIHO, 1IeH TIPOIIEC 3aiiMae MeB-
Hui yac (pakTUIHO PIBHUN TEPMIHY THMYACOBOI
HEeCTaOUIbHOCTI MpUIIaLy), Ta mcias GopMyBaHHS
JTUHAMIYHO PIBHOBaYKHOTO MTOBEPXHEBOTO 3aPsi/I0-
BOTO HIAPY CTaH CTaOLTI3yEThCA.

Po34yuH SizNa4 SiO2
-Va
Si
| N
= —

Puc. 4. Pyx nipok B eJleKTpMYHOMY 11011 B 00’ €Mi
HITPU/Yy NPHU3BOJAUTH /10 HAKONMYEHHSI MO3UTUBHOTO
3apsjly Ha ioro rpaHuNi 3 pO34YHHOM;

PYX Bia0yBa€ThCs MepeBaKHO MO APiOHUX MacTKAX
3 BUKU/IOM JAiPOK B BaJICHTHY 30HY Ta MPUCKO-
PEHHSIM B eJIEKTPUYHOMY MOJIi, pyX uepe3 0iabii
MIU0OKI MACTKU MOXKe TH Yepe3
NMPOMiKHI eHepreTH4Hi piBHi.

Hapani, BpaxoBytoun BeCh CIIEKTP MOXKJIIH-
BUX JIIPKOBHUX TMACTOK 3 PI3HUMH KOHIIEHTPALISIMHU
Ta NIMOWHOIO, OLIIHUMO Yac pyXy JIpOK uepes map
HITPUAY KPEMHIIO, 1100 CIIBCTaBUTH MOTO 3 €KC-
NEPUMEHTAJIBHO CIIOCTEPEKYBAHUMH KIHETUUHH-
MU KpUBUMH Jpeiidy npuiaiB (TUIIOBA TOBIIMHA
Si,N, mns cepii pospobaenunx ICIIT cknanana
6mu3bpko 60—70 HM). 15 bOTO PO3MISIHEMO Jie-
TaJbHIIIE THIIOBY KPUBY KIHETUKY BCTAHOBJICHHS
ctpymy B kanani ICIIT (puc.5), mo Ge3nocepen-
HBO BIJIMOBIJJa€ THMYACOBOMY IPOLIECY 3MILLICHHS
JIIpOK B HITpUII. SIK BUAHO, IF0 KPUBY YMOBHO
MO)KHA pO30MTH Ha TPH OCHOBHI 1HTEPBAJIU:

I — mBuAKa cKkiamoBa, sKa 3aiiMae yac Oi1s
15 xB. Ta cknagae 0nu3bko 77% Bij MOBHOI amIl-
JITYIM perakcallii; B CBOIO 4epry, BiJl IbOTO MPO-
MDKKY MOJKHA BITOKDEMHUTH HAAIIBUIKY YAaCTUHY
BIATYKY 3 4acoM 0114 3 XB. Ta pozmaxoM 0111t 50%.

Il — cepenns yacTuHa penakcauii TpuBa-
aictio 61 30-35 xB. Ta po3maxom j0 20% Bix
aAMILTITY/IH.

III — noBroTpHBaa YacTMHA TPUBAIICTIO
Ounbie 2 Toa. Ta piBHEM A0 5% Bij MOBHOT amII-
TITYIH.

508
506 |
504

502 A

MKA

% 9500 4
(8}

4984 -

4964

494

Puc. 5. KiHeTnka BCTaHOBJICHHSI CTPYMY
B kaHaJji [CIIT 3a npukiaaeHoi 10 3aTBopy
TpaH3ucTOpa HANpyru -5 B.

BinnoBigHo 10 nmMx CkiIagoBUX Apeidy
MO)XHa BH3HAYUTH ¥ Pi3HI BHECKH IPKOBOTO
TpaHcnopty. JIOTIYHO MPUITYCTUTH, IO TIEPIIOMY
eTary penakcaiii BiIMmoBigae pyx AIPOK 3 Haii-
OUIBILIOI0 PYXJIMBICTIO. A OCKUIBKH aMILTITyAa
€10 CKJIAJIOBOT TaKOX HAMOLIbINA, MOXKHA TPHU-
MyCTHUTH, 10 [eH pyX BiTOYBAETHCS IO MACTKAX
HalO1mpIo] KOHIeHTpanii. 1o Takux HipKOBUX
MacTOK 3 KOHIEHTpaliew nopsaky 10" em?, sk
BiJIoMO [25, 26, 34], B HITPU/I BITHOCATHLCS caMe
JIpiOHI macTKU, BOUYEBH b 3 eHeprismu 10 0.5 eB.
Cepenniii vacTHHI pestakcallii BiMOBIIal0Th HOCIT
3 Mailke Ha TMOPSA0K MEHIIOK PYXJIHUBICTIO, a 13
pO3Maxy IIi€l CKITaI0BOT MOXKHA TIPHITYCTHTH, 11O
B I[bOMY IpolLieci OyayTh 3adisiHI OLTBII TTUOOKI
nacTku 10 1 eB, HMOBIpHO 3 KOHIIEHTpAIiIMHU
107—10'8 em. KinteBa craist penakcarii Bimo-
BiJla€ pyXy 3 HalIMEHIIOIO BiTHOCHOIO PyXJIMBiC-
TIO JIIPOK, BIJMOBITHO €HEPrii 3aisTHUX MACTOK
CKJIaaTUMYTh 2—2.2 €B 3 KOHIIEHTpaIi€r0 1Mo-
paaky 10 cm,

OobrosopenHns

3a3HaYnMO, 110 TIPUBEICH] BHUIIE 3HAYCHHS
SHepriil macTok Ta X KOHLIEHTpallii € HaOIKeHH-
MU, BOHH OyJIM pO3paxoBaHi 13 HACTyIHUX CIIPO-
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IICHUX OILIHOK: JJIS JaHOi KOHIIEHTpaIllii MacToK
N, po3paxoByBaoCh CEpEHs BiJICTaHb MiX MacT-

xamu 7 =N, | 1151 BiICTaHb yMOBHO BBaKanach
JIOBXHUHOIO BIJTBHOTO MPOOITy YMOBHOTO HOCIS,
Jai oOYMCITIoBaIach €Hepris, Ky Ha0yBa€e HOCIH
B €JICKTPUYHOMY TIOJI Ha IOBKUHI MPOOITY, 3B1ICH
OTpUMaHa €HEPTis 3a CEHCOM 3iCTaBisaacs
3 eHepriero 1oHizamii nactku. e ogaum mpumy-
IIEHHSIM OyJI0 Te, 10 KOHIICHTpPAIlil0 HOCITB MU
BBa)KAJIM TOTOXKHOIO KOHIICHTpAIIil MAaCTOK, X0ua
HaCITpaB/Ii MMacTOK O1IbIIe, Hi’K HOCIiB. AJe BCi 111
CTIPOIIEHHS TPUHITUIIOBO HE 3MIHIOIOTh OCHOBHY
17110 3aMpOTIOHOBAHO1 MOJIEINI, a caMe, 1110 B TIPO-
1ieci mepeHocy 3apsay B HITPHII OJTHOYACHO 3311~
SSHAW UTANA CIEKTP JIPKOBHUX MACTOK 3 PI3HUMU
EHEepPTrisiMHU, 1 BIAMOBITHO, 3 PI3HOIO PYXJIHUBICTIO
TIPOK, a BIATAK JJIsl HUX OyIyTh Pi3HI 4acH pyxy
B IIapi HITPHUAY BiJl CAMHUX MaJuX JI0 YK€ BEJIH-
KuX. BiIMOBITHO /10 IIOTO, B TIOYATKOBHA TTEP10T
MPOTATOM KUTBKOX XBUJIMH B1JIOYBA€THCS IIBUIKA
(haza pemaxcartii 3 IEpEHOCOM 3apsiTy MEPEBAKHO
1o piOHUX MACTKax B €JICKTPUYHOMY TIOJI, SIKE
HaBITh MOXKe OyTH W HEBEJIMKUM (TOOTO MpU Ma-
JIUX 3aTBOPHUX HAMpyTax BCE OJTHO BIOYBAETHCS
JIESIKE 3MIIIIEHHS CTPYMY, IO IMiITBEPHKYIOTh €KC-
MEPUMEHTH). 3 4aCOM MOCTYNOBO MOYHNHAIOTH
TIPOSIBIIATUCS BCE O1IBIT ITTHOOKI IMACTKH, ajie st
IILOTO HAIPY)KEHICTh EJIEKTPUIHOTO TIOJSI TIOBH-
HHa OyTH mopsaky 10°—-10° B/cMm, mo6 0yB edek-
THUBHO 3aJIITHUI BiacHe O6araToOHOHHUN Mexa-
HI3M 10HI13a11i] I1acTOK.

OuiHUMO BEJIMYUHU PYXJIUBOCTI T1pPKO-
BHX HOCIiB HAaCTymHHM 4uHOM. [IpumycTumo,
1o B koxkHiN da3i penakcarii I, II 1 11l mpuiimae
y4acTh JIUIIC OAWH THUI MACTOK, 3 TICBHOIO KOH-
LIEHTPALIIEIO 1 BIAMOBITHO BETMYMHOIO PYXJIHBOCTI
HOCIiB. 3a yac BiAMOBiAHOI (pa3u mporiecy 3a3Ha-
YeH1 TUIM HOCIiB MMOBUHHI NpoaperdyBaTu map
HITPUIY KPEMHIIO Ta JOCATHYTH HOTO 30BHINIHBOT
rpanuui 3 enexrponirom. Toxi 3 Bupasy d .., =
u, Et, ne d,,, ,— TOBIIMHA IIapy HITPUIY (BBaXKae-
MO 60 HM), (. — PYXJIMBICTb i—~THILy HOCIIB, #,—4ac
MpoTiKaHHs i—(ha3u penakcartii (BiIOMHI 13 eKCTIe-
PUMEHTY), JIETKO 3HAWTH BEJIMUYMHY PYyXJIHUBOCTI:

#,= 0.6 x107" cm*/B xc (pu ¢, =180 c),
p=1/0=10" Omxcwm,
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Jie p — BIAMOBIAHE 3HAYCHHSI MTUTOMOTO OTIOPY
Iapy, sike po3paxoBaHO 3 BUPa3y IS €IEKTPO-
IPOBIAHOCTI 6= eN, i, B IKOMY KOHLIEHTPALil0
nacTok 6epemo pisHoro N, = 10" cm™. Sk moxHa
0a4nTH, OTpUMaHEe 3HAUYCHHS OIOpPY € aJeKBaT-
HUM 1 BIITIOBIIa€ peaTbHUM 3HAYCHHSM IMUTOMOTO
OTIOpY JiE€TEKTPUYHUX MaTepiajiB, HAPUKIAL
PI3HUX THITIB CKJIa, IO SKUX BITHOCHUTHCS 1 HITPHT
KpPEMHiI0. AHaJIOTI4HO, PO3PaxXyHOK ISl IpyToi Ta
TPETHOI CTa/1ii KIHETUKHU pellakcallil Ja€ HaCTyIIHI
3HAYEHHS PyXJIMBOCTI Ta BIAMOBIHOTO ITUTOMOTO
oropy:
u, = 107" em?/B xc (¢, =1260 c),
p =1.710" Omxcwm;
u,, =2 x107" em?/B xc (1, =5400 c),

11

p =0.6 10" Omxcm.

Takum 4rHOM, TIpolieC Oyrie 3aBepIIyBaTHCh
NEePEMIIIeHHSAM JTiPOK KOKHOTO BKa3aHOTO THUILY,
10 MAlOTh pi3HI 3HAYEHHS PYyXJIUBOCTI, Ta BiJI-
MIOBIJTHO Pi3HI YacH pyXy yepes3 Iap HITpUIy A0
HOr0 30BHIINIHBOT TPAHUIIL 3 €IEKTPOIIITOM, TIOCTY-
1OBO ()OPMYIOUH TaM CyMapHUI HEpiBHOBaXKHUH
noBepxHeBui 3apsaa. [loBHe 3aBeplICHHS ONU-
CYBaHOTO TPOIIECY O3HaYa€ 3aKiHYCHHS Apeidy
SJIEKTPUYHHX TTapaMeTpiB TPAH3UCTOPY.

[{ixaBo BiAMITUTH, 1110 chopMOBaHHUIA 3a-
PSAIOBUI cTaH MOXKe 30epiratucst TpUBaJIUK vac
HaBITh MICJIsI BAMMKAHHS 30BHIIIHBOT HANPYTH.
ATe 11e BiIOyBa€THCS BXKE 1O THIIIM MIPUYKHI — 32
paxyHOK yTPUMYBaHHS HOTO 3apsi/IOM MO/IBIHHOTO
eJIEKTPUYHOTO IIapy B €JIEKTPOJIITi, 1[0 BUHUKAE
B XOJIi ONUCYBAHOTO Mporecy. | mume komu pos-
YUH BUAAISETHCS 3 TOBEPXHI HITPUIY, TO BXKE
HEMae€ MPUYHH I yTPUMYBaHHS HEPIBHOBAX-
HOTO 3apsiy Ha MOTO MOBEPXHIi, TOMI JOJATKOBUI
3apsi/l TOCTYNOBO YXOIUTH B 00’€M, pIBHOMIPHO
PO3MOJUISAIOUNCH TO TUTIBLI HITpUAYy. UncnenHi
eKCTIEPUMEHTH TiATBEPIMIN 3BOPOTHICTh 1IHOTO
MIPOIIECY 1 MOXKITUBICTH BiTHOBJICHHS TIOYATKOBOTO
CTaHy TPAH3UCTOPY IiCJIA HOro TpUBaIOl poOOTH
B TakoMy pexumi. OfHaK i BiJHOBJICHHS IO-
TpiOHE BUAAIICHHS TPAH3UCTOPY 3 PO3UHHY, a 1€
HE 3aBXJU MOXJINBO. [IpuTtoMy TpaH3ucTOpHUI
JaTYUK Yepe3 3HauHe 3MIlIeHHs poOouoi TOUKU
noTpiOHO Oyne kamibpyBatu 3aHoBo. [IpakTuu-
HUW BUCHOBOK, SIKUH BHUTIKA€ 3 3aMpPOMOHOBA-
HOI MOIeTi, MOJISATae B TOMY, 1[0 TIPU CTBOPEHHI
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ICIIT-macuBiB, MpUAATHUX IJIsl TPUBAIIOl pOoOOTH
B peaJbHUX yMOBax 0e3 HeoOXiTHOCTI mepeKalti-
OpyBaHHS MpHIIALY, MOTPIOHO BUKOPUCTOBYBATH
PEKUMHU BKJIIOYEHHS 3 MiHIMAJIBHO MOKJIMBHUMHU
Harpyramu, 10 NpUKiIaieHi 10 3aTBOpIB (3 wLi€i
TOYKHU 30py OUIBII BiAMOBITHUMH OyIyTh TpaH-
3UCTOPH 3 BOYZJOBAaHUM KaHAJIOM).

Ha xopucTps mponoHoBaHO1 MoJeni apeii-
Gy TOpeYHO HAroJOCHUTH, L0 CIIOCTEPEeKyBaH1
edpextu HecrabinbHOCTI ICIIT HE MOXYTH OyTH
CIIPUYMHEHI 1HIIUMH BiIOMUMU €(DeKTaMH BILUTUBY
[17, 14—16, 36, 37], TakuMH SIK TTEPEMIIIEHHIM
PYXOMOTO 3apsiy B AieNeKTpuKy (10HIB HATPIIO,
KaJlito, JITIIO (SKi 3’ SIBISIOTHCSA B XOZ1 TEXHOJO-
riyHoro npouecy Burorosiaenuss MJIH-ctpykryp),
OCKUIBKH BiJJOMO, 110 BiATNaja HEe MpUOHpae 1i 3a-
pSIM 3 TieTIEKTPHUKA, B TOM JKE Yac MiCIs BiAmamy
3paskiB icHytouni apeid npununsasces. J{o Toro x
TEPMiH MPOIIECY MEPEHOCY Y BHUIMAIKY PYXOMHX
10HIB TOBMHEH OyTH HEBEJIMKUH, B TOM ke Yac MU
CTOCTEpIraiu JOCUTh JOBrOTEPMIHOBUH MPOILEC
Takoxx 11e He MOXke BiZIOyBaTHCh 3a Y4acTi OBEpX-
HEBUX IIEHTPIB HITPUIY KPEMHIIO (B TOMY YHCIIi
MPUXOBAHMX IiINOBEPXHEBUX IIEHTPIB, TaK 3Ba-
HuXx buried sites) y 3B’s3yBaHHI 10HIB 3 PO34UHHY,
OCKUJIBKH €KCTIEPUMEHTH MOKa3aJIu, 110 MPH TPHU-
BAJIOMY 3HaXOPKEHHI KPUCTAITy IaTYMKa B PO3YH-
Hi IpY BUMKHEHOMY >KUBJICHHI KOHUX TTOMITHUX
3MiH B HOT0 XapaKTePUCTHUKAX HE BilOyBaeThCA,
BIZITAK MU MA€EMO CIIPaBY CaMe 3 MOJIbOBUM e(]eK-
TOM BUHUKHEHHSI HECTAaOIIbHOCTI MPU MPHUKIIA-
JIaHHI 30BHIITHBOTO EIEKTPUIHOTO mouis. Lle He €
TaKOX PE3yJIbTaTOM aHOAHOTO OKHCIICHHS HITPUITY
KpEMHiI0 B po34MHi, a60 nudy3iero IpoToHiB i/
a0o0 IHIIMX 10HIB 3 PO3YMHY BIVIUO JieJEKTPUKA,
OCKIJIBKH 111 IPOIIECH Jy’KE€ TPUBAJI Ta HECYMICH1
3a TEPMIHOM [Iii 31 CIOCTEPEKyBaHUMH, Ta U Be-
JIMYMHA 3CYBY IIOPOTOBOT HAIIPYTH MICIIS HUX JTyXKe
MaJia, B MOPIBHSAHHI 3 PO3IVISTYBAHUM TPOLIECOM.

BucHoBku

Ha ocHoBi aHamizy ekcnepuMeHTaIbHUX
JTAHUX JOCIIHKEHB 3apsI0BOI CTAOLIBHOCTI IBO-
maposoro gienekrpuka Si0,/Si,N, sanmponono-
BaHO (i3MUHY MOJIENIb HECTAOLTLHOCTI (Ipeiidy)
OCHOBHHUX €JIEKTPUYHUX IMapaMeTpiB (IOpOToBOi
HaIpyTrH, CTPyMy KaHally) CEHCOPHHUX €JIEMEHTIB

Ha OCHOBI p-KaHAJIbHUX 10H-CEJIEKTUBHUX I10-
JHOBHUX TPAH3UCTOPIB 3 1HAYKOBAHUM KaHAJIOM.
3rigHo Hel crocTepexyBaHa HECTaOIIbHICTh BH-
KJIMKaHa TPOIECOM HAKOMYEHHS HEPIBHOBAX-
HOTO TIO3UTHUBHOTO 3apsily B MPHUIIOBEPXHEBOMY
1api HITPULY KPEMHIIO, B CBOIO Uepry oOyMoBJIe-
HOTO HAasIBHICTIO 3HAYHUX CTPYKTYpPHHX J1e(hEKTiB
Ha TIOBEPXHI HITPHUAY KPEMHIIO i CymyTHIX M
MACcTOK 3apsity, 10 MPU3BOAUTE 0 MOCTYIIOBOTO
3MIIIEHHS JIOKaJII30BaHOTO MO3UTHBHOTO 3apsiiy
JI0 MEKi pO3JILTY 3 €IEKTPOIITOM MPH TPUBATIOMY
BIUIMBI MPUKIIAZEHOT HanpyTu. [ KibKiCHOTO
pO3paxyHKy IapameTpiB Mojei mpu noysix o 10°
B/cMm 3anmydeno mexaHi3m Haja0ap’ epHOI 10H13arii
[Tyna—®penkens, sIKHi OMUCY€E IEPEHOC HOCIIB
1o JpiOHUX MacTKax HITPUAY KPEMHII0, a IPU
nosisix Ouneie 10° B/cM — Mexanizm Garatodo-
HOHHO{ 10Hi3a1il MuOokuX 1eHTpis. Ha xopucth
3alpOMOHOBAHOI MOZIETi Ipeiidy CBITYHUTH Te, IO
BiJllIaJ1 KPUCTAIIB Y BOAHI MOMITHO 3MEHIIIYBaB
HectaOutbHICTh ICIIT-eneMeHTiB 3a paxyHOK pe-
CTPYKTypu3allii HOBepXHEBUX Ae(EKTIB KpHUCTAILY,
B pe3yJIbTaTi YOro MOXKIIUBICTh PyXY 3apsiay 1O
JpiOHMX MAacTKaxX B 3HAUHIN Mipi 3HUKAJIA.

BcranosieHo, 1110 onucyBaHuii mporec Mae
000pOTHUH XapakTep, IPOTEe CIIOTBOPEHHS, 1110
BHOCSITbCS HUM, MOXKYTh OyTH HeOa)KaHUMH TIPU
MPOBEJICHHI TPUBAIUX O€3MEePEepBHUX BUMIPIO-
BaHb. B 3B’3Ky 3 IUM 3alpOIIOHOBAHO BUKOPHC-
TOBYBAaTH PEKUMH POOOTH TPAaH3UCTOPiB, MPHU
SAKUX JI0 3aTBOPY MpHUKIazantacs 0 MiHIMAJIbHO
MOXKJIMBA HanpyTa. 3 1i€l TOUKU 30py MepeBaKHH-
MU € TPAH3UCTOPH 3 BOYAOBAaHUM KaHAJIOM.

[Tonsixa. Pobota Oyna mpoBeneHa 3aBIsSKU
¢binancoBiii miaTpumil Big HarionansHoro Gpoumy
JOCIIJDKEHb YKpaiHU B paMKax KOHKYpCY MpoO-
exTiB “Hayka ams 6e3meku i cTajioro po3BUTKY
Vkpaiau” (mpoext 2021.01/0010).
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Summary

The work is devoted to the study of the factors that determine the stability of the system
“silicon — silicon oxide — silicon nitride — solution with a fixed pH” under the influence of relatively
weak electric fields, typical for the operating modes of sensor transducers based on ion-selective field-
effect transistors (ISFET), which are widely used as primary sensors in analytical sensor devices for
the needs of biotechnology, ecology, medicine.

One of the main disadvantages of ISFETs is the instability of electrical characteristics (threshold
voltage), which directly affects the sensitivity of the determination of biochemical substances in the
investigated solutions. The analysis of experimental studies of the charge stability of the double-layer
gate dielectric SiO /Si,N, of silicon ISFETSs together with the involvement of theoretical calculations of
the hole transport process showed that the observed instability is caused by the process of accumulation
of an unbalanced positive charge in the near-surface layer of silicon nitride. A physical model is
proposed, according to which, under the long-term action of an applied electric field, the localized
charge of holes in silicon nitride gradually moves to the outer surface and is captured by hole traps
near the nitride/electrolyte interface. At the same time, a positive charge layer accumulates in the near-
surface layer of the nitride, which reduces the field in the semiconductor and causes a corresponding
decrease in the current in the transistor channel (that is, drift). Since the mobility of the localized
charge along the traps is very small and depends on the trap energy, this process is delayed in time:
the fast phase corresponding to the transport along shallow traps with energies up to 0.3-0.5 eV is
a few minutes, and the slow phase corresponding to the transport along the deep traps with energies
of 1.5-2 eV, lasts up to several hours. For the quantitative calculation of model parameters at fields
up to 10° V/cm, the Poole—Frenkel superbarrier ionization mechanism is involved, which describes
the transport of carriers through shallow silicon nitride traps, and at fields higher than 10° V/cm —the
mechanism of multiphonon ionization of deep centers.

It was established that the process described above is reversible, however, the distortions
introduced by it may be undesirable during long continuous measurements. In this regard, during
the creation of ISFET elements and the appropriate control equipment, it is proposed to use device
operating modes in which the minimum possible voltage would be applied to the gate of the transistor.
From this point of view, transistors with a built-in channel are preferable.

Keywords: Ion-selective field-effect transistor, pH-sensitive electrode, threshold voltage, drift,
silicon nitride, Coulomb traps, hole charge transfer

90



Sensor Electronics and Microsystem Technologies 2023 — T. 20, Ne 3

VIK 621.315.592
DOI: https://doi.org/10.18524/1815-7459.2023.3.288163

®I3UYHA MOJEJb TUMYACOBOI HECTABLJIBHOCTI CTPYMY
B IOH-CEJJEKTUBHHUX ITOJIBOBUX TPAH3UCTOPAX 3 JIEJIJEKTPUYHUMU
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Pedepar

Po6Gora mpucBsueHa nociiKeHHIO (aKTOPiB, 110 BU3HAYAIOTH CTA0IBHICTh CUCTEMHU ““KpeM-
HIi — OKCHJT KPEMHIIO — HITPHJ KPEMHIIO — PO3urH 3 (pikcoBaHUM pH” mpu BIUIMBI BiTHOCHO CITAOKHUX
ENIEKTPUYHUX TT0JIIB, XapaKTEPHUX JJI POOOUMX PEKUMIB CCHCOPHHX TIEPETBOPIOBAUiB Ha OCHOBI 10H-
cesieKTUBHUX MoaboBUX TpaH3ucTopiB (ICIIT), ki HIMPOKO BUKOPUCTOBYIOTHCS SIK IEPBUHHI TAaTYUKU
B aHAJIITUYHUX CEHCOPHUX MPHIIAJIax s MOTpeOd O10TeXHOJIOT11, €KOIOT1i, MEAUIIMHHY.

Onnnm 3 ronoBaux HenodikiB ICIIT € HecTabUTBbHICTE €NEKTPUYHUX XapaKTEPUCTHK (TTIOPOTOBOT
HaIpyTH), o 0e3MocepeIHbO BIUIMBAE HA Yy TVIMBICTh BU3HAYCHHS 010XIMIYHMX PEYOBHH B JOCIIHKY-
BaHUX PO3UYMHAX. AHaJI3 eKCIIEPUMEHTANIbHUX JOCTIAKEHb 3apsAA0BOi CTaOLILHOCTI IBOIIAPOBOTO
3arBopHoro aienexrpuka SiO /Si;N, kpemuieBux ICIIT pazom 3 IPUTATHEHHAM TEOPETUYHUX PO3-
paxyHKiB IpOIECY AIPKOBOTO TPAHCIIOPTY MOKa3aB, 110 CIIOCTEPEKyBaHa HECTAOUIbHICTh BUKIIUKAHA
MPOLIECOM HAKOMMWYEHHsI HEPIBHOBAXXHOTO MO3UTUBHOTO 3apsiy B IPUIIOBEPXHEBOMY LIapi HITPUILY
KpEeMHIt0. 3alpornoHOBaHO (PI3UUHY MOJIENTb, 3T1AHO SIKOT 32 TPUBAJIOI J1ii MPUKIIAIEHOTO EIEKTPUIHOTO
TTOJIS1 JIOKAJTI30BaHUM 3apsii IPOK B HITPHII KPEMHIIO MIOCTYTIOBO 3MIIILY€E€THCS 10 30BHINIHBOT TOBEPXHI
Ta 3aXOIUTFOETHCS HA JIPKOBI MACTKU B OJM3BKOCTI 10 MEXKI pO3/iTy HiTpu/enekTpouit. [Ipu mpomy
B MIPUIIOBEPXHEBOMY APl HITPUY HAKOMUYYETHCS MO3ZUTHUBHUMN 3apsS0BUH 1Iap, IKUN 3MEHIIYy€
T10JIC B HAMIBIIPOBITHUKY W BUKJIMKAE BiJIMTOBITHE 3MEHIIICHHS CTPYMY B KaHAJIl TPAH3UCTOPY (TOOTO
apeiid). OCKIIbKY pyXJIUBICTB JIOKATI30BAaHOTO 3apsiay MO MacTKaxX AyXKe Majia i 3aJie)KUTh BiJl eHepril
TIACTKH, 1IeH Mpoliec 3aTATHYTHH B Yaci: mBuaKa (asa, 1o BiIMOBiIae TPAaHCTIOPTY MO APIOHUX MacTKax
3 eneprisimu 10 0.3—0.5 eB, cknamae oquHUI XBUIMH, a TOBUIHHA (a3a, 110 BiAMOBIIAE IIEPEHOCY 10
nacTtkax 3 eneprisimu 1.5-2 eB, TpuBae 1o kinbkox roguH. [ KiIbKICHOTO pO3paxyHKy MapameTpiB
Mozenm npu nossx 1o 10° B/cMm 3anydeHo MexaHi3m Haabap’epHoi ioHizamii [Tyina—DpeHkens, sKuii
OIHCYE MEePEHOC HOCIIB MO APIOHKMX MacTKaxX HITPUAY KPEMHIl0, a mpu nojsx outbire 10° B/cm — me-
xaH13M Oararo()OHOHHOT 10HiI3aIlli ITTHOOKUX IIEHTPIB.

BcranoBeHo, 1110 onucyBaHHUN BHILE MTPOIIEC Mae OOOPOTHUH XapaKTep, MPOTEe CIOTBOPEHHS, 10
BHOCSTHCS HUM, MOXKYTh OyTH HeOa)KaHUMHU MPH MPOBEICHH] TPUBAIUX Oe3MepepBHUX BUMIPIOBAHb.
B 3B’s13ky 3 num 3anpononoBaHo 1pu ctBopeHH1 ICIIT enemenTiB i po3poOieHH] BiMOBIIHOT ama-
parypu KOHTPOJIIO BUKOPUCTOBYBATH PEXXKUMU POOOTH MPUCTPOIB, MPU SIKUX 10 3aTBOPY TPAH3UCTOPA
npuKiIaganacs 60 MiHIMAIbHO MOXIJIMBA Harpyra. 3 mi€l TOYKH 30py MEePEeBaKHUMHU € TPAH3UCTOPH
3 BOy/IOBaHMM KaHAJIOM.

KurouoBi ciioBa: [oH-celeKTUBHUN MTOTBOBUNA TPAH3UCTOP, pH-uyTIIMBUI €1eKTpo, MOPOroBa
Harpyra, apeid, HiITpuI KPEMHII0, KYJTOHIBChKI ITACTKH, TIPKOBUN MTEPEHOC 3apsiay
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JO 75-JIITTA JOKTOPA ®IBUKO-MATEMATUYHUX HAYK, IPO®ECOPA
CMHUHTHUHU BAJEHTUHA AHJIPIMOBHYA

Binomwuii BueHuit y ramys3i ¢pi3uKH HaIliBIPOBITHUKIB
Ta (HI3UKH MTOBEPXHi, CCHCOPHOI €JIEKTPOHIKH Ta HAHOCHUC-
TEM, OpraHi3aTop HayKH Ta OCBITH.

Haponuscs 8 BepecHs 1948 p. B c. Bumnese Ta-
TapOyHapchkoro p-Hy OnechKoi 0071, Y pOauH1 ClIIbCHKOTO
BunTels. Y 1966 p. 3 30510TOI0 Menauio 3akiHuuB Ty3IiB-
CBKY CEPEJIHIO IIKOJY 1 BCTYNHB Ha (I3UYHHUM (HaKyIbTeT
Opnecwkoro aepxaBHOTO yHiBepcuTteTy iM. 1. I. Meunukosa.
[Ticns 3akiHYeHHS 3 Bi3HAKOK yHiBepcutery y 1971 p.
MPOJIOBXKUB HaBYaHHs B acmipantypi. ¥ 1977 p. 3mo0yB
HayKOBUH CTyMiHb KaHIuaaTa, a y 1988 p. — nokropa hi3.-
MaT. HayK, Y 1992 p. oTpumaB BUeHE 3BaHHA Ipodecopa.
[Tonan miBcromitTs Bid npairoe B OHY imeni 1. I. Meunu-
KOBa, 001MMAarO4M MOCcaJau HayKOBOTO CITIBPOOITHUKA, 3a-
CTYMHHKA JIeKaHa (Hi3UIHOTO (haKyJIbTETY, 3aB. Kadeaporo
EKCIIePUMEHTAIBHOI (D13UKH, MPOPEKTOPA 3 MI>KHAPOTHOTO
ciBpoOITHUITBA, pekTopa (1995-2010), pagHuka pexTopa,
npodecopa kadeapu Hi3uku Ta ACTPOHOMII.

HaykoBi 3m100yTku B. A. CMUHTHHH ITUPOKO BU3HAHI
B YkpaiHi Ta 3a ii Meskamu. Moro mpani MaroTh BUCOKMI AMHAMIYHO 3pOCTA0uMil {HICKC HUTYBAHb
(h-paxTop 25 y Scopus). Bin € aBropom 15 HaykoBux MoHorpadiii (y Tomy uucii 6 6e3 criBaBTOpiB
Ta 3 BumaHi aHniichkoro Moot y CIA), monaa 300 crareii y mpoBiAHUX 3aKOPJOHHUX BUIAHHIX
(30 6e3 cniBaBTOpPIB), 43 aBTOPCHKUX CBIJONTRB Ta MaTeHTIB (7 6e3 criBaBTOpPIB, 3 3aKOPAOHHHKX), 15
nigpyuHukiB (7 6e3 cmiBaBTOpiB), pekomeHaoBannx MOH VYkpainu. Bcboro HaykoBuX myOumikartii
6mu3bko 800.

OcHoBHI HayKoBI1 pe3yibraTi oTpuMaHi B. A. CMuHTHHOIO B 001aCTi (Pi3MKK TOBEPXHEBUX SIBUIIL
MIPHU JTOCJTI/PKEHHI TTOBEPXHI TUTIBOK, MIAPiB, CKJIAJIHUX MAKPO-, MIKPO- Ta HAHOTIOPYBATHX CTPYKTYP
1 KBAHTOBUX TOYOK HaIiBIpoBigHUKIB. B. A. CMUHTHHA € BU3HAHUM KEPIBHUKOM HAyKOBOI IIKOJIH
3 (pi3UKHM MOBEPXH1 HAMMBIPOBIIHUKIB, SIKa BU3HAYA€ CTaH JaHoi ramy3i Ha [liBaH1 Ykpainu 1 BrumBae
Ha 11 po3BUTOK B YkpaiHi. HaiiBakyimBimii pe3ysibTaTd, OTpUMaHi MPeICTaBHUKAMU ITI€T IIIKOJIH, 3a-
XunieH1 y 23 moKTopchbkux, 70 KaHAUIATCHKUX Ta 2 TUCEpTalisX TOKTopiB ¢imocodii, Bia3HaveHi 3
JepxaBHUMU TipeMisiMU YKpaiHu B rainy3i Hayku 1 TexHiku (2007, 2009 ta 2011 pp.), Haropogamu Ha
MDKHApPOJHUX Ta BITYM3HAHUX BUCTaBKax. Y 2018 porii cepis nmigpyynukiB B. A. CMUHTHHU 171 BH-
101 IIIKOJIM Ta Oro HayKOBUX MOHOTrpadiii oTprMaia creriaibHy BiI3HAKY YKpaiHChKOro Di3M4HOTO
TOBApHCTBA «3a BU3HAYHI JOCSATHEHHS y raay3i (i3UudHOT OCBITHY.

Bin 1996 BiH € T0JI0BOIO CTICIIANII30BAHOI PaJIv TIO 3aXUCTY JOKTOPCHKUX UCEPTAIlii, KaICHIIIs
KOTPO1 MPOJIOBKEHA BIJIOBIHO IO HOBUX BUMOT, TOJIOBHUM PeNakTop 2-X (haxoBUX KypHAJIB, IO
IHACKCYIOThCS y HaykoMeTpuuHii 0a3i Index Copernicus, opranizarop Beeykpaincebkoro 3'i3my “@izuka
B Ykpaini”, I 1 Il Beeykpaincbkux koH(bepeHIlii 3 (i3uku HamiBOpoBiaHUKIB, [-1X MixHapogHMX
koHbpepeHIin “CeHcopHa eJeKTpoHiKa Ta MikpocucTeMHi TexHoJorii”, konrpeciB EUROSENSOR.
Bin unen [Ipe3uaii HamionansHO1 Akanemii HayK BHINOT OCBITH YKpaiHu, ododtoe ii [liBanenHuit pe-
riOHAJILHUH IIEHTP Ta € TOJIOBOKO PEBI31iMHOI KoMicii Akanemii. ByB Bile-mpe3nieHToM YKpaiHChKOTO
®iznunoro ToBapuctsa, uneHoMm Komitety 3 JlepskaBHUX mpemiil YKpaiHu Ta eKCepTHOT pajiu [ibOTo
KOMITETY 3 €KOJIOTTYHHUX HaykK, 3acTynmHukoM [onoBu IliBnennoro HaykoBoro nientpy HAHY, 3actyn-
HUKOM rojioBu HaykoBoi Paau 3 ¢i3uku HamiBnpoBigaukiB npu [Ipesunii HAHY.
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B. A. CMUHTHHA CTBOPUB HayKOBO-AOCIIAHY JIaOOpaTOpit0 CeHCOPHOI enekTpoHiku (1988),
BIJIKPHB HAaBYaJIbHO-HAYKOBHUI IIEHTP MeaU4HOI Ta 6iosorivnoi ¢izuku (1999), a'y 2008 p. 3acHyBaB
¢i3uKo-TexHIYHUH HeHTp noaBiiHoro mianopsakysanHs HAHY ta MOH VYkpainu, SKMMH yCIIIITHO
Kepye.

B. A. CmuHTHHA — €JMHUI Bl YKpainu nocTiiinuii wieH BigbipkoBoro komitery EUROSENSOR,
yiieH €Bponeiicbkoro izmuHoro ToBapuctBa Ta Ontuunoro ToBapuctBa Amepuku, Senior Member
of OSA Ta niiicuuii unen IEEE, kepiBHUK Ta yYaCHMK HayKOBHX IPOTpaM B HALlIOHAJBHHUX IIEHTpaxX
nocnimkens Itanii, @pannii, Himeaunan, Oinnsuanii, [Topryranii Ta iH., B IeSKUX 3 HUX 3alI049aTKyBaB
HOBI1 HaNpsIMKU JTOCII/KEHb B Tany3i (pi3uKu moBepxHEeBUX ABUI. BiH eQeKTHBHO Kepye poOOTOIO
YKpaiHCBKUX TPYT AOCTIIHUKIB y €BPONEHCHKUX HAYKOBO-IOCIHITHUX MPOrpamMax.

3a yac pobotu B. A. CmunTuHU Ha nocaai pekropa (1995-2010) Onecbkuii HaliOHATHHUN
YHIBEPCUTET 32 OCHOBHIMH MTOKa3HUKAMH JisUTHHOCTI BIIEBHEHO MOCiaB 3—4 Miciie cepe KIIacCHYHIX
yHiBepcHuTeTIB YKpainu, a'y 2005 p. o40/IuB 11el peHTHHT, IepeTBOPUBIINCH HA HABYAIbHO-HAYKOBUI
KOMILJIEKC cBiTOBOro piBHA. Ha mux minBamuHax B. A. CMuHTHHOIO po3poOieHa Ta omyOJikoBaHa
Crpareriuna [Iporpama nepcnexruBHoro po3sutky OHY imeni I. 1. Meunukosa Ha 2010-2020 pp.

ITix #ioro kepiBaunTBoM B OHY Oynu yTBOpeHi Tpu HOBUX (paKyJabTETH, TPU HABYAIHHO-HAYKOBI
LEHTPH, IHCTUTYT, KoJemk, 20 HOBUX Kadenap i creniaabHoCTel. 3araibHa KiJbKICTh CTY/ICHTIB Ta
ciryxauiB 3pocia Outbin Hix BABiui —3 9500 1o 21000 ocib, cepen saxux maiixe 800 iHO3eMHUX TpO-
MaJIsiH, SIKi HaBYaJIHCs 3a 0araToCTyleHEBOI CHUCTEMOO: OakamaBp, creriaict, Marictp. Komemxk
TOTYBaB MOJIOJIIIMX CHEIIaTiCTiB.

EdextuBno nisina acnipantypa (520 acniipanTiB HaB4anocs 3a 85 CIerialbHOCTAMH) Ta TOKTO-
panTypa. 3pic HayKOBHIA OTEHIIia) MpodecopchKo-BUKIIaAaIbKoro ckinaxy OHY: KiTbKiCTh JOKTOPIB
Hayk 3pocna 3 95 1o 168 ocib, a kauauaariB Hayk — 3 450 mo 800. Cepen 6muzbko 2000 BuKIIagayiB
Ta HayKOBIIiB — 57 akajeMikiB Ta 4ieHiB-kopecnonaeHTiB HAH VYkpainu i ramy3eBux akajaeMiid, 3a-
CIy’)KeHHX JisT4iB HayKH 1 OCBiTH, JaypeariB Jlep:kaBHuX npemiil. OCBiTHIN mpolec B yHIBEpCUTETI
3abe3neuyBaio 99 kadenap, a 3araiabHa KUIbKICTh CIIBpOOITHHUKIB YHIBEpCUTETY csiraia 3,5 Tuc. ocio.
OHY oanuM 3 nepmux B YKpaiHi ctae uwieHOM BcecBiTHBOT acomianii Mpe3uIeHTIiB yHIBEPCUTETIB
npu FOHECKO, €Bporneiicbkoi yHIBepcHTETChKOT acorriaii Ta €Bpa3iiichKoi acorianii yHiBepCUTETIB,
Kny0Gy pexropiB €Bponu, akTUBHO Oepe y4acTb y poOOTi LIUX OpraHi3amii.

[Tig xepiBHUITBOM pekTopa nmpod. B. A. CMUHTHHM yHIBEpPCHUTET 3/iHCHIOBAB MI>KHAPOIHE
HAyKOBO-TEXHIYHE CHiBpOOITHUITBO 3 moHaa 100 HayKOBUMHM Ta OCBITIHCHBKHMMH YCTaHOBaMH CBITY,
JOTYYHMBCS 0 MIKHAPOAHUX HAyKOBHUX Ta OcBiTAHCHKUX rnporpaMm (FP-6, FP-7, Erasmus Mundus,
Tempus Ta iH.). 3a Or0 CIIPUAHHS YHIBEPCUTET CTAB BiANOBIJAJIHUM BUKOHABIIEM JEPiKaBHOT MPO-
rpaMH HayKOBUX JOCIIIKEHb HAa OCTPOBI 3MiTHUH.

HapuanpHi muiomi yHiBepcUTETY 3a el yac 3pociau npubau3Ho Ha 10 THC. KB.M. 32 paxyHOK
BBEJICHHS B €KCILTyaTanito 7 OyJiBesb HABYAJIHHOTO Ta CHOPTUBHOTO MPHU3HAYCHHS. 3a 1HIIIaTHBOIO
B. A. CMUHTHHY aKTHBHO 3alIpOBaKyBajacs KOMI oTepu3ailis yHiBepcurety. Y 2008 pori HuM Oyito
po3nouaro OyIiBHUIITBO HOBOTO HaBYAJIBHOTO KOPITYCY 3arajbHOIO IUIOIIEI0 OMU3BKO 6,5 THC. KB.M.,
sKkuii OyB BBEJCHUHN 10 €KCIUTyaTallii mcis 3aBepIIeHHs HOro pekTopebkoi kaneHmii. Kpim Toro, 3a-
B/ISIKH HOTO KpeaTHBHiN poOOTI OTpUMAIH )KUTIO 200 MOKPAIIWIN KUTIOBI yMOBH Onu3bKo 150 cimeit
CHIBpOOITHUKIB YHIBEPCUTETY.

[Tig xkepiBHunTBOM B. A. CMUHTHHHM Briepiie B YKpaiHi po3po0JeHO KOHIENI0, pO3M0vaTo
1 HaJIaro/KEHO PEryisIpHy poOOTY PO3raiy’KeHOi Mepeski HaBUaIbHO-HAYKOBUX LIEHTPIB y MHKOJIa€BI,
ITepBomaiiceky, LmmiuiBceky, Ternonapi Ta Xepconi. byno Binkpuro Konemx mignpuemcTsa Ta coli-
aJIbHOT POOOTH Ta CTBOPEHO YHIKaJIbHUN PErioHAIbHUI KOMIUIEKC «IITKOJIA — KOJIEK — YHIBEPCUTETY,
mo 0e3 1ep>KOIOPKETHIX BUTPAT J1aBaji0 MOXKIIMBICTh OTPUMYBATH BUCOKOSIKICHY OCBITY OararboM
TUCSYaM XUTeNiB MicT Ta cin [TiBaHs Yipainu.
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B 2000 pori 3a BUCOKI JOCATHEHHS YHi-
BEPCUTET HAaropomxeHo IlouecHoro rpamMoToIO
Kabinery MinictpiB Ykpainu, a 11 Bepecust 2000
poky OnecbKoMy Jiep>KaBHOMY YHIBEpCHUTETY iMe-
Hi [.I. MeynrkoBa Ha/laHO CTaTyC HAI[IOHAJIBHOTO.

3HaMEHHOIO JaTor B icTopii OnechKoro
YHIBEpCHUTETY cTajo mignucanus B.A. CmunTH-
Hoto bonmoncrekoi Benukoi xaptii €Bponeiicbkux
yHiBepcuTeTiB. L moxis BinOynacs 18 BepecHs
2003 poxy y bononsi (Itanis). OHY 0OyB enu-
HUM cepe]l YKpaiHChbKUX YHIBEPCHUTETIB, AKICTh
OCBITHBOT JiSUTBHOCTI KOTPOTo OyJia OI[iHEHa eKC-
nepramu 3asbI0yP3bKOT0 III00ABHOTO CeMiHapy.
VY 2009 p. OHY yBiiiloB 10 cnucKy HalBigO-
Mimmx 120 1ocmiTHUIBKUX YHIBEPCUTETIB CBITY
(KAIST).

B.A. CMuHTHHA Ha BUCOKOMY HayKOBOMY
piBHI 4MTa€e po3poOIeHI HUM HOBITHI CIIELKYP-
cu «IToBepxHeBi sBHIA Y HAMiBIPOBIAHUKAXY,
«Di3uKo-XiMiYHI SBUIIA HA TTOBEPXHI TBEPIUX
T 1 «DOTOENEKTPOHHI Ta (POTOCTEKTPUUHI
MPOIIECH Y HaIiBIPOBIAHUKAX» Ta pyHIaMEH-
TaibHI Kypcu «Onrtukay, «Pi3uka ceHCOpiB» Ta
«®Dizuka aroMay, e(PeKTUBHO KEPYE IMiATOTOBKOIO
MaricTpiB, aclmipaHTiB i JOKTOpaHTIB 3 (pi3uku
MOBEPXHI Ta EKCIIEPUMEHTAIBHOI (I3UKH, SIK 3a-
MPOLLIEHUH Mpodecop YUTaE KypCH JIEKITi 3a KOp-
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JIOHOM. BiH —rapaHT JOKTOPCHKOI mporpamu 3 i-
3uku Ta actponoMii B OHY imeni I. . Meunuxkosa,
skay 2021 p. ycmimHo mpoiiia akpeIuTaio.

B. A. CMuHTHHA — 3aCITy’KeHUH Jis4 Ha-
yku 1 TexHiku Ykpainu (2000), BigmiHHUK OCBi-
1 Ykpainu (1998), naypear Jlep>kaBHoi npemii
VYkpainu B ranysi Hayku i TexHiku (2007). Bin
HAaropoJKeHUM 30710ToI0 Menannto «10 pokis
HezanexHocti» I cr. (2001), opaenom «3a 3acimy-
ri» Il ct. (2004), ykazamu [Ipesunenra Ykpainu
NBiYl Big3HAUeHHH J[ep)KaBHUMU CTUIICHIISIMU
BUJIATHUM Jistdam Hayku (2019. 2023), [Ipemiero
imeni akagemika H. /1. Moprynica HAH Ykpainu
(2020), inmmMu HaroporaMu YKpainu Ta 7 KpaiHn
CBITY.

B. A. CMuHTHHA — TIOYECHUHN TPOMAJSTHUH
micta OuakoBa (1996 p.), [louecHuii cenarop
Cerencokoro yHiBepcutety (Yropmmuna, 2004),
[Touecnuii [Tpodecop XepcoHCHKOTO epiKaBHO-
ro TexHigHoro yHiBepcurety (1998), [anunpkoi
Axanemii (2008), IIpuaHiCTPOBCHKOTO YHIBEp-
curety (2006), [TouecHuit 1okTOp YHIBEpPCUTETY
Huubnao (KHP, 2009).

Penxonerist xypHaiy mupo BiTae Banen-
TiHa AHApiioBUYa 31 cnaBHUM 75-mitHIM FOBI-
JICEM 1 3UYUTHh HOMY MILIHOTO 30POB’s, IIACTH,
HATXHEHHS 1 MOJANbIINX TBOPYUX YCHiXiB!
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IHOOPMALIA O1A ABTOPIB.
BUMOI'M 0O OPOPMIIEHHA CTATEN Y XKYPHAII

Kypnan «CeHcopHa eneKkTpoHiKa i MiKpOCHC-
TEMHI TEXHOJOTi» MyOJiKy€e cTarTi, KOPOTKi MOBiAO-
MJICHHS, TUCTH 10 Pemakiii, a Tako KOMEHTapi, 1o
MICTSITb pe3yabTaTs (ByHJaMEeHTaIbHUX 1 TPUKIIaHUX
JIOCITI/PKEHB, 32 HACTYITHUMH HaIPSIMKaMH:

1. ®i3muHi, XiMIYHI Ta 1HIII SBUINA, HA OCHOBI

SKHX MOXYTh OyTH CTBOPEHI CEHCOPH

2. IlpoexryBaHHS i MaTeMaTHYHEe MOJICITIOBAHHS
CEHCOPIB
Cencopu Gi3HUHAX BEITHYNH
OnTHYHI, OMTOCNEKTPOHHI 1 pajgiamiiHi
CEHCOpH
AKYCTOEIEeKTPOHHI CEHCOPH
XiMivHI CEHCOPH
biocencopu
Hanocencopu (¢i3nka, MaTepiaiin, TEXHOIOTIN)
9. Marepianu 11l CEHCOPIB
10. TexHOMOTis1 BUPOOHHUIITBA CEHCOPIB
11. Cencopu Ta iH(opMaIiifHi CHCTEMH
12. MikpocuctemHi ta HanoTexHoyorii (MST,

LIGA-TexHoMmOTiSI TA iH.)

13. Jlerpanmamiss, MeTpoJorist i cepTudikaiis

CEHCOPIB

Kypnan nyOmikye TakoX 3aMOBIJICHI OTJISIIN
3 aKTyaJIbHUX MUTaHb, III0 BiATOBITaIOTh HOTO TeMa-
THUILI, TOTOYHY iH(OpMaLito — XpOHiKY, IepCOHaii,
TJIaTHI peKJIaMHI TTOBITOMJICHHS, OTOJIOIIICHHS 1100
KOH(EepeHIIii.

OCHOBHHIT TEKCT CTATTI IIOBUHEH BIAMOBiIa-
i Bumoram [locranosu [pe3unii BAK Ykpainu Bin
15.01.2003 p. Ne 7-05/1 (bronerenr BAK Ykpainu
1, 2003 p.) i OyTu cTpykTypoBaHuM. Marepiaiu, 1110
HaJCHIAIOThCA M0 Penakiiii, moBUHHI OyTH HammcaHi
3 MAaKCHMMAaJIbHOO SICHICTIO 1 YITKICTIO BUKJIQLy TEKCTY.

B w

o N

VY nogaHoMy pyKoONuUCi MOBUHHA OyTH OOIPyHTOBaHA
aKTYyaJIbHICTh PO3B’sI3yBaHOI 3a/1a4i, c(hopMylbOBaHA
MeTa IOCIIIKCHHS, MICTUTHCS. OpUTiHAJIbHA YaCTHHA
1 BUCHOBKH, 110 3a0€3MeYyIOTh PO3YMiHHS CyTi OTpH-
MaHUX PEe3yNAbTaTiB i iX HOBU3HY. ABTOPH IOBHHHI
YHHMKaTH HEOOI PyHTOBAHOTO BBEJCHHS HOBHUX TEPMIiHIB
1 By3bKOTIPO(1TBHAX KAPTOHHUX BUCIIOBIB.

Penaxkiiis s)xypHally MpoCUTh aBTOPIB MPHU Ha-
MpaBJICHI CTATeH JI0 JPYKY KepyBaTUCsl HACTYITHHUMH
MpaBHIIAMH:

1. Pyxommcu MOBHHHI HAJCUIIATHCS Y JIBOX IPH-
MIpHHKaX YKpPaiHCHKOIO a00 aHTITIICHKOI0 MO-
BOIO 1 CympOBOJDKYBaTHCs (aillaMu TEKCTY
i mamonkiB Ha CD. Pykomnucu, ki mporony-
FOTbCS aBTOpamu 3 Ykpaiau abo xpain CHJI mo
BUJIaHHS aHTIIIHCHKOIO MOBOIO 00OOB’SI3KOBO J10-
MTOBHIOIOTHCS YKPATHOMOBHOIO a00 POCiiiChKO-
MOBHOIO Bepciero. ExekTpoHHa KOTis MOXKe
OyTH HajicIaHa eJIeKTPOHHOIO MOIITOIO.

2. Ilpwuitaarai popmartu Texcty: MS Word (rtf,
doc, docx).

3. IlpwuiiasaTtHi rpadivni popMaT 1UId PUCYHKIB:
EPS, TIFF, BMP, PCX, WMF, MS Word i MS
Graf, JPEG. Pucynkwu, sxi cTBOpeHi 3a joro-
MOTOO IIPOTPAaMHOTO 3a0e3MeueHHs ISl MaTe-
MaTHYHHX 1 CTATUCTHIHHUX O0YHCIICHD, [TOBUHHI
OyTH TIepeTBOPEHi JI0 OHOTO 3 WX (popMaTiB.

4. Ha crarri aBTOpiB 3 YKpaiHu MatoTh OyTH eKc-
IIePTHI BUCHOBKH TTPO MOYKJTHBICTE BIIKPHTOTO

APYKY.

PyKOHI/ICI/I HAJACUJIATH 3a aJipecoro:

Jlenix Spocnas Lmiy,
3acT. roj1. peakropa,

OnecbKuii HAIlIOHATTFHUH YHIBEPCUTET
imewi L. I. MeunukoBa, MHHOTLI (HJI-3),
ByJ1. [IBOpsiHCBKa, 2,

Oneca, 65082, Ykpaina.

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

http://semst.onu.edu.ua

311IICHIOETHCSI aHOHIMHE PEIeH3YBaHHS
PYKOMMCIB cTaTeH.
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IIpaBuiia miAroTOBKU pyKoOMNucy:

Pyxomnucu moBUHHI CYIIPOBODKYBATHCS O(iLliii-
HUM JIUCTOM, MiJIMCaHUM KEPiBHUKOM YCTaHOBH, JI€
Oyna BuKoHaHa pobOora. Lle mpaBuiIO HEe cTOCY€eThCA
POOIT IpeicTaBIEHNX aBTOPAMHU 13 3aKOP/IOHY UM MiX-
HapOJHUMH IPyIIaMH aBTOPIB.

ABTOpCBKE MPaBO NMEPEXoauTh Bunasirio.

TuTynbHUN apKyII:

1. PACS i VuiBepcansuuii lecsatkoBuii Koj
Kiacudikanii (YK) (mis aBropis i3 kpain CHJI) —
y BEPXHbOMY JIiBOMY KyTi. JlomycKaeTbes AeKiabKa
BIAIUICHUX KOMaMHM KOIB. SIKIO HifAKI KOIU KJIacHh-
(hikarii He mo3HaUYeHI, Kox(u) Oyae(—yTh) BUZHAYCHO
Penakuiiinoro Koneriero.

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

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

4. Ha3Ba ycTaHoBH, IOBHA ajpeca, TenedoHn
1 axcu, e-mail Ans KOKHOTO aBTOpa, HIKYE, Yyepes3
OJIMH 1HTEpPBaJ, OKPEMUM PSAIKOM (TI0 TIEHTPY, mpudT
12pt).

5. Anorauisi: 1o 1000 cumBoOmiB.

6. KirrouoBi cioBa: iXHS KiJIbKICTh HE TIOBUHHA
MIEPEeBHIIYBaTH BOCHMH CITiB. B 0coONMMBHX BUMaIKax
MOYKHA BUKOPHCTOBYBATH TEPMIHH 3 BOMA — UM TPHO-
Ma cioBamu. Lli cioBa moBHHHI OyTH pO3MIIICHI ITi[
AHOTALII€IO0 1 HATMCAHI Ti€I0 CaMOI0 MOBOIO.

[T.m. 2,3,4,5,6 mocnioBHO BHKJIACTH YKpaiH-
CHKOIO Ta aHTIIHCHKOIO MOBAMHU.

a5 aBTOpiB 3 3aKOPAOHY, SIKi HE BOJIOMIIOTH
YKpPaiHCHKOIO MOBOIO, M. 2—5 BUKJIAJIAIOThCS aHIIIIi-
CBHKOIO MOBOIO.

7. J10 KOXHOTO MPUMIpPHHUKA CTATTi JOJAIOTh-
cs pedepaTH YKpaiHCHKOIO Ta aHTIIIHCHKOI0 MOBaMH
(xoxxeH pedepar Ha okpemMomy apkytri). OcoOauBy
yBary CiijJ IpUAIISATH HAMMCAHHIO PE3IOME CTaTTi
aHIiChKOI0 MOBOIO. J{J1s IbOTO JOLINBHO KOpHUC-
TYBaTHCS TIOCITyTaMy KBalli(hiKOBAaHUX CHEIiaTiCTiB-
JIHTBICTIB 3 MOAATBIINM HAYKOBUM pelaryBaHHSIM
TekcTy aBTopoM(-amu). Ilepen ciioBoM «pedepar»
HEOOXIIHO HamucaTtu MOBHY HAa3BY CTATTI BiJNOBIj-
Horo MoBoto, YJIK, mpi3Bumia Ta iHimianu aBTOPIB,
Ha3BH yCTAHOB.

Pedepar obcsrom 200-250 cniB mae OyTu
CTPYKTYpPOBaHUM: MeTa (4iTKO CHOpMYIILOBaHA), METO-
TV TOCITiJPKEHHS, PE3YJBTaT! JIOCIIKSHHS (CTHCIIO),
y3araJibHeHHS 2800 BHCHOBKU.

[Ticns TexcTy pedepary 3 ab3airy po3MINTyrOTh-
Cs1 KITIOUOBI CJIOBA.
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8. Texct crarTi moBUHEH OyTH HaJAPYKOBAaHUI
gyepes 1,5 inTepBanu, Ha Oinomy manepi Gpopmary A4,
[Tons: 31iBa — 3cM, cripaBa — 1,5¢M, BBEPXY i 3HU3Y —
2,5cm. Ulpudt 12pt. [1in3aronoBky, KO BOHH €,
MOBUHHI OyTH HaJPYKOBaHI MPOMUCHUMH JIITEPAMH,
JKUPHO.

PiBHSHHS TOBUMHHI OyTH BBEICHI, BAKOPHUCTO-
Bytoun MS Equation Editor abo MathType. PoGotu
3 pYKONIMCHUMH BCTaBKaMHu HE MPUHMArOThCs. Ta0mmii
MTOBUHHI OyTH MpeICTaBlICHI HA OKPEMHX apKyIIax
y ¢opmarti BiAmoBiZHUX TEKCTOBUX (hopmaTiB (IUB.
BHUIIE), Y1 y popmari TEKCTY (3 KOJOHKAMH, BiJlJIi-
JICHUMH 1HTEepBajlaMH, KOMaMH, KpanKaM 3 KOMOIO, U1
3HaKaMH TaOyJIIOBaHHS).

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

10. Criucok niTeparypy MOBUHEH OyTH Haapy-
KOBaHMH yepe3 1,5 inTepBaiy, 3 JiTepaTyporo, MpoHy-
MEPOBAHOIO B TIOPSIIIKY ii TIOSBU B TEKCTi. bidmiorpadis
JPYKYETHCS JIMIIE JAaTUHULECIO (KUPUIIMLS TOAAETHCS
B TpaHcmitepaitii). [lopsaok opopmienns miteparypu
noBuHEH Biamnoigaru BumoramM BAK VYkpainu, Ha-
NPUKIIa;

[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 NOBUHHI
OyTH HaJIpyKOBaHI B PYKOIHCI 3 IBOMAa MpoOiIaMu
MICIIsl CIMCKY JiTepaTypu. BUHOCOK, SIKIIO MOXKIIMBO,
Oa)kaHO YHHKATH.

[IpuitMaroThCs TITBKU BHCOKOSKICHI PUCYHKH.
Hanwcu i cuMBosM mOBUHHI OyTH HaJpyKOBaHi yce-
penuHi pucyHky. HeraruBu, cmaiiam, i qialto3UTUBH
HE IPUIMAaIOThCS.

KokeH pruCyHOK TOBUHEH OyTH pO3TalllOBaHHHA
y TEKCTi CTaTTi MicIs MOCHIIaHHS Ha HHOTO Ta MaTH
po3wmip, 1o He neperuinye 160x200 mm. st Tekcty
Ha pUCyHKax BUKopucToByiTe mpudt 10pt. OmuHuti
BHUMipy NOBHHHI OyTH IO3HA4YeHi Mmicisi KOMHU (HE B
KPYIVINX JTy’KKaX). YCi pUCYHKH ITOBHHHI OyTH TIPOHY-
MEpOBaHi B MOPSIKY IX MOSBU B TEKCTi, 3 YACTUHAMHU
no3HaYeHUMH sk (), (0), 1 T.11. Po3MmimeHHst HoMepiB
PUCYHKIB 1 HaIUCy yCepeawHI MaTIOHKIB HE TO3BO-
JISIFOTBCSL.

KosbopoBuii Jpyk MOXKIMBHMN, SIKILO MOr0O Bap-
TICTH CIUIAYY€THCS aBTOPAMHM UM iX CIIOHCOPaMH.



Sensor Electronics and Microsystem Technologies 2023 — T. 20, Ne 3

12. Crartst Mae OyTH TTimcaHa aBTopoM (ycima
aBTOpaMM) 3 3a3HAYCHHSIM JIaTH Ha OCTaHHIN CTOPIHIIL.

ABTOpH HECYTh TIOBHY BiIIOBITAIBEHICTE 32 0€3-
JIOTaHHE MOBHE O0(GOPMIIEHHS TEKCTY, OCOOIHMBO 3a
MpaBUIHHY HAyKOBY TepMiHOJOTIO (ii CITiT 3BIpATH 32
(haxoBUMH TEPMIHOJIOTIYHUMHU CIIOBHUKAMH ).

13. JlaTor0 HAJIXOJKEHHS CTATTI BBAXKAEThCS
JIeHb, KOJIA IO PEAKONIETii Ha IHIIIOB OCTaTOYHUH Ba-
piaHT CTaTTi MMICIS peIricH3yBaHHS.

ITicns omepskaHHS KOPEKTYpPH CTATTI aBTOP I10-
BHHCH BHIIPABHUTH JIHIIE TOMUIKH (4ITKO, CHHBOIO

200 YOPHOIO PYUYKOIO HEMPABUIILHE 3aKPECIIHUTH, a I0-
pAI 3 UM Ha TIOJII HAMMKMCATH MPAaBUILHANA BapiaHT)
1 TEpMIHOBO BiiCIIaTH CTaTTIO Ha aapecy PemKoJerii
€JIEKTPOHHOIO MOIITOIO.

[limmuc aBTopa y KiHIT CTATTi 0O3HAYAE, IO aB-
TOp TIEpe/Iae MpaBa Ha BUIAHHS CBOEI CTATTI peNaKIIii.
ABTOp TapaHTye€, IO CTaTTsI OpUTIHATLHA; Hi CTATTS,
Hi pPUCYHKHU 70 HEi He Oyiu omyOIiKoBaHI B IHIIIHX
BUJIAHHSIX.

Bigxuieni crarTi He TOBEpTAIOTHCS.

O YVBAI'l ABTOPIB

Mixcnapoona azenyis ISSN 6cmanosunia ckopouery Ha38y HAUL020 HCYPHALY
«Sens. elektron. mikrosist. tehnol. »

IIpocumo Bac y ceoix nocunannsx i 6ionrioepaghiunux oanux cmameu 8UKOPUCMOBYS8AMU
came maky HA38y OCKLIbKU NO Hili OyOe 30ilicHIo8amucs nocuiants na Bauy cmammio.
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