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IIPABUJIA JTVIA ABTOPIB

B pemakmiro monaerscs enekTpoHHHH BapiaHT cratti (MS Word 2007 i Bumie) ykpaiHCBKOIO, POCIHCBEKOI0 abo
AHTITIMCHKOI0 MOBOIO depe3 calT KypHaiy http://periodicals.karazin.ua/biophysvisnyk 3 HampaBiIeHHAM YCTaHOBH 1
€KCIIePTHIUM BHCHOBKOM Yy BUTJISIII BiJICKAHOBAHUX (haidiB.

Texcr HaOupaeThes Ha apkyiiax ¢opmary A4 yepe3 oauH iHTepBan. BukopucrtoByerbes mpudt Times New Roman
12 pt, BUpiBHIOBaHHs TeKcTy 1o mmpuHi. [lons cripasa i 3:miBa 1o 2,5 cM, 3Bepxy — 3,5 cM, 3HM3Y — 2 cM. MaTemarnyHi
Ta XIMI4HI CHMBOJHM BBOJATHCS JIO TEKCTY CTATTi 3a gomomoror pemaktopa MathType ab6o Microsoft Equation.
Pucynku, npunathi 1o penpoaykuii, y dopmati *.emf, *.wmf, * jpg, *.jpeg, *.png BCTaBISIOTHCS A0 TEKCTY B MEXax
VIO CTOPIHKH, BKa3aHOi BuIE. PHCYHKH po3MillyBaTH B MeXax TaOJMIi 3 NMPO30PHMHU 30BHILIHIMH TPaHHUISIMH Y
TIEPIIOMY PSIIKY, MIANUC Ta KOMEHTapi A0 PUCYHKY — Y APYroMmy psaKy Taomumi. I'padiku OymyroTecst y IporpaMHUX
MakeTax, MpU3HAYeHUX s 00poOKw 1 Bizyaumizanii HaykoBux maHux: Origin, Mathcad tomro. Bukopucranns ogicHOro
makety MS Excel gns noOynosu rpadikiB He momyckaerbes. Ludpu i mianmucu Ha ocsX Ta HAAMUCAX MOBHHHI MaTd
mpudt 9 pt. [lignuen min pucyHkaMu OpykyroThes mpudtom 10 pt. @opmynu, Tabnwmi # pUCYHKH HyMEpPYROTHCS
TOCITiIOBHO apabchkumu nudpamu, Hanpukian, (1); Tabxa. 1; Puc. 1.

Ha mepimiii cTopiHIli 3BepXy Ha MEPIIOMY PAAKY B JTiBOMY BepxHbOMY KyTi HaBoauThcs YK (kypcus, 11 pt). Ilicna
NPOIYCKY OIHOTO psIJIKa, PO3MILLYEThCS Ha3Ba CTATTI (BENWKI JiTepW, NPsIMUN HamiBXUpHUA wmpudr, 12 pt,
BUPIBHIOBAaHHS 110 1eHTpY). [licisi mpomycky oaHOro psiaka HaOWparoThCs iHILIaJM, NMPi3BHINA aBTOPIB (TPSAMHUI
HamniBXupHUi wpudT, 12 pt, BUpiBHIOBaHHA 10 LeHTPY). Ha HacTynmHOMY psiIKy pO3MIILyIOTECSI TOBHI Ha3BH i aJpecu
YCTaHOB, J€ BHKOHyBaJlachb po0oTa, ajapeca €JIEKTPOHHOI IOIITH aBTOpa — KOHTAaKTHOiI ocobu (kypcus, 10 pt,
BUPIBHIOBaHHS 1O 1IEHTPY). [ToTiM BMilyeTbCcs ata HaAXOMKEHHS CTATTi A0 pelakiii: 4ucio — uudpamu, Micaus —
IponucoM, pik — uudpamu (1pudT npsimuii, 10 pt, BUpiBHIOBaHHS 1O IIeHTPY). Ha HacTynmHOMY psaKy BMIIyeThCs
JaTa IPUAHATTS CTAaTTi 10 OPYKY (3aTIOBHIOETHCS PEIKOIIETIEI0).

[Micns mpomycKy OIHOTO psIKa BMIIIYIOTBCS Tpu pedepatn (YKpalHCBKOIO, aHTTIHCHKOIO, POCIHCHKOI0 MOBAaMH).
Pedepar moBo cTarTi po3miinryerbes mepuuM. [lepen apyrum Ta TperiM pedeparamu 3 HOBHX PSJIKIB MHUIIYThCS
Ha3BU CTarell (BeJIMKUMHM Jitepamu, wpudrt npsmuit, 10 pt, HamiBKUPHUNA, BUPIBHIOBAHHS IO LEHTPY), iHILianu Ta
npi3Buiia apropis (mwpudT npsmuii 10 pt, HamiBXUPHUN, BUPIBHIOBAHHS 10 LIEHTPY), HA3BM OpraHizaliii Ta X ajgpecu
(xypcuB 9 pt., BUpiBHIOBaHHS 10 LEeHTpY). Pedepar moBuHeH OyTH CTPYKTYpOBaHUM Ta MICTUTH HACTYITHI YaCTHHH 3
3arojioBKaMu: AKTyalibHicTh, MeTa pooorn, Matepianu i meroau, PesyabTatn, BuCHOBKH, sKi MOYHMHAIOTHCA 3
HoBoro psnka. Cnosa “Pedepar” i “Abstract” He muIIyThCS. 3aroJ0BKM CTPYKTYPHHUX YaCTHUH MUIIYTHCS HAIIBKUPHUM
mpudToM, Micas 3arojoBKa CTaBUTHCS Kpamka. Tekct pedepary ckiagae He meHime 1800 ta ne Oimbime 2000
(POHETHYHUX CHUMBOIIIB, TOOTO 0€3 MPOMIXKKIB MK cioBamu; npsmuid mpudt 10 pt. Pedeparn nBoma iHmmmu MoBaMu
TaKOXX MOBHHHI MaTH oOcsar He MeHme 1800 Ha He Oimpmre 2000 doneTmuHMX cuMBoONiB. Ha HacTymHOMY psaKy
BMIITYIOTECS 5-8 KIIFOUOBHX CIIB, SIKi PO3AUISIOTHCS MiX cO00r0 Kpamkoro 3 komoro (10 pt — mepmmit pedepar, 9 pt —
IpyTuil Ta TpeTiii pedeparn). 3 MOYATKY psIKa BETUKAMH JIITEpaMd, MPUPT HAMIBKUPHUH, TUIIETHCS 3aTOJIOBOK 3
neokpankor “KJIFOYOBI CJIOBA:”. Tekctu pedepaTiB i KIOUOBI cI0Ba MAarOTh HIMPUHY Ha | cM MeHITy, HiX
ocHOBHHH TeKcT (110 0,5 cM 3 KOKHOTO 00KY). PedepaT po3nuIsIFOTECS OTHUM ITyCTUM PSIIKOM.

OCHOBHHUI TEKCT CTATTI HABOAUTHCS MICIIsI MPOIYCKY OJHOro psifka mpudrom Times New Roman (Cyr), 12 pt. AbG3aiu
MOYMHAIOTHCS 3 YepBoHOTO psfka (0,75 cMm). PekoMeHIyeThCsl pO30UTTS CTATTI HA TaKi PO3AUIH: BCTYI (Ha3Ba PO3ILTY
ne numerscs), MATEPIAJIM I METOJIM (060B’A3k0BO Uil eKclepuMeHTanbHuX pobit), PE3YJIBTATH M
OBI'OBOPEHHSI, BUCHOBKHM. [[y1s1 TeopeTnyHuX poOiT nependadaeTsest OUIBII BiIbHE PO3TAIIyBaHHs MaTepiaiy,
Hanpuknan, 3amicte po3aity MATEPIAJIM I METOAM pexomennyrorscst po3nimm IOCTAHOBKA 3AJIAYI,
MOJEJIb Ta iH. Po3ninm He HyMepyIOThes, JIITEPH BEJIMKi, HAIBKUPHI, BUPIBHIOBaHHS 110 LeHTpY. [Ipn HeoOXigHOCTI
O3 MOIUIAIOTECS Ha MiApo3aiad. Ha3Bu miApo3MUTiB MUIIYTHCSA 3 BEIHMKOI JITEPH 1 BHOUIAIOTHCSA HAIIBXKHPHUM
mpruTOM, BUPIBHIOBaHHS IO IEHTPY. Pozminum abo migpo3Aiu po3AiISIOThCS OJHUM ITyCTHM psimkoM. [licis Has3B
pO3AiTiB 1 WiAPO3MUTIB Kpamka HE CTaBHTHCSA. Y KIiHII TEKCTy CTaTTi INCIs TPOIYCKY OJHOTO psAAKa Yy PO3IiTi
MHNOASAKA 3azHavaeThcs Ha3Ba (QoHAY, KN (QiHaHCYBaB poOOTY, i HOMep TpaHTty. IloTiM po3MILIyeTBCS PO3ILNT
KOH®JIIKT IHTEPECIB, y sikoMy aBTOpH JeKJIapylOTh HasBHICTh (iHAHCOBHX a00 IHIIMX KOH(QIIIKTIB IHTEpECiB,
SIKi MOTJIM BIUIMHYTH Ha PE3YJIbTAaTH, IHTEPIPETAL0 Ta BUCHOBKH JOCIHIKEHHS. SIKIO0 Hemae KOHQIIIKTa iHTepeciB,
Tax 1 NOTPiOHO 3asBUTH: "ABTOPH MMOBIJOMIISIOTH PO BiZICYTHICTH KOHJIIKTa iHTEpeciB".

JlirepaTypHi NOCHJIaHHS HYMEPYIOThCS B MOPSAKY LUTYBaHHS B TEKCTi, HOMEP NOCHJIAHHS HHIIETHCS Y KBaJpaTHUX
ny)kax. He mormyckaioTbcsl MOCHIaHHS Ha HEOIyOJiKoBaHiI poOOTH, MiIPYYHMKH Ta HaBYAIbHI MOCIOHMKH. CITMCOK
niteparypu (mupudr 10 pt.) HaBoauThCs ABivi. [lepmmii pa3 po3MiLIy€eTbCS 32 OCHOBHUM TEKCTOM CTaTTi, BUALISAETHCS
sk posgin CHMCOK JIITEPATYPH, sxuit opopmimroersest 3a Bumoramu JJCTY T'OCT 8302:2015. [dpyruit pas
CIHCOK JITepaTypu HABOIWTHCS AaHTIIHCHKOI MOBOIO, PO3MIIIYETHCS IICIS MEPIIOrO, BHIUIAETHCS SK PO3ALUT
REFERENCES i odopMiItoeThCst 3rifHO 3 MKHAPOIHUM CTHIEM O(QOPMIICHHSA CITMCKY HAayKOBHX MyOmikariii APA.
[puxmagn opopmieHas G6ibmiorpadidHUX MOCHIaHh MOXKHA TOOMBHUTUCH HA CalTi XypHamy y po3aini «KepiBHunTBa
Jutst aBTOpiB»: http://periodicals.karazin.ua/biophysvisnyk/about/submissions#authorGuidelines.

Pykonucu opopmiieHi He y BiimoBigHoCTi 10 HaBeAeHUX MPABUJI He PO3IIAIATUMYThC!
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NANOBIOPHYSICS: FUNDAMENTAL AND APPLIED ASPECTS.
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Among new branches of natural sciences, which are currently emerging, development of a novel field of
nanobiophysics was impulsed by the advent of nanoscience in qualitatively new direction interfacing
bionanoobjects and nanomaterials. To shape this field in Ukraine, a new series of biennial international
conferences “Nanobiophysics: fundamental and applied aspects” was established in 2009 by biophysicists of B.
Verkin Institute for Low Temperature Physics and Engineering of the National Academy of Sciences of
Ukraine (Kharkov) and Institute of Physics of the National Academy of Sciences of Ukraine (Kiev). After the
lapse of eight years the 5" NBP-2017 conference has demonstrated significant advances in this realm of
science, overviewed in the present report. About 90 scientists from 9 countries took part in the conference.
They presented more than 40 lectures and about 50 poster contributions. Researchers from biophysical
departments of seven academic institutes and universities of Kharkov reported remarkable achievements in
studies of bionanohybrids of biopolymers and biologically active compounds with inorganic nanomaterials,
conducted by varied experimental techniques and computer simulations. Biophysicists from a number of Kiev
academic institutes reported experimental and theoretical characterization of biomolecular nanosystems
promising for nanotechnology and biomedical applications. Impressive achievements in biophysical studies at
the nano level were presented in the invited lectures of leading specialists from Estonia, France, Latvia,
Slovakia, South Korea, and the People's Republic of China. The conference provided a platform for meetings
of participants of international projects in the field and fruitful discussion of further international collaboration.
KEY WORDS: nanobiophysics; molecular biophysics; nanotechnology; bionanohybrids;
bionanostructures.

HAHOBIO®I3UKA: ®YHIAMEHTAJIBHI TA TIPUKJIATHI ACITEKTH.

HOBA TH®OOPMAIIIA 1010 HATAJIBHUX ITPOBJIEM TA JIOCSTHEHS V 1[I ITAPUHI
(Indopmanist mpo S-ty Mmizknapoany kondepenuiro «Hanobdiodizuka:
(¢pynpamenTaabni Ta npukaaadi acnexktm» Hb®-2017)

M.B. KoceBuu, B.O. KapaueBuesn
Dizuko-mexHiunull incmumym Husokux memnepamyp im. b.1. Bepkina Hayionanvuoi akademii nayx Yxpainu,
np. Hayxu, 47, 61103, Xapxis, Yxpaina

biodizuka sk oHa i3 cyd4acHUX MPUPOJHUYMX HAYK 3 MOSBOI0 HAHOTEXHOJIOTIi OTpUMaJia MOIITOBX Y SIKICHO
HOBOMY HAmNpsMKY IOEJIHAHHS OIOHAHOOO €KTIB Ta HAHOMATEpiaiB, IO IOPOAWIO HOBY Taly3b —
HaHoOloi3uky. st hopMyBaHHs 1bOro HanpsiIMKy B YkpaiHi y 2009 poui 6iodizukamn Di3HKO-TEXHIYHOTO
iHCTUTYTY HU3bKHX Temrieparyp iM. b.1. Bepkina HAH Vkpainu (XapkiB) ta [ncruryry ¢disuku HAH Ykpainn
(KuiB) Oyna 3acHOBaHa cepist MibkHapomHuX KoH(pepeHwil «Hanobiogisnka: (yHIaMeHTaIbHI Ta TPUKIIaIHI
acriektiy». Uepes BiciM pokiB 1r’sita KoH(eperttis HBD-2017 nmpomgemMoHCTpyBaia 3HAYHUN IIPOrpec y il ramy3i
HayKH, 10 CTAHOBHTH IPEIMET [BOTO Orysay. Y KoH(epeHtii B3 ydacts 90 HayKoBIiB 3 9 KpaiH CBITY i
npencraBuiy moHay 40 gorosinei Ta Omm3pKo S0 cTeHnoBHX mpe3eHTarii. JocmiaHiku 6i0(hi3MIHIX BB
7 axkajeMiYHHX IHCTUTYTIB Ta YHIBEpCHTETIB XapKoBa JOMOBUIM IIPO CYTTEBI JOCATHEHHS Y IOCITIIKEHHSX
GioHaHoTiIOpHAiB OiomoiMepiB Ta GIONOTIYHO AKTMBHMX CHOMYK 3 HEOPTraHIYHMMH HaHOMAaTepialamu, sKi
MIPOBOIVIIMCS PI3HUMU EKCIIEPUMEHTATLHUMH METOIaMH Ta KOMIT FOTEpHHM MOJIEIOBaHHAM. biodizuku
aKajeMiuHuMX 1HCTUTYTIB KueBa NOBIIOMIIM TPO pe3yJbTaTH EKCHEPUMEHTAIBHUX Ta TEOPETUYHHX
JIOCITI/DKCHb  OIOMOJICKYJISIDHUX ~ HAHOCHUCTEM, MEPCHCKTHBHUX JUIsI HAHOTEXHOJOTii Ta OIOMEIMYHHX
3acTOCYBaHb. Bpakarodi JOCATHeHHs OI0(QI3MYHMX JIOCHIDKEHh Ha HAHO-PiBHI OyJIM TpEACTaBiIeHI y
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3aIPOIICHUX JIEKIiSIX TpoBimqHMX crierianictiB 3 Ecronii, ®panmii, Jlarsii, CroBawuanau, [Tisnenroi Kopei Ta
Kuraiicekoi Hapomnoi PecnyoOmikn. Kondepenris 3a0esnedmna MaigaHUWK I 3yCTpidedl yYacHHUKIB
MDKHapOJHUX MPOEKTIB Ta TS MPOAYKTUBHOTO OOTOBOPEHHS ITOJABIION0 HAYKOBOTO CIHIBPOOITHUIITBA.
KJIIOYOBI CJIOBA: wnanoGiodisnka; MonekyiasapHa Oiodi3uka;  HaHOTexHousoril;  GioHaHOTiOpMIY;,
610HaHOCTPYKTYPH.

HAHOBNO®U3UKA: PYHIAMEHTAJIBHBIE U TIPUKJIATHBIE ACITEKTBI. HOBASL
WH®OPMAIIUS OB AKTYAJBHBIX ITPOBJIEMAX U JJOCTHKEHUSX B 9TOM OBJIACTH
(Mudopmanus o S-it mexayHapoanoi koHpepenunn «Hanodouopusuxa:
(pynaameHnTabHbIe U NPUKIAAHBIE acniekTh» HB®-2017)

M.B. KoceBuu, B.A. KapaueBuen
Du3UKO-MeXHUYeCKUll UHCMUmMym Hu3Kux memnepamyp um. b.1. Bepxuna
Hayuonanvhou akademuu nayx Yxpaunwl, np. Hayxku 47, 61103, Xapvros, Yxpauna

CoBpemeHHass OMO(U3UKA C TMOSBICHHEM HAHOTCXHOJIOTHHA TMOJNy4Yrja TOMYOK B KAUYESCTBEHHO HOBOM
HalpaBJIeHUH 00beANHEHNsI OMOHAHOOOBEKTOB M HAHOMATEPHAIOB, IOPOIUB HOBOE HAyYHOE HAIPaBJICHUE
— HaHoOmo¢m3uKy. s odopmiteHnst sToro HanpasieHusi B Ykpaune B 2009 rony 6uodusnku dusuko-
TEXHUYECKOTO MHCTUTYTa HU3KHX Temrieparyp uM. b.W. Bepknuna HAH Ykpanns! (XapbkoB) u MacTHTYyTA
¢msukn HAH VYkpaunsl (KueB) yupenwnu cepuro MexITyHapoIHbIX KoH(pepeHmnuii «HanoOmodmsnka:
(yHIaMeHTaIbHBIE W TPUKIAJHbIE acTieKThl». CIycTs BOceMb JIeT mATas o cueTy KoHgpepeHuust HbD-
2017 mpomeMOHCTpHpOBaJia 3HAYUTEIBHBIA MPOTPECC B 3TOW OOJIACTH HAYKH, YTO W COCTABISIET IPEIMET
JaHHoro 003opa. B xoHdepeHunu nmpuHsm ydactue okosno 90 yueHbIX U3 9 crpaH, NpeicTaBUBIINX Oojee
40 ycrapix u mopsnka 50 cTeHAOBBIX mpeseHTanmid. lccrnemoBatenn OHMOGHU3MYECKUX OTAETOB 7
aKaJEMHUUYECKUX WHCTUTYTOB M YHHMBEPCUTETOB Tropoia XapbKOBa paccKa3ald O CyIIECTBEHHBIX
JOCTHXXCHUAX B UCCICAOBAHUAX 6I/IOHaHOFI/l6pI/II[OB 6I/IOHOJ'II/IMepOB n 6I/IOJ'IOFI/I‘leCKI/l AKTHUBHBIX BCLIECCTB C
HCOPraHM4Y€CKUMHU HaHOMAaTCpruajlaMu, KOTOPBLIC IMPOBOANIN Pa3sHbIMU SKCIICPUMEHTAJIbHBIMA METOAaMU 1
MOCPEJICTBOM KOMIIBIOTEPHOTO MOJIEIMPOBaHUsl. BHOQH3MKKM psifa akaleMUuecKnX HHCTHUTYTOB ropoja
KueBa nmonoxmim 00 OSKCIIEPUMEHTAJIBHBIX M TEOPETHUECKMX HCCIIEIOBAHMSX OMOMOJIEKYIIIPHBIX
HAHOCHCTEM, IEPCIIEKTUBHBIX Ui HAHOTEXHOJOTMM W OMOMENUIIMHCKHMX IPUIIOKEHHH. Briewarisiommue
JIOCTYDKEHUsSI OMO(U3NUYECKUX HCCIIEIOBaHMM Ha HAHO-YPOBHE OBUIM TPEACTABICHHI B MPHUIIIAIICHHBIX
JMEeKNUAX BEeOymMX crenuanuctoB u3 OcroHun, Dpanmmu, Jlateum, CroBakuu, FOxuoit Kopen u
Kuratickolt HapomHoii pecrmyOmuku. KoHgepeHmus ofecreumna IUIOMIAAKY UL BCTPEY YYACTHHUKOB
MEKIyHapPOIHBIX IPOEKTOB U JUIS IPOJYKTUBHOTO OOCYKICHHS NaIbHEHIIIEro HayYHOTO COTPYJHUYECTBA.
KJIIOYEBBIE CJIOBA: nHaHoOnodwu3uka; MoyeKyisipHas Onodu3NKa; HAHOTEXHOJIOTHs; OWOHAHOTMOPHIbI,
OMOHAHOCTPYKTYPBI.

5™ International conference “Nanobiophysics: Fundamental and Applied Aspects” —
NBP2017 was held on 2-5 October, 2017 in Kharkov, Ukraine, at B. Verkin Institute for
Low Temperature Physics and Engineering (ILTPE) of the National Academy of Sciences
(NAS) of Ukraine [1, 2]. NanoBioPhysics (NBP) conference series was jointly launched in
2009 by B. Verkin Institute for Low Temperature Physics and Engineering of the NAS of
Ukraine and the Institute of Physics of the NAS of Ukraine. Previous four conferences were
organized on biennial basis in Kiev and Kharkov alternately.

Nanobiophysics is a new branch of science which operates at the interface of physics,
biology, chemistry, material science, nanotechnology, and medicine. The basic motivation of
the nanobiophysical investigations includes elucidation of fundamental mechanisms of
biological processes at the molecular level and interfacing this knowledge with various
medical and nanobiotechnology applications.

A previous conference held at the ILTPE in 2013 was completed by book publication in
2016 [3]. The book introduced the field of nanobiophysics through 12 reviews which were
presented at the NBP2013 conference as invited lectures. These reviews were focused on
some selected topics related to the physics of biomolecular nanosystems, nanobiohybrids
involving DNA/RNA and single-walled carbon nanotubes. Some reviews in the book describe
unique experimental physical methods which are used to study nanosized biostructures.
Fundamental researches are also presented through 2 reviews with strong theoretical
considerations and two chapters of the book are devoted to applied aspects of nanobiophysics.
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The aim of the present conference was to discuss urgent problems in a new scientific field
combining biophysics and nanotechnology as well as its progress and prospects. While many
problems concerning the structure, physical properties and intermolecular interactions of
biopolymers are intensively studied in the framework of traditional molecular biophysics, the
XXIst century arouse new challenges of integration of useful properties of biomolecules with
unique capabilities of nanomaterials for advanced practical applications. This was reflected in
the titles of the topics considered at the conference sessions:

- Nanobiohybrids formed by nanocarbon materials with bioobjects;

- Biomolecules on nanoparticles and nanostructured surfaces;

- Physical aspects of biomolecular nanosystems;

- Theoretical calculations and computer modeling of nanobiosystems;

- Applied aspects of nanobiophysics.

About 90 scientists from 9 countries took part in the conference. 14 invited lectures, 28
oral presentations (Fig. 1) and about 50 posters were presented, a Book of Abstracts was
published [1]. A possibility to present the result of the international, in particular European,
collaboration of the conference participants as well as discussion of further international
projects was of great importance (Fig. 2).

The contributions of the conference hosts reflected recent achievements of the Kharkov
scientific school of molecular and nano biophysics. The lecture of the conference vice-chairman
Professor Karachevtsev V.A. was devoted to experimental and theoretical studies of interaction of
nucleic acid constituents — nitrogen bases and short oligonucleotides with novel nanoform of
carbon — graphene oxide (supported by the National Academy of Sciences of Ukraine grant
within the program ‘‘Fundamental Problems of the creation of new Nanomaterials and
Nanotechnology”). Knowledge on the properties of DNA or RNA complexes with graphene
oxide is claimed due to promising applications in genosensing and gene delivery.

The subject of nanobiohybrids formed by nanocarbon materials with biomolecules was
further enlightened in the presentations of the coworkers of the Department of Molecular
Biophysics of the ILTPE. Dr. Glamazda A.Yu. reported on spectroscopic studies of DNA-
wrapped carbon nanotubes aligned in the stretched gelatine film. Contribution of
Kurnosov N.V. was focused on interaction of thiol compounds with single-walled carbon
nanotubes by means photoluminescence and Raman spectroscopy. Specific for the ILTPE
direction of spectroscopic studies at low temperatures was reflected in the talk of
Dr. Ivanov A.Yu. entitled “Biomolecules in the low temperature inert matrices and graphene
oxide films: structures and vibrational spectra”. Low temperature technique of freeze-drying
was applied for production of carbon nanotube-polyoxymethylene nanocomposite, while low
temperature mass spectrometric method was used to characterize this composite in the work
presented by Dr. Kosevich M.V. Computer simulation of nanomaterials was described by
Dr. Stepanian S.G. in his talk “Structure and vibrational spectra of graphene oxide: ab-initio
modeling”. Head of Department of Spectroscopy of Molecular Systems and Nanostructured
Materials of ILTPE Dr. Komarchuk G.V. reported about the development of innovative
point-contact nanosensors for real-time detection of helicobacter pylori virulent strains.

Achievements of Department of Biological Physics of O.Ya. Usikov Institute for
Radiophysics and Electronics of the NAS of Ukraine (Kharkov) in the area of studies of
physical aspects of biomolecular nanosystems were presented in the talk of Professor
Shestopalova A.V. devoted to revealing of particular features of structural and physical
characteristics of nucleosomal DNA, which is a nanostructure formed in the living cell as well
as artificially created. Glibitskiy D.M. informed about observations of zigzag patterns of
solutions and films of bovine albumin with FeCl; probed by dynamic light scattering.
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Fig. 1. Some emotional moments of the lectures at the NBP2017 conference.
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Fig. 2. Informal discussions: Professor Kutsevol N.V. and Professor Viglasky V. (left), Professor Kryachko
E.S. and Professor Cheranovskii V.O. at a poster session (right).
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In a number of lectures basic nanophysical studies which are of interest for future
pharmacological and biomedical applications were presented, in particular, in the
contributions of researches of the Institute for Scintillation Materials of the NAS of Ukraine
(Kharkov). Professor Lisetsky L.N. described results of application of differential scanning
calorimetry technique to investigations of joint action of drugs in model membranes, which
are useful in development and pre-clinical studies of novel drugs and drug formulations.
Dr. Vashchenko O.V. told about distinction in individual and joint membranotropic action of
calcium and magnesium stearates as medicines excipients. Dr. Yefimova S.L. told about
physical aspect of a new approach to nanoparticle application in photodynamic therapy of
cancer, namely about a novel composition on the base of porous CaCOj; microspheres loaded
with both scintillating gadolinium orthovanadate nanoparticles doped with europium ions and
methylene blue photosensitizer molecules. Dr. Seminko V.V. reported about sensing reactive
oxygen species using Ce’” luminescence of cerium dioxide nanocrystals.

In the Institute for Problems of Cryobiology and Cryomedicine of the NAS of Ukraine
(Kharkov) nanoscience approach presented by Professor Osetsky A.l. is applied to studies of
bionanostructures based on cluster crystallization of the solutions with weak interaction
between components.

Along with researchers from academic institutes, scientists from universities of Kharkov
contribute to nanobio-investigations and education. The Department of Molecular and
Medical Biophysics of V.N. Karazin Kharkiv National University was represented by
Dr. Trusova V.M. who described physical and structural properties of amyloyd fibrillar
assemblies involved in pathogenesis of so-called conformational diseases, such as
neurological disorders and, at the same time are promising candidates for the design of novel
functional materials and devices. Professor Ogurtsov A.N., Chair of Biotechnology,
Biophysics and Analytical Chemistry of the National Technical University “Kharkiv
Polytechnic Institute” (NTU “KPI”), discussed capabilities of nanobiophysics in
bionanotechnology as a branch of nanotechnology, which uses biologically inspired structural
and functional principles, methods and techniques for development of atomic-level
engineering and manufacturing technologies. Dr. Lykah V.A. (NTU “KPI”) described
theoretical modeling of charge carrier behavior in functionalized CNT with charge transfer
between CNT and the attached molecules.

Advances in nanobiophysical investigations were outlined in the reports of the conference
co-organizers from Kiev Institute of Physics of the NAS of Ukraine. In the framework of the
“Biomolecules on nanoparticles and nanostructured surfaces” session
Professor Dovbeshko G.I. described studies on the DNA structure and conformation in
confined volume and on the nanostructured surfaces. Professor Chegel V.I. (V.E. Lashkaryov
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Institute of Semiconductor Physics of the NAS of Ukraine, Kiev) highlighted the
biomolecular aspects of molecular plasmonics. Researchers from the Bogolyubov Institute for
Theoretical Physics of the NAS of Ukraine (Kiev) have presented results of theoretical
considerations of various phenomenona occurring in bionanoobjects. Professor Petrov E.G.
lectured about characteristic features of kinetic processes in bionanosystems,
Professor Volkov S.N. described physical mechanisms of regulating the DNA activity at the
nanoscale, and Professor Ermakov V.N. told about modeling of respirator mechanism for
cyanide destraction by bacteria. Professor Kutsevol N.V. (Taras Shevchenko National
University of Kyiv) told about biomedical application of nanosystems synthesized in
branched PNIPAM (poly-N-isopropylacrylamide) polymer matrices with inclusion of Au
nanoparticles and a photosensitizer Clorin 6.

Presentations of international collaborators provided precious information of the main
developments and trends in the nanobiophysics-related fields  worldwide.
Professor Freiberg A. (Institute of Physics, University of Tartu, Estonia) in his opening
impressive lecture “In situ engineering of excitons in biological nanostructures” gave a
comprehensive picture of experimental investigations on photosynthetic energy transfer and
trapping processes mediated by excitons in special biological nanostructures - pigment-
protein complexes by a photo-chemical technique and a physical method of high hydrostatic
pressure.

Professor Viglasky V. (Pavol Jozef Safarik University, Kosice, Slovakia) reported about
the revealed unusual properties of G-quadruplex motifs of DNA found in living systems and
designed for nanobiotechnology. Professor Ramseyer C. (Universit¢é de Franche-Comté,
Besancon, France) described applications of High Performance Computer science for in silico
calculations urgent for design of drugs which are highly efficient but also very selective
toward cancer cells, when in vivo and in vitro experiments cannot go further.
Professor Seong Soo Choi (SunMoon University, Ahsan, South Korea) described current
nanotechnology advancements from Coulter cell counter to single molecule plasmonic
nanopore sensor. Professor Zhang B. (affiliated in Liaoning Shihua University, Fushun, P. R.
China, and University of Freiburg, Germany) told about aromatic polyimides maximizing n-
stacking interactions with carbon nanotubes by mediating their backbone conformations.

In the framework of the conference meetings of participants of international collaboration
and current international projects took place. In particular, a special session dedicated to
HORIZON 2020 project "Asymmetry of biological membrane: theoretical, experimental and
applied aspects" (690853 — assymcurv — H2020-MSCA-RISE-2015/H2020-MSCA-RISE-
2015) was organized by its European coordinator Professor Dovbeshko G.I. (Fig. 3). Reports
on the current developments of the project were made by Professors Ramseyer C. (France),
Berzina B. (Latvia), Freiberg A. (Estonia), Gogotsi O.G. (Ukraine).

Competition for the best contribution of young scientists was organized in the framework
of the conference. The winners in the nomination for the best oral talks were
Miroshnychenko K.V. with her presentation “Ligand-induced DNA conformational changes
in minor groove complexes studied by molecular dynamics simulation” and Piatnytskyi D.V.
for his “Complexes of hydrogen peroxide and DNA phosphate group in quantum chemical
calculations” talk. The best poster winners were Lapshin V.A. for his “Nanostructured and
ultradisperse materials: production by means of immersed electric discharge and application
for biology and medicine” poster and Hubenko K.O. for her ‘“Nanocomposite CaWO;, in
mesoporous spheres SiO, for X-ray induced photodynamic therapy” poster (Fig. 4).

The conference was partially sponsored by the Trade Union of the ILTPE of the NAS of
Ukraine and international scientific societies — The Optical Society (OSA,
http://www.osa.org/en-us/about_osa/) and The International Society for Optics and Photonics
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(SPIE, http://spie.org/about-spie). The secretary of the Young Scientists Council of the ILTPE
Gamayunova N.V. had informed junior participants about the opportunities provided by the
Student Chapters of these societies.

Fig. 3. Participants of the HORIZON 2020 project: Dovbeshko G.I. (coordinator), Olenchuk M., Freiberg A.,
Rivel T., Foley S., Berzina B.

Fig. 4. Diploma for the best young scientists’ contributions are awarded by Professor Karachevtsev V.A. to
Hubenko K.O. and Lapshin V.A.

In this issue Biophysical Bulletin publishes some articles presented at the NBP2017.
The next conference of the series is expected to be organized in autumn 2019 in Kiev.
More information can be found at the conference site [2].
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YCTOMYUBOCTH U30BPAKEHUM, TIOJTYYAEMBIX B KOMIIBIOTEPHOI
TOMOI'PA®HUU METOJOM OBPATHOTI'O ITPOEINMPOBAHUA
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AKTyanbHOCTh. MeTon 0OpaTHOrO TNPOEHUPOBAHMS B COBPEMEHHOW KOMITBIOTEPHOW TOMOTpaduu
JIOCTATOYHO PACIpPOCTPaHEH, M B HAYYHOU JUTEpAType MPAKTHYECKH OTCYTCTBYIOT MPHHIIUIHAIHHEIC
KpUTHYECKHE 3aMEUYaHMs B €ro ajapec. A MPUYUHBI I TaKUX 3aMEYaHUH CyIIECTBYIOT. | TaBHas U3 HUX,
o HameMy MHEHUIO, COCTOUT B TOM, YTO B YKa3aHHOM MCETOJAEC HUKAK HE HCIOJB3YETCA TEOpUAd
HEKOPPEKTHBIX 3a]1a4, HECMOTPS Ha TO, YTO caMa 3ajjaua PEKOHCTPYKIIUH SBIISETCS HEKOPPEKTHOM.

Heas padorsl. llenpro sBasgercs pa3paboTka crmocoda PEKOHCTPYKIUK TOMOTPAMM, KOTOPBIH
npeacTaBiuser co0oii  MOIUQPUKAIMIO METona OOpaTHOrO MPOCHUPOBAHUS C YYETOM TEOPHH
HEKOPPEKTHBIX 3a/1a4.

Martepuanabl u MeToabl. B Merome oOpaTHOTO MpOENHMPOBAaHUS 3HAUYECHHE Mapamerpa (IIIbTPAINH
BEIOMpAETCsl MPaKTHYECKH MPOU3BOJIBHO. B TpeiaraeMoM B cTatbe CHoco0e Takoil BHIOOpP IMONydaeT
000CHOBaHHE: TTapaMeTp (QIIBTPAIIHA OTOXKIESCTBISIETCS C IAPaMETPOM PETyISApPH3aIHY, YTO MMO3BOJSIET
JUIS €r0 OIPEAEICHUS WCIONb30BaTh TEOPHUI0 HEKOPPEKTHBIX 3aad M TeM CaMbIM O00eCHeduTh
YCTOHYMBOCTh PEKOHCTPYHPOBAHHOTO H300pasKEHUS.

Pe3yabrarsl. bbuia monydeHa 3aBUCMMOCTh Ka4eCTBA PEKOHCTPYKIMU OT BHIOPAHHOM MIMPHHBI QUIIBTPA,
Haﬁ)leHO 3HAYCHUC (l)l/L]'l])Tpa, 4YTO IpU AaHHOM YPOBHE€ MNOIpCHIHOCTH HMCXOAHBIX HAaHHBIX U [laHHOﬁ
TEOMETPHH COOTBETCTBOBAJII0O MUHUMAJIBHONH IOTPEIIHOCTH PEKOHCTPYHUPOBAHHOTO HM300pasKEeHUS.
3HaueHHe IUPUHBI (QUIBTpa 3aBUCUT OT MAPaMETPOB CKAHWUPOBAHUS W YPOBHS IIyMa Ha MPOEKLUSIX,
MMO3TOMY PE3YyJIbTaTOM SBJISCTCS HE KOHKPETHOE 3HAYeHHE (WIBTPA, a CIOCO0 BBHIOOpA ONTHMAIBHOTO
3HAYEHUSI.

BeiBoabl. B crathe moka3aHO, UTO WMEETCS BO3MOXKHOCTH, HE OTKAa3bIBasCh MOJHOCTHIO OT METOAa
00paTHOTO TIPOEUUPOBAHHS CO BCEMH €T0 MOJIOKUTEIHFHBIMI CTOPOHAMH, MOAU(MHUIIPOBATH STOT METO/,
JIOTIOJTHUB €T0 TIOAXOJaMH, MCIIONIB3YEMBIMH B TEOPHH HEKOPPEKTHHIX 3agad. Takod MOIXo.X JOJDKeH
00eCeYnTh yCTOWYMBOCTH PEKOHCTPYHPYEMOIO HM300paXeHHS. OTO MOXKET OBITh, HampuMep,
OTOXK/IECTBJICHUE Mapamerpa (WIbTPALMKM C [apaMeTpoM peryJisipu3alidd, 4YTO JIErJo B OCHOBY
MpeUIaraeMoro B IaHHOH CcTaThe croco0a PeKOHCTPYKIMH M300pakeHni. BO3MOXXHO CyIiecTBOBaHHE H
JIPYTUX MyTed MCIOJIb30BaHMS TCOPUU HEKOPPEKTHBIX 33]1a4 B METOJIe OOPATHOTO MPOCIIUPOBAHUS.
KJIIOUEBBIE CJIOBA: peHTIeHOBCKas KOMIbIOTepHas  ToMmorpadusi; METoa  O0OpaTHOro
MPOELIMPOBAHUS; TEOPHUSI HEKOPPEKTHBIX 3a71a4.

CTIMKICTH 30BPA)KEHb, OTPUMAHHUX B KOMIT'FOTEPHIA TOMOI'PA®Ii METOJ10M
OBEPHEHOTI'O TPOENIIOBAHHSA
JI.A. Byaasin, 10.®. 3a6amra, O.B. MoTtoaura, C.II. Cenuyposn
Kuiscoxuii nayionanvnuii ynisepcumem imeni Tapaca Lllesuenka, npocn. I nywkosa 2 A, m. Kuis, Ykpaina

AkTyanabHicTb. MeTonm 0OEpHEHOTO MPOCIHIIOBAHHSA B CYYacHI KOMI'IOTEpHiH Tomorpadii TOCHTH
MOIIMPEHNA, 1 B HAYKOBIiH JIiTepaTypi MPaKTUYHO BiICYTHI IMPUHIMIIOBI KPUTHYHI 3ayBakeHHS Ha HOTO
azpecy. A NpUYMHM A1 TaKUX 3ayBaKeHb iCHYIOTh. ['0JIOBHA 3 HUX, Ha Hally AyMKY, IIOJSATAa€ B TOMY,
110 B 3a3HAYEHOMY METO[l HifIKk HE BUKOPHCTOBYETHCS TEOPis HEKOPEKTHUX 3a/iad, HE3BaXKAaloud Ha Te,
1110 caMa 3a/1a4a PEKOHCTPYKIIi € HEKOPEKTHOIO.

Meta po6oTn. MeToro € po3pobka croco0y peKOHCTPYKIIi TOMOrpaMm, SIKHUi € MoudiKaiieo MeToy
00EpHEHOT0 MPOELIFOBAHHS 3 BpaXyBaHHIM TeOpii HEKOPEKTHUX 3a/1a4.

Marepiann Tta Meroau. Y MeToni OOEpHEHOro TpOEIiOBaHHS 3HA4YeHHS mNapamerpa (inbTparii
o0MpaeTbCs MPAaKTHYHO MAOBUTBHO. Y TIPOIIOHOBAaHOMY B CTarTi crocoOi Takuii BHOIp oTpumye
oOrpyHTYBaHHS: mapamerp (UIBTpaLii OTOTOXKHIOETHCS 3 MApPaMETPOM PEryJsipu3allii, 10 J03BOJISE IS
HOro BHM3HAUEHHS BHKOPHCTOBYBATH TEOPiI0 HEKOPEKTHHMX 3a7ad i THM CaMHUM 3a0e3Me4YHUTH CTIHKICTh
PEKOHCTPYHOBAaHOTO 300payKCHHSI.

© bynasun JI.A., 3abamra }0.®., Motonsira A.B., Cernuypos C.I1., 2017
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PesyasTaTn. Byno oTpuMaHo 3a51eKHICTh SIKOCTI peKOHCTPYKIIT Bix 00paHoi mupuHH (QiabTpa, 3HAHACHO
3Ha4eHHS (iTbTpa, IO HPH JAHOMY pPiBHI NMOXMOKHM BHXITHWUX NaHUX i NaHIA reoMeTpii CKaHyBaHHS
BiANOBia€ MiHIMAJIbHIA TOXHMOIIl PEKOHCTPYHOBAHOTO 300pa’keHHS. 3HAYEHHS MIHMPUHHU (iIbTpa
3aJIeKUTH BiJ MapaMeTpiB CKaHyBaHHA 1 PIBHIO IIIyMy Ha MPOEKILISX, TOMY pe3yJIbTaTOM € He KOHKPETHE
3Ha4YeHHA (QIBpTPa, a crocid BHOOpY ONTHMAIEHOTO 3HAYEHHS.

BucHoBkm. B cTarTi nokasaHo, 110 € MOXJIUBICTh HE BIIMOBJISITHUCH TOBHICTIO BiJl METOYy OOCPHEHOTO
MPOELIIOBaHHS 3 yCiMa HOro MO3UTUBHUMHU CTOPOHAMHM, 8 MO (]iKyBaTH 1ei METOA, TOMOBHUBIIH HOTO
MiZXO0JaMH, BHKOPHUCTOBYBAHHMH B TEOpil HEKOPEKTHHX 3anay. Takuil MiaXiJ MOBHHEH 3a0€3MCUUTH
CTIHKICTh 300pa’kKeHHS, IO PEKOHCTPYIOeThes. Lle Moxe OyTH, HamnpHKial, OTOTOXXKHEHHS IlapaMeTpa
¢binpTpanii 3 mapamMeTpoM peryisipu3anii, 110 JIATJIO B OCHOBY HPOIOHOBAHOTO B il cTarTi crocoly
PEeKOHCTpPYKIIi 300paXkeHb. MOKIIMBE iICHYBaHHS 1 IHIIMX CIIOCOOIB BUKOPHCTAaHHS TEOPil HEKOPEKTHUX
3a7aq B METOIi OOEPHEHOTO MPOCIIIOBAHHS.

KJIIOUOBI CJIOBA: pentreniscbka KOMI'IoTepHa ToMorpadis; MeTox OOCpHEHOro MpOCLiIOBaHHSI, Teopis
HEKOPEKTHHX 3a1ad.

THE STABILITY OF IMAGES TAKEN IN COMPUTED TOMOGRAPHY BY BACK-
PROJECTION METHOD
L.A. Bulavin, Y.F. Zabashta, O.V. Motolyha, S.P. Senchurov
Taras Shevchenko National University of Kyiv, 2 A Glushkova Ave., Kyiv, Ukraine

Background: The back-projection method is quite widespread in the modern computed tomography and
there are not principled critical comments addressed to it in the scientific literature. But there are reasons
for such comments. The main one of them, in our opinion, is that the method does not use the theory of
ill-posed problems in any way, despite the fact that the problem of the reconstruction is ill-posed.
Objectives: The aim of the work is a development of a method of the reconstruction of tomograms,
which is a modification of the back-projection method taking into account the theory of ill-posed
problems.

Materials and methods: In the back-projection method, the value of the filter parameter is chosen
practically arbitrarily. In the method proposed in the article, this choice receives a justification: the filter
parameter is identified with the regularization parameter that allows us to use the theory of ill-posed
problems for its determination, and thereby to ensure the stability of the reconstructed image.

Results: The dependence of the quality of the reconstruction on the selected filter width was obtained.
The value of the filter at the given error level of the initial data and the given geometry corresponding to
the minimum error of the reconstructed image was found. The value of the filter width depends on the
scanning settings and the noise level on the projections, so the result is not the specific value of the filter
but it’s the way to select the optimal value.

Conclusions: In this paper we show that it is possible without completely abandon the back-projection
method with all its positive sides to modify this method supplementing it with the approaches used in the
theory of ill-posed problems. Such an approach must ensure the stability of the reconstructed image. This
can be, for example, the identification of the filter parameter with the regularization parameter that
formed the basis for the method of image reconstruction proposed in this article. It’s possible there are
other ways of using the theory of ill-posed problems in the of back-projection method.

KEW WORDS: X-ray computed tomography; back-projection method; ill-posed problems.

JlaHHasi cTaThs MOCBAIIEHA NPUMEHEHHUIO B KOMIBIOTEPHOH TOMOTpaduu OJHOTO U3
pazzenoB MaTeMaTUYecKoil (pU3MKH, KOTOPBI Ha3bIBAE€TCS TEOPHs] HEKOPPEKTHBIX 3a7a4 WU
Teopusi perymspusanuu [1-3]. DTa craThs ABISETCS MPOMOJDKEHHEM Haied pabotel [4]. B
nocieAHe ObLJI0 MOKa3aHO, YTO H300pa)KeHHE, IMOJYYEHHOE C IOMOIIBI0 MOBCEMECTHO
pacupoCTpaHEHHOTO METOAa 0OPaTHOTO MPOCIIUPOBAHUS [5-6], ABISETCS HEYCTOMYUBBIM. Ero
HEYCTOMYMBOCTh TMPOSIBISIETCA B TOM, YTO MPH YBEJIWYEHHUH TOYHOCTH MPHUOOPOB
PEKOHCTPYUPOBAHHOE H300paKEHHUE OCTACTCS CHIBHO 3allyMJICHHBIM. [l MOMydeHUs
YCTOWMYMBOTO M300pakeHUss OBUT MCIOJIb30BaH Meroxa perymsipuzamuu  [1-3]. OpHako
MOKa3aHO, 4YTO NPUMEHEHHUE METOJA PEeryJigpu3alii COMNPSHKEHO CO 3HAYUTEIbHBIM
YBEJIMYEHUEM aJITOPUTMUYECKOM CII0KHOCTH, YTO MPUBOAUT K ropasfo OONbIIMM 3aTparam
MAIIMHHOTO BPEMEHH B CPABHEHHUH C METOJIOM O0PaTHOTO MPOCIIUPOBAHHSL.

B nmanHOl crathe mpenmyaraeTcsi Crnoco0 IMOMY4YeHHUs YCTOMYMBOTO H300paKCHUs, B
KOTOPOM OOBEIMHSIOTCS MPEUMYIIECTBA 000UX BBIMICYTIOMSHYTHIX MeTOOB. [1o cBoei cyTH,
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3TOT CHOCO0 MpeACTaBISAET cOO0M MOIUMUIIMPOBAHHBIN METO ] 00PAaTHOTO MPOCIIMPOBAHMUS, B
KOTOPOM Ha OTIpEeCIIEHHOM dTale paciyeTa UCIOIb30BaHa UIes PETyIISIpU3aIIUU.

Jl1st oncaHus IPEJI0KESHHOTO CITOc00a JIOTHYHO, TI0 HAIllEMy MHEHHIO, BHaYalle KPaTKo
H3JIOKUTb OCHOBHBIC IIOJIOXKCHUSA KaAK TCOpUU PCrylrsipusaniviv, TaKk U METOa O6paTHOFO
IPOCIIMPOBAHUSI.

OBPATHOE NIPOEHUPOBAHUE
Kak wu3BectHO [5], u300paxkeHus, Mojyyaemble B KOMIIBIOTEPHOH ToMorpaduu,
(GaKTUYECKU TMPEACTABISAIOT CO0OW pachpenencHue 4 — KodpPUIMEHTa JMHEHHOTO

3aTyXaHHUsl PEHTTEHOBCKOTO H3IYYCHHS B Cpe3e MCCIIEIYyeMOro OOBEKTa OIpeieTIeHHOM
IUTOCKOCTBIO. B 9TOM TIIOCKOCTH paccMaTpuBaIOT JIBE CHCTEMBI kKoopauHart. IlepBas (x,)) —

HenoABIKHas (labopaTopHast), KOTOpast CBsi3aHa C UCCleyeMbIM 00beKToM. IMeHHO B 3TOM
cucTteMe 3amaroT pacrnpeaenenne u(x,y). Bropas (x',y') - mnoaBmKHas, CBs3aHa C

OPUEHTAIIMEN PEHTTEHOBCKOTO IMydYKa M JETEKTOpa OTHOCUTEIHHO 00BbeKkTa. byaem cuuTars,
YTO PEHTI€HOBCKOE M3JIyuY€HUE HAMpaBieHO MapajjiesIbHO Ocu )'. YToll MEXIy OCAMU X U

x' Oynem 0003HAYaTh ¢ .
B npuHAThIX 0003HAYEHUAX JUTl MHTEHCUBHOCTH [, (X") PEHTIEHOBCKOTO M3ITyYeHHSs, YTO

mponuIo CKBO3b 00BEKT noJa yriiom ¢ , MOXXHO 3aIIMCaTh.
n _ 70 ' '
1,(x) = [ () exp(~[ u(x, )y, (1)
0
rac I p ()C’) — UHTCHCHUBHOCTb PCHTTCHOBCKOT'O U3JIYUCHUSA, KOTOPOC BBIIJIO U3 HCTOYHHKA.

HpOGKI_[I/IeI\/'I 00BEKTa HA3BIBAIOT BCJIMYHNHY:

2,(x') = —In jﬁ g; . @)
¢
VY4uThIBasA, UTO MOJIOKEHHUE TIO OCH ' OTPEAETSACTCS BRIPAKEHUEM:
x'=x-cos(¢)+ y-sin(p), 3)
u noacTasiss (1) B ypaBHeHue (2) mepenuchiBaeM €ro B BUIE
A,(x") = II: u(x, y)o(xcosg+ ysing — x")dxdy, 4)

OTO BBIpaXKEHHME HasbIBaeTcsi IpeoOpaszoBanueM Panona [7]. Llenpio KOMIbIOTEpHOM
TOMOTpa(uu SABISETCSA PELIEHNE UHTErPaJIbHOrO ypaBHEHUS (4) OTHOCUTEIBHO HEM3BECTHOM
GyHKuMU (X, y) TpU HATUYUU SKCIEPUMEHTAIbHO HU3MEPEHHBIX 3HAaYeHUH (YHKLUU

!
Ay (X))

IIpy uncnonbp30BaHMM MeTOAAa OOPATHOrO MPOSLUPOBAHUS HCXOAHBIM BbIPAXKEHUEM
SBIISIETCS ABYXMEpHOE pyphe-1iepeoOpa3oBaHue B MOJISIPHBIX KOOPIWHATAX:

H(x,y)= J‘ J- u(r, @) exp[27zr(xc0s¢+ ysin¢)]|r| drdg, (5)

—00

3anuieM BeIpakeHue (5) B BUIE
wu(x,y) = [ 4;(x)dg, (6)
0

rae x' onpeaensiercs BoipaxkeHneM (3). COOTBETCTBEHHO, IS (YHKIIUH /1; (x") umeem

COOTHOIICHHC:
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ﬁ;(x') = Iy(r, ®) exp[27rx'r]|r| dr, (7)
OtmeTHM, 4TO OGECKOHEUHOE I/IHl:;FpI/IPOBaHI/Ie B 9TOM BBIPAYKEHUU 3aMEHSIOT KOHEUHBIM:
R
ﬂ; (x"= I u(r, o) exp[27rx'r]|r|dr, (8)
Jlanee nokas3pIBarOT, 4TO (bopMyJ;; (8) MOXKHO MPEACTABUTH B BUJIE BHIPAXKECHUS:
/1; (x"h= I A, (xX") p(x' = x)dXx, 9)

B KoTOopoM (yHKIMs p(x") onpepessiercst GopMyItoit
p(x') = R*| 2sinc(2Rx") - sinc” (Rx") . (10)
OyHkIUs /1; (x") Ha3pIBaeTCs (PUIBTPOBAHHOW MPOCKIMEH, TMPH 3TOM BEIHYMHY R
MOYKHO Ha3BaTh MapaMeTpoM (pUIbTpaIHH.
®dopmysl (6) u (9) sBastores pemenneM ypaBHeHus (4). Kak BugHO M3 mpUBEICHHOMN
CXCMEI pacdyeTa KIKOYCBBIM ITYHKTOM B MCTOIC O6paTHOFO npocuupoOBaHUA ABJISICTCA 3aMCHA

OCCKOHEYHOTO MHTETPUPOBaHUS KOHEYHBIM. BmecTe ¢ Tem BmIOOp mapamerpa (GUIbTpaIuu
R ocraércs pakTuueckn He 000CHOBAHHBIM.

PET'YJISIPU3ALIUSA
[lepenuiem Beipaxkenue (4) B BUIe ypaBHEHHUS:
Au=A. (11)
O6o3Haunm uepe3 M u A MHOXKECTBA, dJIEMEHTAMU KOTOPBIX SBISIOTCS QYHKIUUA U W
A, IpH 3TOM
neM,AeA. (12)
Ormpenenum paccTosHUE Ha 3TUX MHOXKECTBAX P, (14, 4,) U py (A, 4,).
ITycts 3HaueHue QYHKOUM A U3BECTHO C HEKOTOPOH MOIPEIIHOCTBIO O,, YTO

3aIIMChIBACTCA B BUAC

Pr(A5,4,) <6, (13)
rae A;— npuOaMKeHHoe, a A, — TouHoe 3HayeHue GpyHkunu A . Beenem o0o3HadeHue
P (s, 1) S Oy, (14)

rae p;— NpUONIMKEHHOE, a f/,— TOYHOE PELICHUE ypPaBHEHUs, TO €CThb [/, YJOBJIETBOPSET

YPaBHEHHUIO:
Ap, =4, (15)
Kak wm3BectHo [1-3], perynspusamueil Ha3bIBalOT CHOCOO IMOCTPOCHHUS YCTOHYMBOTO
(perynsipu3MpOBaHHOr0) MPUOIMKEHHOro perieHus ypaBHeHus (11). YkasaHHoe pelieHue
JIOJDKHO yIOBJICTBOPSTH MPHHLIUILY PETYIISPU3AIIIH
lim 6,, =0. (16)

5,0
[Ipu nocTpoeHnn peryasspu30BaHHOIO PEUICHUS B PACCMOTPEHHE BBOAUTCS BEIUYMHA
UMEHyeMas IapaMeTpoM peryispusanuu. CMbICIT BBEIEHUS MapaMeTpa peryJspu3alnuu
COCTOUT B TOM, YTOOBI C €T0 IMOMOIIBIO HCKA3UTh onepatop A B ypaBHeHuu (11) u mist 3TOTO
UCKQXCHHOTO YpPaBHEHUS MOJIYYUTb NPUOIMKEHHBIE DPELICHUS [/;, 3aBUCSALICE OT & U

YIOBJIETBOPSIOLIEE YCIOBHE
Pu(Aps, As) =0, (17)
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JleBas wacth BoIpaxeHus (17) Hocut Ha3zBaHWe HeBsi3ku. E€ Oynem obo3nauate N . Kak
aT0 crnenyer u3z ycnoBus (17), ypaBuHenue (11) HEOOXOAMMO HMCKa3UTh HACTOJBKO, YTOOBI

BO3HHUKIIASA MPH 3TOM MOTPELIHOCTD CTalla PABHOW MOTPEeHIHOCTH O, . Jloka3aHo [4], 4yTo 3TO
oOecrieurBaeT BHIIIOJHEHUE MPUHIUIA PETYIISIPU3ALINU.

HUCITOJIb3OBAHUE UJIEU PETYJSAPU3AIIUU B METOJAE OBPATHOT'O
MPOEIIUPOBAHUA
Kak BUIHO M3 BBIIIECKA3aHHOTO, B 000MX PACCMOTPEHHBIX METO/Iax HAOII0aeTCs 00IIast
yepra. JlefcTBUTENIbHO, KOTZIa MBI, UCIOJIB3Yys MeToJ oOpaTHOro mpoeiupoBanus, B (7-8)
3aMeHsIeEM OECKOHEYHBIE Mpeaciibl MHTCTPUPOBAHNA HAa KOHCYHBIC, TO TEM CaMbIM HMCKJIIOYacM
U3 PaCCMOTPEHUS TAPMOHHKH, JJIs1 KOTOPBIX BBIMIOJIHICTCS YCIOBUE

r>R, (18)
* (V3
B pesyiaprare uero ¢yHkums A, (x') oxaspiBaercs criaxeHHod. Heuro monoGHoe Mbl

Ha0JII0/1aeM MPHU HCIOIb30BAaHUM MeTo/a peryispusanuu. iMenHo nckaxas ypaBHeHus (11)
BBE/ICHHEM IapaMeTpa peryJisipu3allu MOIyuyduM MPUOIMKEHHOE PELICHUE [L; , CTIaXKEHHOE
[0 OTHOUICHHIO K TOYHOMY pEIIEHUIO A,. 3aMeTUM, 4YTO IpOLEaypa CIIIaKMBAHUA

o0beanHseT 00a yIOMSHYTHIX METO/IA.

3T0 00CTOATENBCTBO MO3BOJISIET pacCMaTpUBATh MapaMeTp GuiabTpanuu R Kak mapamerp
peryJisipu3aliii, 4TO B CBOIO ouepenb JaéT BO3MOXKHOCTh MCIOJIb30BaTh paBeHCTBO (17) mms
onpexaenenus R . Beibop mapamerpa R moiydaer cBo€ obocHoBaHue. COOTBETCTBEHHO, MPHU
TakoM BeIOOpe R m300paxeHue L(x,y) OKa3bIBa€TCS YCTOMYMBBIM (PETYIISIPU30BAHHBIM ).

YUCJEHHBIV SKCIIEPUMEHT
[Iporpamma 4MCICHHOTO SKCIIEPUMEHTA COCTOUT M3 CIEAYIOMINX JTAIOB!
1) BeIOOp Maremarnueckoro ¢aHToMa C HW3BECTHBIM pacmpeneiacHuem u(x,y) .

O003Ha4MM 3Ty (QYHKIMH 4epe3 /i, TIOCKONBKY OHa OyJIeT UrpaTh poJib TOYHOTO PELICHUS
ypaBHeHuUs (4);

2) noxacraBuM 5Ty QyHKuMio B Bbipaxenue (4), nanee Haxomum Qymkumio A, (x'),
COOTBETCTBYIOIIYIO (DyHKIMU £, . [To oruke mpeaplIymux paccykAeHUH B JaHHOM CIydae
9TO €CTh TOYHOE 3HA4YeHUE (PYHKIMHU B MpaBod 4yacTu ypaBHeHus (11), moaromy o0003HAYMM
ero uepes 4,,(x);

3) wuckaxaeM (QYHKUMIO A, BBOIS B PAaCCMOTPEHHE NPHONM3UTEIBHYIO (YHKIHIO

As3(x'), NIMEIONIYIO TIOTPEIIHOCTE J, , KOTOPYIO PACCYMTBIBAEM MO (hopMyIIE

Pa (/15(,5 (x"), /16¢ (x)) =0, (18)

4) s MPOM3BOJIBHO BEIOPAHHOTO 3HA4YEHUs R ¢ moMotbio Gopmy (6, 9, 10) Haxoaum
COOTBETCTBYIOUIYIO (DYHKIMIO £(X,y) ¥ 0003Ha4as e€ 4epe3 s, (X,));

5) u3MeHsAsA BeIMYMHY R, HAXOAUM ONTHMAJIbHbIC 3HAUCHUS R M COOTBETCTBYIOLIYIO
GyHKIMIO 45, (X,y), yaoBieTBopswouryro yciosuroo (17). B coorBerctBum ¢ Teopueit

perynspuzauuu 3ta (QYyHKIMsS €CTb HNPUOJMKEHHBIM perieHueM ypaBHeHus (11), xoropoe
COOTBETCTBYET MOIPELIHOCTH O, ; €r0 0003HAYAEM Uepe3 /L ;

6) nons3ysce popmyioii (14), paccunThIBaEM MOTPEIIHOCTD O, .
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Hamu Op11 BbIOpan ¢antom Illema-Jlorana, KOTOpBIA TPAIUIIMOHHO HCIOJIB3YETCS B
KOMITBIOTEPHOH ToMOrpaduu Ui MPOBEPKU dPPEKTUBHOCTH METOJ0OB PEKOHCTPYKIMHU [8] u
MPUOJIM3UTENBHO MOJICIIUPYET cpe3 uemoBedeckoro mosra (Puc. 1).

Puc. 1. ®aurom Ulena-Jlorana.

[Ipu pacuere paccrosHMs B MHOXeCTBax M M A CUMTaIOCh, YTO OHHU SIBIISIFOTCS
9JIEMEHTaMU THJILOEPTOBOTO METPUYECKOTO MPOCTpaHCTBA. Jlanmee mcclieoBaiicss WHTEpBAI
norpemHoctr A €[0;0.1].

Ilpouenypa HaxoXAeHHMs ONTUMAJIbHOIO 3HadeHMs R~ mapamerpa 00pe3ku
NpOWJUTIOCTpUpOBaHa Ha Puc. 2, rae mpexacraBneHa 3aBucuMoctb N(7). CorjmacHo 3Tomy
rpaduky i gaHHOM norpemHoctd R =0,26.

N 0.45 . . : .

0.40
0.35
0.30
0.25
0.20

0.15

0 L L L L L L L
0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50

r
Puc. 2. 3aBucumMocTh HeBsI3kU N OT paanyca GUIBTpaLuu 7

N3ob6paxkenust (anTOMa, TMONydYeHHBIE C TIOMOIIBIO TPEATIAraeMoro crocoda s
pa3INUHBIX 3HAUEHUH MOTPELIHOCTU O, , IpUBeAEHBI Ha Puc. 3.

Ha Puc. 4 NPpUBCACHBI 3aBUCUMOCTH HOTPCHIHOCTU I/1306pa)KeHI/I$I 5M OT IOI'PCIIHOCTHU
OKCIICPUMCHTA §A' Kak BUJHO IIOIrpCIIHOCTDH 5M YMCHbIIACTCA C YMCHBIICHUCM §A’ qTo

NO3BOJISIET cHeNaTh BBIBOA O TOM, 4YTO HPUHIMI peryispu3allMd B JI@HHOM Ciydae
BBINOJHAETCS. J[pyrumMu cinoBaMu H300pa)kK€HUs, MOJy4YEHHBbIE IMpEAJIaraéMbIM CIIOCOOOM,
YCTONYUBBI.
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Puc. 3. Pe3ynbTaThl peKOHCTPYKIMHU P 3HAUEHUSX norpemHocta o, =0 (a),
0, =0.01(6), 0, =0.03 (B), 0, =0.05 (1)

0.048,

0.046 /

0.044

0.042

0.040

0.038

0.036
I

0.034
0.0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08

N

Puc. 4. 3aBucuMOCTb HEBSI3KH /N OT MOTPEIIHOCTU SKCIIEPUMEHTA O, .

BbIBO/IbI

Merton o00paTHOTO TMPOCIUPOBAHKMS B COBPEMEHHOM KOMITBIOTEPHOW TOMOTrpaduun
JIOCTaTOYHO pacnpocTpaH€éH, M B HAyYHOM JIUTEpaType MNPAKTUYECKH OTCYTCTBYIOT
NPUHLUINKATbHBIE KPUTHUECKHUE 3aMEUaHus B €ro ajpec. A MPUYMHBI IS TAKUX 3aMEeYaHUi
CyIIECTBYIOT. ['7aBHasg M3 HHMX, MO HAIIEMy MHEHHIO, COCTOMT B TOM, YTO B YKa3aHHOM
METOJIe HUKaK HEe HMCMOJb3yeTCs TeOpus HEKOPPEKTHBIX 3ajad, HECMOTPS Ha TO, YTO cama
3a/lada PEeKOHCTPYKIMU SBIsIETCS HEKOppeKTHOH. [loaToMy wu3o0paskeHus, MOTydaeMmbie C
MOMOUIbI0 YKa3aHHOTO METO/a, SBJSETCS HEYyCTOWYHMBBIM. 10O OOCTOSITEILCTBO, YTO 0O
HACTOAIIETO BpPEMEHU OSTa HEYCTOWYMBOCTH HE TMposiBHIa ceOsd B BHUAC CHIBHON
«3alIyMJICHHOCTH» H300paXeHUH, MOXKHO OOBSICHUTH JHIIb TEM, YTO IOTPEIIHOCTh
MaTeMaTUYeCKOH PEKOHCTPYKIIMH COTIOCTAaBMMA C TOTPEUTHOCTHI0 COBPEMEHHBIX MPHOOpPOB
JUIsL PEHTIeHOBCKUX HccieoBaHul. [loBblllIeHHe TOYHOCTH YMOMSHYTBIX MPHOOPOB Mpu
COXpAaHEHHWU  CYUIECTBYIOUIETO  MAaT€MaTHMYeCKOro  ammapara  PEeKOHCTPYKLIHMH  C
HEU30€)KHOCThIO  TIOBJIEYET 32  COOOW  3HAYUTeNbHbIE  YXYIUICHHS  KayecTBa
PEKOHCTPYUPOBAHHBIX M300paKeHU.
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Kak noka3aHo B JaHHOI cTaThe, UMEETCSI BO3MOKHOCTh HE OTKA3bIBATHCS MTOJIHOCTBIO OT
MeTo/la OOpaTHOro MPOCHUPOBAHUS CO BCEMH €r0 IOJOKUTEIBHBIMU CTOPOHAMH, a
MOIM(ULIKMPOBATh 3TOT METOM, JAONOJHUB €ro IOAXO0JaMH, HCIOJIb3YEeMbIMH B TEOPUU
HEKOPPEKTHBIX  3a1ad. Takoit  momxon  AOMKEH  00ECNeYuTh  YCTOHYHUBOCTH
PEKOHCTPYHPYEMOIO0 H300pa)KeHHsl. IJTO MOXKET ObITh, HalpuUMep, OTOXKIECTBICHUE
napamerpa GUIbTPALMU ¢ TApaMETPOM PETYISIPU3AIMH, YTO JIETJIIO B OCHOBY MPEIIaraeMoro
B JIAaHHOW CTaThe CIOCO0a PEKOHCTPYKIMH H300pakeHHi. BO3MOXXHO CylecTBOBaHHE H
OPYTHX TyTeHd WCMONBh30BAaHUS TEOPUM HEKOPPEKTHBIX 3a7ad B METOJEe OOpaTHOTO
IIPOCLIMPOBAHUS.
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OCHOBHBIE TPUHIIUITBI KOH®OKAJIbHON MUKPOCKOITUA
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AKTyajgbpHOCTb. VccienoBanue OBICTPBIX ITPOIIECCOB, MPOTEKAIOIIMX B JKMBBIX KIIETKaX, HalpuMep,
JUHAMHUKH HOHOB KalbIMS WJIM JAPYTMX HOHOB, SBJISIETCS aKTyalbHBIM AJISI COBPEMEHHOW OMO(M3UKH,
(u3noNOTMM W MEAWIMHBI W MOXET OBITH BBINOJHEHO MPH IOMONIM JIa3epHOI CKaHUpYOUIeH
KoH(pokambHOW MuKpockonnu. KondokanbHass MUKPOCKONHUS Kak METOJ MCCIEJOBAaHHS OMOJIOTMYECKUX
00BEKTOB MMEET psii OCOOEHHOCTEH, TPeOYyIONIIMX MOHMMAaHUS TOHKHX MEXAaHHW3MOB, JISKAIIUX B €e
OCHOBE.

Heap padorel. Onucanue NPUHIMIIOB U AETalel MPOBEICHUS MCCIECAOBAHUN KaIbLIMEBBIX CHUTHAJIOB B
KUBOW KIJIETKE TMPH UCIOJIb30BAHUM JIa3ePHON CKAHUPYIOIICH KOH(POKAIbHOH MHUKPOCKOIHMHA C
UCIIOJIb30BaHUEM (PIIyOPECHEHTHBIX HHANKATOPOB OBUIO LENbI0 Pa0OTHI.

Marepuansl U MeToabl. B pa0oTe mpoBelneH aHaiW3 METOAWYECKHUX M IIPAKTUYECKUX aCIEKTOB
HCCIIEJOBAaHUH KaJIbIIMEBBIX CUTHAIIOB METOI0OM KOH(OKAITbHONW MUKPOCKOIIHH.

PesyabraTnl. KoH(okanbHas MHKPOCKONHS II03BOJSIET HCCIENOBAaTh HM3MEHEHUS KOHLEHTpPAIUN
CBOOOIHOTO KaJIBIMA BHYTPU KIETKH M IaXE MAJIOW €€ 4acTH C HCIIOJIb30BaHMEM (IIyOpECIEHTHOTO
KPaCHUTEJNs, YTO TOBBIIAET KOHTPACT 10 CPABHEHHIO C OOBITHON ()TyOpeCIeHTHONH MUKPOCKOIIHEH 3a cHeT
JIOTIOJTHUTENIFHON  KOH(OKAIbHON  amepTyphl, pAacHOJIOKEHHOW TIepel JETeKTOpOM, a TaKkke
UCTIONB30BaHMs JIA36PHOTO HCTOYHHMKA OCBEIIEHHS W CKaHMPOBaHUS o00bekTa. g perucrpanuu
KaJIbIIEBbIX CHTHAJIOB HEOOXOAMMO NPOU3BECTH BBIOOP aJEKBATHBIX NApaMETPOB, TAKMX KaK: 4acToTa
perucTpanyuy, pasMep €IMHUYHOTO 3JIEMEHTa CKaHWPOBaHUS (IIMKCEINs), 4yBCTBUTENBHOCTHh AETEKTOpa,
BEJIMYMHBI WHTEHCHBHOCTH OOJIy4EHUs JIa3epoM, IuaMeTpa KOH()OKaJbHOW IIENH, COOTBETCTBYIOIIUX
¢ubTpoB  ast  BO3OYXKAEHHMS M U3NIYYSHUS HCHOJIB3YeMOro (hIIyOpECUEHTHOTO KpacuTels |
COOTBETCTBYIOIIETO JMXPOUYHOIO 3€pKajia. Ba)KHbIM 3TarnoM HACTPOWKM KOH(OKAJIbHOW CHCTEMBI
SIBISIETCSI ONpeJieSieHne BEJIMYMHBl (DYHKIMM paccessHus Toukd. KomrieHcanmsi mporecca BBITOpaHHMS
KpacuTenss M yMEHbIIEHUS (OTOTOKCHYHOCTH, MHHHUMH3AIMS IIPOLECCa PACCEesTHUS HM300paskeHus
MO3BOJISIOT OBBICUTH BOCIIPOU3BOANMOCTD 3KCIIEPUMEHTOB.

BeiBoabl. [Ipy HCTONIB30BaHNM COBPEMEHHBIX JIA3€PHBIX CKAHMPYIOMINX KOH(OKAIBHBIX MHUKPOCKOIIOB
JUI PETHCTPAlliM KAJIBIUEBBIX CHTHAIOB OT MaJOW TPYNNbl KaHAIOB (HAIpUMEp PHAHOJMHOBBIX
PELenTopoB) WM YacTH KIETKH HEOOXOIMMO TIATEIFHO BRIOMPATh MapaMeTphl allapaTHOH HACTPOIKH,
KOTOpBIE O0YyCJIOBJIEHBI NMPHUPOAOH 0OBEKTa HCCIENOBAaHHA U OCOOEHHOCTSIMH YCIOBHH 3KCIEPHUMEHTA.
OTO MO3BOJNT NMOIYYUTh JOCTOBEPHYIO MHPOPMANNIO O (PyHKIMOHUPOBAHUHUS KaK OTICIBbHBIX KaHAJIOB,
TaK 1 0 MexaHu3Max Ca’’ -CHrHaNM3aIUK LET0i KISTKH W e YacTH.

KJFOYEBBIE CJIOBA: Ca®"; duyopecuenTHbIii MeTO; (lyOpeciieHTHbIH KpacuTeb; KoHDOKaIbHAs
MHUKPOCKOTIHS.

BASIC PRINCIPLES OF CONFOCAL MICROSCOPY OF CALCIUM SIGNALS

V. M. Shkryl
Bogomoletz Institute of Physiology National Academy of Sciences of Ukraine, 4 Bogomoletz Str., Kyiv, Ukraine

Background: The study of fast processes occurring in living cells, for example, the dynamics of calcium
ions or other ions, is actual for modern biophysics, physiology and medicine and can be carried out by
laser scanning confocal microscopy. Confocal microscopy as a method of studying biological objects has
a number of features requiring an understanding of the delicate mechanisms underlying it.

Objectives: The aim of the work is the description of principles and details of measurements of calcium
signals in the living cells using laser scanning confocal microscopy and fluorescent indicators.

Materials and methods: The analysis of the methodological and practical aspects of studies of calcium
signals was carried out by confocal microscopy in the work.

Results: Confocal microscopy allows to study the changes in the concentration of free calcium within the
cell and even a small part of it by a fluorescent dye, which increases the contrast in comparison with

© Ixpsuts B. M., 2017
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conventional fluorescence microscopy through an additional confocal aperture located in the front of the
detector and the use of laser light source and scanning the object. To register calcium signals it is
necessary to make a selection of a number of adequate parameters: the registration frequency, the size of a
single scanning element (pixel), the sensitivity of the detector, the intensity of laser irradiation, the
diameter of the confocal gap, the corresponding filters for exciting and emitting the fluorescent dye used
and the corresponding dichroic mirror. An important stage of a setup of a confocal system is the
determination of the value of the scattering function of a point. Compensation of the process of bleaching
of the fluorescence dye and reduction of phototoxicity, minimization of the scattering process of the
image allow to increase a reproducibility of the experiments.

Conclusions: Using modern laser scanning confocal microscopes for registration of calcium signals from
a small group of channels (for example, rianodine receptors) or the cell part, it is necessary to carefully
select the parameters of the hardware setup, which are determined by the nature of the object of study and
the peculiarities of the experimental conditions. This will allow to receive the reliable information about
the functioning of both individual channels and the mechanisms of Ca”" signaling of the whole cell or its

art.
%EY WORDS: Ca*"; fluorescent method; fluorescent dye; confocal microscopy.

OCHOBHI ITPUHIIATIA KOH®OKAJIBHOI MIKPOCKOIIT KAJIBIIIEBUX CUTHAJIIB
B. M. HIkpuan

Tnemumym ¢pizionoeii im. O.0. Bocomonvys HAH Ykpainu, eyn. Bocomonvys 4, m. Kuis, Yxpaina

AKTyajbHicTh. JOCHi/PKEHHS! IIBUIKUX IPOLECIB, IO NMPOTIKAIOTh B JKMBUX KIITHHAX, HAIPHUKIAJI,
JUHAMIKM 10HIB KajibLil0 abo iHIIMX 1OHIB, € aKTyaJbHUM /I cydacHoi Oiogisuku, ¢izionorii Ta
MEIUIMHE 1 MOXXe OyTH BHKOHAHO 3a JIOTIOMOTOIO JIa3epHOi CKaHyl4oi KOH(OKaIbHOI MIKPOCKOIII.
KondokanpHa MIKpOCKOITisS K METOJ JOCIIIKEHHs Ol0JOTiYHMX O00'€KTIB Ma€ Psili OCOONMBOCTEH, sIKi
moTpeOyIOTh PO3yMiHHS TOHKMX MEXaHi3MiB, IO JIEKATh B il OCHOBI.

Meta po6oTu. Omuc TPUHIUINB i NeTajleid MpOBENEHHS MOCIHIIKEHb KalbIiEBUX CHTHANIB B JKHUBIH
KIITHHI TpW BUKOPWUCTAHHI JIa3epHOI CKaHYI0Y0i KOH(OKAIBHOI MIKpOCKOMII 3 BHKOPHUCTAHHIM
(hyopecueHTHHX OapBHUKIB OYJI0 METOIO pOOOTH.

Marepiaau Ta MeToau. B po6oTi nmpoBeneHo aHali3 METOAMYHUX 1 MPAKTHYHUX ACMEKTiB JAOCHTIIKEHb
KaJIbI[I€EBUX CHUTHAJIIB METOAOM KOH(POKAIBHOT MIKPOCKOITIi.

PesynbTaTn. KoH(okanbHa MIKPOCKOMiS TO3BOJSE IPOBOIAMTH JOCTIHKEHHS 3MiH KOHIICHTpAIii
OapBHMKa, IO 30UIBIIYE KOHTPACT Yy IOPIBHSHHI 31 3BUYAiHOIO ()IyOPECLIEHTHOIO MIKpPOCKOII€E 3a
paxyHOK J0JaTKOBOi KOH(OKaJbHOI amepTypd, pO3TALIOBaHOI Iiepel JAETEKTOPOM, a TaKoX
BUKOPHCTaHHS JIa3€pHOTO JDKepesia OCBITJICHHS Ta CKaHyBaHHA o0'ekra. Jlist peectparii KajbLi€BHX
CHUTHANIB HEOOXiTHO MPOBECTH BUOIp aJCKBATHUX MapaMETpiB, TAKUX SK: YaCTOTa PEECTpaii, po3Mip
OIMHUYHOTO eJIeMEHTa CKaHyBaHHS (MiKcems), YyTIUBICTh NETEKTOpa, BEIWYWHU IHTEHCHBHOCTI
OTIPOMIHEHHSI JIa3epoM, HiaMeTp KOH(OKAIbHOI INIIMHU, BIAMOBIAHUX QUIBTPIB IS 30yMKCHHA i
BUIIPOMIHIOBAHHSI BHKOPHCTOBYBAHOI'O (DJIYOPECLIEHTHOro OapBHHMKA Ta BIAMOBIJHOTO JIXPOIYHOTO
J3epKana. BaiuBuMu eTanmaMy HalalTyBaHHS KOH(OKAIbHOI CHCTEMHM € BHU3HAYEHHS BEIMYMHU
¢yHKOii poscitoBaHHS TOoukW. KoMmmeHcamis Ipolecy BHUTOpaHHS OapBHMKAa I 3MEHIICHHS
(DOTOTOKCHYHOCTI, MiHIMI3allis TMPOIECY PO3CIIOBAHHS 300paKCHHS  JIO3BOJSIOTH  IMiJBUIIUTH
BiZITBOPIOBaHICTh EKCIIEPUMEHTIB.

BucnoBkn. [Ipyn BUKOpPHCTaHHI CydYacHUX JIa3€pPHUX CKaHYIOUMX KOH(OKAJIbHUX MIKPOCKOIMIB JyIsi
peecTpanii KaJlblieBUX CUTHAJIB BiJl Majoi TpyNH KaHaJiB (HaNpHKIaJl piaHOAIHOBUX peLenTopis), abo
YAaCTHHU KJIITHHU HEOOXiTHO PeTesIbHO OOMpaTH MapaMeTpy anapaTHOrO HaJIalITyBaHHS, sSiki 00yMOBIICHI
NPUPOJIOI0 00’€KTa IOCIHIKEHHSI W OCOOJIMBOCTSMH YMOB eKcriepuMeHTy. Lle 1o3BonuTh oTpuMmaru
JOCTOBIpHY iH(bOpMaLi0 Npo (YHKIIOHYBAaHHS SIK OKpPeMHX KaHaiB, Tak i mpo Mexaismm Ca’'—
cur”amsanii nirol KINTHHA a0o 11 YaCTUHH.

KJTIOYOBI CJIOBA: Ca®'; (yopecuenTHnii METOL; (1yopeciieHTHUiT GapBHIK; KOH(OKaTbHA MIKPOCKOIIis.

Honrnr KaJlbllud UWUIrparOT BaXHYIO pOJib B Pa3IMYHBIX KJICTOYHBIX MpPOoHCCCaAX.
Busyanusaruss Ca’  CHrHANOB MO3BOISET HCCICAOBATH BPEMEHHBIC H IPOCTPAHCTBEHHBIC
XAPAKTCPUCTHUKU TAKHUX CUTHAJIOB B KJICTKAX U TKAHIAX. I/I3yquHe KaJIBLIPICBOfI CUrHajJmu3anuun
FIMEeT BayKHOE 3HAYCHHUH ISl TOHMMAHHs MHOTHX Ca’  3aBHCHMBIX MPOILECCOB MPOTEKAOLIIX
B KJIETKE, CBSI3aHHBIX C CEKPEIMEH, COKpAIIEHUEM, KIETOYHON BO30YIMMOCTBIO, SKCTIpEeccCueit
T€HOB, CHHANTHYECKOW Tiepenadeid. Fcmonp3oBaHME KaJIBIHMEBBIX  (IIYyOPECIICHTHBIX
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UHIUKAaTOPOB C TPUMEHEHHWEM METOJa BU3yalu3alliM, TaKUM Kak KOH(oOKanbHas
MHKDOCKOIIHS, T03BONSET HAOmoxaTh Kierodnbie Ca’  CHIHAIBI C BBICOKOH CTENEHBIO
IPOCTPAHCTBEHHOI'O M BPEMEHHOI'O pa3pellieHHi, 4To ObUIO MOJPOOHO PacCMOTPEHO paHee
[1-3]. llupokoe mpUMEHEHHE HaIIa UMEHHO KOH(OKaJIbHAs CKaHUPYIOIIas MHUKPOCKOIHS,
KOTOpasi IIMPOKO HCIOJB3YeTCsl IJI MCCIENOBAaHUS KaK INIOOANbHBIX TaK M JIOKaJIbHBIX
KaJIbLIMEBBIX TPAH3UEHTOB. B 3TOM METOIMYECKOM MHMHHU 0030p€ OMHMCAaHBI BaXKHbIE ACHIEKTHI
IPOBEIECHUS JKCIEPUMEHTOB IO H3YYEHHUIO0 KaJbLIMEBBIX CHUTHAJIOB B KIETKE C
UCTIOJIb30BaHUEM KOH(POKAITLHONH MUKPOCKOITUH.

O01mmii NPUHUMI MUKPOCKOTIMHA

Mukpockomnus - 3TO MPOLECC IMOJYy4YeHHS Ha JIETEKTOpe WM OKYJSpe MHUKPOCKOIa
YBEIIMYEHHOTO H300pa)keHusi uccieayeMoro ooObekra. DIyopecreHTHass MUKPOCKOMHS
MO3BOJIAET TMOJIy4aTh M300pakeHHe OT BO30YXKAEHHBIX, (IyOpECHUPYIOMIMX MOJIEKYI
00BEKTa MOCPEICTBOM KPATKOBPEMEHHOTO IOTJIOMIEHUS KBaHTa cBeTa (iyopodopoMm ¢
nocJieyromeld ObICTpON SMHUCCHENW JPyroro KBaHTAa CBETa Ha JPYrodl JJIMHE BOJIHEI.
Bo30yxnenue, moriomeHne U SMUCCHIO (OTOHOB cBeTa (ryopodopoM XOpoOIIo OmMcal
Anekcanap S6moHckuii B 1933 roay mocpeacTBOM dHEpPreTHYecKux auarpamm [4]. B Takux
qrarpaMMax coctosiHue (guyopodopa Ha BEPXHHUX IHEPIeTHUECKUX YPOBHSIX COOTBETCTBYET
ero Bo30yXJICHHOMY COCTOSIHHIO CO CIIOCOOHOCTHIO MCTycKaTh (OTOH. Ha HMKHUX YPOBHSIX
¢dyopoop HaxomuTcst B HEBO30YKIEHHOM COCTOSHUM M HE CIIOCOOCH HCIYCKaTh (POTOH.
[Ipu xomHaTHON Temmeparype OOJIBITMHCTBO (IyopoOopoB HAXOIATCSA HAa HIKHUX
HHEPreTHUECKUX YPOBHSAX M HE CIOCOOHBI HcmyckaTh (oToHbl. Ho mpu mocrarouyHoM
BO30YXIeHUH, Koraa (Giayopodop HAKOMHI HEKOTOPOE KOJWYECTBO (POTOHOB, OH MOXKET
nepexoauTh Ha Ooyiee BBICOKHI YpOBEHb, KOT/Ia YK€ BO3MOXKHO H3Ty4YeHHE (HDOTOHOB.
AOcopOrmst GOTOHOB MPOUCXOTUT 32 (PEMTOCEKYHBI, & UX HCIyCKaHHWE BO3MOXXHO YXKE B
MUKOCEKYH/IHOM MHTepBaje [5].

Jis  uccrnenoBaHMs KUBOM KJIETKH MCIOJB3YIOTCS MHOXECTBO (PIIyOpECIIEHTHBIX
Kpacutenel, CIOCOOHBIX MPH JOCTATOYHOM BO3OYXKACHUH HU3MEHSATH (PIIyOpECHEHIINIO,
HanpUMep NPy U3MEHEHUHU KOHIICHTPAIUH OIPEeIeJICHHOTO HOHA, KOTOPBIN CBSI3BIBACTCS STUM
kpacureneM. [Ipu 3Tom ¢uryopodop u30upaTenbHO YyBCTBUTENIEH TOJIBKO K ONPEACICHHOMY
MOHY M HE M3MEHSET CBOMX CBOMCTB MPH HAJIMYUU JPYTUX MOHOB WM UMEET K HUM HU3KYIO
qyBCTBUTENBHOCTh (apunnocts). Takas Bbicokas a(HUHHOCTH K ONPEAEICHHOMY HOHY
MO3BOJIAET MCIOJB30BaTh (DIIyOPECLEHTHYI0 MUKPOCKOIHIO U (PIIyOpPECIEHTHBII KpacuTeb
JUISL UCCIIEJIOBAHUSI M3MEHEHHS KOHLIEHTPAIMM MOHA B IPUCYTCTBUH APYTUX MOHOB. bosbiias
Pa3HOBUAHOCTH  (PIIyOPECIIEHTHBIX  KpacHUTeNell IO3BOJISIET HUCCIIEOBAaTh  Pa3lIUYyHbIC
KJIETOYHBIE MPOIIECCH, TAKIE KaK M3MEHEeHne KoHueHTpaun noroB Ca® , Mg®", Na*, K*, H',
AT® u npyrue [6].

[IpenmnodTuTenbHBIM TOIXOJOM BO (hIYyOPECHEHTHOW MHUKPOCKOIHMU SIBIISETCS AIIH-
oceemieHue. IIpy TakoM OCBENIEHWHM CBETOBOM MOTOK, OTPAXKEHHBIM OT HCCIEAYEMOro
o0BekTa, cobupaetcst Ha aeTekTope. [Ipu 3TOM 0OBEKTHB UCTIONB3YETCS KaK sl OCBEIICHUS,
TaK W JUIS TIOMyYeHHUs n300pakeHUs. J|aHHBI THI OCBEIICHHUS IO3BOJISIET HMCCIENOBAThH
00pasiipl, KOTOpbIE HE SBJSIOTCS MOJYIMPO3PAYHBIMU WUJIM MPO3PAYHBIMU, U KOTOPHIE MOTYT
OBITHh OTOOpPaXEHBI TOJBKO C TIOMOIIBIO AMH-OCBEUICHHS. BaXHBIM KOMITOHEHTOM SIIH-
OCBEILIEHUS SBJSIETCS JUXPOUYHOE 3€pKajo (WM AUXPOMATHUYECKHH pa3fAeNuTeNb JIydeil),
KOTOPOE MCHOJIB3YETCs JUIsl OTPAsKEHUsI MAAal0Iero, BO30YKIAI0IIero CBeTa B HAaIPaBICHUN
oOpasiia, HO SBIAETCS MPO3PAUYHBIM ISl (DIYOPECLEHIIOTO M3IIyYeHUsS OT BO30YKIACHHOTO
00BEKTa M TO3BOJISIET MPOXOIUTH €My Ha AeTekTop. Takum oOpa3om, BO30YKTAIOUIHA CBET
doxycupyercs TuH30i 00BEKTHUBA HA 00BEKT, a (DIIyOpecleHIns OT H3y4aeMoro 00beKTa TeM
e OOBEKTUBOM MHUKPOCKOIA HAMpaBiseTcs Ha JAETEKTOp. BBIOOp MUXpOMYHOTO 3epKaja
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HEOOXOIMMO  OCYIIECTBISATH B COOTBETCTBHHM C HCIOJNB3YEeMBbIM  (DIyOpECIICHTHBIM
KpPacHUTEJIEM.

[Ipu KoH(pOKAIEHOW MHUKPOCKOIHH XOJ CBETOBOTO MOTOKA MPAKTUYECKU IMOBTOPSIETCS
KaK IpHu 0OBIYHOH MU (ITyOpECIeHTHON MUKpOCKONnU. OJHaKO KOH(OKaTbHA MUKPOCKOTIHS
MO3BOJISIET TIONy4YaTh 00Jiee KOHTPACTHBIE H300paKEHUS 1O CPaBHEHHUIO C OOBIYHBIM
METOAOM. DTO JOCTUTAETCS 3a CUET TPeX JOMOJHHUTENbHBIX 0coOeHHOocTel. [IepBbIM HOBBIM
2JIEMEHTOM SIBJISIETCS ameprypa (wiu awadparma, wWind KoHdOKadbHas Ienb; pinhole),
KOTOpasi YCTaHABIUBACTCS HETOCPEACTBEHHO Mepesl AETEKTOPOM (UTO MPEICTaBICHO Ha PHC.
1) u yOupaeT OOJIBIIYI0O YacTh PACCESHHOTO CBETa OT HccaeayeMoro obbekTa. BTopoit
OTIMYUTEITHHON OCOOEHHOCTBIO SBIISETCS UCIOIB30BAHNE TOYEYHOT'O HICTOUHUKA OCBEIICHUSI.

Jlazep

Xy

Anep'rypa MO3HIIHOHUPOBAHHUEC

Juxpoundnoe
3epKaJio

®doroereKkrop

O0OBEKTHB

Oo0pasert

Puc. 1. [IpunnunuanbHas cxema KoHPOKaIBHOH MUKpockonuy (¢ Moaudukanmeii [7]).

To4yedyHBIM HCTOYHUKOM CBeTa HJs KOH(OKaThbHOW MHKPOCKONHUU SIBIISETCS Jlazep C
JUIMHON BOJIHBI, COOTBETCTBYIOLIEH BO30YXXKIEHHIO MoJieKyd Kpacurtens. [IpeumyriectBo
Ja3epoB IO CPAaBHEHHIO C PTYTHBIMH WM KCEHOHOBBIMHM JIaMIIAMHU 3aKIIFOUAeTCs B
MOHOXPOMAaTHYHOCTH U BBICOKOW MapaljieIbHOCTH MCITyCKaeMOoro Imyuka cBera. Takxe, azep
OCBelIaeT Ha o0paslie He BCe IMOJIe 3PEHHs, KaK MPH IMOMOIIIHU JaMIl, @ OKYCHPYETCS B TOUKY.
[ToaToMy peructpupyemast GuryopecueHus 0ToOpakaeT ONTHYECKUI CUTHAT TOJIBKO OT 3TOM
Toukn oObekTa. J[nms momyueHus Oosiee AeTtanbHONM WHGOPMAIMK TO BCEH IUIOMIATU WU
00beMy 00BEKTa HEOOXOAMMO TPOU3BOJUTH CKAHUPOBAHHE — TIEPEMEIICHHE TOYEYHOTO
OCBEUICHHUS TTOCPEACTBOM CHCTEMBI MO3UIIMOHUPOBAHUS, C MOCIEAYIOIeH BU3yaln3alrei B
OJIHO-, JBYX- WJH TPEXMEpPHOE MPOCTpaHCTBO (uTo Oyaer oroBopeHo Hmke). Ilpormecc
CKaHUPOBAHUS SIBIISIETCS TPETEH 0COOCHHOCTHhIO KOH(POKATEHON MUKPOCKOTIHH.

Baxxno oTmeruth, uyTO mMOJApa3zymeBaeTCs MOJA KOH(POKAIbHOCTHIO. Tak, ¢okanbHas
IUIOCKOCTB — 3TO IJIOCKOCTh, B KOTOPYIO (POKYCHPYETCS UCCIeyeMblii 00bEKT, HaXOIAIMNACS
B ¢okyce oObekTuBa. KoH(oOKambHas IUIOCKOCTh — 3TO 4YacTh (HOKATBbHON IIOCKOCTH,
OTpaHUYCHHAsl alepTypOM, PAaCIOJIOKCHHOW Iepes NETEKTOpOM. JIpyrumu cCiioBamu, 3TO
yacTh WHGPOPMAIMK, KOTOpas OTpaHWYEHHas amnepTypou, chOoKycHpoBaHHAsT Ha OOBEKTE,
KOTOpasi OMAAaeT Ha JETEKTOpP.

Taxkum oOpazoM, jazepHas KOH(POKaIbHAs MHKPOCKOIMHMS IO3BOJSET yOpaTh OOIBIIYIO
4acTh paccesHHOTO CUTHaja BHE (okyca. Takoil cBeT, HCXOAALINMA OT Impenaparta CBEpXy WM
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CHU3Y OT (hOKaIbHOM IUIOCKOCTH, 00pe3aeTcsi anepTypoil Malloro pa3mepa Bo3je JIETEKTOopa,
YTO MO3BOJISET YJIYYLIUTh KOHTPACT MOIy4aeMoro n300pakeHust U yOpaTh paccesHue CBETa.
Takast JomoMHUTENbHAs anepTypa MO3BOJIIET PErUCTPUPOBATH TOJIBKO KOH(POKAIBHYIO YaCTh
CUTHAJIa, YTO yJIyYIllaeT aKCHaIbHOE (z) pa3peleHrne MUKPOCKOTIa.

[ToTok poTOHOB, M3TyUaEMBbIl HUCCIETYEMbIM O0BEKTOM, PETUCTPUPYETCS IIEKTPOHHBIM
JIETEKTOpPOM U TpeoOpasyeTcsi B MOJydeHHOE M300paKeHHe, KOTOpOe MPEACTABISAET cOO0i
MacCHB JIaHHBIX, B KOTOPBIN 3alMCHIBAETCS STOT CUTHAJ 32 BpeMs CKAHUPOBAHUSI.

JlazepHblil Ty4 (POKyCHUpyeTCS B TOUYKY, pa3Mepbl KOTOPOIl OrpaHHWYEHBI pa3peraromien
CITOCOOHOCTBI0O MHKPOCKOTIA, BO30YKIasi MPU ATOM TOJBKO Malyl 00JIaCTh HUCCIEAYEMOTO
0o0bekTa. BakHO 3HATH M MOMHUTH, YTO MPH OOBIYHOM OJHOBOJIHOBOM BO3OYXKACHUH JIyd
Ja3epa MOXKET MPOHUKATh B HUCCIIEIyEeMbIil 00BbEKT Ha TiyOuHy He Oosee 100 Mxm (mpu 400—
600 HM), 4YTO sBISETCA MpPENeNoOM /s Jia3epHOM KOH(POKAIBHOH MHKPOCKONUU MpHU
01H0(OTOHHOM BO30Yk1eHuU. C MOBBILICHUEM JJIUHBI BOJHBI BO30YKIECHHUS CBET IPOHUKAET
riry0xe, Tak Kak yMEHbIIAeTCsl ero paccenBanue. Jis eme Oonee riry0OKOro NpOHUKHOBEHHUS
B HCCIEAyeMbld OOBEKT HEOOXOAMMO HCIIONIh30BaTh TaK Ha3blBaeMoe ABYX(OTOHHOE
BO30YyKJIeHHe, Korjna Bo30yxueHHe ¢uyopodopa HPOMCXOJUT 3a CUET ABYX (OTOHOB WU
TOJILKO B TOYKE (POKYCHPOBKHM ABYX (OTOHOB, KOTOpbIE OJHOBPEMEHHO NEpPENaloT BCIO
sHepruio (ayopecuupyromeii Monekyne. [Ipu 3ToM cBET MOXET MPOHHUKATh Ha TIyOUHY 110
300 MxM, a MOBpexIeHNE 00BEKTa MPU ITOM HE3HAYUTENBHO, YTO HAXOJIUT CBOE MPUMEHEHHE
npu paboTe co cpe3amMH MO3Ta.

Kaxk orMeuasnoch BbIIie, (hIyopeclieHTHBIN KpacuTeab a0COpOUPYET CBET M MIPU HATUIHHT
CBSI3aHHOT'O C HUM MOHA BBI3bIBAET UcIycKaHue GotoHa. [Ipu 3TOM 3TH 1Ba Ipoliecca MOKHO
pa3leNuTh C MOMOIIBIO0 CBETO(UIBTPOB, OCTABUB TOJIBKO BO30YKIEHHBIM CBET, UCITyCKAEMBbIii
KpacuTesIeM, KOTOPBIN YKe U NONaJaeT Ha IETEKTOP.

BaxxupiMu XapakTepucTUKaMH (IIyOPECIIEHTHOTO KpPAcCUTENs SIBISIFOTCSI MX CIIEKTPBI
noryiomeHust (abcopOIuu) U CHekTp BO30YXKIACHUS (IMHCCHUH) C XapaKTEPHBIMH IMHKAMHU
norjiouieHusi U Bo30yxkaeHus. BbiOOp cOOTBETCTBYIONUIMX CBETOGMIBTPOB OCYIIECTBISETCS
COIJIaCHO C 3TUMH XapakTepucTtukamu. Hampumep, Takol KanbuueBblii nHauKaTop Kak Fluo
MaKCUMaJIbHO BO30YKIAETCsl CBETOM C JJIMHOW BOJNHBI 488 HM M MMEET MUK UCITyCKaHHUS Ha
510 am. Ho cBedeHue kpacurtesnsi MOKHO HaOMIONATh W MPH MEHbBIIECH IJIMHE BOJIHBI, HO C
MEHBIIIE HWHTEHCUBHOCTHIO. [l TOoro 4rtoObl wucmyckaeMbiii ¢iayopodopom CBET He
NEePEeKPHIBAICA C TOTJIOIIEHHBIM, (PIyOpPECHEHTHBIH CUTHAT 00pe3aeTcsi COOTBETCTBYIOIIUM
(GUIBTPOM Ha MYyTH K JETEKTOPY U PeTUCTpUpyeTcs HaunHas ¢ 510 M.

Baxnoit xapakrepuctukoil (ayopodopa, uCHonbp3yemMoro B KayecTBE HOHHOIO
UHAMKATOpa, SBJSETCS €ro KOHCTaHTa aucconuanuu (Ky;) K YyBCTBUTEIBHOMY HOHY,
HanmpuMep K Kanbluio. Mcmonb3yst 3HaueHue K; MOXHO paccuuTaTh paboumii nuamazoH
KOHIIGHTpAIlMi YyBCTBUTEILHOCTH KpacHUTeNs K MOoHy, uTo coctaBisieT oT 0,1 K; mo 10 K.
Takxe BeMMYMHA KOHCTAHTHl JUCCOLMAIMU BaKHA JUIsl  BBIYHCIEHUS CBOOOJHOMN
KOHIICHTPAIIMU KaJIbLIUSI U3 BETUYMHBI HHTEHCUBHOCTH (uryopectieHInu [§].

KanbuueBble (puryopecuieHTHbIE HHIHMKATOPDI, IPUMeHsieMble B KOH(OKAJILHOM
MHKPOCKONHHI

B pabore Tcuen wu gnp. (1980) [9] ObuiM BHEpBbIE TMOJYYEHBI KaJbI[UEBHIC
diryopeciieHTHbBIE WHANKATOPBI, OOJBIIMHCTBO U3 KOTOPBIX SBIAIOTCS MOAU(UKALUEHd He
(bIIyOpecIeHTHBIX KalbIUEBBIX XenaTopoB, Takux kak EGTA u BAPTA. Takue kajiblueBbie
WHAUKATOPHI SBJISIOTCS B MEPBYIO odepens OydepaMu KaabIus, KOTOPbIE MPH CBSI3BIBAHUU C
MOHOM U TIPH BO3OYXKIECHUU CBETOM CIIOCOOHBI UCIYCKaTh (DOTOHBI APYTOW JJIMHBI BOJIHBI,
OTIIUYHOMN OT JJIMHBI BOJTHBI BO30YKICHHUS.
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Takue xanbimeBbie 30HA6I Kak Fluo, Calcium Green, Calcium Orange, Rhod mmpoxo
UCTIONB3YIOTCS TPU KOH(OKATBEHOW MHUKPOCKOIWHU, WX XapaKTEPUCTHKU TPEACTABICHBI B
tabnuue 1. [lo koHCTaHTe aUCCOLMANUU KPAacUTENUd MOXKHO pa3lieNTh Ha BBICOKO- U
Hu3koapuuneie. Tak, Hampumep, Kpacurenb Fluo Obul CHHTE3MpOBaH C Ppa3HBIMU
sHaueHussMu K, Fluo-4 umeeer K, pasuoe 0,35 MM, Fluo-5F — 2,3 mxM, Fluo-4FF — 9,7
MKM, a Fluo-5N - 90 MkM, 4TO MO3BOJIIET MCHOJIB30BATH COOTBETCTBYIOIIMNA KPAaCUTEIh B
HIMPOKOM JMAala30He MCCIAEAYEMBbIX KOHLEHTpAlUUi Kaiblus. A €eclId HCIHOJIb30BaTh
OJIHOBPEMEHHO [IBa TaKWUX KpAaCUTENs, TO MOKHO CYIIECTBEHHO pACHIMPUTh UANa30H
YyBCTBUTEIBLHOCTH K KaJIBIIUIO, UTO OBLIO MpeaiokeHo B padote [10].

Taxke BaXHO OTMETUTH, YTO ()ITyOpPECIEHTHBIA KPacHTEIh CYyIIECTBYET B ABYX (opmax,
B BUJIC COJIM WJIM CJIOKHOTO arieTokcu-metui ddupa (AM-dopma). Ileppas, kak mpaBuio, He
MOJKET MPOHHKATh 4Yepe3 MEeMOpaHy KJIETKH W TOATOMY HCIIONB3YeTCs B Crenu(pUUecKux
YCIIOBHSIX, KOTJIa MMPOHUIIAEMOCTh MEMOpaH yBeIHMuMuBaeTCsl UcKyccTBeHHO [11]. AM-dopma
KpacHUTells MO3BOJIET €My JIETKO MIPOHUKATH B KIETKY Yepe3 HEMOBPEKICHHYIO MEMOpaHy.

Tabmuna 1
XapaKTEePUCTHKHU KATBITUEBBIX (DITYOPECIICHTHBIX HHIMKATOPOB
Kpacurens Ex (1M) En (M) K, (uM) EC (cm” M)
Calcium Green-1 506 530 190 81000
Calcium Orange 549 575 185 80000
Fluo-4 491 520 390 82000
Fura-2 340/380 510 140 28000
Rhod-2 549 581 570 81000

[pumeuanune: E; — niuuHa BOJHBI BO30OYXKICHHUS, NMOTJIOMECHUS Kpacutens; E, — JUIMHAa BOJHBI MCIYCKaHH,
cBeueHus kpacurenst; EC — koo puuueHT SKCTHHKIINN

Paccuntarh KOHILIEHTPALMIO KPAacHUTENS MOXKHO HKCIONB3Yysl Maccy KpacuTels U €ro
mossipHelid Bec (Hampumep: 50 mxr Fluo-4, AM nonenennoe Ha 1097 r/mons u Ha 1 M
o0bema pacTBopa ¢ KpacuTenem, uTo paBusercs 4,6 MkM). Boree TOYHO KOHIIEHTpAIUIO
KpacuTesss MOYKHO ONPENENIUTh HCHOIb3YIOT crnekTpogoromerp. Torna KOHLEHTpaius
KpacuTenss MOXEeT OBITh paccuuTaHa KaK OTHOIIEHUE TMOJYYeHHOTO 3HA4YeHHUS Ha
cnekTpodoToMeTpe K KOIPPUIUEHTY IKCTHUHKIUU (KOA(P(GUIIMEHT OCIIa0JICHUs CBETa IMPHU
pacmlpoCTpaHEHUH B CpeJlie 3a CUET MPOIIECCOB IMOTIIOIMICHUS M pacCesiHus), TOJEICHHOEe Ha
TOJIIMHY KIOBETHL. [IpM 3TOM HE0O0XOAMMO 3aJaTh COOTBETCTBYIOUIYIO JJIMHY a0COPOIHH
(00bryHO ISt ATHX Kpacutened 350 HM) U TommuHy KioBeThl (0O0brHO 1 cm). [lanHas
oTiepamnus 9acTo UCIOb3yeTcs s (DIyOpPECIIEHTHOTO KpacuTenst B JOPME COJIH, TaK Kak JJIst
AM-dopMBI TOCTATOYHO pacueTa MO MPOCTOM (GopMmyle ¢ HUCHOIB30BAHHEM MAacChl U
MOJIEKYJISIPHOTO Beca.

Taxxke BO3MOXKHO HCIIOJIb30BaTh JIBa KPacHUTENs OJHOBPEMEHHO, KOT/Ia HE MPOUCXOAUT
NEPEKPbIBAaHUS CIEKTPOB HCIYCKaHWs W TMOIJIOIIEHUS BBIOpaHHBIX Kpacureneil. Tax
BO3MOXKHO HCIIOJIb30BaTh Takue uHAuKaTopsl kKak Fluo-4 u Mag-rhod-2, ¢ Bo30yxneHunem Ha
491 / 556 um, u ucnyckanuem Ha 506/579 HM COOTBETCTBEHHO, UTO 0OJiee NETATFHO OMMCAHO
B pabote [12].

Hcnonb3yeMble aproHOBbIE WM aprOH-KPUITOHOBBIE Ja3epsl (Wi 0ojiee COBpEMEHHbBIE
JTUOJHBIC Jla3ephbl, Ha3bIBAEMbIC MOIYMPOBOJHUKOBBIMH JIa3epaMu) JUIsi BO3OYXKIACHHUS B
KOH(OKAIbHBIX CUCTEMAX XOPOILIO MOAXOAAT JUIsl BO30YKJI€HUs 3TUX Kpacuteneil Ha 488, 512
u 568 HM.

Tak kak (QIIyOpeCHEHTHBIH KpacuTeNlb SBJISICTCS TaKKe KaJIbIIMI-CBSI3BIBAIOIINM
Oydepom, HEOOXOIMMO HCMOIB30BaTh TAKyI0 €ro KOHIEHTpAIMIO, MpPH KOTOPOH He
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MPOUCXOAMIIO Obl 3HAYUTENHLHOTO HW3MEHEHUs Oy(]epHO eMKOCTH KIETKH M KaJlbLIUEeBOTO
roMeocTas3a. Ha npakTuke KOHLEHTpalus HHAMKaTOpa He f1oikHa npesbiuars 100 MmxM. Ilpu
WCIOJAB30BAaHUM KOHUEHTpauu cBbilie 200 MKM NOPOMCXOAUT HE TOJBKO HapyIICHUE
roMeocra3a KJIETKH, HO M ee (YHKUUH, HanpuMmep, HaOMI0NaeTcs OTCYTCTBUE COKPALCHHS
MBIILIEYHON KJIETKU MPHU JOCTaTOYHOM B030yxaeHnu. HeoOxoaumo BIOMPAaTh MUHUMAIBHYIO
KOHIIGHTPAIUIO KPacuTelis, KOTopasi Obl1a Obl JOCTATOUYHOM JUISl TOCTOBEPHOW pErHCTpaluu
M0JIE3HOTO CUTHAaJa, U, CJIeJ0BATEIbHO, ONPEAEICHHS KOHIIEHTPAIMH UCCIIelyeMOro HOHA.

IHosyuyenne n3odpakenust pyopeceHTHOI0 00beKTa ¢ KOH(POKAIbHOMN MJIOCKOCTH
HCCJIelyeMOoro 00beKTa NP CKAHNPOBAHMM KaJIbIIMEBOr0 CUTHAJIA

Bxon kampnusi depe3  KalblMEBblE KaHalbl IUIa3MaTUYECKOM MeMOpaHbl Win
BHICBOOOKICHHE M3 BHYTPHKIETOuHOro Ca’’ 1emo MoxeT ObITh BH3yalTH3UPOBAHO C
MOMOIIBI0  OBICTpOM  KOH(OKanpbHOW MuKpockonuu [13]. [lns mpoBemeHHMs Takux
UCCIIEIOBaHUN HEOOX0IMMO TOYHO BBIOPATh PEXXKUM peructpauni. OMUIIeM 3TH pPeXUMBI.

CyliecTByeT HECKOJIBKO PEXHMMOB CKaHUPOBaHMs (UIyOpPECLIEHTHOIO CHUTHala IpU
KOH(QOKaIbHONH Mukpockonuu. OmgHUM U3 Haubojiee pacHpOCTPaHEHHBIX — SBISETCS
IOCTPOYHOE WM X-f pexuM. B x-f pexume u3zo0pakeHHE MOJIYy4yaeTcs MOCPEICTBOM
CKaHMPOBaHHUS 00BEKTA, TO €CTh NMEPEMEIIEHUEM CKaHUPYIOIIETO JIyda B HANPaBJICHUH X WIN
y BJOJIb OJHOW CTPOKH, W IOCIEAYIOIIEro MOBTOPEHHsS] CKAHMPOBAHUS TOH K€ CTPOKH BO
BpeMeHH. OOBIYHO KaXKAYI0 TOYKY CTPOKH PETHUCTPHPYIOT TMOCPEICTBOM TpYyOKH
dotoymuoxutens (PMT), peructpupys Bce GOTOHBI, KOTOPBIE MOMATH B (hOTOYMHOXHUTEINb.
[Ipu sTOM peructpupyercs UHPOpMALUS O KOOPIUHATE M BEIMYMHE CUTHAJIA 3TOH Touku. B
pe3yJipTaTe MOJy4YaeTcsi MacCUB JAHHBIX, KaK JABYXMEpHAas MaTpulla 3HaUY€HUH TOUYEK JIMHUU
BO BpPEMEHHM, TIJl¢ BPEMEHHBIC CTPOKM O003HAYAIOTCS Kak X-f WM y-f. DTO MO3BOJISET
MOJIHOCTHIO BU3YAJIM3UPOBATh M 3amucaTh KOH(OKaIbHOE M300pakeHHe B (POKycHpyeMoit
iockocTd. IlocpeacTBOM COETMHEHUS! OTCKAaHWPOBAHHBIX M300PaKEHUH B IUIOCKOCTH X-V
MOXHO TIOJYYUTh JIBYXMEPHOE M300paxkeHue (ayopecrupyomero oorekra. B atom ciydae
n300paKeHHE MOyYaeTcsl MOCIEe0BATEIbHBIM, TOTOUYEUYHBIM ITEPEMEIIICHUEM BO30YKICHNUS B
OJTHOM CTpOKe (B KOOpPAMHATE X) U C MOCIEAYIOLUIMM [IaroM B KOOPAWHATE ¥ M CKAHUPOBAHUS
B Apyrux crpokax. Ilpu maHHOM ckaHHMpOBaHMM HMH(pOpPMAIMS TAKXKE COXPAaHIETCS B BUC
JBYXMEpHOH MaTpuipl. A €ciaM MOBTOPATh 3Ty NPOLELYPY BO BpPEMEHH, TO MOKHO
pPErUCTpUpPOBaTh M3MEHEHHUS LIEJIOro JBYXMEpPHOro M300paxkeHus. JlaHHOE CKaHHpOBaHUE
Ha3bIBaeTCs x-y-f. IHopMalys 3alucsIBaeTCs IpU 3TOM Kak TpPEeXMEpHas MaTpHlia J1aHHbIX,
WIIN )K€, KaK YeThIPEXMEPHBIH MacCUB JAHHBIX, C YYETOM aMIUIUTY (bl CUTHAJA.

Takum 06pa3om, 4TOOBI OTYIUTH HH(DOPMAITHIO 00 HCCIIeTyeMOM 00BEKTE, HEOOXOAMMO
NPOM3BOJUTh CKAaHUPOBaHME OOBEKTAa IOCPEICTBOM IOCIEI0BATEIBHOIO IEpPEMELICHUs
Ja3epHOT0 BO30YKAAIOMIETO Jiyda depe3 00bekT. [loaToMy maHHas MUKPOCKOIHS TOTYYHiIa
Ha3BaHHUe cKaHupyrouei. OJHAKO HyKHO MIOMHMTh, YTO MOJIYYEHHOE U300paXKeHue sABIseTCs
HEKUM MCKa)XEHHEM UCCIIEyeMOro O0bEKTa, TaK Kak OHO ‘“‘pa3MbITO” B IIJIOCKOCTH
CKaHUPOBAHUS U PACTAHYTO B AaKCHAJIbHOM HampaBieHuu (uto Oyner Oojee AeTalbHO
OTHMCAaHO HIKE).

IIpu ucnonb30BaHUM HEKOTOPBIX KOH(OKANBHBIX cucTeM, Takux kak LSM 5-LIVE wnn
7-LIVE (Zeiss, Germany), B030y>kX/IeHHE TPOUCXOAUT HEMOCPEICTBEHHO Cpa3y B IIEJIOU
ctpoke (AchroGate BeamSplitter), yTo nmo3BossieT noayyars U300paXkeHue LeI0M JUHUN 0e3
MIOTOYEYHOTO TIepeMeIeH s J1a3epa. Takol THIl BO3OY>KIACHHUS TTO3BOJISIET YMEHBIIUTD BPEMS
CKaHMPOBAHUS CTPOKM M MOJy4yaTb BpPEeMEHHOE pasperieHue 10 16 Mmkc. JlaHHBIH MeTon
MO3BOJISIET OTYYaTh ABYXMepHbIe m300paxenus 10 1000 nzoOpakenuii B cexynny [13].

[IpenmymecTBaMu KOH(pOKaJIBHONW (IIyOpPECLEHTHOM MHKPOCKONHHU IO CPaBHEHHIO C
OOBIYHBIM €MU(ITYyOPECIIEHTHBIM OCBEIIEHHEM SIBISIOTCS HeOompimme pazmepsl (~300 HM X
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300 am x 800 HM) OOJIYyYEHHOTO OOBEKTAa B TPEXMEPHOM MPOCTPAHCTBE (T.€. BOKCEs),
HU3KUH YpOBEHb IIIyMa JIETEKTOpa U OBICTPOE BPEeMsl PErHCTpaLlnu.

Pexxum x-f Moxker OBbITh HUCHONB30BAaH [UIsl CKAaHUPOBAHUSA Kak JIOKaJbHOTO,
MUHHATIOPHOTO, TaK M TJIOGAIBHOrO KajibLHEBOro curama. Ilpu peructpamum Ca’’
CHTHAJOB, KaK Kaubiuessie Berbimkn (Ca’™ spark; [14]), B pexume x-f, GbUIO YCTaHOBIICHO,
uro mapamerpsl Ca’’  BCHBIIEK (aMIUINTY[a, HPOCTPAHCTBGHHBIE M  BPEMCHHBIC
XapaKTEPUCTUKU)  PETUCTPUPYIOTCS ¢  ommbOkoi. Takas  ommOka  oOycioBieHa
HEBO3MOXXHOCTBIO OIpPEICNICHUS] TOJOXKEHUS CKAHUPYIOUIEW JMHUM 110 OTHOLICHHIO K
KJIACTepy PHAHOIMHOBBIX peLenTopoB (rme Habmomaercs Ca’” semsimka, [15]). Ilpu
HCTIONB30BAHMH PeKiMa X-y-f Ca” BCIBIIIKH PETHCTPUPYIOTCS YIKe B IByXMEPHOH 00IaCTH 1
ommnOKa MPaKTHYECKH YCTpaHSETCA, a HEONPEIEICHHOCTh OCTAeTCsl TOJIBKO B aKCHAJIbHOM
HampaBieHuu (z). [ TONHOTO yCTpaHEHUS STOW HEONpPEIeNEeHHOCTH HEeo0X0IUMO
POM3BOINTH OBICTPYI0 permctparmio Ca’’ curmaza B Tpex miockocTsx. JUis 9Toro
CKaHMPOBAHME MPOMU3BOJUTCSA CHAayajla B BEPXHEM CJIO€ OOJIACTH X-) € TOCJIEOBATEIbHBIM
nepeMenieHueM B HWXKHHE CIOW (Z;, Z2, ...Zy) W TOCIEIOBATEIbHBIM BO3BpALICHHUEM B
BepxHUHl. Ilocie dyero Bce MOBTOPSETCS BO BPEMEHHU. TEXHMUECKH HTO pealu3yercs 3a CyUeT
OBICTPOro U3MEHEHUS MOJIO0XKEHUS (POKYCHPOBKH B aKCHAJILHOM HAIPABIEHUU CO CKOPOCTHIO
no 100 T'm, 3a cuer mbe3okpuctaiia. Takoll pexuM, Xx-y-z-f, TO3BOJSET PErMCTPUPOBATH
napameTpbl KaJIbIIMEBOUW BCIBIIIKH, YTO OBLIO TTOKa3aHo B padote [16].

WuTepecHo, 4TO BU3yanu3alusi OAHOTO U TOTO K€ CHUTHAjla B pa3HBIX pekuMmax Oyjaer
MMEeTh pa3Hblii Bua. [Ipormecc perucrpanuu Ca®" curnana, KOTOPBIN pacnpoCTpaHAETCs U3
nepudepun KJIETKU B LEHTP, OyJeT UMETh pa3HbIid BUJA B pexXUMax x-f U y-f. Tak Harpumep,
€CJIM PAaCIOJIOKUTh JIMHUIO CKaHUPOBAHUS BJOJIb KapIAMOMHOLUTA Mpeacepaus, TO
peructpupyemsiii Ca®’ curman B pexume x-f (IHHHS PAacIoONOXEHA MEPICHIUKYIIAPHO
Gonmblreii CTOPOHE MHONWTA) HMeeT BHA AyTM © oTamdaercs or Ca’ curHana,
3apETUCTPUPOBAHHOTO B DPEXHUME )-f (KOrja JUHHS BbIOMpAeTCs MapajiesIbHO OOJbIIei
CTOPOHE MHUOIINTA), TJI€ CUTHAI OAHOPOAHBINA. [Ipu perucrpauuu B pexxume x-y-t Mbl UMEEM
Oonee monHyr wHQOpMaNHIO 00 W3MEHEHHWU Kanblus. Tak, Hampumep, Ca®" curman B
MUoOLMTE Tpencepaus (B pexume x-y-¢) TOSABISETCS CHayajda B OTAENBHBIX MeCTaxX Ha
nepudepun KIEeTKH, C MOCTENICHHBIM YBEJIIMYCHUEM KaJIbIUs CHavyajla y MeMOpaHbl KJIETKH, HO
U TIOCIICIYIOIIUM PACTIPOCTPAHCHHUEM BO BHYTPbh KIETKH, BO Bce oOyiacTu Muorura (6oiee
netanpHo cMoTpu [13, 17]). M3 maccuBa NaHHBIX, MOJIYYEHHBIX B PEKUME X-V-f, MOXKHO
BBIIETIUTH YaCTh HHPOPMAIMH, COOTBETCTBYIOIIEH PEXKUMY X-£, TPOCTO 3aPUKCUPOBAB JTUHUIO
c BbIOpaHHOWH KoopauHato y. HeoOxoauMo MOMHHMTB, YTO JUIS  YCTpaHEHHUS
HEoIpeeeHHOCTEH, BBHIOOP JMHMM CKAaHUPOBAHHUS JOJDKEH OCYILECTBISIETCS C Y4ETOM
ocoOeHHOCcTe MOpGOTOTuU U PU3NOTIOTUN KIIETKH.

Orpanuyenust guiyopecueHuuu

BaxxHO TMOMHHTB, 4YTO C YyBETUYEHHEM HMHTEHCHBHOCTH BO30OYXICHUS MOXET
MPOUCXOANTh HACHIIIEHUE YHEPTEeTHUECKOTO COCTOSHUS (DIyOpECLEHTHOW MOJEKYJbl, YTO
NPUBOJUT K HEUYBCTBUTEIBHOCTU TAKOH MOJIEKYJbl K JIOMOJIHUTEIBHOMY BO30YKICHHIO.
[ToBbimeHre BO30YKACHUS (IYyOPECHEHTHOW MOJEKYJIbl MOXET W He TMPUBOAUTH K
abcop6ruu poTOHOB KpacuteneMm. Takxke, (ayopecieHTHas MOJIEKYJia MOKET BO30YKIaThCs
He OECKOHEYHOE KOJIMYECTBO pa3, MOCIE Yero OHa CTAHOBUTCS HEAKTHBHOW (ITOT Mpoliecc
HanpsIMyl0 3aBHCUT OT HPUCYTCTBHSI KHCIOPOAA U YCKOPSIETCS C YBEIMYEHHEM €ro
KOHIIeHTparuu). DG(HeKT MOHMKEHHS HHTCHCUBHOCTH H3IY4YCHHs] KpAacHUTENsl Ha3bIBACTCS
IPOLIECCOM BBIFOPAHUSI KpPacUTENs, KOTOPbI HEOOXOAUMO YUYUTHIBaTh. YTOOBI yMEHBIIUTH
MPOIIECC BHITOPAHUSA KpacuTeds HEe0OXOIWMO YMEHbIIaTh WHTEHCHBHOCTh OONy4eHHUS N0
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YpOBHS O00ecrieueHus JOCTaTOYHOIO CUTHala Ha JIETEKTOpe, MPH YCIOBUHU €T0 JOCTOBEPHOTO
pa3rpaHUYeHMsl C yPOBHEM IlIyMa.

[Ipouiecc BbIropanus KpacuTenst HEOOX0AUMO MUHUMHU3UPOBATh, & €CJIM 3TO HEBO3MOXHO
— TO TPOU3BECTH KoMIleHcanuto. [[nst 3Toro ectb Heckonbko nonaxonoB. IIpoBoaurcs
KOHTPOJIBHBIN 3KCIEPUMEHT, LI€Jb KOTOPOTO — BBISICHUTBH, HACKOJIBKO MPOUCXOAUT IMPOLECC
BBITOPaHUs Ca** kpacutend. IlomydeHHble pe3ysnbTaThl MOKHO —MCIOJNB30BaTh  JUIS
KOMIIEHCALIMK JAaHHOTO ITpoliecca B MOCIEAYIOMMX dKcnepumenTax. CaeayommuM BapuaHTOM
KOMIICHCAIIMH SIBJISIETCS TOAXOJ, KOTJa BBIOMpAeTCs Y4acTOK (IIyOpecLEeHTHOTO CUTHaia,
KOTOPBIA HaXxOIUTCS BHE UccienyeMol kieTku. C 3Toro BEIOPAaHHOTO y4acTKa PEruCTPUPYIOT
HeoOXxonuMbli curHai. [lomydeHHyI0 (pyHKIIUIO BEITOpaHHUS KPACUTENS MOYKHO UCIIOIb30BATh
JUIsT KOMIIEHCAllUM MPOLECCa BBITOPAHUS KPACHUTEN HEMOCPEACTBEHHO Ha HCCIEAyeMOH
KJIETKE.

Teopema HaiikBucra

Kak u3BecTHO B TeOpMM KOMMYHHMKAIlUM COTJacHO Teopeme HailikBucra onmdpoBka
CUTHaJIa BOJHOBOTO BHJA JOJDKHA OCYIIECTBIISIETCS C YJABOCHUEM YHCIIa MHUHUMAJIbHBIX
MHTEpPBAJIOB 1O CPaBHEHUUM C MAaKCHUMaJbHOW 4YacTOTOM HcclienyeMoil BOJIHBL JlaHHas
TeopeMa JOJDKHA TPUMEHSTCS W B KOH(POKATLHOW MHUKPOCKOIMHUHU, YTOOBI HE MOTEPSTh
uHGOPMAIUIO MPU CKAaHUPOBAHUH. DTOT MPUHLHUI IPUMEHSIETCS] HE TOJILKO K BPEMEHHOM, HO
U K MPOCTPAHCTBEHHOM cocTaBisitoieil. Takum o0pa3oM, orpenensercss Hy>KHbIH WHTepBall
CKaHHPOBAaHMA M pa3Mep MuKcens (T.e. MHHUMAJIbHOTO DJJIEMEHTa CKaHUPOBAHUSA)
n300paxkeHus. MHUHUMAaTbHO-JOMYCTHMbIE BpPEMEHHBICE M TPOCTPAHCTBEHHBIC WHTEPBAIIBI
JOJKHBI OBITH OMpEJENIEHbl C YYETOM pa3pelieHus MUKpockomna. Takum obOpa3zom, pasmep
IIUKCEJIs I0JDKEH OBITh paBEH MOJIOBHHE Pa3pellaronieid CiocOOHOCTH MUKPOCKOIIA.

MuHUMAaNBHBIA  JIOMYCTUMBIN pa3Mep TMHUKCEIsI MOXHO OIpEeAeIuTh Mo ¢opMye:

d=0.25 N/IA , T1Ie A — IJIMHA BOJTHBI BO30YKaeHus1, N.4A. — ynucioBas aneprypa oObeKTHBa.

[lonyuenne  u300paxeHuit ¢  OONBIIMM  pa3MepoOM  THMKCENs  Ha3bIBAeTCA
cyOmucKkpeTuzanmeid, mpu 3TOM YacTh TOHKHX CTPYKTyp Oyaer yrtepsHa. MHorma 5310
JTOTYCTUMO — TIpH HEOOXOJMMOCTH TMOJIYYUTh OO0Jiee IMMPOKYI0 00JIACTh HCCIIEITyEMOTO
obOwekra. Korma xe uzobpaxkenue monydaercs ¢ 0oyiee CUIBLHOW TUCKpPETH3AIMEH, HAMHOTO
MEHbIIIE d, TO TPOU3OMIET TaKXKE HCKaXEHHUE TojydaemMoro uzoOpaxenus. C apyroit
CTOPOHBI, YeM MEHBIIIC BBIOPAHHBIN pa3Mep MHUKCENs, TeM MEHBIIee KOJIUYeCTBO (DOTOHOB
MOJKET OBITh 3apPETUCTPUPOBAHO 32 €AMHUILY BPEMEHU, U TEM CJIOYKHEE BBIJCIUTH MOJIC3HBII
CUTHAJ M3 ypOBHs IIymMa. B Takux ciaydasx HEOOXOIUMO YBEIUYUTHh BPEMSI CKAaHUPOBAHUS
KaKJI0M BPEMEHHOM TOYKM WM K€ pa3Mep MHUKCENs, XOTd M C TOTepedl HEKOTOpOH
MPOCTPAHCTBEHHOUN HH(OpMAIIHH.

Boibop ©Oonee MenneHHOW CKOPOCTM CKAaHMPOBAHMSI NPUBOAUT K HCKAKEHUIO
KaJIBLIEBOr0 CUrHana. IIpH perncTparuy GhICTPBIX MPOLECCOB, TAKMX Kak Ca’' BCIIBILIKH,
HEOOXOAMMO BBIOpPATh CKOPOCTh CKaHMpoBaHus He MeHblne 500 I'm. [ns peructpamum
rio6ansHoro Ca”” TpaH3UEHTA JOCTATOYHO MCIONIBb30BaTh perucrpanuto B 100 I'u. ITpu Gonee
MEJICHHOM CKaHHUPOBAHMHM KaK aMIUIUTyJla TaK W BPEMEHHBIC MapaMeTphbl KaJbLUEBOTO
curHasna OyayT UCKaKCHBI.

Paspemaromas cnoco0HOCTb H KOHPOKAJILHOCTh
3amumeM (opMyIBl, C TOMOIIBIO KOTOPBIX MOXKHO PAacCYMTATh pa3pelaroniye
XapaKTepUCTUKH KOH(pOKalbHOW MuKpockonuu. IlocieqHue Moryt OBITh pacCUUTaHBI

cnenyromuM obpasom: x,y =0 5L U z= 0.9-1
- S NA \/l’l2+N.A.2—n

[18] Tme A — nuuMHA BOJHBI
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BO30YXKICHHS [HM]; n — oTpaxkarouuid uHaekc (n = 1 mist Bo3ayxa; 1,5 nis uMMEepCHOHHOTO
Maciia M, TaKxke, crekna); N.A. — ducioBas amepTypa OObeKTHBa, paBHas IOJOBHUHE yIJa
0030pa o0bekTuBa, N.A.=n-sina .

Paccunraem sti BenuuuHbl ipu 488 HM 115 1BYX 00bekTHBOB: 40x/0,75 BO3IyIIHBIN U
40x/1,4 MacIsIHO-UMMEpPCHUOHHBIH, TOrAa BeMWYuHa z cocTaBuT 1,76 m 0,8 MKM,
COOTBETCTBEHHO. A paspemiaromiasi cnocoOHOcTh st x u y coctaBut 0,33 u 0,17 Mxwm,
COOTBETCTBEHHO. Kak 31ech BUAHO, NMPU OJUHAKOBOW KPATHOCTH YBEIUYEHHUS ITHX JABYX
00BEKTUBOB UX pa3pellarolue CIOCOOHOCTH pa3IuyvaloTcs cyiiecTBeHHO. [Togbop HyXHOTO
00BEKTHBA SBJISETCS BAXKHBIM 3TAIIOM MOJATOTOBKH K UCCIIEJOBAHUSIM.

[Ipyn mpoxokaeHUM cBeTa Yepe3 KOH(OKambHYIO IIedb HaOMrogaeTcs AUQPpakius c
XapaKTepHBIM Y30pOM, UMEIOIIEM SPKYIO 00JacTh MO LEHTPY, U3BECTHYIO KaK TUCK DUpH.
Juametp Takoil spKoit 00nacTu SBISETCS BaXKHOM XapakTEpUCTUKON M 0003HayaeTcs Kak |

V ﬂ’ex ’ //i’em
N.4

BO30YKJIE€HNH, a A, — JUTMHA BOJHBI H3]Ty4eHHs KPAaCHTENs.

Pazmep KOH(OKaNIbHONH MIETM TaKXKe BIMAET HA Pa3pelIAIoNIyl0 CIHOCOOHOCTH
KOH(OKaJIbHOI0 MUKPOCKOTa (IPEUMYIIECTBEHHO B akCHalbHOM HarpasieHun). C pasmepom
menu Oosbiie aumamerpa | AU mpoucXoauT yXyAlLIeHHE paspelaromeil crocoOHOCTH.
OntuManbHOe paspelieHne Habmonaerca npu BennuuHe auagpparmsl B 0,25 AU. XoTs, yem
MeHbIIIE pa3Mmep auadparmMbl, TeM MEHbIIE OyAeT BeNWYMHA CUTHAja, YTO MPHUBEIET K
3aTPYAHEHUIO €r0 PErUCTPALMU JETEKTOPOM.

KoHnTpacTHOCTh MONTydaeMOro H300pakeHUS] MOXKHO BBIPA3UTh 4Yepe3 BEIHMUHHY
TOJIIIIMHBI ONTHYECKOro cpe3a. JlaHHas BeIMYUHA SBISIETCS yAOOHOM i OLIEHKH KauecTBa
KOH(OKaJIBHOH MHKpPOCKOMUHU. TONIMIMHY ONTHYECKOTO Cpe3a, KaK HIMPUHY CUTHAJIA TpU
NOJIOBUHHON aMILIUTY/E€ CUTHAJIA, MO>KHO BBIYHUCIIUTE O (opMyIIe:

2
g 2.[11-/1} 472
N.A.

rae h — auaMeTp KOH(OKaIbHOU LIeNH.

Kak BHIHO M3 3TOr0 BBIpa)KEHMsI, ONTUYECKasl TONIIMHA Cpe3a, a MO3TOMY U KOHTpacT,
OyAyT yXyAIaTbcs C yBETMUEHHEM JHaMeTpa KOH(POKaIbHOHU Imenu. Taxke BUAHO, YTO 3Ta
BEJIMYMHA 3aBUCHUT OT BEJIMUYUHBI Z — Pa3pellieH!s] B aKCUaJIbHOM HampasieHud. YeM OoJiblie
BeJIMYMHA d, TeM 00Jble OyIeT YpOBEHb CUTHANA, HO XYK€ KOHTPACT H300paKECHHUSI.

IIpu monHOM OTKPBITONH KOH(OKAJIBHOW ILIEJN IMOSBIAETCS BO3MOXKHOCTh MCIOJIb30BATh
KOH(OKaJIbHBIII MHKPOCKON Kak OOBIYHBIN (PIyOpecHeHTHBIH, HO C BO3MOXKHOCTBIO
IIOLIArOBOr0 CKaHUPOBAHMS M MUCIOJIb30BAHUS Jla3epa KaK TOYEYHOI'O MCTOYHMKA CBETa IS
ocBenieHus. JlaHHas KOHGUrypanus TIO03BOJIsIeT coOpaTb BeCh CBET B aKCHAJIbHOM
HalpaBJIEHUU B YCJOBUAX CJIa0Or0 KOHTPAcTa, 4TO 4YacTO IPUMEHSETCs, HalpuMep, Ha
KyJbType KIETOK, Korga Mx ToimuHa He npesbimaer 10-20 mxm. Ilpu 3TOM BO3MOXKHO
(OKyCHUpOBaHHME Ha HIDKHIOIO IOBEPXHOCTh KJIETKHM WIM JJa)kKe Ha MOKPOBHOE CTEKJIO, YTO
00eCTeYnT MOBBIIICHHBI KOHTPACT MO CPAaBHEHMIO C (POKYCHPOBAHMEM Ha CPEIHIOI0 4YacTb
KJICTKH (JAHHBIM MPUHIMIT MOXET OBITh NMPUMEHEH M B OOBIYHOW AMHUMIYyOPECIEHTHON
MHUKPOCKOIINH).

Ha xadecTBO wucciieZjoBaHUS BIIMSAET HE TOJBKO pa3Mep BBIOPAHHOIO IHUKCENsl, HO U
pasMmep amepTypbl Iepea JAeTeKTOpoM. Bcee 3TH mapameTpsl MrpaloT KIIOYEBYIO POJIb B
HOJY4YEHUU KOHTPACTHOT'O, YETKOI0 M300paKeHUs U JOJIKHBI OBbITh TOYHO OIpPENENICHBI IIPU
UCCIICIOBAaHUM OOBEKTOB C pa3MepaMu, OJIM3KMMHU K pa3pelaroliuM CIOCOOHOCTM
KOH(OKaJIbHOIO MMKPOCKOIIA, TAaKUX KAaK OTJAEIbHbIE CTPYKTYpPHBIE D3JIEMEHThI KJIETKH,
HarnpuMep MUTOXOHJIPUU, AKCOHBI WX ACHAPUTHI HEHPOHOB.

AU. Bemnuuna 1 AU onpenensiercs no ¢opmyne: 1.2 , THe A, JUIMHA BOJHEI
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+ )
Jlns peructparmu Ca®” BCIbIIIEK HEOOXOAMMO HCIIONB30BATh MMMEPCHOHHbIH 0OHEKTHB
C YMCIIOBOM amepTypoii He Xyxe 1,2. Ilpu 3Tom pazMep nukcess BeiOupaetcs He MeHbie 100
MKM, HO He O0oJiee 300 MKM B 3aBHCHMOCTH OT MCIIOJIb3yeMOTro OOBEKTHBA.

Onpenenenue GyHKINH paccessHUs TOYKH NPH (u1yopeceHTHOH MUKPOCKONUH

Bennuuny paspemaromieii  cmocoOHOCTH  (PIyOpeCHEeHTHOT0 MMKPOCKONA MOXHO
MOJyYUTh HE TOJBKO apU(PMETHUECKU, HCIONb3Yysl OMHCAHHbIE BbIMEe (OPMYIbI, HO U
HKCIEPUMEHTAIBHO, TOCPEICTBOM orpenenenus Gpynkuun paccesaus Touku (OPT). Criocod
ee moxydeHus ObU1 omucaH ArapaoMm c coaBTtopamu (1989) [19]. [dnst 3TOTO MCTOIB3YIOTCS
¢iryopecLieHTHbIe, CHMMETPUYHBIE YaCTUIBI C Pa3MEPOM MEHbILE BEIMYHHBI pa3pellaronen
criocoOHocTH (00b19HO AuameTpoM 0,1 Mxm). st yMEHBIICHUS HETOYHOCTH TTPUMEHSIOTCS
BCE TE€ HACTPOHWKU (CKOPOCTb CKaHMPOBaHUS, KO3(PPUIMEHT ONTHUYECKOro YBETHMUCHHUS,
TuaMeTp KOH(OKaNIbHOM IIeNn), KOTOpble OyAyT HCIOJIB30BaThCSl W B JAJIBHEHIINX
JKCIIepUMEHTaX. BaxkHO Takxke, 4TOObI 3TH (PIIyopeclieHTHbIE YaCTHIIbI ObLIM 00€3IBM)KEHBI,
00buHO 4 % pacTBOpOM arapHoro reisi. Takod pacTBOp NPAKTHUYECKU COOTBETCTBYET
HKCIIEPUMEHTAIbHBIM YCIIOBHUSM, HAIPUMEp perucTpanusiM B cpeszax Tkanu. OPT nmomyuaercs
9KCIIEPUMEHTAJIbHO IOCPEACTBOM HECKOJbKUX CKAHMPOBAHHWM X-) ONTUYECKUX CJIOEB B
aKCHAJILHOM (z) HampaBJeHUU MocpencTBoM momaroBoro casura Ha 50-100 am. Tak kak
ONTUYECKOE pa3pelleHHe MPUHATO CUMUTATh IPHU IMOJIOBUHHON aMIUIMTyJ€ CHUTHajla, TO B
MOJYYEHHOM H300pKEHUHM H3MEpsieTcs IOJHAs IIUpUHA TpU TOJIOBUHHOM aMIUTUTYHAE
(FWHM) nns Tpex KOOpAuWHAT, KOTOpas W XapaKTepHU3yeT OINTHYECKOE pa3pelICHHE
ONnTUYecKoi cuctembl. MHorna ans omucaHusi MOJTyd4aeMod HH(POPMALUU HCIOIb3YeTCs

060011IeHHEI (paguaIbHbIil) pasMep (IyopecueHTHOH qacTuIp! (7 =4/ x° + y* ; [15]). B atom
NpUOIMHKEHUU CUTHAJ MOKET OBITh alpOKCUMHUPOBAH KakK MPOIYKT ABYX (pyHkwmii ["aycca:

2 22

202, T2
P=G(r)-H(z), tne Gre ~°> nH~e > , r1e 6 — CpeHEKBAAPATHUCCKOE OTKIOHCHHE
COOTBETCTBYIOIICH KOOpAauWHAThI. Taxke, BO3MOXKHaA Oojiee CJIOXKHAs TpEeXMEpHas

annpoKcUManys 3TuMHu ke ¢yHkuusamu. Ilocne annmpokcumanuy J1€rko ONpenesuTb Gy, O, U
LIMPUHY KPUBOM TP NIOJIOBUHHOM aMIUIUTY /€, @ 3HAYUT, U Pa3pelICeHHNEe MUKPOCKOIIA.

Ycrpanenue pa3mbITocTH n300paxenns (deblurring)

JIro6as dmyopecuieHTHAs YacTUIA U MUKPOOOBEKT OyIyT UMETh HEUETKUE TPAHUIIBI U
YBEJIMUEHHBIC pa3Mepbl (IyOpeCIEHTHOTO CHUTHAJIA M3-3a PACCEMBAaHUs CBeTa. Pa3MBITOCTh
n300paxkeHus OCOOCHHO KpUTHYHA IJIsi MallbIX OOBEKTOB C pa3MepaMu, ONU3KHUMH K
paspemiarmeid  CnocoOHOCTH MHUKpockoma. Ilpu 3ToM monydeHHOe u3o0paxeHwe Oyjaer
UMETh KaXyIIUecs YyBEIWYCHHBIC pa3Mepbl W YMEHbBIIEHHYI0 MUKOBYIO CBETUMOCTH IO
CPaBHCHHIO C OpHUTHHAIOM. Pa3mbiBaHMe W300pakKCHUS YMEHBIIACTCS BIUIOTH  JIO
MCYE3HOBEHHUS C YBEIIMYCHUEM pa3Mepa 0ObEKTOB.

YcTpaHeHre pa3MBITOCTH H300PaKEHUS SBISICTCS BaXKHBIM IIPOIECCOM B KOH(OKAITBHOM
Mukpockornuu. OmwuieM BKparie oOIIue npuHiunbel. O6o3HauuM  F(x,y,z) Kak
JIETCKTUPYEMYIO (DITyOpECICHIINI0 B TIPOCTPAHCTBE M300paKeHUs, a f(x,),z) 0003HAUYNM Kak
NEHCTBUTENBHYIO (DIyOpECLEeHIMI0 HCCIeAyeMOoro oOBeKTa TMpU YCIOBUU OTCYTCTBUS
paccenBaHUs cBeTa. Toraa MOXKHO 3aIMCaTh:

F(x,y,z):mf(x,y,z)-P(x,y,z)-dx-dy-dz (1)

rae P sBnsercs GyHKUMEH paccerBaHUsl, KOTOPYIO U TOYEUHOTO 0ObEKTa MOXKHO 3aIlHCaTh
Kak TpexMmepHyto ¢pynkuuio ["aycca:
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B maremaruke cymiectByeT (QyHKIUS CBEPTKH, KOTOpasl MOKA3bIBAET CXOYKECTh OJIHOM
(GYHKIMU 1O OTHOIIEHHUIO K Jpyroil. Pe3yiabraToM 3TOH CBEPTKM SBISETCS ONEpanus Hal
IByMs (QYHKOMSIMH, TpU KOTOPOH TMOJydaeTcs TpeTbs (YHKIHS, TIOCIEAHSS MOXKET
paccMaTpUBaThCs Kak MOAUDUIIMPOBaHHAsL BEPCUsl OJHON U3 MEPBOHAYATIBHBIX (DYHKIUH.

VYpaBuenue (1) MOXKHO mepenucarth MOCPEICTBOM TEOpPEMbl (DYHKIUH CBEPTKH Kak
OpOAYKT IBYX (yHKUMM f u P, Kaxaas M3 KOTOPbIX TpaHC(HOPMUPYETCS MOCPEICTBOM
npeodpazoBanus Pypre B HaCTOTHBIN UHTEPBAJ, TOTA:

F=f®P+n 3)
/1€ 1 — 3TO IIyM, PErUCTPUPYEMBIN B cUCTEME; & — OepaTOp CBEPTKH.
JI1st TpexMepHOro mpOoCTpaHCTBA MOXHO 3anucatek F(x,y,z)= f(x,y,z)® P+n. Torma

neiictBuTenbHas GuyopecueHIuH f(X,),z) B IPOCTOM MPHOIMKEHUHA MOKET ObITh OnpesiesieHa
KaK:
fryz)= LD @)
P

Jlannast omepauus IMPOU3BOJUTCS B YAaCTOTHOM HHTEpBaje C IOCIEAYIOMHUM OOpaTHBIM
npeoOpa3oBaHWEeM B MPOCTPAHCTBEHHO-BpeMeHHON uHTepBan [20]. Ha mpakTuke, omHako,
STOT MPUHIMI HE NMPUMEHSETCs, TaK KaK MpU JEJICHUU CUIbHO yBEJIMYUBAETCS IIYM, YTO
3aTpyAHSET UCIIOJIb30BAaHKE MTOJTYYSHHOTO pe3yJIbTara.

UtoObl monyunTh mpeoOpa3oBaHWEe C MPUEMIIEMBIM IIIyMOM, ObUIa TpeIoKeHa

monupukanus ypaBHenus (4), kak f(x,y,z)=F(x, y,z)@% , Tne k — ajauTUBHBIN
KOPPEKTUPYIOMIHKA GakTop, 100aBICHHE KOTOPOTO MPUBOIUT K OrpaHUUYEHHUIO mryma [21].
Cy1iecTBYIOT U Ipyrye alfOPUTMbI, HAIPUMEpP, MAaKCUMaJIbHON BEPOSITHOCTH [22], korza
MOJlyUYEeHHBbIE H300pa)XeHHs] B MHCIPABICHHON OT HCKaXEHUW (opMe NpeCTaBIsSIIOTCS
HOCPEICTBOM BEPOSTHOCTH OIPEICICHHBIX YYaCTKOB 00BEKTOB, HCIIONbB3YS JOIOIHUTEIbHBIC
MOJIeJH 1iIyMa, Ao0aBisieMble pu npeoOpa3zoBanuu. MHoraa npumeHsieTcst anroputM Janson-

van Cittert [23] ¢ ocHoBHBIM ypaBHenmeM: ['*'=f*+a-(F-(f*®P)), rae o — 310

KpUTEpPUN MpPaBUIBLHOTO PE3yJibTaTa, C MOMOUIBI0O KOTOPOTO MOXHO IOJYYUTh PE3yIbTaT
HanboJiee COOTBETCTBYIOIIUH JICHCTBUTEIIHHOCTH.

JlanHpIe omepanyy Mo YCTPAaHCHHWIO Pa3MBITOCTH MO3BOJISIOT YMEHBIIHUTH apTe(aKThl
paccerBaHus TP MUKPOCKOIIUUA OOBEKTOB ¢ MAJIBIMU Pa3MepaMHt, a TAKKE CKOMIICHCHPOBAThH
W3MEHEHUsI MHTCHCUBHOCTH CBeUeHUsl (IyopecieHTHOro o0bhekTa. OmucaHHbIe MPOTOKOJIBI
SBJISIFOTCSI, OJIHAKO, JIOCTATOYHO CJIOXHOW MPOLIEAYpPOH IJi1 TOBCEIHEBHOW IPAKTHKH.
HeobxomuMocTh TONy4eHUsSI TOYHBIX, CKOPPEKTHPOBAHHBIX HM300pKEHUN HCCIETYEMBIX
(byopeciieHTHBIX O00BEKTOB O0YCIIOBWIJIA TOSBICHHE KOMMEPUYECKH OCTYITHBIX MPOTPaMM
JUTsE 00OpaOOTKH ONTHYECKUX JTaHHBIX.

Jlns To4HOTO nepepacuera KajblLIMEBOIO CUTHAJA B BEJIIMYMHY MOTOKA MOHOB KaJbIIUS
WIM TepepacyeT B BEIUYMHY NPOTEKAIONIET0 TOKAa HEO0OXOJUMO CHayala OINpeaeluTh
BENTMYMHY (QYHKIMH PACCESTHUS TOYKH SKCIEPUMEHTAIBHO WM pacCYUTaTh I10 BBIIIE
npeacTaBieHHbIM  (Qopmysiam. Mcmonedys mnonydeHHyro BenuunHy @OPT  mpowussectu
YCTpPaHEHHE Pa3MBITOCTH H300paKeHUs. DTa Mporeaypa HEoOXOoIuMa JUisl MUHHATIOPHBIX
CUTHAJIOB, COM3MEPHUMBIX C pa3peliaroieid CnocOOHOCThI0 KOH(POKATHHOIO MHUKPOCKOIIA.
OmmbKka B BETWYMHE aMIUIUTYJIbI CUTHaJIa MOXKET cocTaBuTh 20 %, a mMpoCTpaHCTBEHHBIC
XapaKTepUCTUKH OyIyT yBeianueHsl [16, 24].
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CoBpemeHHbIE KOH(OKAIBHBIE MUKPOCKOIIBI MO3BOJISIOT PErUCTPUPOBATH CUTHAIBI OT
MaJjoi TrpyIIbl KaHAJIOB, HAlPUMEP PUAHOAMHOBBIX PELENTOPOB, W MO3BOJISIIOT MOJYYaTh
JIOCTOBEPHYI0 MH(POpPMAIMIO, TO3BOJSIOUIYI0 TOYHO OMNPEENUTh  (U3UOJIOTHYECKYIO
(DYHKIHIO KaK OTAENbHBIX KaHanoB, Tak u Ca’’ curmama B nermoMm. HeoOXOZMMO TOYHO
MPOU3BOJUTH HACTPOWKY KOH(OKAIBHONH CHCTEMbl M MpPH HEOOXOIUMOCTHU MPOU3BOJIUTH
KOMITCHCALIMIO U3MEHSIOLUXCS TapaMETPOB ISl YCTPAHEHHUS HEOAHOPOAHOCTH.

BbIBO/IbI

Bxpatiie 0000mmM Te€ Ba)XHbIE MOMEHTBI, O KOTOPBIX HEOOXOJMMO TOMHHTH IPH
MpOBeJCHNH KOH(POKAIbHONH MuUKpockomuu. [lepBbIM BaKHBIM IIaroM, Kak OTMEYalloCh
BbIIlIE, SIBJSIETCS BBIOOP COOTBETCTBYIOLICH JJIMHBI BOJHBI HW3IyYeHHUs Jasepa Ul
BO30YKJIEHHSI ~ KpacHuTels, aJEeKBaTHOTO JIHUXPOMYHOTO 3€pKaja, KOTOpOE JOJKHO
COOTBETCTBOBAaTh BHIOPAHHOMY KpAcCUTENI0 WM JlaXXe HECKOJbKUM KpacuTelsiM, BBIOOP
HY>KHOTO CBETO(MIBTpa Mepes JeTEeKTOPOM sl OTCeueHHs! Bo30y kaaromero ceera. Boioop
HY’KHOTO pa3Mepa JAuaMerpa KOH(OKAIbHOW MIeNM SBISETCS BaKHBIM IIIaroM, TaK Kak
BEJIMYMHA IIETU BIUSET HA KOHTPACT U300paKEHUSI.

CrnenyromuM BaXHBIM 3TallOM SIBJISIETCSl NPABWJIBHBIM BBIOOp BEJIMYMHBI IHUKCENS
(MUHUMAJIBHOTO pa3Mepa U300paKeHHs ), YTO OCYLIECTBIISIETCS [0 OIMMCAHHON BBIIIE TEOpEME
HatikBucra. CormacHo 3Toil TeopeMe M OCOOCHHOCTSIM IKCIIEPUMEHTa IMOAOMPACTCS TaKKe
4acToTa CKaHMpoBaHUA. HyXKHO MOMHUTB, YTO YMEHBLIEHUE pa3Mepa MUKCENs] MPUBOIUT K
YMEHBILEHHUIO MOJIE3HOI0 PETUCTPUPYEMOTO CUrHaia (KoJau4yecTBa (POTOHOB, MCIYIIEHHBIX B
3alaHHOM 00BEeMe), M Jaxe K €ro “ClMsHuI0” ¢ IIyMOM. B Takoil cuTyanmuu MOXKHO
YBEJIMYUTh THUKCENb WM K€ BPEeMsl CKaHUPOBaHUS. AJIbTEPHATHBOM MOXKET OBITh TaK¥Ke
UCIIOJIb30BaHUe OOJIbIIeH KOHIIGHTpauuu Kpacutelns (Ho He Boiie 200 MKM), WM yBEJINYUTh
pa3Mep KOHPOKAIBLHOM 1IEeNH ¢ yXyIIIeHHEM KOHTPACTHOCTH.

BaxHo Takke IOMHUTH, YTO TMpPH OOJYyYEHHH JIa3epoOM HCCIEIyeMOro oObeKTa
MPOUCXOAUT HE TOJBKO (OTOBBITOPAHUE KpacUTeNsd, HO U TOBPEXKIAETCS caM OOBEKT
(poToTOKCHYHOCTB). DTHU TpOLECCHl HEOOXOIMMO YUUTHIBATh W, B YACTHOCTH, MPOBOAUTH
KOMIIEHCalMIo (POTOBBIrOpaHUsS 30HAA. JIIMTENbHBIN SKCIEPUMEHT Jydllle pa3/eiuTh Ha
YacTW, 4Y€M HaKJIQJbIBaTh MHOTO JEHCTBUI B OgHOM. Pa3yMHO W HEOOXOAMMO TaKKe
MPOBOAUTH KOHTPOJIbHBIE PETUCTPALIUU JIJISl UCKIIOYEHHS JaHHBIX BPEIHBIX 3P PEKTOB.
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Background: Though the magnetic field action on biological object is proved now by many experiments
it cannot be explained. The counterarguments are the small value of magnetic induction, that is effective
for static magnetic field and the small value of ions free path length for ion cyclotron resonance presence.

Objectives of the article were to generalize all the results that had been obtained before in static,
alternative and combined magnetic fields and to explain all results by one and the same primary physical
mechanism.

Materials and methods that were used to obtain experimental results were based on the using of well
reproducible magnetic conditions. For this purpose 3 lays p-metal shield and superconductive shield with
warm volume were used. The artificial magnetic field was created in the shield. The objects of the
investigation were roots of cress, maize and pea. Their gravitropic reaction was studied.

Results and discussion: All experimental results were compared with the theories and calculations maid
before and following from the three mechanisms proposed below.

It was shown that there were three physical primary mechanisms that could lead to effect of low
frequency alternative and combined magnetic fields and permanent magnetic field on gravitropic reaction
in plants. All of them depended on the relative location of roots, gravity and components of permanent
and alternative magnetic fields between themselves. The first mechanism is based on the classic model of
the rotation of ions in the plane that is perpendicular to the magnetic field direction or precession of
magnetic moments round the direction of magnetic field vector. The second mechanism is connected with
the piezoelectric properties of starch grain (porous piezoelectricity). This property of starch may create
the change in the moving of starch grains in alternative and combined magnetic fields, and even in static
one. The third mechanism is caused by the phase transition in water created by weak combined or
alternative magnetic fields.

Conclusions: The comparison of effects of these three mechanisms between themselves allowed
choosing the most possible one. It was shown that the first mechanism was preferred. Only the first
mechanism can explain the dependence of observed effects on magnetic field direction.

KEY WORDS: combined magnetic field; alternative magnetic field; permanent magnetic field; cyclotron
frequency of ion; starch grains; piezoelectricity; hydronium; free path of ion.

MEPBUYHbIA ®U3NYECKUIA MEXAHU3M I[EFICTBHH PA3JIMYHBIX MATHUTHBIX
IMOJIEM HA KOPHA HEKOTOPBIX PACTEHUI
H.B. eiiknna', H.U. Boratuna’
! Hayuonanvueni Gapmayesmuuecxuil ynugepcumem, ya. Iywxunckas 53, 61002, Xapvkos, Ykpauna
> Qusuko-mexnuueckuii uHcmumym Huskux memnepamyp um. 5. 1. Bepxuna HAH Ykpaunwl, npocn. Hayxu, 47, 61102
Xapvros, Ykpauna

AKTyanbHOCTB. JleiicTBHe MarHWTHBIX TMOJiel Ha OHOJOTHYEcKHe OOBEKTHl B HACTOSIIEE BPEMs
JI0OKa3aHO MHOKECTBOM JKCIIEPUMEHTOB, OJHAKO €AMHOTO (PU3MYECKOr0 MEXaHU3Ma, OOBACHSAIOILIErO
MarHuTHele A(¢exTel, 10 cux nop He cymectBeT. OIHUM M3 MOJEKYJSPHBIX MEXaHH3MOB
OHMOJIOrMYECKOr0 JEHCTBUSI TEPEMEHHBIX MAarHUTHBIX TOJIEH MOXET ObITh HOHHBIA IMKJIOTPOHHBIH
pe3onanc. OHAKO, B TAKOM CJIydae CTAHOBSTCS TPYIAHOOOBSICHUMBIMH HAOJII0JJacMbIe Majas BEeIHYHHA
MarHUTHOM WHAYKOUW JJI1 MTOCTOAHHOT'O MAarHMTHOI'O ITOJIA U Malilad AJIMHa CBOGOI[HOFO np06era HOHOB
JUIsl KOMOMHHPOBAHHOTO MarHUTHOTO MOJIS.

© Sheykina N.V., Bogatina N.I., 2017
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Heas pa6orsl. Llensio paboThl ObUTO 0000MHUTE COOCTBEHHBIE pPE3yNbTATHI, TOJXYYCHHBIE paHee B
MIOCTOSTHHOM, TIEPEMEHHOM M KOMOMHNPOBAHHOM MarHUTHBIX MOJISIX M OOBSICHUTH MX C IOMOIIBIO OJJTHOTO
HEPBUYHOTO (HPH3HIECKOTO MEXaHH3Ma.

Marepuansl U MeroAbl. Vcmnoms3yemble B paboTe METOAbl OCHOBaHbI HAa COOIOJCHHH XOPOIIO
BOCIIPOM3BOANMBIX MarHUTHBIX yCIOBHH. J[JI1 3TOTO MCHONB30BaAIH 3-X CIOIHBIE EPMAIIOEBbIE SKPAHEI
W CBEPXIIPOBOJAIINIA AKpaH € TEIUIbIM pabounM 00beMoM. VICKyCCTBEHHOE MarHUTHOE I10JIE CO3JIaBajlk
BHYTPH 3KpaHoB. M3y4anach rpaBUTponnyecKas peaklus KOpHeH Kpecc-canara, KyKypy3bl U Topoxa.
PesyabTaThl M 00cy:kaeHue. Bce momydeHHBIe pe3ysbTaThl CPAaBHUBAIMCh C TEOPUSIMHU M pacyeTaMy,
CIEIaHHBIMU PaHEe, U TpeMsl MEXaHW3MaMHU, MPENI0KEHHbIMU HIKE. BbUIO MOKa3aHO, U4TO CyLIECTBYET
TPU  TEpPBUYHBIX  (U3MUECKMX  MEXaHW3Ma  BO3IEHCTBUS  NOCTOSIHHOTO, IIEPEMEHHOTO0 U
KOMOMHUPOBAHHOTO MarHUTHOTO IOl HA T'PAaBUTPONHYECKYIO PEakiuio pacteHuid. OHHM 3aBUCAT OT
B3aMMHOTO pACIOJIOKEHUS] KOpPHEH, CHIbl TIPaBUTAlMM W B3aMMHOIO PACHOI0XEHUS KOMIIOHEHT
MarHUTHOTO TIOJIS (TIOCTOSTHHOM U mepeMeHHOH). [lepBrIii MexaHH3M OCHOBaH Ha KJIACCHYECKOW MOMIEIH
BpALIECHUs] HOHOB B IUIOCKOCTH, NMEPICHANKYJIIPHOW HANpaBICHUIO MarHUTHOTO MOJS, JINOO MpELeccuu
MarHUTHBIX MOMEHTOB BOKPYI HAIPaBICHUS BEKTOpAa MAarHUTHOrO Nojs. BTOpoil MexaHu3M CBS3aH C
MIE30JICKTPUYECKUMH  CBOWCTBAMHM KpPaxMaJbHBIX 3€peH (IIOPHCTOE IbE30IEKTPUUECTBO). ITO
CBOMCTBO KpaxMaJsla MOXXET BbI3bIBATh U3MEHEHHS [IBI)KCHHSI KpPaXMaJbHBIX 36PEH B KOMOMHUPOBAHHOM,
NMEPEMEHHOM U JTaKC MOCTOSIHHOM MAarHUuTHOM IT10JIC. TpeTI/lﬁ MCXaHH3M CBs3aH C (l)aSOBI)IMI/I nepexogamMmu
B BOJIC, BbI3BAHHbIMU CJ'Ia6I)IM KOM6I/IHI/Ip0BaHHbIM NI IEPEMECHHBIM MAariuTHBIM I1OJIEM.

BoiBoabl. CpaBHeHne 3((eKTOB, BBI3BAHHBIX TPEMs 3TUMH MEXaHHU3MaMU MEXIy COOOH, MO3BOJIMIIO
BBIOpaTh HanOoyiee BEpOSITHBIM MexaHM3M. [loka3aHo, YTO TEpBBIH MEXaHU3M SIBJIsETCS HanOoiee
MPEANIOYTUTENBHBIM, OCKOJIBKY OH II03BOJISIET OOBSCHHTH 3aBHCUMOCTH HaOMI0aeMbIX 3(QEKTOB OT
HaMpaBJIEHUs] MATHUTHOTO MOJIS.

K/IFOYEBBIE CJIOBA: koMOMHMpPOBaHHOE€ MAarHMUTHOE II0Jie; INEPEMEHHOE€ MAarHUTHOE IIONe; MOCTOSHHOE
MAarHuTHOE II0JIC; IUKIOTPOHHAs 4acTOTa MOHOB; KPaXMAaJIbHBIC 3€PHA; IIbE30XJICKTPUYECTBO; MOHBI H;0"; nimnna
cBOOOJHOTO Mpodera MoHa.

NEPBICHUM ®I3UYHUI MEXAHI3M I[II PI3BHUX MATHITHHUX I1OJIIB HA KOPIHHS
JAEAKNUX POCJINH
H.B. Wleiikina', H.I. Borarina’
! Hayionanvhuii papmayesmuynuii ynisepcumem, ey, Ivukincoka 53, 61002, Xapxis, Yrpaina
2 isuko-mexuiunuii incmumym nuzvkux memnepamyp im. b.1. Bepkina HAH Yxpainu, npocn. Hayku 47,
61102, Xapxis, Yxpaina

AkTyanbHicTh. J[it0 MarHiTHUX MOJIB HA 010JIOT1YHI 00'€KTH Ha TENEpIlIHIi Yac JOBEIEHO BEIUKOIO KiJIbKICTIO
EKCIICPUMCHTIB, OJTHAK €IMHOTO (PI3MYHOI0 MEXaHi3Ma, SKWH OW MOSCHIOBaB MAarHiTHI e()eKTH, J0Ci HE iCHYE.
OnHUM 3 MOJIEKYJIIDHMX MeXaHi3MiB OionoriyHoi [mii 3MIHHHUX MarHiTHUX TIOJIIB MOX€ OyTH 1OHHUH
LUKIOTPOHHUH pe3oHaHc. OJHAK Y HBOMY BHIAIKY Ba)XKO MOSCHUTH Mally BEJIWYMHY MarHiTHOI iHIYKLIT JUIst
MOCTIfHOTO MAarHITHOTO TOJS i MajJy IOBXKHHY BUIBHOTO Tepediry ioHiB A KOMOIHOBAaHOTO MAarHiTHOTO ITOJIA,
IO CTIOCTEPIraroThCS.

Meta poGorn. Metoro poOoTH Oyyo y3aralbHUTH BJAaCHI pe3yinbTaTH, L0 OyJM OTpPHUMaHi paHilie B
MOCTIHHOMY, 3MIHHOMY 1 KOMOIHOBAaHOMY MArHITHHX IOJISIX Ta MOSICHUTH X 3a JIOMIOMOTO0 OJTHOT'O MIEPBUHHOTO
(i3u4HOrO MeXaHi3My.

Marepianu i Meroau. 3actocoBaHi y poOOTI METOAM 3aCHOBaHI Ha BUKOPHCTaHHI NOOpE BiJTBOPIOBAHUX
MAarHiTHUX yMOB. JIJi IIbOr0 BHKOPHCTOBYBAIM 3-X IIApPOBI MEPMAaIOEBI SKPaHU Ta HAAMPOBIIHUN CKpaH 3
TermM pobounM o0'emom. IlITydHe MarHiTHE IojJie CTBOPIOBAJIM BCepenuHi ekpaHiB. JlocmimpkyBanach
TPaBITPOIIYHA PEaKIlisi KOPIHHS Kpec-calaTy, KYKYpYI3H 1 TOPOXYy.

Pe3yabTaTu Ta 00roBopeHHs. Bci oTpuMaHi pe3ysbTaTi MOpiBHIOBAIMCS 3 TEOPISIMU 1 po3paxyHKaMH, siKi Oyiu
po3poOiieHi paHime, i TppOMa MeEXaHi3MaMH, 3alpOIIOHOBAaHWMHK HIDKYE. Byno MoOKa3aHo, IO iCHYE TpH
MEpBUHHNX (I3MYHUX MEXaHi3MH BIUIMBY IIOCTiHHOTO, 3MIiHHOTO Ta KOMOIHOBAaHOTO MAarHITHOTO TIONIB Ha
TPaBITPOMIUHY peakiilo pociuH. BoHHM 3amexaTs Bil B3a€EMHOTO PO3TAllyBaHHS KOPEHIB, CHJIM TpaBiTarii i
B32€EMHOT0O PO3TalllyBaHHsI KOMIIOHEHT MarHiTHOTO 1oJist (OCTiHOT Ta 3MiHHOI). [lepiunit MexaHi3M 3aCHOBaHU
Ha KJIACMYHIA Mozeni oOepraHHs IOHIB B IUIOLIMHI, 10 MEPHEHIMKYJSIPHA HAMpPsSMY MarHiTHOro mnoss, abo
nperiecii MarHiTHUX MOMEHTIB HAaBKOJIO HANPSIMKY BEKTOPY MarHiTHOro noss. Jpyruii MexaHi3Mm moB's3aHuil 3
M'€30€JIEKTPUYHAME  BJIIACTHBOCTSIMM  KPOXMaJIbHUX 3epeH (mopucra m'e3oenekrpuka). Ll BiacTuBicTb
KPOXMAJTI0 MOKE BUKJIMKATH 3MiHH PYXy KPOXMaJIbHUX 3€peH B KOMOIHOBAaHOMY, 3MIHHOMY 1 HaBiTh ITOCTIHHOMY
marHiTHOMY moii. Tperiii MexaHi3M mNoB'si3aHMi 3 (Pa30BMMHU TepexoJaMu y BOAI, LIO BUKJIMKaHI CIaOKUM
KOMOIHOBaHMM a00 3MiHHMM MarHiTHHUM IIOJIEM.
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BucHoBku. [TopiBHSIHHA e(eKTiB, BUKIMKAHAX TPhOMa IIMMH MEXaHi3MaMH MK cOOO0, JTO3BOIWIO BHOpAaTH
HaOUTPII WMOBIpHUIT MexaHi3M. [lokazaHO, m0 mepmmii MEXaHi3M € HaHKpamuM, OCKUIBKH BiH IO3BOJISE
MOSICHUTH 3aJISKHICTh CIIOCTEPE)KYBAHUX B MATHITHOMY IT0JIi €(PEKTiB BiJ HAIIPSIMYy MAarHITHOTO TOJIS.
KJIIOYOBI CJIOBA: komM0iHOBaHE MarHiTHE MoJjie; 3MiHHE MAarHiTHE MOJe; MOCTiMHE MAarHiTHE MOJie; UKIOTPOHHA
YaCTOTA i0HiB; KPOXMaJIbHi 3epHA; IOPUCTA I'e30eTeKTprKa; ionn H3;O'; foBkuUHA BiNbHOTO MpOGiry ioHy.

Bogatina N.I. supposed many years ago that the primary mechanism of magnetic field
action on biological objects had the physical nature [1]. It was shown in [1] that there were
many analogies between the action of magnetic field and gravity. The action of permanent
magnetic field and gravitry had the thresholds and their threshold values correlated very well
between themselves. These conclusions were made on the base of the experimental works of
Bogatina et al. on the observing of the threshold of growing reaction of wheat’ coleoptiles and
roots [2] and work of Merkis [3] who observed the threshold dependence of gravitropic
reaction of roots and coleoptiles of plants on gravity.

In our previous works we obtained the following experimental results.

1. The presence of threshold for gravitropic reaction of plants both in permanent and
alternative magnetic field [4, 5].

2. The biological effect in combined magnetic field (static magnetic field and collinear to
it alternative magnetic field) depended on the direction of roots relatively permanent and
alternative magnetic fields and the direction of these fields relatively the gravity force and each
other [6, 7, 8].

3. The observation of negative gravitropic reaction for roots in some cases [9-13].

4. The distribution of amyloplasts and Ca*" ions in the roots differed from the usual while
the negative gravitropic reaction was observed. For small time of treatment in combined
magnetic field amyloplasts were located in the center of the cells. For long time they moved to
the upper part of the cells. Ca*" ions moved to the upper part of the cell in contrary its usual
movement to the down part [10, 12, 13].

5. The dependence of biological effect on concentration of Ca*" ions was not linear [10].

The aim of the work is to compare the experimental results obtained by us before with the
new theoretical propositions and accounts supposed by other authors and us and selection of
the preferred model.

MAGNETIC AND ELECTROMAGNETIC CONDITIONS

It is important to notice here that all experimental results we used here to build the model
of static, alternative and combined magnetic fields action on biological objects (roots in our
case) were obtained under well reproducible magnetic and electromagnetic conditions [4-13].
These conditions were achieved by using two- coated p-metal shields and superconductive
shield with warm volume on the technical base of the Institute for Low Temperature Physics
and Engineering of National Academy of Science of Ukraine (Kharkov, Ukraine).

The static and alternative magnetic fields were created artificially by 2 coaxial solenoids
in p-metal shield. The remained magnetic field in p-metal shield was equal to 20 nT. The
level of magnetic noise at the frequencies we used was not more than 2 nT/Hz".

For superconductive shield with warm volume the remained magnetic field was equal to
5-7 nT. The static magnetic field was frozen in the work volume by transition the Pb shield in
the superconductive state in external magnetic field from the circular couture, that wasn’t
located in the bottom part of the shield. The magnetic noise level for superconductive shield
was not more than 0.01 nT/Hz"’.

The alternative magnetic field was created by using of long solenoid. The data in
combined magnetic field were obtained for cyclotron frequency of Ca®‘ions. The static
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magnetic field’s induction was 8.65uT, the alternative magnetic field’s amplitude was
15.9uT, the frequency of it was equal to 6.85 Hz.

MECHANISM OF MAGNETIC FIELD ACTION

In [7] we proposed the mechanism of action of permanent magnetic field and combined
one. It was based on the results of our experiments of action of both the permanent magnetic
field and combined one and the theoretical work of Liboff with coauthors [14].

Here we developed our proposition [7].

In [7] we showed that the absence of permanent magnetic field leaded to the decreasing of
any ions stream diameter near the membrane and to the changes of pressure on the membrane.
So it might to lead to the shutting of some channels for ions and to the presence of biological
effect. The effect had to have the threshold for magnetic inductance value that depended on the
minimal distance between the ion’s channels.

This model was used recently by Bingi V.N. [15]. The dependence of the probability of
biological effect on the magnetic field inductance coincided very well with the obtained by us
in [4, 5] even in details. (Fig. 1, 2).

70
65 -
60 -
55 -
50 -
45
40 -
35 -
30 -
25
20 -
15 -
10 -

5

0

Nan/No (%)

0,01 0,1 1 10 100
B (uT)

Fig. 1. The dependence of quantity of roots with anomalous gravitropic reaction (that is up and perpendicular to
gravity) on the inductance of permanent magnetic field (experimental results [4]).

But we have to notice, that the value of the effect in the experiment was about 60%, while
the predicted one was only 15 %. The difference might be connected with the difference of the
parameters values (here a — was the parameter of signal interaction and t —was the parameter
of the thermal interaction). The other reason for the difference was the following. In [15] the
averaging was made for all directions of ions, but in our case we had evidently one main
direction.

From the comparing of our results with the results of assessments [15] we can obtain
besides the threshold value that is equal to 0.1-1 pT, the time of thermal relaxation for ions. It
is of order 107 s for electrons, 10~ s for proton and 102-10"s for ions. The qualitative
accordance between curves on Fig. 1 and Fig. 2 was good. As we noted [7] the effect is more
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for directed moving of ions. And it can decrease and even disappear when there was no
distinguished direction of ions moving or this direction coincides with the direction of
permanent magnetic field. As it was noticed in [15] the biological effect may be much more
than the primary probability effect that had been counted.

RV
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0.01 0.1 1 10 100
vHt

Fig. 2. “Effect of magnetic vacuum” is the increasing of probability of primary reaction caused
by the permanent magnetic field decreasing [16] (y is the gyromagnetic attitude; t is the time of
thermal relaxation). The probability R is zero dimensional magnitude and the magnitude yHr is
zero dimensional too.

The only criticism that might take place was the big value for thermal relaxation time. It
might be got over by the last theory of Del Guidice [16] who noted that adjacent to the
membrane in EZ water (the type of water, variously called vicinal, interfacial, and now
excluded zone, or E-Z water) the free path’s length of ions could be much longer because of
the domain structure of the water. This fact was confirmed indirectly by our work on
hydronium [17, 18] and directly in the work of Liboff [19] they observed the phase transitions
in the pure water in combined magnetic field and alternative magnetic field.

The same threshold effect was obtained for alternative magnetic field treatment while the
static magnetic field was absent [5, 20]. We studied the gravitropic reaction of cress roots on
time at the amplitudes of alternative magnetic field from 20 nT up to 5 uT and wide diapason
of frequencies (from parts of Hz up to 50 Hz).[5]. We revealed the presence of the step at the
curve of dependence of roots’ divergence angle on amplitude of alternative magnetic field. It
was located approximately at 2uT. At amplitudes less than 0.2 uT the gravitropic reaction of
cress roots was decreased essentially, but at the amplitudes more than 4 uT the gravitropic
reaction was usual. So both static and alternative magnetic fields starting from certain
magnitude began to influence on the gravitropic reaction of roots. The influence consisted in
the essential increase of gravitropic reaction above some amplitude of alternative or static
magnetic field. The threshold induction value is more for alternative magnetic field, than for
static one. The fact coincides with the accounts [15].

The explaining of the effect is based on two hypotheses. The first one takes in to account
membrane electric field and the second one proposes that Ca** ions flow by narrow directed
stream.
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The roots treated in the alternative magnetic field are present some part of period in the
magnetic field that is less than the threshold of static magnetic field. This fact leads to
decreasing of gravitropic reaction. When the amplitude of magnetic field becomes more than
definite value, the ion’s stream widens and captures more channels. So the gravitropic reaction
has to increase until the definite limit. The limit is determined by ions’ free path length [5, 20].

The effect didn’t depend on the frequency while we substitute the permanent magnetic
field by the alternative one [15] for the frequencies more than 1Hz.

In the work [17] we explained the effect of combined magnetic field action by the fact that
in combined magnetic field some part of the time our roots were in the magnetic field that was
less than the threshold value and it might lead to the essential decreasing of gravitropic
reaction. And this model was calculated in the work of Bingi V.N. [15].

As it was shown in [7] all the ions that had velocity non parallel to the magnetic field
direction were pressed to the cell membrane (the centrifugal force appeared during the rotation of
ions). The induction of combined magnetic field changed from 0 to its maximum value during
the period of alternative magnetic field so the pressure on membrane changed from maximum to
0. The amyloplasts might be carried away by ions stream to the membrane and pressed to
membrane. When the inductance became too small and aspired to 0 the amyloplasts might be
thrown away from the membrane to the center of the cell or even more to the upper or lower-
laying part of the cell. As the concentration of ions in the lower-laying part of the cell was more
than in the upper one due to the gravity, the concentration of amyloplasts in the upper part of the
cell might exceed the concentration in the lower-laying part of the cell. All these facts were
observed by us in [10, 12, 13]. The maximum effect had to be seen when there was the directed
movement of one type of ions and it might be increased by the resonance at cyclotron frequency
that coincided with the frequency of the alternative magnetic field. The amyloplasts might even
to defense the investigated ions from the collisions with other ions and to increase their free
path’s length. The ions might be also carried away with the amyloplasts to the upper part of the
cell. As the amyloplasts had a big mass compared to the ion’s mass the way at which the ion lost
its speed also increased when it moved with the amyloplasts. Besides the change of Ca*" ion
concentration might lead to the change of the concentration of auxin ions because Ca>" ion took
part in the process of syntheses of auxin and so to change of gravitropic reaction.

All these considerations might to explain all effects we observed. We can also explain all
the results about the dependence of biological effect of the direction of combined magnetic
field. The absence of any effect for parallel directions of roots and combined magnetic field
may be easily explained. The direction of ions stream didn’t change in parallel to its direction
magnetic field. The investigation of combined magnetic field influence on the plants roots
gravitropic reaction was studied in details before [6 — 13]. The different results obtained for
different roots directions are shown on Fig 3.

It was found that roots gravitropic reaction was negative in first case and it was slowed
essentially in the second one. In third case it was usual. So for the combined magnetic field the
model for cyclotron resonance of ions is preferred because of the absence of any biological
effect in some directions.

The other effect — the dependence of biological effect on the method of observation of
gravistimulation may be easily explained in frames of this model. While observing the
gravitation reaction on wet plane when the roots touched the plane with all their length we
changed the direction of ions moving and so changed the biological effect.

The only objection from this model was the fact that the free path of Ca®" ions was small.
We estimated it. The average thermal velocity for Ca®" ions was equal to 200 m/s, time
between collisions was of the order 10™ s. So the free path was equal to 2:10” m (200 nm). As
the distance between the Ca*" channels was of the order 5-10 nm [21] the ion had time for
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interaction with many channels. If the free path might be increased by 5 — 50 times, then any
objection about the possibility of cyclotron resonance could be overcome because its length
will approach the dimension of plant’s cell. In the case with static or alternative magnetic
fields we didn’t need longer free path. Obtained free path is quite enough. We shall notice here
that for H™ ions the average velocity and so the free path was by 7 times more than for Ca"
ions.
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Fig.3. Different biological effect for different directions of combined magnetic field. Here Bpc is
the induction of static magnetic field component; Bac is the induction of alternative magnetic
field component. They are parallel to each other. Combined magnetic field was parallel to the
gravitation vector, the roots were located perpendicular to gravity and combined magnetic field
vector (1); combined magnetic field was perpendicular to the gravitation vector and roots were
located perpendicular to combined magnetic field and gravity (2); combined magnetic field was
perpendicular to the gravity and roots were located parallel to combined magnetic field (3). The
primary direction of roots always lays in the horizontal plane and is directed perpendicular to the
acceleration due to gravity g. On the photos the gravitropic reaction of roots was fixed after 2
hours’ treatment in different combined magnetic fields. The orientation of roots and
corresponding the photo combined magnetic fields components relatively gravity vector g were
showed above each photo. Here results were shown for cress’ roots. Analogous results were
obtained for pea’ roots and maize ones. All results were obtained for the frequencies of
alternative magnetic field component tuned to the cyclotron frequency of Ca*“ions in the static
magnetic field Bpc.

The other effect that we couldn’t throw away was the fact that the amyloplasts were the
starch grains (porous piezoelectric), and thus they are piezoelectric particles. While they are
pressed to membrane the grains might polarize and create the electric field near themselves. As
the direction of created dipole of the starch grain near the membrane wasn’t determined it had
to rotate and aspire to be parallel to the direction of electric field even in the contrary to the
gravity. The created electric field is alternative one and had the frequency of alternative
component of combined magnetic field. So in combined magnetic field the dipole had to
change its direction with the changing the direction of alternative magnetic field. Besides the
dipole moves in combined magnetic field and creates electric field. That should to lead to
electromagnetic field generation from the dipole. So the grains lost the energy and gravitropic
reaction may be changed. The resonance had to take place when the frequency generated by
electric dipole coincided with the frequency of alternative component of combined magnetic
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field. But this frequency had nothing with the cyclotron frequencies of ions observed in
experiment. The advantage of this model was in the absence of necessity of long free path for
particles. This model couldn’t explain the threshold for the dependence of biological effect
probability on the induction of magnetic field. But the direction of dipoles relatively combined
magnetic field was also important. The generation of electromagnetic noise from plants was
observed by us in [9].

The third independent physic-chemical mechanism is connected with our last experimental
work [18]. It is based on the result that the hydronium ions took immediate part in the
gravitropic reaction. Though there was no any negative gravitropic reaction for these ions (it
was only the essential decreasing of the gravitropic reaction) the peak for H;O" ions was well
observed.

We also observed the increasing of concentration of H+ ions (pH measurements) during
treatment of the pure water in combined magnetic field alternative component of which was
tuned to the cyclotron frequency of hydronium ions. According to the hypothesis of Del
Giudice [16] the free path for ions in the water near the membrane was much longer than in
usual because of domain structure of this water and ion might jump between the domains. The
change in the H;O" and H' ions concentration that took place at the frequency of alternative
magnetic field equal to the cyclotron frequency of the H;O" ions led to the change of other
water characteristics It might lead to the changes of stretching and it might be different in
different parts of the root. So it might lead both to decreasing of gravitropic reaction and to
negative gravitropic reaction.

As the peaks of Ca®" ions and hydronium ions were located very close between themselves
the effects might be mixed. All the ions including the ions of metals may get to the EZ zone
near membrane (the zone of structured water) but it is not clear whether they will have the long
free path in that zone or only water components will have the long free path in that zone.

The measurements of conductivity of pure and clean water with the fixed concentrations
of Ca”" ions can give the answer on this question.

CONCLUSIONS

Three physical primary mechanisms were proposed in the work. The first one was
preferable (this was the mechanism of action of magnetic field on ions).

It could explain the presence of the threshold in the dependence of probability of
biological effect (changes in gravitropic and growing reactions in our case) on the induction of
static magnetic field and the same effect in the alternative magnetic field (the threshold
character of the changes in gravitropic reaction on amplitude of alternative magnetic field
induction).

This mechanism was responsible for the resonance interaction of combined magnetic field
alternative component of which was tuned for the cyclotron frequency of the ion (or for the
magnetic moment of the ion that was one and the same). It could explain also all direction
dependencies of biological effect. The only objection that the free path of the ion was too short
for existence of ion cyclotron resonance might be overcame by the hypothesis that in EZ-water
near the membrane the free path of any ions (not only hydronium) was much longer. But we
couldn’t exclude the other two primary mechanisms. Beside the third one was the first
mechanism fitted to the water.
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AkTyanbhict. Na',K'-ATP-asa Bigirpac BupimansHy pois y isionorii crepmaro3oimis Ta
HiATpUMaHHi ix depTumizamiitnoi 3naTHOCTi. Na" K'-ATP-a3a € ofHiero 3 MimeHeH mus aKTHBHHX (QOpM
okcureny. [imepnponykiisi akTUBHUX (OPM OKCHUI€HY MOXKE MNOIIKOIUTH KIITHHU CHEPMAaTO30iliB i
BBXKAETHCS OIHUM 13 MEXaHI3MIB YOJIOBIYOTO HETUTIIA.

Meta podorn. Ouinury BB H,O, Ha ocHOBHI KiHeTHuHI mapamerpu rigponizy ATP yabainuyTinBoro
Na',K'-ATP-azor0 crepMaTo30iiB  (epTUIbHUX (HOPMO300CHepMis) Ta iH(MEPTUIBHUX YOJIOBIKiB
(acteHo300cIepMis).

Marepiaau i metonn. AxrupHicts Na',K'-ATP-a3u Bu3Hauamu crekTpooTOMETPHYHO 32 YTBOPEHHIM
P;. KonienTpariiini 3a1eXHOCTI JliIHeapr30BaHO B KoopanHartax JlaiinyiBepa-bepka.

Pe3yabTaTn. IIpomeMoHCTpOBaHO eeKTHBHHUI iHriOytounii BB H,O, Ha yabaimgyTmuBy Na',K -ATP-
a3Hy aKTHBHICTH CIIEPMaTO30iiB (PEepTHIBPHUX Ta THOEPTHIHLHUX YOJIOBIKIB. Y 3B’S3KYy 3 IHTIOYIOUHM
epexrom H,O, Oyito mocmimpkeHo BIUIMB HBOro e(eKTopa Ha OCHOBHI KIHETHYHI MapaMeTpH Tiaposisy
ATP 3a yuactio Na" K'-ATP-asu. Y BchOMY Aiama3oHi J0CTiKyBaHNX KOHIEHTpamiii ATP akTHUBHICTH
Na',K'-ATP-a3u crepMaTo30ifiB IITiIHMX Ta HEIUTIHMX YOJOBIKiB 3HIKEHa 3a mpucyTHocTi H,O, B
cepenoBui inky6auii. ITpote, onTumansha aktupHicth Na',K'-ATP-a3u crepmato30imiB 4oNOBiKiB 3
HOPMO- Ta aCTEHO300CIEPMIEI0 CriocTepiraeThest 3a HassBHOCTI S MM ATP B inkyOauiiiHoMy cepeqoBHILi.
[lnsixom JtiHeapu3alii OTPUMAaHUX HaHUX y KoopauHarax JlaiiHyiBepa-bepka BH3HAYEHO OCHOBHI
kinetnuni mapamerpn Na',K'-akrmBoBamoro, Mg’ -3anexnoro rigpomizy ATP B crepMato3oizax
deprunpEux Ta iHepTHIBLHMX uonosikiB. 3a xii H,O, koHcranTa cropizuenocti Na' K'-ATP-asu no
ATP B criepmaTo30iax 40JIOBIKIB 3 HOPMO- 1 aCTEHO300CIIEPMI€I0 3pOCTae B JeKiiabKa pa3siB. I[louaTkoBa
MaKCHUMallbHa IIBUAKICTH Tifpomnizy ATP cyTTeBo 3HMKYETBCSA JHIIE B CIIEpMaTO30iax (epTHIIBHUX
YOJIOBIKIB 3 HOPMO300CIIEPMIEIO.

BucnoBkun. 3a ymoB H,0,-iHIyKOBaHOTO OKCHJIATUBHOTO CTpEeCy MPHUTHIYEHHS aKTUBHOCTI
yabairuyTmueoi Na',K'-ATP-a3u B cIiepMaro30iax UOJOBiKiB BiIOyBaeThCS 3a PaXyHOK 3HIDKCHHS
CIIOPITHEHOCTI €H3UMYy 10 CyOCTpaTy Ta 3HIDKCHHS 4Juciia 00epTiB €H3uMy (JIUINe Ui CIIepMaTO30iMmiB
(hepTUIBHUX YOJIOBIKIB).

KJIOYOBI CJIOBA: Na'K'-ATP-aza; inriOyBaHHs; KiHETMUHMH aHami3; CHEpMAaTO30iaK;
iH(EPTUWIBHICTD Y YOJIOBIKIB.

EFFECT OF HYDROGEN PEROXIDE ON THE MAIN KINETIC PARAMETERS OF ATP
HYDROLYSIS BY OUBAIN SENSITIVE NA", K-ATP-ASE IN SPERMATOZOA
OF INFERTILE MEN
R.V. Fafula, O.I. Meskalo, E.I. Lychkovskyy, Z.D. Vorobets
Danylo Halytsky Lviv National Medical University, Pekarska Str., 69, Lviv, 79010, Ukraine

Background: It is known that Na' K'-ATPase plays important role in physiology of spermatozoa
including their motility. Na',K'-ATPase is one of the targets for reactive oxygen species.
Hyperproduction of reactive oxygen species can damage sperm cells and is considered to be as one of the
mechanisms of male infertility.

Objectives: To evaluate the H,O, effect on the main kinetic parameters of ATP hydrolysis by oubain-
sensitive Na',K'-ATPase of spermatozoa of fertile (normozoospermia) and infertility men
(asthenozoospermia).

Materials and methods: Na“, K'-ATPase activity was determined spectrophotometrically by production
of P;. Concentration dependencies ware linearized in Lineweaver-Burk plot.
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Results: Effective inhibitory effect of H,O, on ouabain-sensitive Na",K'-ATP-ase activity of sperm cells
of fertile and infertile men was demonstrated. The effects of H,O, on the main kinetic parameters of the
ATP hydrolysis with the involvement of Na®, K'-ATP-ase was studied. In the whole range of studied
concentrations of ATP the Na’, K'-ATP-ase activity of spermatozoa of fertile and infertile men was
reduced in the presence of H,0, in the incubation medium. However, the optimal activity of the Na’, K'-
ATPase activity of sperm cells in both normozoospermic and asthenozoospermic men was observed in
the presence of 5 mM ATP in the incubation medium. By linearization of concentration curves in
Lineweaver-Burk plot the main kinetic parameters of Na', K -activated, Mg*‘-dependent ATP hydrolysis
in the sperm cells of fertile and infertile men were determined. Under the effect of H,O,, the affinity
constant of enzyme to ATP in normozoospermic and asthenozoospermic men increases several times. The
initial maximum rate of ATP hydrolysis was significantly reduced only in the spermatozoa of fertile men
with normozoospermia.

Conclusions: Under conditions of H,O,-induced oxidative stress inhibition of ouabain-sensitive Na* K-
ATP-ase activity in sperm cells occurs due to a decrease in the enzyme affinity to the substrate and a
decrease in the maximum reaction rate (only for asthenozoospermic men).

KEY WORDS: Na', K'-ATPase; inhibition; kinetic analysis; spermatozoa; male infertility.

IPPEKTHI HEPEKUCU BOAOPOJA HA OCHOBHBIE KHUHETUYECKHUE TAPAMETPbI
TUJIPOJIN3A ATP YABAMHUYBCTBUTEJBHOM NA", K* -ATP-A301
CIIEPMATO30M10B HE®EPTUJIbHBIX MY KYUH
P.B. ®adyaa, O.A. Meckaiuo, E.WN. JIsruxosckuii, 3./1. Bopo6en

JIv606CcKUL HAYUOHANLHBIN MeOuyUHCKUL yHueepcumem umenu [anuna I anuyxoeo, ya. Ilexapckas, 69,
. JIvsos, 79010, Yxpauna

Axktyanbnocth. Na'K'-ATP-aza wurpaer pemarouryro pojib B (U3HONOTUH CHEPMATO30MIOB U
moAep KaHuH UX (PepTHIN3AIHOHHON CIIOCOOHOCTH. Na* K'-ATP-a3a sBisieTcsl OHOM U3 MHULICHEH IS
aKTHBHBIX (hopM Kuciopona. [ mnepnpoaykius akTUBHBIX (OpM KHCIOPOJa MOXKET MOBPEXKIATh KICTKH
CIEpPMAaTO30HMI0B M CUUTACTCS OJHUM M3 MEXaHU3MOB MY>KCKOTO OecTiioausl.

Heabp padorbl. Ouenuts BausHue H,O, Ha OCHOBHBIE KHMHETHYECKHE NapaMeTpbl ruaposmza ATP
yabaunuysctBuTenbHOM Na',K'-ATP-a3o0if crepmaTo30ua0B (DEepTHIBHBIX (HOPMO30OCHEpMHUS) U
He(pepTIIIFHIX MYX4YUH (aCTE€HO300CTIEPMHS).

Martepuaibl u MeToabl. AxtuBHocTh Na'K'-ATP-asbl ompemensnu cHeKTpOQOTOMETPUUECKH MO
oOpazoBanuio P;. KoHueHTpanMoOHHbIE 3aBHCHMMOCTH JIMHEApU30BaHHO B KoopauHatax JlaitHyuBepa-
Bepxa.

Pesyabratel.  IIpomemoHcTpupoBano  3¢ddextuBHOe  MHrMOupyromee  Biausaue  H,O, Ha
yabaunuyBcTBuTenbHYl0  Na',K'-ATP-a3sHyl0  aKkTMBHOCTh  CHEpMATO30MAOB  (DEPTUIBHBIX U
WHPEPTUIFHBIX MY>X4HiH. B cBsi3u ¢ nHTHONpYRomuM 3¢ dexrom H,O, 65110 HCcneoBaHO BIMSIHAE 3TOTO
areHTa Ha OCHOBHBIE KMHETHUeCKHe mapamerphl ruaponnsza ATP ¢ yuactuem Na' K'-ATP-aspr. Bo Bcem
Uama3oHe HcciaenyeMbix KoHmeHTparmui ATP  aktuBHOCTB Na' K'-ATP-azsr CIIEPMATO30MI0B
(bepTWIPHBIX W OECINIOTHBIX MYX4YMH CHIDKeHa B mpucyrctBuu H,O, B cpenme mukyOamwm. OmgHaxo,
onTuManbHas akTuBHOCTh Na',K'-ATP-a3bl CiepMaTo30KI0B My’KYHH ¢ HOPMO- M acTEHO300CIepMUeit
Habmomaercs npu Hammunu 5 MM ATP B muKyOarmonHoi cpene. Ilyrem nuHeapu3aniy MOITy4eHHBIX
JaHHBIX B KoopauHaTax JlaiiHyuBepa-Bepka ompeenensl OCHOBHBIE KMHETHUecKHe mapameTpbl Na',K'-
axTuBHpoBanHOro, Mg®" 3aBucumoro rumpommsa ATP B criepMato30u1ax GEpTHIBHBIX U He(epTHIbHBIX
myskuns. [lon Biusanem H,0, koncTanTa cpogctea Na',K '-ATP-a3s1 B ATP B criepMaTo30H1aX My>K4HH
C HOPMO- M AacTE€HO300CIEpMHUEH pacTeT B HECKONbKO pa3. HauanbHas MakcuManbHash CKOPOCTb
rugponu3a ATP cymiecTBEHHO CHIMDKaeTcsli TOJBKO B CIIEpMaro3ouaax (epTWIBHBIX MYKYHH C
HOPMO300CHEPMUEH.

BeiBoabl. B ycnoBusix H,O,-MHIyIMpOBaHHOTO OKCHIATHBHOTO CTpecca IIO/ABJICHHE AKTHBHOCTH
yabannuysctBuTenbHOM Na',K'-ATP-a3sl B criepMaTO30M1aX MY’KYHH MPOUCXOIHUT 32 CUET CHUIKEHMS
CpOJCTBa SH3WMA K CyOCTpaTy M CHIDKSHHS YHCIa 000pOTOB (epMeHTa (TOJIBKO AJIS CIEpMATO30HIIOB
(epTHIIBHBIX MY)KYHH).

KJIOUEBBIE CJIOBA: Na',K'-ATP-a3a; WHTHOUPOBAHUE; KMHETHYCCKUAN aHAU3; CIEPMATO30M/bl; MYMKCKOE
Gecrionue.

Na' K'-ATPa3za (Na',K'-akruBoBaHa, Mg2+-3ane>i<Ha ATP-rimponaza, EC 3.6.1.37)

imeHTu(dikoBaHA B PI3HMX KIITHHAX, 30KpeMa, 1 B cmepmarosoimax. JIBi i30hopmu
. . . + + . . . . .
karamitnyHoi cybommnuii Na ,K'-ATPa3u, al Ta 04, ski MamOTh pi3HI KaTaliTUYHI
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BJIACTUBOCTI, iMeHTH(]iIKOBaHO B cmepmaro3oinax. CnepMaro30iid TpPaHCTEHHUX MHUIIEH,
HOKAyTHHUX 3a T€HOM 04, BTpayayid 3[aTHICTh IO 3aIUTIIHEHHS SHIEKITITHH, 1[0 BKa3ye Ha
Baromy ponb Na' ,K'-ATP-a3m j1a  migrpumarHs — (epTwimizamiiiHOi  37aTHOCTI
ciepmaro3oinis [2]. Bigomo, mo Na',K'-ATP-aza Bifirpae BupimansHy ponsb y diziomorii
criepMaTo30ifiB. EH3MM peryntoe pyxJiuBICTh KIIITHH, Tmpodidepariro KIITHH, CHHTE3
[JIIKOTeHY, BHYTpPIIIHbOKJIITUHHUI KaJbllieBUH piBEHb, TOMEOCTa3 HOHIB HATPIIO,
CHUTHANI3aIll0 Kajbllifo, amonrto3, Tomo [3-5]. CurnaneHi (QyHKIIT eH3uMy Oyiau
MPOJEMOHCTPOBaHI B PI3HUX TUMAX KIIITHH, 30KpeMa, B criepmaro3oimax [1].

INnepnpoaykiis aktuBHUX (GopM okcureHy (ADO) MoKe TMOMKOAUTH KIITHHA
CIIEPMATO301/1iB 1 BBAXKAETHCS OJHUM 13 MEXaHI3MiB 4osioBidoro Hermiaas [6]. ADO moctiitHo
BUPOOJISIETbCA B OLIBIIOCTI KJIITHH, a iXHIA BMICT DPETYJIOETHCS PSIIOM EH3UMAaTHYHUX 1
HECH3MMAaTUYHUX aHTHOKCUAAHTIB. ADPO MOXyTb 3MIHIOBaTH CTPYKTYypy 1 QyHKUii
010MOJIEKYJ, BKJIIOYAIOYM TIOJIHCHACHUYCHI XUPHI KHUCJIOTH CHEPMaJIbHUX MeMOpaH, B
pe3yspTaTi 4oro BiAOyBAaeThCs MEPOKCHUIHE OKUCHEHHS JIMIAIB 1 MOPYIIEHHS MEeMOpaHHHUX
oinkiB. [lokazano, mo ex3oreHHe nonaBaHHs H,O, 30imbirye piBeHb BHYTPIITHBOKITITHHHUX
ADO B cnepmarosoigax [7]. KpiM yTBOpeHHS BHCOKOE(EKTHBHUX PEAKTUBHUX MOJEKYI,
H,0, Moke BUKIMKATH DS NPSIMHUX BIUIMBIB Ha KJIITHHHU, MOPYIIYyBaTH iX METa0OI3M Ta
(YHKI10HYBaHHSI €H3UMIB.

Mertoro pobotu Oyso omiauT BB H,O, Ha OCHOBHI KIHETHYHI MapaMeTpH T1APOITi3y
ATP ya6ainuyriuBoro Na',K'-ATP-a3010 crepMaro3oifiB (QepTHILHHX Ta iH(MepTHILHHX
YOJIOBIKIB.

MATEPIAJIM I METOU

MarepianoMm st JOCHIKEHHST OyJid 3pa3kd CiM’SIHOI PIIMHU, SKY OTPUMYBAIH ITICIIS
crareBoi aOctuHeHwil 3-5 nHiB. [lokazHuKK criepmorpam (KOHIEHTpaIlisl CriepMaTo30i/IiB, iX
pyXJIuBiCTb, MoOpdoJoriss Ta BIICOTOK JKMBHX (OpPM) OIIIHIOBAIM 32 JIOMOMOTOIO
CBITJIOONTHYHOI MIKPOCKOIIii, 3TiTHO 3 TUPEKTUBaMU 11070 ix mpoBenaeHHas (BOO3, 2010) [8].
Marepian oOTpuMyBajdd BIAMOBIZHO JO TMepeAdadyeHUX 3axOoMdiB, CHPSIMOBAaHUX Ha
3a0e3neueHHs 3aJJOBUTbHIX YMOB 30€peKeHHs 3/I0pOB’S Malli€HTa, JOTPUMaHHsS HOro Ipas,
JIOJICBKOT TIAHOCTI Ta MOPAJBbHO-CTUYHMX HOPM. YMOBH BiOOpY MOCHTIIHHMX 3pa3KiB
BIJIMIOBIJaTi BUMOTaM MPUHIUMIB ['€nbCiHCHKOT JeKiapailii OXOpOHW TIpaB JIFOJAHWHU,
KOHBeHII1 Pagn €Bpornu mpo mpaBa JIOAMHU 1 O10MEAUIIMHY Ta TOJIOKCHHSIM BiIMOBITHUX
3aKkoHIB Ykpainu. [lepen BKIIIOYEHHSAM JI0 JOCIIIKEHHsS BCl YOJIOBIKM Oyl O3HailoMIIeHi 3
iH(opMaIiHUM JTMCTKOM TaIli€EHTa Ta JaBaju iHGOPMOBaHY 3TOly Ha y4acTh B JIOCIIHKCHHS.
VY nmocnimxeHHs BiimoueHi 10 mamieHTIB 3 acTEHO300CHEPMI€I0 (3HIKEHHS PYyXJIHMBOCTI
CIIepMaTOo30i/diB), SKI TMPOXOAWIM TIEPBUHHE OOCTEKEHHS Y 3B S3KYy 3 HEIUIIIIM Yy
KOHCYJNbTaTHBHIN nomnikiiHili JIbBiBcbKkoi 001acHOT KiiHIYHOI JikapHi. KpuTepii BKIIOYSHHS:
Bik 21-39 pokiB, HeTTiAHICTH y 1UTI001 1-10 pokiB, 4oI0BiUMiA (haKTOpP HEIUTITHOCTI 32 YMOB
acTeHosoocnepmii. Kpurepii BHUKIIOUEHHA: HEIUNAHICT, y 1UI001 moHan 10 pokis,
a3oocrepMisi, HaJMipHE B)KMBAaHHS AJKOTONIO Ta BIUIUB OyIb-SKMX MIKIIIHBHX (i3UKO-
XIMIYHMX YMHHUKIB MiJ Yac AlarHOCTUYHO-JIKYBaJIbHHUX 3aXOMiB. [pymy KOHTpPOIIO
CTaHOBHIIM YOJIOBIKM 3 HOPMO300CTIEPMIEIO 1 MiATBEPIKEHIM OaTbKiBCTBOM.

CriepMaTo30iay BIAMUBAIM BijJ MJIa3MU €AKYJATY 3-pa3oBUM LEHTPU(PYTYBaHHSIM MpHU
3000 o6/xB mpotsrom 10 xB y cepemoBwuii, sike Mictmio (Mmonb/in): NaCl — 120, KC1 — 30,
Hepes (pH 7,4) — 30. Bmict 3aranpHoro mnpoteiny B mpoOax BuzHayanu metojom Jloypi 3
BUKOpUCTaHHSAM Habopy BupoOHuTBa HB® “Simko Ltd” (Ykpaina) [9].

Busnauenns 3aranbHoi ATP-a3Hoi eH3MMAaTWYHOI aKTHUBHOCTI JIIM(OIUTIB MPOBOIUIH
npu 37° C y cepenosuii iHky0Oartii (06’emom 1 mur) HactynHOTO cKiaaxy (MM): 120 NaCl, 30
KCl, 5 MgCl,, 5 ATP, 1 ET'TA, 1 NaNj; (iariditop mitoxonapiansnoi ATP-a3u), 20 Hepes-
Tris-6ydep (pH = 7,4), 0,1 MxkM Tancuraprid (CeneKTUBHUN iHTIOITOD Ca2+,Mg2+-ATP-a3H
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CHIOIUIA3MATHYHOTO peTrKynyMy). HasBricts Ca® -xenatopa E['TA B cepenoumi inKy6awii
3a6e3MeuyBano 3B’sA3yBaHHS B HBOMY eHporeHHux iois Ca’’. EH3MMaTHUHY peaKiito
IHIIFOBAJIM BHECEHHSM JI0 1HKYOaIlifHOTO CEpelOBHUIA aTiKBOTH KJIITHH; KUJIBKICTh OUIKa y
npo6i He nepesuinyBana 50 mkr/mu. TpuBamicth iHKyOamii — 5 xB. EH3umaTuyHy peaxiito
3YNUHSIM JOAAaBaHHSAM | MJI OXOJIOJKEHOTO CTOMN-pPO34YMHY HACTyNmHOro ckiany: 1,5 M
HaTpiii anerat, 3,7 % dQopmanbaerin, 14 % eranon, 5 % TXO (pH =4,3). Cycnensito
nentpudyrysanu (10 xs., 1600 g) i B orpuMaHoMy 0e3017IKOBOMY CyIepHAaTaHTI BU3HAYaTIH
BMICT HeopraHiyHoro ¢ochopy Pi. KimbkicTh mpoAaykTy peakiiii BU3HAYaIH 3a METOJOM
Fiske-Subbarow [10] i Bupaxanu y aMonb Py/(xB-Mr) npoteiny. Yabainuytinsy Na', K -ATP-
a3Hy aKTHUBHICTb OOYMCIIOBATM 3a PI3HUICI0 MDK BenuuuHOI0 3arainbHoi ATP-a3Hoi i1
6asansHoi Mg®" axtuBHOCTI B mpucyTHOCTI 1 MM yaGainy [11]. VsBHi kineTnuni napamerpuy,
AKi XapakTepusyioTh Na K -akTmBoBaHy, Mg2+—38.J16>KHy ATP-rimpona3Hy peakuio —
KOHCTaHTy criopigHeHocTi 10 ATP Ta modaTkoBy MakcHMallbHY MIBUAKICTH PEAKIil T1iapOITizy
ATP BusHayamu 3a meronoMm JlaiiHyiBepa-bepka. Cratuctuuny oOpoOKy pe3yJbTaTiB
JOCIIPKeHb MPOBOIIIN 3 BUKOpUCTaHHSAM Tiporpamu “MS Excel-2003” mist Windows. Jls
OIIIHKK  JOCTOBIPHOCTI  PI3HUII MDK  CTaTUCTUYHUMH  XapaKTEPUCTUKAMH  JIBOX
QTBTEPHATHBHUX CYKYITHOCTEH JaHWX oOuucimoBaym kputepid CterogeHTta. J{ns BCiX BUIIB
aHai3y CTaTUCTUYHO 3HAYYIIUMHU BBaXKalIH BiaMiHHOCTI mpu p<0,05.

PE3YJIbTATU I OBI'OBOPEHHSA

B HammMX TONEpeHiX OCTi/UKeHHAX IoKa3aHo, mo akTuBHicTh Na',K'-ATP-a3u
CIIEpMATO301AiB YOJIOBIKIB 13 30€pekeHO0 (EPTHIBHICTIO (HOPMO300CHepMis, Tpyma
KOHTPOJII0) craHoBmia 46,3+4,2 umonb P;/rom Ha 1 Mr mpoteiny. B cmepmarosoimax
HEILTiIHMX YOJIOBIKiB 3 aCTEHO300CIIEPMIi€l0 aKTHUBHICTh yabaimuytimBoi Na',K'-ATP-azu
OyJna CyTTEBO HWXUOIO 1 craHoBwia 23,6+£2,6 amonb P;/rox Ha 1 mMr mpoteiny. 3poOieHo
NpUNyIIeHHs, 1o iHrioOyBaHHss ATP-a3Hoi akTMBHOCTI CHEpMaTo30iliB YOJOBIKIB 3
HEIUTITHICTIO MOXe OyTH 3yMOBJICHE 3HIDKEHHSM BMICTY BHYTPIIIHBOKIITHHHOTO
ageHo3uHTpudochary Ta  TOIMIKOMKEHHSM  CHepMalbHUX  MeMOpaH  MpOIyKTaMu
TnepoKcHaHOro okucHenHs mimimis [12]. Na',K'-ATP-a3a € oxmiero 3 mimeneii mms ADO.
Cnepmarosoinu mignaBanu H,O,-iHoQykoBaHOMY OKHCHOMY cTpecy. [lokasaHo mo3o03anexHuit
inri6ysanbHnii edexr H,O; Ha yabainuyTauBy aktuBHicTh Na', K'-ATP-a3u criepMaTo30inis
IUTIAHUX Ta HETUIITHUX YOJIOBIKIB 3 Pi3HUMH (opMaMH matocrepMiid. Mu mpuimyckaemMo, 1o
MOYKJIMBUMHU MEXaHi3MaMH iHTi0yBaHHS € OKHCHEHHS (DYHKI[IOHAIBHO BAaXKJIMBUX TIOJBHUX
3anumikiB ensumy H,Os.

OTtpumaHi pe3ysbTaTH y3roKyIOThCS 3 JAHUMH 1HIIUX JIOCIIIKEHb. 30KpeMa, TTOKa3aHo
MPUTHIYECHHS Na',K'-ATP-a3H01 aKTHBHOCTi B Ty4YHHMX KIIITHHaxX 3a HasgBHocTi 0,5 MM H,0,
(Derham et al., 2003) [13]. Liu et al. noka3anu, 10 OKMCHHI cTpec, iHaykoBanuii A®DO,
BUKJIMKAB TaKi % e(eKTH K i yabai i npurniuysas aktusHicth Na' ,K'-ATP-a3u [14]. ITpore,
B IHIIUX JOCHIDKCHHSIX BHSIBICHO pIi3Ke 3pPOCTaHHS Na' ,K'-ATP-a3H0i aKkTHBHOCTI B
Leishmania amazonensis y BignoBigs Ha HU3bK1 (0,1 MxM) konmentpanii H,O, (Rocco-
Machado et al., 2015) [15].

Ipurnivenns aktuBHocTi Na ,K'-ATP-asum Moxe OyTH 3yMOBIEHE OKCHAATHBHHM
CTpecoM, SKHHA  CYNpPOBO/DKYETHCSA  JIIONMEPOKCHAALIEI  CIEPMaJIbHUX  MeMOpaH.
CnepMaro30inqd 0COOIMBO YYTJIHMBI J0 TINEPOKCHAAIIIl BHACTIJOK HASBHOCTI B CKIIAJl iX
MeMOpaH BUCOKOi KOHIIEHTpALlli MOJIHEHACHYEHUX KUPHUX KUCIOT Ta Yepe3 HEMOXKJIHMBICTb
penaparii JIHK. IlomineHacudeni »KUpHI KHUCIOTH € TOJOBHUMH MIIICHIMHU TMPOIIECIB
rinepokcuaaniii, ki BeAyTh 0 3HWKCHHS B S3KOCTI Ta IHIIUX CTPYKTYPHHX MepelyIoB
criepMaibHUX MeMOpan [16, 17]. Bimomo, mo ogHuUM 13 HAWOUIBII YyTIMBUX MapKepiB
MEPOKCHIHOTO OKMCHEHHS JiMiJliB Ta okcuaaTuBHOro crpecy € ThK-aktuBHi nmpoxykrtu [18].
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B mammx monepennix mochimkeHHsx [19] BusBneHo 3HavHe minBumieHHsS BMicTy TBK-
MO3UTHUBHUX MTPOIYKTIB B CIIEPMATO301/1aX YOJIOBIKIB 3 aCTEHO300CIIEPMIETO.
VY 3B’s3ky 3 iHTIOyr0unM edexkrom H,O, Oyno mocmimpkeHo BIUIMB 1bOTo edekTopa Ha
. . . . . + + . .
OCHOBHI KiHeTHuHI mapamerpu Triapomizy ATP 3a yuactio Na ,K'-ATP-azu. B nianmazoni
‘o . . + o+ + .
koHueHntpamid ATP Bix 1 1o 5 MM (3a cramoi konnentparii Na K, Mg2 ) BiZOyBa€eThCs
. . . o . + +
MOHOTOHHE 3OUTBIIICHHS EH3UMATHYHOI akTUBHOCTI yabaiHuytnuBoi Na ,K -ATP-azu 3
BHUXOJIOM Ha IjIaTo. Y BChOMY JIiama30Hi JOCIHIKyBaHWX KoOHIEHTpamiid ATP akTHBHICTH
+ + “ . . . . . .
Na ' ,K'-ATP-a3u cnepmMaro30iaiB MIHUX Ta HETJIITHUX YOJIOBIKIB 3HUKEHA 3a MPHUCYTHOCTI
. . ven . —+ —+
H,O, B cepenoumni iHkyOamii. IIpore, ontumanbha aktuBHicTE Na K -ATP-azu
CIIEPMATO301/IiB YOJIOBIKIB 3 HOPMO- Ta aCTCHO300CIEPMIEI0 CIIOCTEPIra€ThCsl 3a HASIBHOCTI
. co . . =+ + .
5 MM ATP B inkyb6ariiinomy cepenoumi (puc. 1). Xapakrep 3anexnocti Na ,K -ATP-a3Hoi
aKTUBHOCTI Bif cyOcCTpaTy Ajis 1HIIMX AOCHIDKYBaHMX Tpyl iHQEPTHIBLHHX YOJIOBIKIB OyB
CXOXKHU.
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Puc. 1. Bume 100 BM H,0, Ha aktusHicTs Na', K -ATP-a3u crepMaTo30iniB GepTHIsHIX
(a, HOpMO300CTIEpMIisl) Ta iHGEPTUIBLHUX (6, ACTEHO300CTIEPMisl) YOJIOBIKIB 3a 3MiHM KoHIIeHTpallii ATP B
CepeIoBHUIIN 1HKYyOaIril.

JIns 3’sicyBaHHS MOMIIMBOTO MEXaHi3My 3MiHM eH3MMaTnuHOi akTuBHOCTI Na',K'-ATP-
a3d B CIIEpMATO30i/1aX YOJOBIKIB MMPOBEICHO BU3HAUEHHS OCHOBHUX KIHETUYHHX MapaMeTpiB
Na',K"-axtuBoBanoro, Mg’ -3anexnoro rigpomisy (puc.2). Sk BHAHO 3 pUHC.2, KpHUBI
sanexxHocreit  {1/V; 1/[ATP]} 3a HasBHOCTI iHribiTopa B cepelOBHUINl 1HKyOaii
BIJIPI3HIIOTHCS TAHTEHCOM KyTa HaXMITy.

[nsxom miHeapu3amii OTpUMaHUX JaHUX Yy KoopamHarax JlaifHyiBepa - bepka
BH3HAYCHO OCHOBHI KiHeTnuHi mapamerpu Na' K -akruBoBaroro, Mg’ -3aexHoro rigposisy
ATP B cnepmaro3oigax ¢pepTUIbHUX Ta IHPEPTUIHLHUX YOJOBIKIB (puc. 3).

3a nii H,O, xoncranrta cropimaeHocti Na',K'-ATP-asu mo ATP B crmepmaTo3oinax
YOJIOBIKIB 3 HOPMO- 1 acTEHO300CIEepMi€l0 3pocTae B Jekiibka pasiB. [lodarkoBa
MakCUMaJibHa MBHAKICTh TiApomizy ATP cyTTeBO 3HWXKYETBCS JUIIE B CIEPMATO30i1ax
(bepTHIIBHUX YOJIOBIKIB 3 HOPMO300CTIEPMIEIO.
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Puc. 2. Jlineapu3aiiis KOHIICHTPAI[IHIX KPUBUX, HABEICHHUX Ha puc. 1, y koopauHatax JlaiinyiBepa-bepka,
ne V — yabainuytiusa Na', K'-ATP-a3Ha akTHBHICTb B CIIEPMAaTO30i1aX (EPTHIBHUX (2, HOPMO300CIIEPMis)

, HMOSb / XB Ha Mr NpoTEeiHy

max

\Y,

100 -

Ta iH(pepTHILHUX (6, aCTEHO300CTIEPMisl) YOJIOBIKIB.
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Puc. 3. Bmus pi3zaux konneHTpanii H,O, Ha xinetnuni napamerpu 3a ATP (K, 1 Vmax)

B criepMarTo30igax GepTUIbHUX Ta iHGEePTHILHUX YOJIOBIKIB.

Otxe, 3a ¢opMambHUMH O3Hakamu 3a ymoB aii H,O, B cnepmaro3oinax ¢epTuabHux
YOJIOBIKIB 3 HOPMO300CTIEPMIEI0 CIIOCTEPIra€Thesl 3MilIAaHUK THN 1HTIOyBaHHS (3pocTae
CIIOPITHEHICTh 10 CYOCTpaTy, 3HIKYEThCS MaKCHUMallbHa IMIBUIKICTH peakilii). [Ipote, B
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criepMaTo30igax  IHQEPTWIBHUX  YOJOBIKIB  CIIOCTEPIraeThCcs  HEKOHKYPEHTHHH  THII
iHri0yBaHHs (3pOCTa€ CIOPITHEHICTh A0 CyOCTpaTy, MaKCHUMajibHa IIBHJKICTh peakii
JIOCTOBIPHO HE 3MIHIOETHCS).

BUCHOBKU
3a ymoB H,O,-iHAYKOBAaHOTO OKCHJATUBHOTO CTPECy TPUTHIYEHHS aKTHBHOCTI
yabairuyrimeoi Na',K'-ATP-a3n B crepmaro30iIax dONOBIKiB BifOyBaeThCA 3a PaXyHOK
3HIDKEHHS CTIOPITHEHOCT] €H3UMY JI0 CyOCTpaTy Ta 3HMKEHHS YHCclia 00epTiB €H3UMY (JIHIIe
JUTSL CTIEPMATO30i1iB GePTHILHUX YOJIOBIKIB).

IMoasika
Crartsa MicTuTh pesynsTatu aociimkeHb HAP “MonexynspHo-0100TiuHl peryisTopHi
MEXaHI3MH TIOPYIIEHHS 3aIUTiIHIOBAJIbHOI 3JaTHOCTI CIEPMAaTo30iliB 1 po3poOka HOBUX
IMYHOOIOXIMIYHMX METOMIB JIarHOCTUKH (EPTHIBHOCTI y YOJOBIKIB”, MPOBEICHHX 32
rparToM [Ipesunenta Ykpaiau (po3nopsimkennas Ne 97/2016-pm Big 13.04.2016 p.).
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Background: Investigation of the specific protein-DNA complexation mechanisms allows to establish
general principles of molecular recognition, which must be taken into account while developing artificial
nanostructures based on DNA, and to improve the prediction efficiency of the protein binding sites on
DNA. One of the main characteristics of the protein-DNA complexes are the number and type of contacts
in the binding sites of DNA and proteins. Conformational changes in the DNA double helix can cause
changes in these characteristics.

Objectives: The purpose of our study is to establish the features of the interactions between nucleotides
and amino acid residues in the binding sites of protein-DNA complexes and their dependence on the
conformation of deoxyribose and the angle y of the polynucleotide chain.

Materials and methods: At research of protein-DNA recognition process we have analyzed the contacts
between amino acids and nucleotides of the 128 protein-DNA complexes from the structural databases.
Conformational parameters of DNA backbone were calculated using the 3DNA/CompDNA program. The
number of contacts was determined using a geometric criterion. Two protein and DNA atoms were
considered to be in contact if the distance between their centers is less than 4.5 A. Amino acid residues
were arranged according to hydrophobicity scale as hydrophobic or nonpolar and polar.

Results: The analysis of contacts between polar and hydrophobic residues and nucleotides with different
conformations of the sugar-phosphate backbone showed that nucleotides form more contacts with polar
amino acids in both grooves than with hydrophobic ones regardless of nucleotide conformation. But the
profile of such contacts differs in minor and major grooves and depends on the conformation of both
deoxyribose and y angle. The contact profiles are characterized by the sequence-specificity or the
different propensity of nucleotides to form contacts with the residues in both grooves.

Conclusions: Our analysis have shown, that the amount and type of protein-nucleic contacts and their
distribution in the grooves depend on the conformation of the sugar-phosphate backbone, the nucleotide
sequence and the type of amino acids in the binding sites.

KEY WORDS: protein-DNA recognition; protein-DNA contacts; DNA structure; binding site
prediction; structural variations.

KOMIUVIEKCOYTBOPEHHS BIJIKU-JHK: KOHTAKTHI ITPO®LJII B /KOJOBKAX JTHK
M.IO. Kurnixosa', I'.B. Illecronaiosa’”’
]IHcmumym padiogizuxu ma enexmponixu im. O.A.Ycuxosa HAH Vpainu,
8yn. Axao. Ilpockypu, 12, Xapxis, 61085, Vkpaina
2Xapriscokuii nayionansruii ynisepcumem imeni B.H. Kapasuna, m. Cé0600u, 4, 61022, Xapxis, Yrpaina

AKTyajbHicTh. JloCHiDKeHHS MeXaHi3MiB CHEHU(IYHOr0 OLITKOBO-HYKJIETHOBOIO KOMILIEKCOYTBOPEHHSI
JO3BOJII€ BCTAHOBHUTH 3arajlbHi NPHHIMIM MOJIEKYJIIPHOTO BIIi3HaBaHHS, AKi HEOOXIIHO BPaxOBYBATH
IpU po3po0I1li ITyYHUX HAHOCTPYKTYP Ha OCHOBI 0iOIOJIIMEpIB, a TAKOXK JUIS IMiJABUIIECHHS e()eKTUBHOCTI
NPOrHO3yBaHHs calTiB 3B'si3yBaHHs OinkiB 1 JJHK. OpHuMM 3 OCHOBHHMX XapaKTEpUCTHK OlLIKOBO-
HYKJICTHOBUX KOMIUICKCIB € KIJIBKICTh 1 THII KOHTAakTiB B caitax 3B's3yBanHs JIHK 1 Oinkis.
Kondopmaniitai nepedynosu noagiinoi cripani JHK M0oXyTh BUKIUKAaTH 3MiHU IUX XapaKTEPHCTHK.
Meta poGoTH. MeTO HAmIOro IOCHIKCHHA Oyl0 BU3HAYCHHS OCOOIMBOCTEH B3aEMOMIl MiX
HYKJICOTHIAMH 1 aMiHOKHCIIOTHUMH 3QJTHIIKAMU B CaiiTaX 3B's3yBaHHS O1JIKOBO-HYKJICTHOBHX KOMILICKCIB
B 3aJIGKHOCTI Bi KOH(POpMAIIT 1e30KCHPHO03H 1 KyTa Y MOJTIHYKICOTHIHOTO JIAHITIOTA.

Martepianu i meromu. [Ipm mocmimkeHHI MeXaHI3MIB OIKOBO-HYKJICIHOBOTO BII3HABaHHA MH
BCTaHOBWJIM MIKMOJICKYJISIPHI KOHTAKTH I 128 O1TKOBO-HYKIETHOBUX KOMIDIEKCIB i3 CTPYKTypHHUX 0a3
nannx. Kondopmauiiini mapamerpu 1ykpodocdartHoro octroy JJHK pospaxoByBanucs 3a JONOMOroro
nakery mnporpamMm 3DNA/CompDNA. KinbkicTh O1KOBO-HYKIETHOBHX KOHTAKTIB BH3HAualacs 3a
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TeOMETPUIHUM KpuTepieMm. /[Ba atoma Oinka i JIHK BBaxkammcs: B3a€eMOJIIOYMMH, SKIIO BiACTaHh MiX IX
nenTpamu Oyna Menma 4,5 A. AMIHOKHMCIOTHI 3aJIMIIKM MO3HAYANMCS 32 IIKAIOK TizpodoOHOCTI fK
rigpodoOHi a60 HEMOJSIPHI Ta TOJSAPHI.

PesyabTaTH. AHami3 po3noinry O1TKOBO-HYKICTHOBUX KOHTAKTiB MOKAa3aB, 10 HYKJICOTHAN, HE3aJIECKHO
BiZl KoHQoOpMallii, YyTBOPIOIOTH B 000X KOJOOKax Oliblle KOHTAKTIB 3 MOJSPHUMH aMiHOKHUCIOTHUMH
3IMIIKAMU, HDK 3 TiipooOHMMH. Alnie mpodiib TakKMX KOHTAKTIB PI3HUTHCS B MaJlOMY 1 BEJIUKOMY
KoJIoOKax 1 3aleKuTh SIK BiX KoH(popMmalii ne3okcuprbosu, Tak i kyra y. KoHrakTHi mpodini Takox
XapaKTepU3yIOThCS CHUKBEHC-CIEU(IYHICTIO a00 PI3HOI0 CXWIBHICTIO HYKJIEOTHAIB 1O B3aEMOJAIN 3
aMIHOKHCJIOTHHMH 3JTAIIKAMH B 000X JKOJIOOKaX.

BucaoBkn. KinbkicTh i THI OUTKOBO-HYKJICTHOBUX KOHTAKTIB Ta 1X PO3IMOMLI IO XKOJOOKaX 3aJeKaTh Bij
KoH(popmarii ykpodochaTHOro ocToBy, HYKICOTHIHOI MOCTITOBHOCTI i THITy aMiHOKHCIOT B calTax
3B'sI3yBaHHS.

KJIIOUOBI CJIOBA: 6inkoBo-HyK/IeiHOBE BIi3HaBaHHS; OUIKOBO-HYKJIeTHOBI KOHTakTh; cTpykTypa JHK;
nependadeHHsI CailTiB 3B’ sI3yBaHHsI; CTPYKTYpHI Bapiaril.

KOMIIVIEKCOOBPA30OBAHHUE BEJIKHU-/ITHK: KOHTAKTHBIE ITPO®UNJIN
B XKEJIOBKAX JTHK
M.IO. )KnTnmconal, A.B. lllecTronanoBa
IHHcmumym paouopuszuru u snekmponuxu um. A.A.Ycuxosa HAH Yrpaunu,
ya. Axao.Ilpockypul, 12, Xapvkos, 61085, Vkpauna
*Xapuvkosckuii Hayuonanbhbiti yhusepcumem uvenu B.H. Kapasuna, ni. Céo6oowi, 4, 61022, Xapvkos, Ykpauna

1,2

AKTYaJIbHOCTb. HccnenoBanue MEXaHH3MOB crenuQuIecKoro 0eIKOBO-HYKJIEHHOBOTO
KOMIUIEKCOOOpa30BaHus MO3BOJISIET YCTAHOBUTH OOIINE IPHHIUITEI MOJIEKYJIIPHOTO y3HAaBaHMsI, KOTOPHIC
HEOOXOAMMO YYUTHIBATH IPU pa3pabOTKE MCKYCCTBEHHBIX HAHOCTPYKTYp Ha OCHOBE OHMOIIOIMMEpPOB, a
TaKXKe JUIs TIOBBIIICHUS 3 GEKTHBHOCTH MTPOTHO3UPOBaHMs caiiToB cBs3biBanus JJHK u 6enkoB. O mHUMHA
U3 OCHOBHBIX XapaKTEPUCTHUK OEIKOBO-HYKJIEHHOBBIX KOMIUIEKCOB SIBIIIOTCSI KOJMYECTBO M THII
KOHTaKTOB B caiftax cBs3piBanus JJHK u 6enxoB. KoHpopManmoHHBIE MEPECTPONKH TBOWHON CIIMpaTH
JIHK MoryT BbI3bIBaTh U3MEHEHUS 3THX XapPAKTEPUCTHUK.

Henab pa6orel. llenpio Hamrero uccienoBaHus OBUIO OMpeNEIeHHEe OCOOCHHOCTEW B3aMMOACHCTBHS
MEXAY HYKICOTHAAMH M aMUHOKUCIOTHBIMH OCTATKaMHU B CalTax CBSI3BIBAHUS OEIKOBO-HYKIEHHOBBIX
KOMIUIEKCOB B 3aBUCUMOCTH OT KOH(OpMAaLUK A€30KCUPHOO03bI U yIJIa Y NOJIMHYKICOTHIHON 1ICTIH.
Marepuansl m Meronabl. [Ipu uccienoBaHMM MEXaHHW3MOB OEJKOBO-HYKJIEHHOBOTO Y3HABaHUSI MBI
YCTQHOBWJIM ~ MEXMOJIEKYJIAPHbIE KOHTakThl sl 128  OenKOBO-HYKJIEMHOBBIX KOMILIEKCOB W3
CTPYKTYpHbIX ~ 0a3  maHHbIX. KoHdopmanmoHHble  mapamerpel — caxapo-¢ocgaTHOro  OCTOBa
paccunThBach C¢ nomomplo makera mnporpamMm  3DNA/CompDNA. KonnuecTBO KOHTakTOB
ONPENEISIIOCh C TOMOINBI0 TeoOMEeTpUYecKkoro kpurepus. J[Ba aroma Oenka u JIHK cuurammce
B3aUMOJICHCTBYIOIIMMH, €CIM PACCTOAHHME MEXIy MX IEHTpaMu MeHbine 4,5 A. AMHHOKMCIOTHBIE
OCTaTKH PacIpeIeIsUTUCh 0 IIKaJle TUAPOPOOHOCTH Kak THAPOPOOHBIE WITH HETIOSAPHBIE U MOJSPHBIE.
Pe3yabTaTbl. AHamu3 pacrnpeneneHnss OeIKOBO-HYKIEHHOBBIX KOHTAKTOB ITOKa3all, YTO HYKJIIEOTHIbI,
HE3aBHCUMO OT KoOH(oOpMalmu, 00pasyloT B 000MX jKelnoOkax OoJblie KOHTaKTOB C MOJISIPHBIMH
AMHUHOKHCIIOTHBIMH OCTaTKaMH, 4eM C rugpo¢oOHeiMH. Ho Npoduiap TakuX KOHTaKTOB pa3indaeTcs B
MaJOM H OOJBIIOM XEJ00KaX W 3aBUCHUT KaK OT KOH(pOpMAIMU AC30KCUPHOO3bI, TaK W yria Y.
KonrakTHple npodmim TaKKe XapakTepU3YIOTCS CHUKBEHC-CIEHM(UYHOCTBIO WM  Pa3IMYHOM
CKJIOHHOCTBIO HYKJICOTUIOB K BSaHMOﬂeﬁCTBHﬂM C aMHUHOKUCJIIOTHBIMHU OCTaTKaMH B 06OI/IX )Keno61<ax.
BoeiBoabl. KonmnyecTtBo M TN OEIIKOBO-HYKJICMHOBBIX KOHTAKTOB M MX paclpeelieHne I10 >KelloOKaM
3aBUCAT OT KoH(opmaruu caxapodochaTHOr0 OCTOBA, HYKJICOTHIHOHM IOCIEAOBATEILHOCTH W THIA
AMHMHOKHCIIOT B CalTaxX CBSI3bIBAHMSI.

KJ/IFOYEBBIE CJIOBA: 6enkoBo-HYyKJIEHHOBOE y3HaBaHHUE; OEIKOBO-HYKJIEHHOBBIE KOHTAakKThl, CTpykTypa JHK;
MpeacKa3aHue CaliTOB CBA3BIBAHUH; CTPYKTYPHOE MHOT0OOpa3ue.

Molecular recognition of DNA by proteins is a fundamental problem in molecular biology and
drug design. Investigation of the mechanisms of specific protein-DNA complexation allows us to
establish general principles of the molecular recognition, which must be taken into account while
developing artificial nanostructures based on DNA, and, also, to improve the efficiency of the
prediction of protein-DNA binding sites. The prediction of DNA binding sequences for proteins
is an unsolved problem, but significant progress has occurred in the last years [1]. To improve
the reliability of DNA-binding sites prediction, some problems must be solved. Primarily
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structural and physicochemical complementarity between DNA sequences and proteins or
between the DNA nucleotides and interacting amino acid residues are the principal factors of
specificity. That is the binding site information is depending on both protein and DNA structure
[2]. For most of protein-DNA complexes the location and sequences of binding sites are not
defined. Their experimental determination requires expensive methods. But if we have the
information about the spatial structures of the complexes, it is possible for us to predict in silico
protein-DNA binding sites [3-5].

One of the characteristics of protein-DNA complexation is the number and type of the
contacts in protein-DNA binding sites. The detailed analysis of protein-DNA interactions are
presented in Refs. [6,7]. Authors have determined all protein-nucleic contacts and separated
them according to the types of interactions and possible places of their formation in
complexes. They have found that the most common types of protein-nucleic interactions are
hydrogen bonds and van der Waals contacts. As for the primary binding sites it turned out that
more than two-thirds of the protein contacts are formed with the DNA sugar—phosphate
backbone.

Simultaneously conformational changes in DNA can lead to changes in the protein-DNA
contact profiles, which are formed, as a rule, in the grooves of the double helix [8, 9]. Since,
the DNA shape can implicate to protein-DNA binding specificity [9], we also have to look for
any peculiar properties of DNA shape.

It should be noted that in protein-DNA binding sites is observed an enriched occurrence
of the A-like conformers and mixed A/B conformers [10]. The tendency of A-like nucleotides
appearance in surface of protein-DNA complexes is accompanied by a transition of the
deoxyribose from the C2’-endo (B-like) to C3’-endo (A-like) sugar pucker. This effect is
known as the ‘sugar switching’ and facilitating by hydrophobic interactions in the minor
groove [8, 11]. Unusual DNA conformers are often concentrated in the DNA binding sites of
protein-DNA complexes. Obviously the propensity of DNA to adopt unusual conformers is
essential for their recognition by proteins. The occurrence of these non-canonical forms of the
DNA double helix can also explain the role of such DNA structures for evolution [12].

Typical re-arrangements of the DNA sugar-phosphate backbone in the complexes with
protein involve B—>A sugar switching and rotations around the four torsion angles (a, v, €, {)
with following possible conformations: gauche+ (g+), trans (1), gauche- (g-) [8,13,14]. Earlier
[15] we focused on the question of how the transition of the y angle (O5'-C5'-C4'-C3") in the
DNA sugar-phosphate backbone from classical g+ to alternative t and g- conformations
affects the local DNA interface accessible for interaction with proteins in the minor and major
grooves and evaluate the sequence dependence of such transitions?

The purpose of this study is to establish the features of the interactions between
nucleotides and amino acid residues in protein-DNA binding sites depending on the
conformation of deoxyribose and the angle y of the polynucleotide chain. The results are
based on the statistical analysis of crystallographic structures of protein-DNA complexes
from the NDB database [16].

MATERIALS AND METHODS

Data set of crystallographic structures
The data-set of the 128 protein-DNA complexes was generated for comprehensive
analysis. For the structure selection we use crystallographic coordinates of the protein-DNA
complexes extracted from the Nucleic acids Data Bank [16].
The resolution of structures solved by the X-ray crystallography is better than 1.9 A. This
resolution has been previously identified as the one that ensures accurate determination of the
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sugar puckers and backbone torsion angles as well as statistical analysis of their distribution
[13]. All chosen complexes were defined as any structure containing one or more protein
chains and at least one double-stranded DNA with more than 4 nucleotides in each chain.
From this set we excluded modified and terminal unpaired nucleotides. In order to avoid the
end effects, the terminal base pairs on both ends of each DNA structure are excluded from the
analysis. Moreover, the data-set is non-redundant, i.e. only one structure is selected from the
group of complexes containing an identical protein or its mutants. The preference is given to the
complexes with wild-type proteins and better resolution.

Calculation of the DNA structural parameters

The values of the dihedral angle y of the DNA backbone (O5'—C5'-C4'-C3’) and the
angle of pseudorotation (P) of the sugar ring for each nucleotide are calculated by means of
the 3DNA/CompDNA analyzer [17].

The angle y values are classified as gauche+ (Q+), trans (1), and gauche- (g-) according to the
classical threefold staggered pattern of the dihedrals: g+ (60° + 30°), t (180° = 30°), g- (300° +
30°). The sugar pucker is sorted into the categories of «south» B-like (120° < P < 220°) and
«north» A-like sugars (-60° < P < 60). The nucleotides with stereochemically unfavorable P and y
values outside of these domains are not included into analysis.

Revealing the atom—atom contacts in the protein—DNA binding sites

An amino acid residue is considered as forming contacts if the distance between the atoms
of the residues and the nucleotide atoms is less than a cutoff radius. Several studies have used
different methods of definitions of protein-DNA contacts in the binding sites [1, 18]. Two
atoms of the residue and nucleotide are considered to form contact if the distance between their
centers is less than 4.5A [7, 8] and afterward authors in Ref. [19] declared that this cutoff
distance gave the best determination of binding and nonbinding residues to predict binding
sites.

We also use the cutoff value of 4.5 A in our investigation. In this way, we find atoms
interacting according to all different mechanisms (hydrogen bonds, electrostatic interactions, and
van der Waals interactions). We identify the contacting pairs of atoms in the protein—-DNA
binding sites by means of the modified software package proposed in [8] that distinguishes
contacts in the major and minor grooves. The atoms of bases are also divided into groups exposed
in the major (N4, N6, N7, O4, 06, C5, C6, C7, C8, and C4 in Thymine and Cytosine) and minor
grooves (N2, N3, 02, C2, and C4 in Adenine and Guanine). The nucleotides which contain atoms
contacting with protein are classified as interacting nucleotides, with further subdivision into those
interacting in the minor and major grooves.

Twenty amino acids have different hydrophobic and polar properties [20,21]. In our
analysis all amino acid residues are separated as hydrophobic or nonpolar IFVLMAGC and
polar  WYTPSHENQDKR residues (denote by one-letter codes) according to the
hydrophobicity scale [22].

RESULTS AND DISCUSSION

Distribution of the protein-DNA contacts
In previous investigation [15] we have shown that the ability of the nucleotides to participate
in contacts with protein residues for the both grooves is connected with conformations of their
sugar moiety and torsion angle y. Now more detail analysis presented in this investigation allowed
us to make some clarifications. The protein—DNA interactions were calculated for 128 protein-
DNA complex structures. These complexes include 1765 nucleotides: 230 A-like nucleotides
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and 1535 B-like ones. The nucleotides in the classical conformation (1352 nucleotides with
the B-conformation of deoxyribose and g+ conformation of the y angle) are the most
frequently found, while the other conformations are much less frequent. For A-like
nucleotides there are: 152 g+ classical and 71 t alternative nucleotides, for B-like: 1352 g+,
53g- and 38 t. However, as previously reported [8,9,13-15], such alternative conformations
can play an important role in the process of indirect proteins recognition of their binding site
on DNA sequence. The more detailed scheme of the structure selection and base composition
can be found in Ref. [15].

In total we have analyze the 26293 amino acid—DNA contacts. The numbers of contacts
between amino acid and DNA in the both grooves are counted separately for bases and sugar-
phosphate backbone. Then, all nucleotides were divided according to their deoxyribose
conformation (the A-like or the B-like) and conformation of y angle (classical g+ and
alternative t or g-).

At first we consider the distribution of the protein-DNA interactions between the grooves.
According to our data (Table 1) A-like nucleotides more often interact with proteins in a minor
groove (3853 (2351 g+) and 2793 (1682 g+) contacts in minor and major groove, respectively),
while B-like nucleotides more often form contacts with protein residues in the major groove
(8446 (7918 g+) and 11935 (10368 g+) contacts in minor and major groove respectively)
regardless of the y angle conformation. But it should be noted that alternative A-like nucleotides
form more contacts in the grooves (1503 and 1111 contacts in minor and major groove,
respectively) than alternative B-like nucleotides with both t and g- angle y conformations (528 and
967 contacts in minor and major groove, respectively).

Table 1
Number of amino acid residue contacts with bases and sugar-phosphate backbone for
different nucleotides in the both grooves

Minor groove Major groove

A-like B-like A-like B-like

gt |t gt [t Jg- [og+ [t gt [t Jo

Base contacts
A 106 |20 244 |0 0 105 |48 774 |21 15
C 73 12 107 |7 0 336 | 94 757 |75 27
G 44 74 394 |25 13 119 247 | 1342 |37 52
T 72 24 127 |0 12 151 88 1071 | 30 67

Sugar-phosphate backbone contacts
A 455 [362 | 1858 |9 28 186 |96 1507 | 160 |28
C 791 164 | 1557 | 157 |25 401 140 | 1171 | 100 |68
G 348 1599 12196 |86 42 131 | 225 1958 | 75 70
T 462 | 248 | 1435 |53 71 253 173 1653 | 64 78

Hence the conformational transitions of sugar-phosphate backbone do not interfere with the
formation of the protein-DNA contacts in both grooves even facilitating their realization in some
particular situations (see below).

Then we examine the location of contacts in the grooves and determine that near 3/4 of the
protein-DNA contacts are formed with the sugar-phosphate backbone (19483 contacts or 74%),
and the rest one (6810 contacts or 26%) are formed with bases. At the same time the distribution
of the contacts between the grooves are differed. In the minor groove only 10% of interactions are
the contacts between residues and bases, and 90% of residues contacts are formed with sugar-
phosphate backbone. In the major groove the number of contacts with bases increases up to 39%.
These results are in agreement with the well-known idea that specific protein contacts with DNA
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bases are realized in the major groove whereas nonspecific interactions with the sugar-phosphate
backbone are occurred in the minor groove [2,6,8,].

But the percentage of contacts between protein and bases or backbone atoms in the grooves
is different for nucleotides with various conformations of the sugar-phosphate backbone. In the
minor groove, the transition to alternative t conformation of the angle y increases the
participation of backbone atoms in the contacts with proteins, especially for A-like nucleotides:
from 88% for g+ state to 91.4% for t state. In the major groove, only the transition of B-like
nucleotides to t y angle conformation alters the participation of nucleotides in the contacts,
increasing the number of backbone atom contacts (from 62 to 71%).

That is, transitions to alternative conformations of the angle y can influence the features
of protein-nucleic interactions primarily in the minor groove.

We also can notice some common patterns in the sequence-specificity of contacts for
nucleotides with different sugar-phosphate backbone conformations.

In total the greatest number of contacts with amino acid residues forms nucleotides
containing Guanine, while the other three types of nucleotide create practically the equal
number of contacts. The decreasing order of contact propensity is: Guanine > Thymine >
Cytosine > Adenine. This result is explained by the fact that Guanine exposes the greatest
number of potential hydrogen-bonding atoms on the base edges [6] and only Guanine can
serve as a hydrogen bond donor in the minor groove [23].

Conformational angle y transitions and sugar switching lead to a different participation of
all four types of nucleotides in the protein-DNA contacts.

It should be noted, that B-like alternative nucleotides contained Guanine are involved in
contacts between Guanine and amino acid residues in the minor groove while B-like alternative
nucleotides containing Adenine, do not form any contacts between Adenine and amino acid
residues. Interesting, that Thymine nucleotides with B-like deoxyribose and g- y angle
conformation more often take part in the protein-DNA contacts in comparison to other
conformations. Obviously this conformation promotes the interaction of the Thymine bases with
amino acids, which can be one of the ways of the indirect recognition mechanism realization.

For A-like nucleotides in both grooves the transition to alternative t angle y conformation
leads to even the greater increasing of the number of Guanine contacts and for their decreasing
with other bases, especially with Cytosine. The similar tendency is observed for amino acid
contacts with sugar-phosphate backbone of A-like nucleotides: the number of contacts is
increased for nucleotides containing Guanine and decreased for the other types of nucleotides.

In the major groove B-like nucleotides in t y angle state containing Adenine form more
backbone contacts than other types of nucleotides with the similar sugar-phosphate conformation.
At the same time Adenines create the fewer number of base contacts in major groove as well as
Cytosines in minor groove (both with alternative y angle conformations).

Thus the contact profiles are characterized by the sequence-specificity, that is, the
different propensity of certain nucleotides to form contacts with amino acids in the grooves.

Contacts with polar and hydrophobic amino acid residues

The analysis of contacts between polar and hydrophobic amino acid residues and nucleotides
with different conformations of the sugar-phosphate backbone shows that nucleotides form more
contacts with polar amino acids in both grooves than with nonpolar residues regardless of the
nucleotide conformation (Table 2, Total contacts).

But, the profiles of such contacts differ in minor and major grooves and depend on the
conformation of both deoxyribose and the angle y (Fig.1).

The nucleotides with classical g+ conformation of the y angle are characterized by the
similar contact profiles in both grooves independently on the deoxyribose conformation.



60
M.Yu. Zhitnikova, A.V. Shestopalova

There are slightly changes in contacts profiles for A-like nucleotides with alternative t
conformation of the y angle (Table 2). The percent of contacts with polar amino acids in minor
groove increases, and with hydrophobic amino acids decreases. In major groove, on the contrary,
the percent of contacts with polar amino acids decreases, and with hydrophobic amino acids
increases. These facts are in agreement with the change in the polar/nonpolar profile of the DNA
surface, available in the major and minor grooves [15].

Table 2
Percent of contacts between polar/nonpolar amino acids and nucleotides with different y
angle conformations in the both grooves

Total contacts Bases Sugar-phosphate backbone
Nonpolar Polar Nonpolar Polar Nonpolar Polar

amino acids |amino acids| amino acids [ amino acids | amino acids |amino acids
o | 2| g+ 12.7 87.3 6.9 93.1 17.0 83.0
§ :': t 14.0 86.0 13.2 86.8 14.6 85.4
E’) o | OF 15.8 84.2 11.1 88.9 18.7 81.3
2| =]t 8.2 91.8 5.5 94.5 9.3 90.7
=| e g- 16.5 83.5 18.0 82.0 15.6 84.4
° % g+ 254 74.6 43.1 56.9 22.8 77.2
slelt] 212 78.8 19.2 80.8 213 78.7
;D E g+ 21.6 78.4 18.6 81.4 22.0 78.0
Sl=|t 20.2 79.8 21.9 78.1 20.0 80.0
= | & g- 29.4 70.5 80.0 20.0 21.7 78.0

More careful evaluation of polar/hydrophobic contact profile shows that for A-like
nucleotides with alternative t conformation of the y angle the percent of residue contacts is differ
for bases and backbone atoms (Table 2). For B-like nucleotides with alternative t conformation
of the y angle in both grooves, the percent of contacts with polar amino acids increases, and
with hydrophobic amino acids decreases, especially in major groove. But the transition of B-
like nucleotides to the g- alternative conformation reduces the percent of contacts with polar
amino acids and increases it with nonpolar ones in both grooves (Table 2, Total contacts). So
we observe the significant changes in their contact profiles (Fig.1). The verification of the
results suggests that we need to be careful interpreting the high propensities of hydrophobic
amino acids contact with bases of nucleotides in this conformation (B-like sugar pucker, g-
conformation) because there are only 25 total residue-base contacts in the whole dataset.
Whatever, such minor groove contacts may play a role for proteins binding only in the minor
groove (such as Architectural), which is often associated with a dramatic widening and
extensive hydrophobic contacts [24] and contribute to specificity.

The analysis of contacts has shown, that the significant changes are observed for base
contacts rather than for sugar-phosphate backbone ones and primarily for classical nucleotides
independently of deoxyribose conformation (Table 2). For alternative nucleotides such
tendency is less defined. Only one exception is observed in the major groove for B-like
nucleotides with t conformation representing the significant changes in sugar-phosphate
backbone contact profiles. The most dramatical changes observed for the base contact profiles
in the minor groove for B-like nucleotides with g- angle y conformation we have discussed
above.

Conformational transitions of sugar-phosphate DNA backbone can affect the propensity
for DNA-binding of amino acids (Fig. 1).
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Our determination the propensity of amino acids to interact with nucleotides shows, that
the most common the protein-DNA contacts form positive charged Arginine (R) and Lysine
(K) residues (Fig. 1) and this data are consistent with the results of many studies [6, 7, 23].
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Fig. 1. Contact profiles in major and minor grooves or Number of the protein-DNA contacts between nonpolar
(IVLFCMAG, grey) and polar (TSWYPHENQDKR, black) amino acids and nucleotides with different sugar-
phosphate backbone conformations: A- or B-like deoxyribose; gauche+, trans, gauche- states of angle y.
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Tryptophan (W) has the largest propensity to form contacts with the DNA in major
groove for B-like nucleotides in alternative y angle conformations. Despite the fact that
Tryptophan is referred as polar amino acid [22], the presence of a heterocyclic system in its
side chain allows Tryptophan to participate in hydrophobic interactions. Therefore the
observed effect can be explained by the increasing of nonpolar surface in the major groove
upon the transitions of y angle into alternative conformations [15] facilitating the formation of
the specific hydrophobic contacts with nucleotides [25].

The number of Aspartate (D) contacts in DNA major groove is high for nucleotides with
any sugar pucker and t y angle conformations (Fig.1). Moreover, almost half of the contacts in
minor groove for nucleotides with B-like sugar and t y angle conformation are the Cytosine
interactions (Table 1). Recently Corona et al. [23] have shown that negatively charged
Aspartate is enriched in base interactions for highly specific DNA-binding proteins and
predominately binds to Cytosine in the major groove through a single hydrogen bond or two
consecutive Cytosines through bidentate hydrogen bonds. Obviously, transitions into t angle y
conformation contribute binding specificity through indirect readout mechanism.

The transition of B-like nucleotides into g- angle y conformation reduces the number of
Arginine (R) contacts in minor groove (Fig.1). This effect can be associated with sequence-
specificity. Arginine is prefer to bind with Guanine [6], while we have shown, that in this
conformation Thymine is more often takes part in the protein-DNA contacts (Table 1).

CONCLUSIONS

Prediction of protein binding sites on DNA will allow us to determine the functions of
proteins and understand regulatory processes in molecular biological systems as well as to
develop pharmaceutical drugs that can prevent the expression of target genes. For solving this
problem some general principles concerning the frequency of formation of the specific amino
acid-base pairs in binding sites should be formulated.

In this investigation we try to identify common features of DNA backbone
rearrangements which can effect on the ability of nucleotides to participate in contacts with
proteins. According to the results of our study one can assert the existence of certain
preferences in the formation of the protein-DNA contacts, depending on the conformation of
the DNA sugar-phosphate backbone.

The A-like nucleotides more often interact with proteins in the minor groove, while B-like
nucleotides make more contacts in the major groove regardless of the y angle conformation. At
the same time the alternative A-like nucleotides form more contacts in the grooves than B-like
nucleotides with both t and g- alternative angle y conformations.

Near 3/4 of the protein-DNA contacts are formed with sugar-phosphate backbone. Such
interactions predominate in the minor groove especially for A-like alternative nucleotides. In the
major groove the number of contacts with bases is significantly higher, but the transition of B-
like nucleotides to alternative t conformation of angle y leads to increasing the interaction
with backbone atoms.

The nucleotides form more contacts with polar amino acids in both grooves than with
nonpolar residues regardless of the nucleotide conformation, but the profiles of such contacts
differ in minor and major grooves and depend on the conformation of both deoxyribose and the
angle vy.

In the minor groove the amount of interactions between alternative nucleotides and polar
amino acids increase, and with hydrophobic amino acids decrease. In the major groove, on the
contrary, alternative nucleotides form less number of contacts with polar amino acids than with
hydrophobic ones. The polar/hydrophobic contact profile for alternative A-like nucleotides is
differed for bases and backbone atoms.
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We have shown that contact profiles are characterized by the sequence-specificity, that is,
the different propensity of certain nucleotides to form contacts with amino acids in both
grooves. In particular the transitions to alternative conformations of the angle y can influence
the specificity of the protein-DNA interactions primarily in the minor groove. But the correct
determination of preferred amino acid — nucleotide pairs in the binding sites of protein-DNA
complexes requires additional studies.

Statistical analysis of the presented protein-DNA structures allows us to make following
concluding remark. It is well known that there are no simple rules in protein-DNA recognition
[9], and the prediction of binding sites is extremely difficult, since proteins and DNA have a
significant conformational variability. Most of the methods predicting protein binding sites on
DNA are based on sequence preferences of residues and protein structure in binding site [1]
and take into account only the DNA sequence (i.e., direct readout) [26-31]. We assume that
information about conformational rearrangements of DNA (indirect or shape recognition) will
allow to supplement the results of these methods and take into consideration not only protein
features but also the structure of DNA. Such data can substantially improve the quality of
binding sites prediction.
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AKTyajpHOCTb. Ha ceromHsmHuili 1eHp BONPOC NETEKTHPOBAHUS PA3IMYHBIX LITaMMOB Oakrtepuu H.
pylori mpuoOpen GONBIIYI0 3HAYUMOCTh BBUY PACIPOCTPAHEHHOCTH STOW OAKTEpPHH IO BCEMY MHPY U
TOW POJIH, KOTOPYIO OHA WIPaeT B Pa3BUTHH MHOXECTBA CEPHE3HBIX JKEIYJOYHBIX W BHEXKEIYIOUYHBIX
3abonesannii. [Ipu >TOM He Bce mTamMMbl Oaktepun H. pylori SBISIOTCS arpecCUBHBIMH U TPeOYrOT
JICYCHUS] C HCIIOJIb30BAaHMEM aHTHOMOTHMKOB. Takum 00pa3oM, BO3HHKAET BOIPOC O HEOOXOIUMOCTH
muddepennmanun 3Tux Oakrepuil mo ux Qakropam BupylieHTHOCTH. Hemoporoii m oOriieaoctynHO#H
TEXHOJIOTUEH AJIsI PEIeHHs ATOH 3a/1a4i MOTYT CTaTh COBPEMEHHBIC CEHCOPHBIE yCTPONCTBA.

Heapr paborel. llenp paboTHl cOCTOMT B pa3paboOTKe CEHCOPHOIO YCTPOWCTBA HOBOTO THMA IS
muddepeHnmansHOro pacrno3HaBanus WTaMMoB H. pylori Ha OCHOBE aHAJIM3a CMECH T'a30B, BBIJIBIXaEMbIX
YeJOBEKOM. Takoe YCTPOWCTBO MOXKET OBITh CO31aHO Ha OCHOBE TOYEYHO-KOHTAKTHOTO TI'a30BOTO
ceHcopa.

Marepuansl U Metoabl. DyHnaMEeHTaIbHbIE CBOWCTBA TOYEYHBIX KOHTAKTOB, MWCIIOJIB3YEMBIX B
MHKPOKOHTAKTHOW CIIEKTPOCKOIMHU SIHCOHA, TO3BOIIIH cPopMUpoBaTh Ha ocHOBe coenuueHnii TCNQ
TOYEYHO-KOHTAKTHYIO ME30CKOIINIECKYI0 MaTPHILy, YyBCTBUTEIIFHYIO K MaJIbIM KOHLICHTPALMSM BEIIECTB
B COCTaBE CI0XHOM ra3oBoil cMeCH. AHATU3UPYEMBIM BEHIECTBOM CITY>KHJ I'a3, BBIABIXaEMBbII YEIIOBEKOM.
PesyabTaThl. ['a304yBCTBUTEIBHBIE TOYEYHO-KOHTAKTHBIE CEHCOPHI Ha ocHOBe coeamHeHmid TCNQ
HMEIOT CJIOXKHBIE KPHUBBIE OTKIIMKA C ABYMsI 3KCTPEMYyMaMH, KOTOPBIE MOKHO Ha3bIBATh CHEKTPATbHBIMHU
npoQWISIMH  CIIOKHOI Ta30BoM cmecu. Mcmonb3ys cHekTpajibHble NPOQHMIM BBEIIBIXaEMOIO rasa
pa3IMYHBIX MAIMEHTOB MOXHO auddepeHnupoBaTh pa3iuyHbIC COCTOSHUS OpraHu3Ma YelIOBeKa,
BbI3BaHHbIC OakTepueii H. pylori.

BeiBoawl. [loka3zaHo, YTO MHPOMYKTHI METa0OJIM3Ma KAHIIEPOTCHHBIX IITaMMOB Oaktepuu H. pylori
JIOMHUHAHTHO BJIMSIOT Ha 3JIEKTPOIPOBOIHOCTH CEHCOPA U MPEIONPEACISIOT IIOBEICHNE 0OCOOEHHOCTEH Ha
KPHUBBIX OTKJIMKA CEHCOpPOB. B pe3ynbrare, HCHONB3YS TOUYEYHO-KOHTAKTHBIE CEHCOPHI Ha OCHOBE
coenuHennit TCNQ Bo3zmoxHO muddepeHunpoBats mrammbl H. pylori 1O WX KaHIEPOTEHHOMY
MOTEHINATY.

KJIIOUEBBIE CJIOBA: H. pylori; TodedHBII KOHTAKT, MHUKPOKOHTAKTHAs CIIEKTpOCKomus SIHCOHA;
TCNQ; ximacTepHBIH aHAIH3; BEIIBIXaeMBIi Ta3; ME30CKOIMIecKast CTPYKTYpa.
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Background: The problem of detecting the different strains of H. pylori has gained great importance
today due to the worldwide prevalence of this bacterium and its role in the pathogenesis of a number of
serious gastric and extragastric diseases. However, not all H. pylori strains are aggressive and require
antibiotic treatment. Thus, the question arises about the necessity of differentiating these bacterium
strains with respect to their virulence factors. In accordance with the IV Maastricht Consensus Report,
among the variety of ways to diagnose H. pylori infection, non-invasive methods should be given
preference. Most of them are based on the analysis of gas which is exhaled by a human. Mass
spectrometry, gas chromatography, and IR spectroscopy are currently the mostly used ones. However,
despite the obvious advantages, these techniques have a number of disadvantages that make them difficult
to use in everyday medical practice. Modern sensor devices can become an inexpensive and easy to
access alternative to these technologies.

Objectives: The aim of the work is to develop a new type of sensor device for selective recognition of H.
pylori strains which is based on analysis of a mixture of gases exhaled by human. Such a kind of device
can be designed on the basis of a point-contact gas sensor.

Materials and methods: Anion-radical salts of the organic conductor TCNQ were chosen as the
sensitive material for point-contact sensors. The fundamental properties of point contacts which are used
in the Yanson point-contact spectroscopy make it possible to create a point-contact mesoscopic matrix on
the basis of this material, which is sensitive to small concentrations of components in complex gas media.
The sensors were obtained by electrochemical deposition of salts from a solvent characterized by a high
vapor pressure on a textolite substrate. Gas exhaled by a human served as the substance to be analyzed.
The measurements were carried out following a specially developed technique. The sensor response
curves were recorded by a measuring complex and original software designed by the authors.

Results: A set of 350 active-type TCNQ-based sensors was studied under the influence of a mixture of
breath gases. Gas-sensitive sensors based on TCNQ compounds are characterized by a complex response
curve with two extrema. Since the temporal variation in electrical conductivity of the sensor correlates
well with the dependence of its resistance on the energy of the adsorbed components of the gas mixture,
the resulting response curves of point-contact sensors can be called spectral profiles of a complex gas
mixture. It is possible to differentiate among the various states of human body caused by the H. pylori
bacterium by using spectral profiles of the gas exhaled by different patients. As a result, the developed
sensors were shown to be an effective tool for analyzing breath gas exhaled in real time mode. They
demonstrated a high sensitivity and selectivity to the products of activity of different H. pylori strains.
Conclusions: It was shown that the products of metabolism of carcinogenic H. pylori strains had a
dominant influence on electrical conductivity of the sensor and thus shaped the behavior of the features
on sensor response curves. As a result, it is possible to differentiate H. pylori strains with respect to their
carcinogenic potential using point-contact sensors based on TCNQ compounds. Thus, an effective
portable tool was created in this work for the first time to develop innovative screening technologies for
non-invasive diagnosis of human body conditions characterized by gastroduodenal pathology and to
distinguish carcinogenic strains of H. pylori from tolerant ones.

KEYWORDS: H. pylori; point-contact; Yanson point-contact spectroscopy; TCNQ); cluster analysis;
exhaled gas; mesoscopic structure.
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AkTyanbHicTe. Ha choromuimmuiii neHp mpoOiema JeTeKTyBaHHSA pi3HMX IitamiB Oaxtepii H. pylori
HaOyJia BEJNMKOI 3HAUMMOCTI Y 3B'A3KY 3 MOIIUPEHICTIO i€l OakTepii Mo BCHOMY CBITY Ta Ti€l poili, SKY
BOHA BIIirpac y po3BHTKY 0araTboX CEepHO3HHMX IUTYHKOBHX Ta IO3alTyHKOBHUX 3aXBOpIOBaHb. Ilpu
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pOMYy He yci mramu Oakrepii H. pylori € arpecHBHUMH i OTPEeOYIOTh JIIKYBaHHS 3 BHKOPHCTAHHIM
aHTHOi0oTHKIB. TakuM YHMHOM, BUHHKAE MHTAHHS MPO HEOOXimHICTH mudepeHIianii mux OakTepiil 3a ix
¢akTopamu BipysieHTHOCTI. Hemopororo i 3aralkHOJOCTYITHOIO TEXHOJIOTIE0 IS BUPIIIEHHS i€l 3aqadi
MOJXYTb CTaTH CydacHi CEHCOPHI MIPHUCTPO].

Merta poGoru. Mera poGoTu mossirae y po3poOlli CEHCOPHOTO MPHCTPOI0 HOBOTO THITY JUIS
JmudepeHiiHoro po3nizHaBaHHs wrtamiB H. pylori Ha OCHOBI aHaNi3y CyMillei rasiB, 110 BUAMXAIOTHCS
nrouHot0. Takuil mpucTpiit Moxke OyTH CTBOPEHHUIT HAa OCHOBI TOYKOBO-KOHTAKTHOTO ra30BOTO CEHCOPA.
Marepianu i Mmetonu. dyHaaMeHTaNBHI BJIACTHBOCTI TOYKOBHX KOHTAaKTIB, 110 BUKOPHUCTOBYIOTHCS B
MIKpPOKOHTAKTHIH criekTpockorii SIHcoHa, no3Bonuiu copmyBarn Ha ocHOBI crioiyk TCNQ TouKOBO-
KOHTaKTHY ME30CKOIIYHY MAaTpUII0, YyTJIMBY J0 MalUX KOHIEHTpalili pedoBHH Y CKJali CKJIaJHOI
ra3oBoi cymiui. PeqoBrHOI0, 110 aHANTI3y€eThCs, CIY)KUB Ia3, SKUH BUAMXAETHCS JIFOANHOIO.

PesyabsTaTn. 'azouytnmBi ceHcoprn Ha ocHOBi cromyk TCNQ MarTh CKIIAAHI KPHBi BIATYKY 3 IBOMa
eKCTpeMyMaMH, $Ki MOXXKHA Ha3BaTH CIEKTPATBHUMH NOPOPUIAMH CKIAOHOI Ta30BOi  CYMIIIi.
BukopucToByroun criekTpanbHi mpodidi BUAMXYBAHOTO Ta3y PI3HMX MAIi€HTIB MOXKHA THU(EPEHIIIOBATH
Ppi3HI CTaHU OpraHi3My JIIOJUHH, BUKIHKaHI 0akTepieto H. pylori.

BucHoBku. IlokazaHo, mo IpoAyKTH METa0Oi3My KaHIIEPOTeHHUX ITamiB Oaktepii H. pylori mMaroTh
JIOMiHAaHTHHH BIUIUB Ha €JIEKTPOIPOBITHICTH CEHCOPa i BU3HAYAIOTH TOBEAIHKY OCOOIMBOCTEH HA KPUBUX
BIATYKy CeHCOpiB. B pe3ynbraTi, BUKOPHCTOBYIOUM TOYKOBO-KOHTAaKTHI CEHCOPH Ha OCHOBI CIIOJIYK
TCNQ, MosxnuBo audepenuitoBaru mramu H. pylori o ix KaHIIEPOreHHOMY NOTEHIay.

KJIFOUOBI CJIOBA: H. pylori; To4KOBUil KOHTaKT; MIKpPOKOHTakTHa criektpockoris SfHcona; TCNQ;
KJIaCTepHUH aHalli3; BUIUXYBaHUH Ta3; ME30CKOIMIYHA CTPYKTYpa.

B HacTosmee Bpems mpoOiiema oOHapyXeHHsl U 3pafaukanuu Oakrtepuun Helicobacter
pylori (H. pylori) sBnsieTrcss 0cOOGHHO OCTPOIl BBUAY IIUPOKOTO PACTIPOCTPAHEHHs TAaHHOM
UHQEKINH 110 BCEMY MHUPY M €€ POJH B ITaTOT€HE3¢ MHOKECTBA CEPhE3HBIX JKEITYJOYHBIX U
BHEXXEIyJOUYHbIX 3aboneBanuil [1, 2]. TactponyoneHanbHas MaToJOTHsl, CBs3aHHAas C
H. pylori, uMmeeT XpOHHYECKOE pEUUIUBUpYIOLIEE TedeHHe. BcemupHas opraHuzanus
3/IpaBOOXpaHEHMsI TPU3HAET OakTeputo H. pylori OCHOBHBIM MPUYMHHBIM (DAKTOPOM pa3BUTHS
A3BEHHOW Ooje3HuM M paka xemyaka [1, 3]. bbulo noka3aHo, 4TO CyIIECTBYET mpsiMast
B3aMMOCBSI3b MEXAy 3aboneBaeMocThio H. pylori n pakom >xenyzaka [1, 4]. Onnako crout
OTMETUTh, YTO HE BCE IWITaMMbl H. pylori OIWHAKOBO OMACHbI U BBI3BIBAIOT pa3BUTHE
[aTOJIOTHYECKUX M3MEHEHUH CIU3UCTON 00010YKH Kenyaka. Paznuunsle mrammsl H. pylori
MUMEIOT pa3Hble KaHIIEPOTCHHBIEC MMOTEHIINAIIBI, KOTOPHIE 3aBUCST OT (DaKTOPOB BUPYJICHTHOCTH
[1, 5, 6]. Takum o6pa3zom, He Bce MITaMMbl MHPEKIMU SBISIOTCS arpECCUBHBIMU U TPEOyIOT
JeYeHHUsI C HCIOJh30BAHUEM AHTHOMOTUKOB. JlaHHBIA (aKT SBIAETCS CyIIECTBEHHBIM
OPEnsATCTBUEM B XOJ€ AMArHOCTMKM HH(EKLIUH, TaK KaK BO3HUKAET HEOOXOAMMOCTb B
Qg depeHIranuy pa3THaHbIX ITaMMoB H. pylori nist BeI6opa 3pPEeKTUBHOTO JIeUeHMs.

Cornacno IV Maactpuxtckomy koHceHcycy (the Maastricht IV/ Florence Consensus
Report) [1] cpemum Bcero paszHooOpa3usi crocoboB auarHocTuku uHbekuuun H. pylori,
NpPEANOYTEeHNEe OTAAeTCsl HEWHBA3UBHBIM MeToJaM. B OCHOBHOM oOHM 0a3upyloTcs Ha
UCCIIC/IOBAaHUM Ta3a, BBIIBIXaeMOTO YEJIOBEKOM. BbInbIXaemblil ra3 mpeacTaBiseT coOoi
CIIO)KHYI0 CMECh TIa30B, HMEIOIIMX pa3JIM4YHOE SHAOICHHOE IPOUCXOXKICHHE U
CEKPETUpPYEMbIC B JIbIXAaTENbHBIC MYTH, JKEIIyJIOYHO-MHUIIEBAPUTEIBHBIA TPAKT U POTOBYIO
IOJIOCTh, OJHAKO HAa €ro COCTaB BIUSIOT U BHELIHME (AKTOPbI, TAaKUE KAaK KypeHHE WU
3arpsi3HEHUEe OKpyKaromieil cpenbl. Takas cmech cocrout 6Gonee yem u3 2000 meTydmx
KOMIIOHEHTOB, IIPU 3TOM KOHIEHTpAlKs HEKOTOPBIX U3 HUX OUYCHb Maja M HE NPEBBILIAET
ypoBHs nonet ppm [7]. YacTh 3THMX KOMIIOHEHTOB SBJSIIOTCSI MapKepamH pas3IMYHBIX
COCTOSIHUM OpraHM3Ma 4eJOBEKa, BBUY YEr0 YUyBCTBUTEIBLHOCTh METOJA UX aHAJIN3a UTPAeT
KJIIOUEBYIO POJIb B TUATHOCTHKE.

B Hacrosmee BpeMs B KaduecTBE HEMHBA3UBHBIX CIOCOOOB JMAarHOCTHKM HMH(EKIHUu
H. pylori uctionb3yercst psii METOI0B Ul aHaJIM3a BBIIBIXaeMOTo rasa. B mepByro odepenpb K
HUM OTHOCSITCS Macc-CIEKTpoMeTpus, TazoBas xpomatorpadus, MK-crnekrpockonus [8-10].
HecmoTtps Ha TO, 4TO 3TH MeTOJbl 00ECIIEUUBAIOT MOJyYEHHE TOCTATOYHO TOYHBIX JAAHHBIX,



69
HaHOCTp}IKTypHLIe TOYCUHO-KOHTAKTHLIC CCHCOPLI IJIA JUAarHOCTUKHM. ..

OHM OO0NagaloT pSAAOM  HENOCTAaTKOB, B  4YHCIE KOTOPbIX OoJsblllasi  CTOMMOCTh
HKCIIEPUMEHTAIILHOTO O0OPYZOBAaHUS M €ro TPOMO3AKOCTb, HEOOXOJUMOCTH BBICOKOU
KBaJIM(MKALMY TTEPCOHAja BBUIY CI0KHOCTH SKCIUTyaTalluu Takoro odopyaosanus. Crnenyer
OTMETHTb, YTO CYIIECTBEHHAs! CIOKHOCTh B aHAIM3€E BBIIBIXAaEMOTO T'a3a 3aKJII0YaeTCs TaKXKe
U B TOM, YTO pa3IUYHbIC KOMIIOHEHTHl JAHHON Ta30BOM CMECH MOTYT B3aMMOJIEHCTBOBATh
MEXIy co00ii, BBUY Yero BaKHBIM TPEOOBAHUEM SIBIISETCS MPOBEJCHUE aHAIN3A in Situ. DTH
HEJOCTATKU SIBJISIFOTCS] 3HAUUTENBHON Mperpajgon AJis UCHOIb30BaHUS YKa3aHHBIX METOJIOB B
MOBCEHEBHOM MEIUIIMHCKON mpakTuke. Hemoporoit u oO0mesoCTynmHON anbTepHATUBOU
JaHHBIM TEXHOJIOTHSIM MOTYT CTaTh COBpPEMEHHbIE CEHCOpHbIe ycTpoiictBa. [loaTomMy B
nocjenHee BpeMsi 0oco0oe BHUMaHUE yJensieTcs pa3padoTKe CHEeHaIN3UPOBAHHBIX I'a30BbIX
ceHcopoB [11-13]. [IpuHUMIBI IETEKTUPOBAHUS, UCTIOIb3yEMBIE TIPU IU3alHHE COBPEMEHHBIX
CEHCOPOB, KaK NPaBWJIO, T[IO3BOJIAIOT CO3/1aBaTh YCTPOMCTBA, OPHEHTUPOBAHHbIE Ha
oOHapy»XeHHe Kakoro-iudo OINpeAeNeHHOro ra3a — TaK Ha3blBaeMoOro mapkepa. Baumy
HAJIMYMSA  B3aMMOJICHCTBHS MEXAYy KOMIIOHEHTAaMH Ta3a, BBIIBIXAaEMOTO UEJIOBEKOM,
JTMArHOCTHKA, TOCTPOCHHAsi Ha BBISIBJICHUM OTAEIbHBIX MapKEepOB, MOXKET MPHUBOJIUTH K
JOKHOMOJOXKHUTEIBHBIM WM JIO)KHOOTPUIATETIBHBIM  pe3yJibTaTaM, OCOOCHHO  IpH
neTekTupoBanuu 6akrepuun H. pylori [14].

Brrenepeunciennsie pakTopbl 00yCIOBIMBAIOT 1I€Tb HAIIEH paboThl, KOTOpPasi COCTOUT
B pa3pabOTKE CEHCOPHOTO YCTPOMCTBA HOBOrOo Tuma i JauddepeHnaibHOro
pacmo3HaBaHusl MMTaMMOB H. pylori Ha OCHOBE aHalnW3a CMECH Ta30B, BBIIBIXaEMBIX
OOJILHBIMH, HWMEIIIUMH B aHaMHe3e WHQPUIMPOBAHHOCTh OakTepueil. B  mepedeHb
TpeOOBaHMI K TaKOMy YCTPOMCTBY BXOZAT TaKK€ HHU3Kasg CTOMMOCTb, BBICOKAS
YYBCTBUTEJIBHOCTh, BO3MOXXHOCTh pabOThl in situ, MajlorabapuTHOCTb U MPOCTOTA
oOciry>xuBaHus. Bcem 3TuM TpeOOBaHUSAM MOXET OTBeYaTh YCTPOMCTBO, MMEIOIIee B CBOCH
OCHOBE TOYCUYHO-KOHTAKTHBIN Ta30BbIi ceHcop [13]. B cooTBeTCTBUU C 3TUM I1€7€CO000pa3HO
paccMOTpeTh M MPOAHATU3UPOBATH PE3YJIBTAThl MCCICIOBAHUN CO3/IaHHBIX HAMHU TOYEYHO-
KOHTAKTHBIX Ta30BbIX CEHCOPOB.

MATEPHUAJIBI U METO/bI

B ocHOBE TOYEYHO-KOHTAaKTHOIO CEHCOPHOTO YCTPOWCTBA JIEKAT TOUYEHHBIE KOHTAKTBI
(MUKpPOKOHTAKThI) SIHCOHa, NMPUHLUMIBI pabOThl KOTOPBIX JETalbHO H3yY€Hbl B paMKax
MUKPOKOHTAaKTHOH crekTpockonuu SHcona [15]. Takue KOHTakThl OO0JAgAIOT PSIIOM
(yHIAMEHTAJIbHBIX CBOWCTB, JENAIOIIUX WX MEPCHEKTUBHBIMU Ul CO3[AHUS CEHCOPHBIX
yctpoicTB [13]. Toueunslii KOHTAKT SIHCOHA MpeNCTaBIsET COOOW SJIEKTPUUECKUN KOHTAKT
MEXY ABYMS MacCHBHBIMHU 3JIEKTPOAAMH, OCYLIECTBICHHBIM Ha IUIOLIAAU, COIIOCTABUMOM ¢
JUIMHOW cBOOOAHOrO mpobera Hocutened 3apsaa. CiegoBaTeNbHO, TaKOHM KOHTAKT
IPEJCTaBIsIET COOON TUIMMYHBIA HAaHOOOBEKT, pa3Mep KOTOPOTO MOXKET ObITh COIOCTaBUM C
pasMepamMH OJHOrO aroma. Pa3yMHO NpEONoNOXHUTh, YTO JaXe OJHAa MOJeKyja rasa,
azcopOMpoBaHHAs Ha MOBEPXHOCTU TAKOI'O KOHTAKTa B 00JACTH CyXeHHsl, Oy/leT BIUATh Ha
IPOBOJUMOCTb KOHTAKTa CYLIECTBEHHBIM 00pa3oM, 00YCIIOBIMBAsL €r0 BBHICOKYIO CEHCOPHYIO
YyBCTBUTEIHHOCTH [16, 17]. BaxkHast 0cOOEHHOCTh TOUEYHOTO KOHTaKTa SIHCOHA Kak 0OBEKTa,
OPUTOAHOTO ISl  MCIOJIB30BaHMS B KauecTBe TIa30BOIO CEHCOpa, Hapsay C  €ro
F€OMETPUUECKUMHU pa3MepaMu, 3aKJIF0YaeTCsl B pacHpelesIeHn HOCUTENEeH 3apsaa, KOTopoe
3HAYUTENbHO OTIIMYAIOTCA OT paclpeliesieHus] B MacCUBHOM mpoBojHuKe [18]. M3meneHue
AJIEKTPUYECKOTO MOTEHIMANa B KOHTAKTE TAKOTO poJia OCYLIECTBIISIETCS HEMOCPEACTBEHHO B
o0nacTu cyxeHus, rae U (GOpMHPYETCS CONPOTHUBICHHE BCEH TOYEUHO-KOHTAKTHOM
cTpyKTypsbl [18]. B pe3ynbraTe, CONpOTUBIEHNE MAaCCUBHBIX KOHTAaKTUPYIOLIUX 3JIEKTPOJIOB
HE BJIMSET Ha CONPOTUBIICHHE CUCTEMBI B IeJIoM Onarojapsi OBICTPOMY PAaCTEKaHHIO TOKa B
Hux. Jlpyras yHukaiabHass 0COOEHHOCTh TOUYEYHOI'O KOHTAKTa 3aKJIFOYAETCs B CIOCOOHOCTH
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COXPAHSTh YCTOWYMBOCTDH IMPH OOJIBLION MJIOTHOCTH TOKA B KaHaje MPOBOJUMOCTH, KOTOpast
MOXeT pocturaTh BenuumHbl 10° A/cM® HpH KOMHATHBIX TeMIIEpaTypax, OOYCIOBIIHBAs
OBICTPYIO J1€COpOIMIO MOJIEKYJl raza C MOBEpXHOCTH M BO3BpaT CeHcOopa B HMCXOJHOE
cocrosiue [16].

B kauecTBe UyBCTBUTENHLHOTO BEIECTBA CEHCOpa ObUIM BHIOpaHBI aHHMOH-PAIUKaJIbHbIC
comd Ha  OCHOBe coemuHeHwit  7,7,8,8-terpammanHoxuHomumerana  (TCNQ) ¢
N-ankwixunomuanem (N-Alk-Qn) u N-ankunmuzoxuHonuaueM (N-Alk-iso-Qn) [19]. Ot
BEUIECTBA OTHOCSATCS K KJIACCy CUHTETHMUYECKHUX OpPraHMYECKHUX HPOBOAHMKOB. (dDakTopoMm,
OTpEACNSAIONIMM  BO3MOXHOCTh  KCIIOJNB30BaHHUS  ATHUX  COEAMHEHMH B  KauecTBe
YyBCTBUTEIFHOIO MaTepuaia, MOCIyXuiIa 0COOEHHOCTh HMX KPHCTALUTUYECKOH CTPYKTYpBHI.
Omna 3axiro4aercs B TOM, 4TO B MpOIecce KPUCTAJUTM3AIMH ATH BELIECTBAa PACTYT B BUJAE UTJ
WIM TUIACTHH, MOJIEKYJIbl JK€ BEIIECTBA YKJIaJAbIBalOTCS B cTONKU. IIpu 3TOM mpoBOAMMOCTH
OCYUIECTBIISIETCS. 32 CUET MEPEKPBITHUS T-BOJHOBBIX (YHKIUN 3JIEKTPOHOB BHYTPH CTOIKH,
pasHble e CTONKH CJIad0 CBA3aHbI MEXAy co0oil. DTo, B CBOIO OYepeab, MPHUBOAUT K
(dbopMUPOBaHNIO KBa3MOJHOMEPHOU MPOBOJUMOCTH, OCYIIECTBISEMONW BAOJIb OCH CTOIKH, C
HU3KOH BEPOSATHOCTBIO DJJIEKTPOHHBIX IEPEXOJO0B MEXAY pa3HbIMH CTONKaMU. Takum
o0pa3oM, aHHU30TPOIHUS TMOBBIIAET YYBCTBUTEIBHOCTh MPOBOAMMOCTH KpHCTaUla K
a/ICOPOIIMOHHBIM TIPOLIECCaM, TIPOUCXOSIIUM 10/ BO3ACHCTBUEM BBIIBIXaEMOT'0 Ta3a.

Jlis mosydeHus: BBICOKOUYBCTBUTEIBHOTO CEHCOPHOro MaTepuaia Obuia pa3paboTaHa
OpUTHMHAJIbHAS TEXHOJIOTHS, C TIOMOLIbI0 KOTOPOH Obllla CHHTE3MPOBaHA aHUOH-paIuKaIbHAs
coib [C4Ho-150-Q,](TCNQ), [20].

OOpa3ipl CeHCOPOB OBLTM M3TOTOBJIEHBI HA TEKCTOJUTOBOM IOAJIOKKE, IMOKPHITOM
Me/IHO# PosTbroii ¢ obenx cropoH. Ilnomaas momIoKKn — 5 X 10 Mv?. Ha marepuane dombru
(OopMHPOBATMCH NEKTPOJHBIC COMPSIKEHUSI C Ta30uyBCTBUTENBHBIM cioeM. Kpome Toro,
donpra ciaykuina B KayecTBE TOKOMOJBOASIIUX 3JIEKTPoAOB. Bo BpeMs NpHUrOTOBICHUS
00pa3ios uacth (omerm ¢ pasmepamu 0,15X5 MM® ObUla ymaneHa C MOMIOXKKH JUIS
dbopMUpOBaHUA  MEXKIJIEKTPOJHOTO  MPOCTPAHCTBA.  TOYEUHO-KOHTAKTHbIE  0Opaslibl
coequHenus: TCNQ ObLTH U3rOTOBJICHBI B 3TOM 3a30pe B Ka4ecTBE ME30CTPYKTYphl. st Toro
YTOOBI MOJYYUTh T'a304yBCTBUTEIbHBIA AJIEMEHT, ObUT MCIOJIb30BaH HACHIIIEHHBIN pacTBOp
comu [C4Ho-150-Q,](TCNQ), B opraHn4eckoM pacTBOPUTENE C BHICOKOH yNpPYrocCThIO MapoB.
DT0 00yCIIOBIMBAIO OBICTPOE HCIIAPEHUE PACTBOPUTENSI MPH HOPMATBHBIX (KOMHATHBIX)
ycnoBuAX. UyBCTBUTEIbHBIE  3JEMEHTHl ObUIM  HM3TOTOBJIEHBI C  HCIOJIb30BaHUEM
OPUTHHAJIBLHON AJIEKTPOXUMUYECKONW TexHosoruu [21], koTopas mo3Bojsiia (HOpMUPOBATH
ME30CKOIMYECKYI0 MUKPOKOHTAKTHYIO MYJBTUCTPYKTYPY. MyJbTHCTPYKTypa cOCTOsAIA W3
TOYEUHO-KOHTAKTHBIX JJIEMEHTOB (puc. 1), KOTOpble ObUTH 00pa30BaHbl MEXAY KpasMu WU
OOKOBBIMH TOBEPXHOCTSIMH HWIOJBYATHIX KpUCTAIOB coenuHeHuss TCNQ aHamoruvHo
(GOpMHPOBAHUIO TOYEYHBIX KOHTAKTOB IO CIABUrOBOMl Metoguke YyOoa [22] B
MUKPOKOHTAaKTHOU cnekTpockonuu SHcoHa [13, 23]. Kaxnaplii M3 TOYEUHO-KOHTAKTHBIX
AJIEMEHTOB TIPEJICTABIAECT COOOM EIWHUYHBIM TOYEYHO-KOHTAKTHBIM naTtyuk. MaccuB
TOUYEYHO-KOHTAKTHBIX JATYUKOB (MYIbTUCTPYKTYypa) MOKET BKIouaTh B cebs mo 200-300
TOYEYHBIX KOHTAKTOB Ha rurommamy 0,15 X 5 . COBOKYITHOCTB TOJIyYEHHBIX TaKUM 00pazoM
MUKPOKOHTaKTOB, COCIUHEHHBIX JAPYr C JAPYrOM H C TOKOMOJABOMASIIMMH DIIEKTPOJIAMHU,
oOecrieunBaeT 3HAYUTENIbHBIN YPOBEHb BHIXOJAHOIO CUTHAJIA.

C nenbio co3gaHUsl CEHCOPOB aKTUBHOTO THIIA, MMEIOIIMX B CBOEM COCTaBE€ MCTOYHHUK
TOKa, OBLT MCTIOJIB30BAH PsiJ] OPUTHHAIBHBIX TEXHOJIOTHYECKHX NpueMoB 1 «know how» [24].
[Tporiecc M3roTOBIEHUS BKJIIOYAN B ce0sl MOJSPU3AIMIO TPAHUI] pa3ziesa «TOKOMOIBOISIINI
METaJUI-Ta309yBCTBUTEIBHOE BEUIECTBO» B Tporecce (OpMUPOBAHUS MYJIBTUCTPYKTYPHI.
D10 obecrneynBaio COXpaHEHHWE BO BPEMEHHM OCTAaTOYHOIO MOTEHIMana U (OpMUPOBAHUE
UCTOYHMKA OdHepruu. B To Bpems Kak MPOAYKThl KaTOJHOM NOJSpU3aLUU  ObLIN
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HECTaOWJIBLHBIMU M pAaclajaliuCh B TEYEHHE HECKOJbKMX MHHYT, HPOAYKTHI aHOJHOMN
MoJrsIpu3anuu GBIHI/I AJOCTaTOYHO yCTOI‘/JI‘-II/IBLI, BCJICACTBHUC UYCro OCTaTO4YHAdA pPA3HOCTb
MOTEHIIMAJIIOB COXPaHsIach BO BpeMeHu [21].

Puc. 1. MoaenbHOE N300pakeHNE TOYEUHO-KOHTAKTHOM MYJIBTHCTPYKTYPBI.
1 — Trekcronut, 2 — MeaHas GoJbra, 3 — TOUCUHbIA KOHTAKT.

B kauecTBe aHanM3MpPyeMOro ra3o00pa3HOro areHTa HCHOJb30BaJach CMECh TIa30B,
BbI/IbIXa€MbIX 4esloBeKOM. ClelyeT OTMETHTh, YTO I IOJIyYE€HHs PEAJbHBIX IAHHBIX O
METa0O0JIMYECKOM COCTOSIHUM YeJIOBeKa M CTaOWJIBHOM BOCHIPOU3BOAMMOCTH PE3yJIbTaTOB
ObUIO HEOOXOIUMO TPHUIEPKUBATHCS CIIEHUAIBHO pa3pabOTaHHONW METOJMKH HCCIEIOBaHUN
[25].

Peructpanuss u3MEHEHHMs] NPOBOAMMOCTH  Ta304yBCTBUTENIBHBIX CEHCOPOB O]
BO3JCICTBUEM Ta30BOM CMECH IPOBOAMIIOCH IyTEM HM3MEPEHUS NaJCHUA HANpPSDKCHUS Ha
npenu3noHHoM  pesucrope  (C2-29B-0, 125-1M, HIIO «EPKOH», Poccus) ¢
conpotuBieHrneM 1 MOwM, MNOIKIIOYEHHOM B JJIEKTPUYECKYIO IIEMb IOCIEA0BATEIBHO C
CaMHUM CEHCOPOM.

Jlisg u3MmepeHuil ObUT CO3/1aH U3MEPHUTENbHBIM KOMILJIEKC, KOTOPBIA BKIIOYan B celd
mynetumeTp Keithley 2000, cnenmansHO pa3paOOTaHHBIN JepkaTenb CeHCopa U
NEPCOHAIBbHBIN KOMIBIOTEDP, HA KOTOPBIM MPOU3BOANUIIACH 3aIIUCh MTOJYUYEHHBIX PE3YJIbTaTOB B
peasbHOM BPEMEHH MPH MOMOIIY OPUTHHAIBHOTO IPOrPaMMHOT0 00ecrieueHH s.

PE3YJIBTATBI U OBCYXIEHUE

B TO Bpems kak Ui TpaJMLIMOHHBIX Ta30BBIX CEHCOPOB O] JAEWCTBUEM Trasa,
BBIJIBIXaEMOT'0 YEJIOBEKOM, HaOII01aeTCsl MOHOTOHHOE M3MEHEHUE CUTHAJA OTKJIMKA C OJHUM
nukoM  (cMm., Hampumep, o0030p [12] W OWUTHPOBaHHYIO B HEM JIUTEpaTypy),
ra304yBCTBUTENbHBIE CEHCOPBI Ha ocHOBe coeauHeHuil TCNQ moka3piBaioT 6osiee CI0KHYIO
KPUBYIO OTKJIMKa C JAByMs JKcTpemyMamu (puc. 2). Ilpu sToM OAMH U3 3KCTPEMYyMOB
HPOSIBJIETCS B MEPUOJ KCIIO3UIIUH, @ BTOPOIl HAXOAUTCS B pellaKCAl[MOHHON YacTH KPUBOH
OTKJIMKA, TO €CThb TOM 4acTH, KOTOpas COOTBETCTBYET IEPUOIY BPEMEHU I0CJIE OKOHYAHUS
BO3JCCTBUS  BbIAbIXxaeMoro raza [25]. CompoTuBieHHE CEHCOpa Ha BO3ayxe 0e3
IpEeBapUTENBLHOr0 Bo3aeicTBUS ra3a npessimaer 200 MOwM, npu 3TOM MOKHO JONYCTUTh,
YTO B OKAYLIEM pPEXUME HACKOJIBKO-INOO 3HAUMMBIA TOK, TEKYIIMH uepe3 CeHcop,
orcyTcTByeT. [lon eficTBUEM e BBIIBIXaeMOro Ia3a CONPOTHUBIEHUE CEHCOpa HajaeT Ha 3
nopsiaka Hwke 3HadeHHs B 0,5 MOM, YTO 3HAQYUTEIBHO YMEHBIIAET CONPOTHUBIICHUE
INEKTPUYECKOM IENM CeHCopa W TMPHUBOAUT K MOSBICHUIO B HEM 3JIEKTPUYECKOIO TOKa,
3a/1aBa€MOT0 MCTOYHMKOM BHYTPEHHEW HEPIUU CEHCOpa. JTO IO3BOJISIET PErMCTPUPOBATH
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U3MEHEHHE 3JIEKTPONIPOBOJHOCTU CEHCOpa OT BPEMEHH, 00YCIOBIEHHOE B3aUMOJICIICTBHEM C
BBI/IBIXa€MbIM I'a30M, ITyTEM U3MEPEHUs MaJeHUs HAIIPSDKEHUS Ha MPELIU3NOHHOM PE3UCTOPE,
BKJIIOUEHHOM B LI€IIb ITOCJIEOBATEIBHO ¢ CeHCOpoM. [locie mpekpaieHus BO3NEeHCTBUA ra3a
COIIPOTHBIIEHHE CEHCOpA BO3BpAIAeTCs K MCXOJHOMY 3HAUYCHHUIO B TeueHHe 1-5 MuHyT Oe3
INPUMEHEHUs] KaKUX-JIMOO [JONOJIHUTEIbHBIX MeEp, 4YTO OO0EClNeYMBaeT 3HAYUTEIbHYIO
NPUBJICKATEILHOCTh CEHCOpa B KauecTBe OOBEKTa JJI MOBCEMECTHOTO HCIOJIb30BAHUS B
peXHUME PEaJIbHOTO BPEMEHH.

[TomHOE OTCYTCTBHE CHUMMETPUHU MEXAY SKCIIO3UIIMOHHOW M pelaKcaluoHHOW (azamu
KPMBOM OTKJIMKAa yKa3plBaeT Ha pa3IMYHyl0 NpuUpoAy (OpPMHUpPOBAaHUS  CUTHAjA.
OKCMO3UIMOHHAsA (a3a XapakTepu3yeTcs, B UYACTHOCTH, ajcopOIMeil MOJeKysa Tra3a Ha
IOBEPXHOCTH TOUYEYHOIO KOHTaKTa. AJCOpOLUs KOMIIOHEHTOB BBIABIXa€MOIO Tasa
YBEJIMUUBAET IMPOBOJUMOCTb CEHCOpa JI0 OIPEIEICHHOIO YPOBHs, YTO XapaKTepHU3yerTcs
KPHBOW OTKJIMKA C HachImeHueM. [Iporiecchl, mpoucxosime B pejaakcalmoHHo (a3e, MOoTyT
OBITh OMHCAaHBl clenylomei wmoaenbio. llog neiictBueM Toka OONBIION TUIOTHOCTH,
aZicopOMpOBAaHHBIE  MOJIEKYJBl ~ KOMIIOHEHTOB  BBIIBIXa€MOro  raza  HeoOpaTumo
JIeCOpOMPYIOTCS € TOBEPXHOCTH Ta304yBCTBUTEIBHOTO Marepuaia. Ilpomecc necopOrmu
CTUMYJIUPYETCSI HOCUTEIISIMU 3apsia, KOTOPbIE IPU IPOTEKAHUU TOKA B TOYEUYHO-KOHTAKTHON
MYJIBTUCTPYKTYpE  MCHBITBIBAIOT ~ MHOTOKpAaTHBIE  HEYNpPYyTHe  CTOJIKHOBEHMSI  C
aZicopOMpOBaHHBIMU MoOJIEKyJamMH. B mpouecce Takoro B3aUMOJEHCTBUS AIIEKTPOHBI
NEPEJAlOT 4YacTh CBOEM HHEPrUM MOJIEKYyJaM Tra3a, M, KOIZla HAaKOIUIEHHOW JHepruu
CTAaHOBUTCA JOCTaTOYHO [UI1 TOrO, YTOOBI TPEB30MTH HHEPIUIO0 CBSI3U MOJIEKYJIBl C
MIOBEPXHOCTBIO, aaCcOpOMpOBaHHBIM ra3 necopOupyerca. Tak KkKak H30BITOYHAS HHEPTUs
a7IcOpOMPOBAHHON YaCTHIIBI PACTET C YBEJIWYEHUEM BPEMEHH, NP aHATIM3€ KPUBBIX OTKIIMKA
C OINpEIEICHHOW CTENEHbID YBEPEHHOCTH MOXHO TOBOPUTH O TOM, YTO HW3MEHCHHE
JNEKTPONPOBONHOCTH  CEHCOpa BO BPEMEHH KOPPEIUPYET C 3aBHUCHUMOCTBIO  €r0
COIIPOTHUBIICHUS] OT dHEPTUM ajcopoupoBaHHbIX yacTull [13, 14]. DToT dakt mpemocrasiser
BO3MO)KHOCTb HAa3bIBaTb IIOJYYEHHBIC KPHBBIE OTKIMKA TOYEYHO-KOHTAKTHBIX CEHCOPOB
CHEKTPAIBbHBIMU NPOPHUIIIMHU CIIOKHON Ta30BON CMECH.
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0,4+
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Puc. 2. TunuuHas KpuBasi OTKJIMKA CEHCOpa HA OCHOBE COSMHEHUH
TCNQ nox aelicTBHEM Ia3a, BBIIBIXa€MOT'0 YCIOBHO 3/10POBBIM
genoBekoM. Bpems sxcno3unuu paBHo 60 cek.

bruto nokazaHo, 4TO pa3iMyHbIe Bapyualluy apaMeTPOB KPUBON OTKJIMKA COOTBETCTBYIOT
pPa3TUYHBIM METa0OJIMYECKUM COCTOSHUSIM OpraHM3Ma YeJOBEeKa, Y€l BBIIbIXaeMbIH ra3
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aHanmuzupyetrcss [13]. B uucime Takux mMapaMeTpoOB HAXOMATCA: 3HAYCHUS MAKCUMYMOB
HKCIIO3UIIMM U peNlaKCcallK; 3HAYeHHE CUTHajla CEHCOpa B TOYKE Hadalla pellaKkcalluu;
OTHOILIEHUE BBICOTHl PEIAKCAlMOHHOTO MaKCUMyMa, H3MepseMOd B TOYKE Hadaja
penakcanuu, K €ero a0CONMIOTHOW BEIWYHMHE, OTHOIICHHE 3HAYCHHUs pPelaKCallmOHHOTO
MakCUMyMa K OJKCHO3UIIMOHHOMY; BpeMsl pelakcaluuu. TakuM o0pa3oM, MOXHO
T QepeHIMpPOBaTh Pa3IMYHbIE COCTOSHUS OpraHM3Ma 4YellOBeKa, BBI3BaHHBIC OakTepuei
H. pylori, wcnonb3ysi aHaiu3 KpUBBIX OTKJIMKA, IOJYYEHHBIX IO/ JACWCTBUEM Tas3a,
BBIJIBIXa€MOT0 PA3IUYHBIMU MMAIIUEHTAMH.

MbI u3roroBwIM U uccaeaoBain 350 CEHCOPOB aKTUBHOTO THIIA Ha OCHOBE COCIMHEHUS
[C4Ho-150-Q,](TCNQ), mox Bo3A€iiCTBHEM CMECH Ta3oB, BBIIBIXaeMbIX deloBekoM. [lepuon
AKCTO3UIMU cocTaBisul 60 cexkyHA. BvIOOp MpOMODKUTETFHOCTH TMEepUoAa SKCIO3UIUU
00yCIIOBJICH CTPEMJICHHEM JIOCTHYh ONTHMAILHOW MH(POPMATHBHOCTH IMOIYYa€MbBIX KPHBBIX
[25]. [na kakmoro ceHcopa ObUIO MPOBENECHO MO S5 MapajuIeIbHBIX KCIEPUMEHTOB, YTO
o0ecrneynBaio TOCTaTOYHbIE YCIOBHS JUIsI CTATUCTHYECKONH 00pabOTKHU TaHHBIX.

Tak Kak KaXIblii M3rOTOBJICHHBIA CEHCOp XapaKTepU3yeTcs OIpeAeTeHHBIMU
napaMeTpamMu MeE30CKOMHMYECKOH CTPYKTYphl (KOJIMYECTBO W KOH(UTyparuss TOYCUHBIX
KOHTAaKTOB), TPYJIHO JOCTHYb IOJHOM HISHTHUYHOCTU W3JAETUN Jake B Npeaenax OJHOMN
BBIMTyCKaeMol maptuu. BcernenctBue 3Toro maptud (GOpMHUPOBAIHCH HA OCHOBE JAHHBIX
KJIACTEpHOTO aHaju3a. B KkauecTBe KpHUTEpUS CXOKECTH UYBCTBUTENIBHBIX 00pa3loB
WCIIOJI30BAJIUCH  3BKIUJOBBI PACCTOSIHUSL 1O Py METPOJIOTMYECKUX IapaMeTpoB.
KnactepHsplii ananu3 3akiodaics B pa3d0MeHHd OOBEKTOB Ha TPYIIbI MO OMPEICICHHBIM
npu3HaKaM, MPU STOM Pa3IHuUe MEXKAY ABYMsS OOBEKTaMU B OJHOHN TPYIIIE IOJDKHO OBITh
3HAYUTENIbHO MEHBIIE PA3IUyusl JByX Hauboyiee «MOXO0XHUX» OOBEKTOB W3 Pa3HBIX TPy
[26, 27].

JUis  BBHIMOJHEHMS KIACTEPHOTO aHajgu3a HEeoO0XOAMMO TEepeBECTH HEOAHOPOIHO
MacIITabupyemMbie CIy4dailHble BETWMYMHBI X, KOTOpBIC MPEACTABISIOT HAIIM TapaMeTphbl
JaT4yrKa, B CTAaHAAPTU3WPOBAHHBIE MyTEM MAacIITaOMpPOBAaHUS HCXOJHOTO HAOOpa JAaHHBIX.
Jlis sToro HamM HEOOXOAMMO 3aMEHHTh BCE chydailHele BenmuuwHbl (P; u P;) ux
CTaHIApPTU3UPOBaHHBIMM  aHajmoraMu U,  KOTOpble  XapaKTEpPU3YIOTCS  HYJEBBIM
MaTematrueckuM oxkuganuem M(U) = 0 u equanaHoi qucnepeueit D(U) = 1:

y o X-MX)
o(X)
3nech M(X) — MmaTeMaTHYECKOE OKUJIAHUE TSI CITy9aitHOW BEIMYUHBI, a 0(X) — TUCTIepCHs.

Takum 00pa3oM, BCe HAIM PaCUETHl MapaMETPOB KJIACTEPHOTO aHAIM3a MPOU3BOJSATCS
JUISl IBYMEPHOTO 3BKJIMA0BA MMPOCTPAHCTBA BOCCTAHOBJIEHHBIX CilydailHbIX BenuunH U; u U,
CBSI3aHHBIX C BBIOPaHHBIMU MapameTpaMu P; U P; ¢ TOMOIIBIO CIIEAYIOUINX YpaBHEHUI:
(R"-PR)

0,

(1)

() _
U =

2)

(A" -P)

0,

() _
U’ =

€)

[Tocme 3TOro paccUYMTHIBAETCS H3BKIHMIOBO PACCTOSHUE MEXIy oObekramMu 1 u 2 B
JIBYMEPHOM MPOCTPAHCTBE TIO0 PopMyIie:
d=\(U"-UPY + (U -UPy “4)
B o0mem Buae Takoil MOAXOA TMO3BOJSET HAWUTH OOIIee pPACCTOSHHE MEXIY ABYMS
T00BIMU 0O0BEKTaAMH KaK KBaJpaTHBIA KOPEHb U3 CYMMBI KBaJIPaTOB UX MapaMeTpPOB.

KnacrepHblif aHanu3 MNpoBOAMJICS MO  CIACAYIOIIMM  KPUTEpPHUsIM: aOCONIOTHas
MHTEHCUBHOCTh SKCIIO3ULMOHHOIO Makcumyma mnpesbimana 0,5 B; Bpems penakcanuu;
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OTHOIICHWE WHTEHCUBHOCTU SKCIIO3UIMOHHOIO MAaKCUMyMa K pEJaKCalluOHHOMY U
OTHOIIEHWE HMHTEHCHBHOCTH PEJIAKCALIMOHHOIO MaKCHMyMa, OTCUMTBIBAEMOIO OT TOYKH
OKOHYAHUS 3KCIO3ULINHU, K a0COIIOTHON BEIMYMHE 3TOr0 MakcuMyma. bbuin chopMupoBaHbl
KJIaCTEPhI C 3BKIMAOBBIM PACCTOSHUEM MEXIY JByMs HaubOoJiee OTHAJICHHBIMU OOBEKTaMH B
Hux He Oonee 0,6 emuuui. I[lapamMeTpbl KpHUBBIX OTKIHKA, KOTOPBIE XapaKTEPU3YIOT
0TOOpaHHBIE CEHCOPBI, TPUBEICHBI B TabuIle 1.

Tabmuma 1
XapakTepUCTUKH CEHCOPOB, BXOISIINX B KJIACTEP C IBKIUAOBEIM paccTostareM 0,6

HaumenoBanue Bpewms penakcanuu | Max;/Max; (Max,—P3)/Max;
ceHcopa t,C

P13 68 0,86 0,21

NC8 72 0,84 0,23

1/22 73 0,79 0,28

W/32 68 0,82 0,24

W/44 70 0,81 0,27

W/47 73 0,84 0,27

3nece Max;/Max, — OTHOIIEHHWE HWHTEHCUBHOCTH SKCIO3MIIMOHHOTO MaKCHMyMa K
penakcanmmonHomy; (Max,—P);)/Max, — OTHOIIEHHWE HWHTCHCHMBHOCTH PENaKCAllMOHHOTO
MaKCHMyMa, OTCYUTBIBAEMOTO OT TOYKH OKOHYAHUS SKCIIO3UILIMHU, K aOCOJTIOTHOW BEIHUYMHE
3TOr0 MakCHMyMa.

[Ipu cpaBHEHMM [ByX KpHUBBIX OTKJIMKA, IIOJyYEHHBIX OT pa3HbIX CEHCOPOB U3
c(OPMHPOBAHHOTO KJIaCTepa, MOXKHO YOEAWUTBHCS, YTO OSTH KpUBBIE MOJOOHBI Kak IO
KayeCTBEHHBIM IMpPHU3HAKaM, TaK U MO MX KOJMYECTBEHHBIM 3HaueHusM (puc. 3.). Cnemyer
OTMETHUTH, YTO MPEACTABICHHBIC KPUBHIC MPUBEICHBI JO HOPMUPOBKH KPHUBBIX OTKIUKA, YTO
MOKA3bIBAET MX BBICOKYIO CXOXECThb JlaK€ B a0COJIOTHBIX BEIMYMHAX HHTEHCUBHOCTH U
BpeMeH penakcanuu. HeGonbine pacXxoXAeHHUs B MOBEACHUH OTACIBHBIX YYaCTKOB KPHBBIX
OTKJIMKa MOTYT OBITh OOYCJIOBJIEHBI M3MEHEHHEM METa00IUYECKOTO MPOQMIIST BBIIBIXaEMOTO
ra3a 4ejloBE€Ka B TEUEHHE OJHOIO 4aca, COOTBETCTBOBABILEIO IPOMEKYTKY BPEMEHU MEXIY
U3MEPEHUSIMH, UTO SIBJISIETCS BIIOJIHE €CTECTBEHHBIM IS TaHHOM CIOXHOW OMOIOrMyYecKoit
CpeJibl.

BriOpannbie 00pasipl CEHCOPOB C MAaKCHMAJIbHO OJU3KUMHU XapaKTEPUCTUKAMHU OBLIH
UCTIONB30BaHBl IS JICTEKTHPOBAHMS KAHIEPOTCHHBIX ITaMMoB Oaktepuu H. pylori.
B kauecTBe nmpumepa npuBeaeM pe3yNbTaThl AETEKTUPOBAHUS BBIABIXAa€MOI'0 raza MalueHTOB
C Pa3JIMYHOM MMATOJOTUEN.

UccnenoBanus mnpoBoauinvuch B MHCTUTYTE OXpaHbl 310pPOBbS AETEH W IMOJPOCTKOB
HAMH Vxkpaunsr [14]. B kauecTBE HCHBITYEMBIX BOJIOHTEPOB BBICTYNAIU IALIUEHTHI,
TOCMUTAIU3UPOBAHHBIE B CBS3M C jKajoOaMu JuUcHenTuyeckoro xapakrepa. C MOMOUIbIO
TOYEYHO-KOHTAKTHBIX Ta30BBIX CEHCOPOB OBUIM TONYYeHBl KpUBBIE OTKJIMKA aius 142
MOAPOCTKOB. B kauecTBe rpynmbl cpaBHEHHsI BbICTyman 31 3mopoBbiii goOpoosenr. [lmst
KOHTPOJISI COCTOSIHUSL WHGUIMpOBAaHHOCTU H. pylori ObUM TapajUIENBFHO HCIIOJIb30BAHbI
MeToabsl uMMyHobepmeHTHoro aHanm3a (ELISA) n ammuaunsiii neixarenbnbiii Tect (HELIC
ABT). B pesynprare mNpOBEAEHHBIX HCCIEIOBaHUI OBLIO MOKa3aHO, YTO COCTOSHHUAM
OopraHu3Ma, HWH(QUIMPOBAHHOTO pa3IWYHBIMU IUTaMMaMu H. pylori, COOTBETCTBYIOT
CEHCOpHBIC KPUBBIC OTKJIHMKA C PA3TUYHBIMH XapaKTEPUCTUYECKUMH IMapameTpamu (puc. 4,
cM. Takke [14]).
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Puc. 3. Kpusle oTkimka 1t a1Byx ceHcopoB (NC8 u W/32) mon neficTBreM rasa,
BBIJIBIXABILETOCS OAHUM JJOOPOBOJIBLIEM.
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Puc. 4. KpuBble OTKIIMKA A7 TAIIMEHTOB, 3apayKEHHBIX Pa3IMYHBIMU IITAMMaMU OaKTepuu
H. Pylori. 1 - namment b.K. (HP+CagA-), 2 — nament H.B. (HP+CagA+). ¢; — Bpems
9KCTIO3UIINH, ¢, — BPEMSI pelaKCallHH.

Mp1 0OHapyKuIIK, YTO OAWH M3 3THX IapaMEeTPOB, a UMEHHO, BpeMsl penakcanuu (¢, Ha
puc. 4) obmagaer OUArHOCTUYECKUMH BO3MOXKHOCTSIMH JJIsl aHalU3a BBIIBIXaeMOIo Tras3a
NAallMeHTOB C TacTPOXyOACHATBHON IMATOJIOTUEH M TMO3BOJISET JETEKTUPOBATH COCTOSHHA,
oOycnoBnennble uHbekumeir H. pylori. Ilpn uHQUUUpPOBaHMM oOpraHu3Ma OakTepuen
H. pylori BpeMsi penakcaly CEHCOpa TIOJ ACHCTBHEM BBIABIXaEMOTO Tra3a JIOCTOBEPHO
IPEBOCXOIUT BpeMs peJaKcallid B CIIydae aHalM3a BBIJBIXAEMOr0 Ta3a 3J0POBBIX
no6poBonbIeB. B cinydyae mHuImpoBanus opranu3smMa DUTOTOKCHYHBIMEA Cag A mramMmamu
OakTepuu HaONIOJaeTCs SPKO BBIPAXKEHHBIH 3((eKkT yBelIndyeHus BpPEeMEHHU pelaKcaluu
CEHCOpa HE TOJBKO MO OTHOLICHHUIO K CIyYal0 3/I0POBBIX TOOPOBOJIBLEB, HO U TI0 CPABHEHUIO
C cuTyauuel WHOUIMPOBAHHOCTH HETOKCUICHHBIMHM IITaMMamu Oaktepun H. pylori.
CymiecTBeHHYIO pPa3HHUIly B BEIMYMHE Mapamerpa f, ISl TOCIEAHUX JBYX CIy4aeB
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JEMOHCTPHUPYIOT KpuBbIe Ha puc. 4. O4eBUIHO, YTO MPOAYKTHl MEeTabO0JIN3Ma KaHIIEPOT€HHbIX
mramMmMoB Oaktepun H. pylori TOMHUHAHTHO BJIMSIOT Ha 3JEKTPONPOBOIHOCTH CEHCOpa U
NPEIONPENEIAIOT MOBEeIeHNE OCOOEHHOCTEH Ha KPUBBIX OTKJIMKA CEHCOPOB, B YAaCTHOCTH,
IPUBOAAT K 3HAYUTCIIBHOMY YBEIMYCHUIO BPEMEHHU PEJIAKCALMU II0CJIE BO3JIEHUCTBUS
BBIJIBIXaEMOT'0 ra3za MH()pUUUPOBAaHHBIX HAalMEHTOB. TakuM 00pa3oM, HUCHOJIb3Yysl TOUEHHO-
KOHTaKTHBIE CEHCOpbl Ha oOcHOBe coeauHeHnii TCNQ, Bo3MOXXHO nudepeHIpoBaTh
mrammsl H. pylori 1o X KaHIEPOT€HHOMY MOTEHIMATY.

BbIBO/IbI

B xone manHOW paboThl ObLTM co3MaHBl M UccienoBaHbl 350 TOYEUHO-KOHTAKTHBIX
ra3oBbIX CEHCOpoB Ha ocHoBe coeauHeHudt TCNQ. IlpumeHeHHe OpUTrHHAIBHBIX
TEXHOJIOTHYECKHUX MPUEMOB MO3BOJIUIO CHOPMUPOBATH CEHCOPHI aKTHMBHOT'O THIIA, KOTOPHIE
BKJIIOYAIM B ce0s MUHUATIOPHBIA HCTOYHUK TOKA M, CIEAOBaTElIbHO, MOIJIM paboTaTh B
ABTOHOMHOM pexuMe Oe3 BHEIIHEro WCTOYHWKA muTaHus. J[ns orOopa 4yBCTBHTEIHHBIX
3JIEMEHTOB C MaKCHUMAaJlbHO OJIM3KUMHU TapaMeTpaMH ObLIT HCIOJIb30BAaH MaTeMaTHUYECKU
METOJ KJIACTEepPHOTO aHalIM3a, 4YTO TMO3BOJHIO OOECIEUYUTh BBICOKYIO JOCTOBEPHOCTH
pe3ynbTaToB MpH pabOTe CEHCOPOB B CIOXHBIX ra3oBBIX cpeaax. Mcmomp3ys crenuanbHYyIo
METOJIUKY COOpa JKCHEPUMEHTAIBHBIX JTaHHBIX, MBI HCCICIOBATH KPHUBBIE OTKJIHMKA ITHX
CEHCOpPOB TMOJ BO3JEWUCTBHEM Ta3a, BBIIBIXaEMOr0 4YeloBeKa. bbulo TmoKa3aHO, 4YTO
pa3paboTaHHbIE CEHCOpPBl  SABISAIOTCA  S((EKTUBHBIM  HHCTPYMEHTOM Il aHajiIM3a
BBI/IBIXa€MOT0 Ta3a MAleHTOB B PEXKHME PEalbHOr0 BPEMEHHU U JIEMOHCTPUPYIOT BBICOKYIO
YyBCTBUTEIHHOCTh U HM30UPATENLHOCTh 10 OTHOIICHHIO K MPOIYKTaM KH3HEACSITeIbHOCTH
pa3UuHBIX ImMTaMMOB Oaktepuu H. pylori. Takum o0Opa3om, B JaHHOW paboTe BIEpPBBIC
co3maH d3(PPEeKTUBHBIA MOPTATUBHBI WHCTPYMEHT IS Pa3paOOTKHM WHHOBAIIMOHHBIX
CKPUHHUHIOBBIX TEXHOJIOTMH HEMHBA3MBHOW IMATHOCTUKH COCTOSIHUN OpraHM3Ma 4YellOBeKa,
XapaKTePU3YIOIINXCsl TaCTPOAYOJACHATBHON maToysorueld, u auddepeHuany ToIepaHTHRIX
Y KaHIIEPOTCHHBIX ITaMMOB uHbekuu H. pylori.
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