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CEKUMA 1 : BAOMEAULIMHA. BUOTEXHOJIOTUMWN. /
SECTION 1 : BIOMEDICINE. BIOTECHNOLOGIES.

®OTOXPOMHBIE CUCTEMbI /11 BUOMEAVNLIMHCKUX TEXHOIOMMNIA

BapaueBckuii B.A.
Lentp otoxumun ®HUL «Kpucrannorpacdumsa n cbotoHnka» PAH,
MockBa, Poccus
Me)xBeJOMCTBEHHDII LIEHTP aHaJIMTUYECKUX UcciefaoBaHuii B obnacrtu
¢hunsnkmn, xumun n 6nonorun npm MNMpesnanyme PAH, Mocksa, Poccus
E-mail: barva@photonics.ru

SlBneHne HOTOXpoMM3Ma, 3aKnovatoweecs B (POTOMHAYLMPOBAHHOM  06paTMMOM
npeBpalleHnemM Mexay AByMsi (OpMaMu OpPraHWYeCKUX WM HeopraHW4eckux BelecTB C
M3MEHEHVEM OKpacku U (DU3MKO-XMMUYECKUX CBOMCTB, OKa3anocb BECbMa NMpuBNEKaTENbHbIM
ANsi pa3paboTKW NPaKTUYECKUX MPUIOXEHUI B 06/1acT CO34aHUsi MaTepuasnioB pasiivyHoOro
Ha3HayeHwusi ¢ PoToaAaNTUBHLIMU CBOMCTBAMU. MMEHHO MO 3TOM NPUYMHE B HACTOsILLEE BpeMsi
(OTOXPOMU3M  SBNSIETC  OAHUM M3 OCHOBHbIX  HanpaBfeHW pas3BuUTUS  OTOXMMUM
OpraHUYeCcKNX COeIMHEHW.

B noknade nNpeAcTaBneH aHanua pesy/nbTaToB MCCEAOBaHW B 06nacTu pa3paboTku u
MPUMEHEHNST B BGUOMEAMLMHCKUX TEXHOMOMMSIX (DOTOXPOMHBLIX COEAMHEHUM W3  KJ1accoB
anapwnateHos (I), cnmponunpanos (II) u azocoeanHeHumin (111)

] vo Cﬁgf_ Yo % 4/;02
BRYRR BMA 3 N O‘%}Noz Ba.aT 7 & \/
A /\\ | \
S S R R' i R' Q

R7Yg s’ R R
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AHanu3 pe3ynbTaToOB TMOKa3blBaET, YTO OHW WMEIT WHHOBALMOHHbLIA XapaKkTep U
HamnpaBneHbl Ha MNpaKTUYecKylo peanu3aumio paspabaTbiBaeMblX uAei. B 6onblunHCTBE
UCCnefoBaHU UCMOMb3YIOTCS LUMPOKO W3BECTHble (DOTOXPOMHbIE BELLECTBA M3 YKa3aHHbIX
Bbllle  KMAccoB, HO  (PYHKUMOHanM3MpoBaHHble  COoeauHeHws,  obecrneuvBatoLme
B3aMMopencTeme c 6uoobbekTamMu. Hambonblume ycnexu [OCTUrHYTHI B paspabotke w
npuMeHeHnn (OTOXPOMHBLIX CPeAcTB  Bu3yanu3auum 6noobbekToB M 6ronpoueccos.
OnpeneneHHble MepcrekTMBbl CBA3LIBAOTCS C MPUMEHEHWEM (DOTOXPOMHBIX COEAVMHEHUN B
6uoceHcoprke, oToyrnpaBnsieMblx 6uoMeMpaHHax M B peanu3auuy MpOLIeCCoB LieneBoit
AOCTaBKW NleKapcTB B KMBbIX oOpraHu3Mmax. Hawbonee wHTepecHbiMM Ans  6yayliero
NnpUMeHeHns B BUOMeaNLMHCKUX UCCNefoBaHWSX NpeacTaBsioTcs pe3ynbTaTbl pa3paboTku
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(hOTOXPOMHBIX HYKNIEOTUZOB W MENTUAOB, MPOSIBASIOWMX POTOYNpPaBsSeEMyto 6VOIOrMYECKyIo
W KaTa/IMTUYECKYO aKTUBHOCTb B 6MONOrMYeckux o6bekTax.

OCHOBHO/  3afaueii  COBEPLUEHCTBOBaHUS  (OTOXPOMHbLIX — BuocucTeM  siBNsieTcs
CUHTETMYECKME U3bICKAaHUS (DYHKLIMOHANM3UPOBaHHbIX, GUOCOBMECTUMBIX U BOAOPACTBOPUMBIX
(HOTOXPOMHBIX BELLECTB, 06ECreUMBaOLLMX (HOTOAKLMBALMIO B BMONOMMUECKOM CMEKTPAIbHOM
anana3soHe (650-900HM).

Pabota BbinonHeHa npu nogaepxke MWHUCTEPCTBA HayKW M BbiCLiero obpa3oBaHus B
paMKax BbINonHeHus paboTt no locysapcTBeHHoMy 3aganuio OHUL «Kpuctannorpaduvs m
oToHMKa» PAH.

PHOTOCHROMIC SYSTEMS FOR BIOMEDICAL TECHNOLOGIES

Barachevsky V.
Photochemistry center RAS, FSRC "Crystallography and Photonics" RAS,
Moscow, Russia
Interdepartmental Center for Analytical Researches in the field of physics,
chemistry and biology at the Presidium of RAS, Moscow, Russia

E-mail: barva@photonics.ru

The phenomenon of photochromism, namely, photoinduced reversible transformation
between two forms of organic or inorganic substances with a color change and physico-
chemical properties, have proved very attractive for the development of practical applications
in the field of creation of materials with photoadaptive properties for various purposes. For
this reason, currently photochromism is one of the main directions of development of
photochemistry of organic compounds.

The report presents the analysis of the research results in the field of development and
application in biomedical technology of photochromic compounds from the classes of
diarylethenes (I), spiropyranes (II) and azo derivatives (III)

(Nan ~n
= —_— p \ =
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Analysis of the results shows that they are innovative and aimed at practical
implementation of the developed ideas. Most of the studies used a widely known
photochromic substances of the above mentioned classes, but the functionalized compounds
providing interaction with biological objects. The greatest success was achieved in the
development and application of photochromic compounds for visualization of biological objects
and biological processes. Some prospects are associated with the use of photochromic
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compounds as biosensors, in photocontrolled biomembranes and for targeted drug delivery in
living organisms. The results of the development of photochromic nucleotides and peptides
exhibiting photocontrolled biological and catalytic activity in biological objects are most
interesting for future application in the biomedical researches.

The main task of improving the photochromic synthetic biological systems is surveying
functionalized, biocompatible and water-soluble photochromic substances, providing
photoactivation in the biological spectral range (650-900 nm).

This work was supported by the Ministry of Science and Higher Education within the
State assignment FSRC «Crystallography and Photonics» RAS.

®U3NKO-XUMUYECKUE CBOWCTBA KOMIO3MTOB HA OCHOBE ®OC®ATOB
KAJ1bLUMA, B NTOJINMMEPHOWU MATPULIE XMTUHA

FonosaHoBa 0.A., ®apgeeBa T.B.
OMCKMii rocyfapcTBeHHbl1 yHuBepcutet uMm. ®@. M. [loctoeBckoro, Poccus

E-mail: golovanoa2000@mail.ru

Ocoboe 3HaueHWe WMeeT cO3faHWe HOBbIX buoaerpagvpyeMblx — MaTepuanos
MeAMLMHCKOrO Ha3HayeHwsi, NpefHa3HaueHHbIX ANs KOHTaKTa Co Cpefioi XXMBOro opraHvsma u
HeobXxoauMbIX Ans pa3paboTkM MHHOBALWMOHHbLIX NEKapCTBEHHBIX (POPM, BOCCTAHOBMEHWS
MOBPEXAEHHbIX TKaHeN, NMOBbILIEHUST GUOCOBMECTUMOCTM UCTOMb3YEeMbIX MaTepuasnos. Takue
MaTepuanbl [OMKHbl GblTb HETOKCWMYHBI, @ WX CTPYKTYpa XapaKTepU30BaTbCsl BbICOKOW
MOPUCTOCTLIO C pa3MepoM Nop A0 AECATKOB MUKPOMETPOB, M CMOCOOHOCTLIO MMETb KaHasbl
ANS MUrpaumy HeobxoaMMbIX BeLecTBa K MaTpuLe nonuMmepa.

XWTWH, U3BNEYEHHbI B OCHOBHOM W3 MOJIIOCKOB, MPEeACTaBnsieT CO60M YHWUKanbHbIN
61ononMMep Ha OCHOBE MoOHOMepa N-aueTWNroKo3aMuHa. 3To BTOpoi (Mocse Lentososbl)
no pacnpoCTpaHeHHOCTU B NPUPOAE Nonmcaxapua, CTpoOeHne KOTOPOro CO3AaeT NPearnochiikun
ANS YCNeWwHoro MpPUMEHEHUS ero B CaMblX pa3HOoBpasHbiX 0651acTax. XUTUH SBAsSieTCS
OCHOBOW CKENEeTHON CUCTEMbI B MaHUMPsiX pakoobpasHblX, KYTUKY/e HaceKOMbIX, KNeTOYHOM
CTeHke rpuboB 1 HGakTepuit.

Bnarogaps 6MOCOBMECTMMOCTM C TKaHAMM YenoBeka, a Takke CnocobHOCTM ycunvBaTb
pereHepaTuBHblE MPOLECCH NP 3aXMBNEHWM paH, bakTepuocTaTuyecknm/bakTepuumaHbIM
CBOWCTBaM XUTWH MpeACTaBAsOT GOMbLUOM MHTEPEC ANs UCMOMb30BaHWUS MX B KauecTse
MaTpuL Npu co3AaHnK 6MOKOMMNO3UTOB HAa OCHOBE HEOPraHUMYeCKMX BeLLEeCTB.

Takum 06pa3oM, Lenbio AaHHON paboTbl SBASETCS CUHTES3, UCCIIeA0BaHUE U CpaBHEHME
HUMKO-XUMUYECKMX CBOMCTB KOMMO3UTOB Ha OCHOBE ruapokcuanaTtuta u 6pywuta (A,
OK®[) c pobaBkamMu XuTuHa.

MeToaoM POA yCTaHOBMIEHO, YTO MosyYeHHble KOMNo3uTbl AKO-xMTuHa npeactaBnieHb
dazort AKOA. Mo gaHHbIM POA B M3yyaeMbIx YCNOBUSX MPOUCXOAUT OCaXAEHWE KpUCTanioB
OK®[, npvHagnexawmx MOHOKIMHHOW CUMHroHMW. WccnepoBaHwe komnosuTa [A-XWUTWH
meTogoM P®A nokasano, YTO COCTaB CMHTE3MPOBaHHbIX 00pasuLoB, MOMyYeHHbIX Mocne
BbICYLUMBaHWS, NpeacTasneH MA.

[insi BCeX CMHTE3MPOBaHHbIX KOMMNO3UTOB MeToAoM UK-Dypbe cnekTpockonuu OTMeYeHbI
BCE XapaKTePHbIE MosIOoCkl NornoweHns. K TakuM OTHOCATCS MOJIOCh! MOrMJIOWEHNS, Bbi3BaHHbIE
BaSIEHTHBIMU aHTUCUMMETPUYHLIMU KonebaHusiMn (1024 n 1154 cm—1) cesazelt O-P-O. Mukun
530, 574 cootBeTtcTBYIOT KOnebaHusam B TeTpasgpax PO43- . LUupokas nonoca B obnactu
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3489 - 3583 cM-1 1 nuk npu 3142 cM-1 MOryT 6bITb OTHECEHbI K MOAM BaNE€HTHbIX KoniebaHuii
H-O-H n OH-, cooTBeTCTBEHHO.

WccnepoBaHue 06pasLoB METOAOM OMTUHECKON MUKPOCKOMUM MOKa3asno, YTO KOMMO3WThI
OKOO-XUTUH  NpeacTaBneHbl  MENKUMU  KpUCTanWTaMu  HeonpeaenéHHon  ¢opmbl. C
yBENMYEHNEM COAEPXKaHUS XUTUHA B COCTaBe KOMMO3UTOB Ha ocHose [AK®[, pasmepsbl
KpUCTanNuToB yBenuuusaloTca. [ng  Komno3utoB [A-XMTUH OTMeYeHa aHanornmyHas
3aKOHOMEPHOCTb.

C Uenblo U3yyeHUsl TEPMUYECKUX CBOWCTB Obln MpOBEAEH TepMOrpaBUMETPUYECKMIA
aHanu3 KOMMo3WTOB. [Nsi BCeEX CMHTE3MPOBAHHbLIX KOMMO3WUTOB, Habniogaetcs ybbiib Macchl
ocagkoB. B cnyyan OK®O-XxuTWH Hanbonbluee yMeHblUeHWE Macchbl 06pasL0B COOTBETCTBYET
AMana3oHy TemnepaTyp 473-673 K, 4TO BbI3BaHO YyAaNeHWEM a[COPOLUMOHHON WU
KpUCTann3aUMoHHON BOAbI, @ TaKxe AEeCTpyKUMEen XWTuHa. XapakTepHoe rnpeobpasoBaHue
OK® B MOHETUT npu BLICOKMX TemnepaTypax MOATBEPXAEHO pesynbTaTamn POA. [ns
KoMno3uTa MA-XMTUH YMEHbLUEHWE MacCbl KOMMO3UTa C YBESIMYEHUEM COAEPXKAHWUS XUTUHA
HabnopaeTcs Ha TeMnepaTypHoM yyacTke 573-1073K. Takum 06pa3oM, KOMMO3UTbl Ha OCHOBE
I'A aBnstoTcs 6onee TEPMUYECKM YCTOMUMBBLIMU, YEM KOMMO3UTLI Ha ocHoBe AK®/.

PHYSICAL AND CHEMICAL PROPERTIES OF COMPOSITES BASED ON CALCIUM
PHOSPHATES, IN THE CHITIN POLYMER MATRIX

Golovanova O., Fadeeva T.
Omsk State University. F. M. Dostoevsky, Russia

E-mail: golovanoa2000@mail.ru

Of particular importance is the creation of new biodegradable medical materials intended
for contact with the living organism and necessary for the development of innovative dosage
forms, the restoration of damaged tissues, and the enhancement of the biocompatibility of the
materials used. Such materials should be non-toxic, and their structure should be
characterized by high porosity with a pore size of up to tens of micrometers, and the ability to
have channels for migration of the necessary substances to the polymer matrix.

Chitin, extracted mainly from mollusks, is a unique biopolymer based on N-
acetylglucosamine monomer. This is the second (after cellulose) polysaccharide in terms of its
prevalence in nature, the structure of which creates the prerequisites for its successful
application in a wide variety of fields. Chitin is the basis of the skeletal system in the shells of
crustaceans, cuticle of insects, the cell wall of fungi and bacteria.

Due to biocompatibility with human tissues, as well as the ability to enhance
regenerative processes during wound healing, bacteriostatic / bactericidal properties, chitin is
of great interest for use as matrices in the creation of biocomposites based on inorganic
substances.

Thus, the aim of this work is to synthesize, study, and compare the physicochemical
properties of composites based on hydroxyapatite and brushite (HA, DCPD) with chitin
additives.

Using the XRD method, it was found that the obtained DCPD-chitin composites are
represented by the DCPD phase. According to the XRD data, under the studied conditions,
DKPD crystals belonging to monoclinic syngony are precipitated. The study of the GA-chitin
composite by the XRD method showed that the composition of the synthesized samples
obtained after drying is represented by GA.
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For all synthesized composites by IR Fourier spectroscopy, all characteristic absorption
bands were observed. These include absorption bands caused by stretching antisymmetric
vibrations (1024 and 1154 cm— 1) of O — P — O bonds. Peaks 530, 574 correspond to
vibrations in the PO43- tetrahedra. The wide band in the region of 3489-3583 cm — 1 and the
peak at 3142 cm — 1 can be assigned to the modes of stretching vibrations H — O — H and
OH-, respectively.

The study of samples by optical microscopy showed that the DCPD-chitin composites are
represented by small crystallites of an indefinite shape. With an increase in the chitin content
in the composition of composites based on DCPD, the crystallite sizes increase. For GA-chitin
composites, a similar pattern is noted.

In order to study the thermal properties, a thermogravimetric analysis of the composites
was carried out. For all synthesized composites, a decrease in the mass of precipitation is
observed. In cases of DCPD-chitin, the largest decrease in sample weight corresponds to a
temperature range of 473-673 K, which is caused by the removal of adsorption and
crystallization water, as well as the destruction of chitin. The characteristic conversion of
DCPD to monetite at high temperatures is confirmed by XRD. For a GA-chitin composite, a
decrease in the mass of the composite with an increase in the chitin content is observed in the
temperature range 573-1073K. Thus, composites based on HA are more thermally stable than
composites based on DCPD.

BMOMWMETUYECKWNIA CUHTE3 KAPEOHATTMAPOKCUANATUTA B NPUCYTCTBUMN
XOHOAPOUTUHCYJIb®ATA

FonosaHosa O.A
OMCKMii rocyfapCcTBeHHbl1 yHuBepcutet uMm. ®. M. [loctoeBckoro, Poccus

E-mail: golovanoa2000@mail.ru

B HacTosiwiee Bpemsi 60nbllOe BHUMaHWE yAensieTcs COo3A4aHuio  BGMOKOMMO3WUTHBIX
MaTepuanoB Ha ocHoBe dochaToB KanbuUmsi, NPpeAHa3HAYeHHbIX AN PEKOHCTPYKLMM KOCTHbIX
AedekToB, 06pasylolmMxcs B pe3ynbTaTe NaTONOrMYecKMX W3MeHeHwi  (KOKCoapTos,
0CTeonopos, AedOpMUpYIOLLMIA apTpo3 M [Ap.), TPaBM, XMPYPruyeckux BMELIATEsbCTB.
MepcnekTVBHLIMU B 3TOM NNiaHe SBNSIOTCA KOMMO3WUTLI HA OCHOBE KapboHaTr1apokcuanaTuta
(KrA) c BbINOAHSIOWMMM POb MaTpULbl OPraHUYeCcKUMM MOAMMEPaMM, KOTOpblE COYETAIOT B
cebe CTPYKTYpy U CBOMCTBA HaTypasibHOW KOCTU YenoBeka.

B kayecTBe OpraHW4ecKkol KOMMOHEHTbI KOMMO3WTOB OCOObIM MHTEpeC NpeacTaBasioT
nonucaxapuabl. OHM 06nagatloT 6MOCOBMECTUMOCTBIO, MMACTUYHOCTBIO M YCTAHOB/IEHUEM
cBsizeil C xpsiweBod TkaHblo. COrnacHO NUTepaTypHbIM [aHHbIM, reTepononncaxapya
XoHAPoMTUHCYNbdaT (XC) SBNSeTCS caMbiM PacnpoCTPaHEHHbIM FMKko3aMuMHorIMkaHoM (Al
B OpraHusMe u4enoBeka. OH obnagaeT YHWKanbHbIMU (U3NKO-XMMUYECKMMU CBOWCTBaMM,
BbIMOSHSIET OMOPHYID (YHKUMIO KOCTHOW TkaHW, 3aMeansieT eé pe3opbumio, yMeHbluaeT
noTepro Kanbuus, ynydiwaeT ¢hochopHO-KanbUMEBLIi 06MEH B XPSILLEBOM TKaHW, YCKOpsieT
npoueccbl ee BOCCTAaHOBMEHWS, @ Takke TOPMO3WUT MpOLECChl PaspyLUeHUst XPsiLeBon W
COeANHUTENbHON TkaHel. [pyv 3TOM nNpeacTaBAsieTCs BO3MOXHLIM MONyYeHWe B Xxope
«MOKpOTO»  CMHTE3a  KOMMO3MTOB,  BK/IYalOWMX  KapboHaTruapokcuanatt U
XOHAPOUTUHCYNb(aAT.

B paboTe npeacrtaBneHbl pe3ynbTaTbl CUHTE3A U (U3NKO-XMMUYECKOrO WMCCeA0BaHms
TBepabIX da3, GopMUPYIOLLMXCS U3 NMPOTOTMMNA CUHOBUASBHOW XUAKOCTU (CUHOBUM) YenoBeka
B MPUCYTCTBUM XOHAPOUTUHCYNbdaTa.
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CuHTes KFA ocylwecTBneH W3 MoAaenbHOW cpeabl, MPUBNMKEHHOW MO  MOHHO-
3MEKTPOSIMTHOMY COCTaBy, pPH M MOHHOW C1ie K CMHOBUMANBHOM XXMAKOCTH YenoBeka. ®a3oBbii
COCTaB MOJTy4YEHHbIX MOPOLIKOB WCCNefoBann C MOMOLBIO  peHTreHoda3oBoro aHanusa
(andppaktomerp D8 Advance Bruker). WK-cnekTpbl 0CagkoB peructpupoBanu  Ha
cnektpocotomeTpe ®CM-2202. [Mpobbl roToBWAM MpeccoBaHneM B Tabnetkm ¢ KBr.
Mopdonornio n 0cobeHHOCTU CTPOeHUst MOBEPXHOCTU TBepablX a3 uccnegosann MeToaoM
CKaHWPYIOLLEN 3NEKTPOHHOW MUKpockonuu (C3M) Ha 3neKTpOHHOM Mukpockone JSM-6610LV,
JEOL. ns MoAenMpoBaHWsi aKTUBHOM M MaccBHOW a3 pe3opbumm NpoBeAEHO pacTBOpeHWe
06pa3uoB npy NOCTOSHHOM MepeMelurBaHuMK B aueTatHoM 6ydepe (pH = 5.5) u B pacteope
0,9%—Horo xnopuga Hatpus (pH = 7).

B pabote nonyueH KIA n3 npoTtotTuna CMHOBMWM B MPUCYTCTBMWU XOHAPOUTUMHCYNbdaTa.
BbIiCHEHO, 4YTO HanuuMe nonucaxapuaa B MOAENBLHOM pacTBOPe He BAMSET Ha pa3Mepbl
HOPMUPYIOLIMXCA  KPUCTA/NIUTOB, HO MPUBOAMT K YMEHbLUEHWIO MIOWAAM  YAENbHOM
MOBEPXHOCTM 06pa3sLIOB 3a CHET YMEHbLLEHUSI UX MOPUCTOCTMY.

YcTaHoBNEeHO, 4To aacopbums xoHapoutuHcynbdata Ha KIA noauvHaeTcs ypaBHEHMIO
JleHrmiopa.

lMokasaHo, YTO Npu TepMUYeckoi obpaboTke 06pasLOB 3athUKCMPOBaHbI MAaKCUMarbHbIE
Tepmuyeckme addekTbl B AManasoHe TemnepaTypbl t = 340-350°C.

[aHHble AMHaMWYecKoro pacTBopeHusi B aueTaTHoMm 6ydepe un pactsope 0,9%—Horo
NaCl nokaszanu, 4TO CKOpPOCTb pe3opbumn 06pa3uLoB YMEHbLIAETCS C  YBENUYeHWEM
CcoAepXXaHnsi XOHAPOUTUHCYbdaTa B UCXOAHOM MOAENbHOM pacTBope.

BIOMIMETIC SYNTHESIS OF CARBONATE HYDROXYAPATITE IN THE PRESENCE OF
CHONDROITIN SULFATE

Golovanova O.
Omsk State University. F. M. Dostoevsky, Russia
E-mail: golovanoa2000@mail.ru

Currently, much attention is paid to the creation of biocomposite materials based on
calcium phosphates intended for the reconstruction of bone defects resulting from
pathological changes (coxarthrosis, osteoporosis, deforming arthrosis, etc.), injuries, and
surgical interventions.

Promising in this regard are composites based on carbonate hydroxyapatite (KHA) with
organic polymers acting as a matrix, which combine the structure and properties of natural
human bone. As an organic component of composites, polysaccharides are of particular
interest. They have biocompatibility, ductility and the establishment of relations with cartilage
tissue.

According to published data, the heteropolysaccharide chondroitin sulfate (CS) is the
most common glycosaminoglycan (GAG) in the human body. It has unique physicochemical
properties, performs the supporting function of bone tissue, slows down its resorption,
reduces calcium loss, improves calcium-phosphorus metabolism in cartilage, accelerates its
recovery processes, and also inhibits the destruction of cartilage and connective tissue. At the
same time, it seems possible to obtain composites, including carbonate hydroxyapatite and
chondroitin sulfate, during the “wet” synthesis.

The work presents the results of synthesis and physico-chemical studies of solid phases
formed from the prototype of the synovial fluid (synovia) of a person in the presence of
chondroitin sulfate.
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The synthesis of KHA was carried out from a model medium approximated in ion-
electrolyte composition, pH, and ionic strength to human synovial fluid. The phase
composition of the obtained powders was investigated using x-ray phase analysis
(diffractometer D8 Advance Bruker). IR spectra of precipitation were recorded on an FSM-
2202 spectrophotometer. Samples were prepared by compression into tablets with KBr. The
morphology and structural features of the surface of solid phases were studied by scanning
electron microscopy (SEM) using a JSM-6610LV, JEOL electron microscope. To simulate the
active and passive phases of resorption, the samples were dissolved with constant stirring in
acetate buffer (pH = 5.5) and in a solution of 0.9% sodium chloride (pH = 7).

KHA was obtained from the prototype synovia in the presence of chondroitin sulfate. It
was found that the presence of a polysaccharide in the model solution does not affect the size
of the formed crystallites, but leads to a decrease in the specific surface area of the samples
due to a decrease in their porosity.

It has been established that the adsorption of chondroitin sulfate on KGA obeys the
Langmuir equation.

It was shown that during thermal processing of the samples, maximum thermal effects
were recorded in the temperature range t = 340-350 ° C.

Dynamic dissolution data in acetate buffer and 0.9% NaCl solution showed that the rate of
sample resorption decreases with an increase in the content of chondroitin sulfate in the initial
model solution.

KOMIMO3ULIMOHHbIA MATEPUAJT HA OCHOBE CMECU ®OC®ATOB KAJTbLIMS U
AJIbTMHATA HATPUA

FonosaHoBa 0O.A,, LibiraHoBa A.A.
OMCKMii rocyfapCcTBeHHbl1 yHuBepcutet uMm. ®@. M. [loctoeBckoro, Poccus

E-mail: golovanoa2000@mail.ru

LLnpokoe npuMeHeHwe nonyunnu optodocdaTtbl Kanbuusi, OAHAKO OHWM He OTBeYaloT
psgy TpeboBaHWsM, MpeAbsBAseMblM K OCTEONIAacTUYECKMM MaTepuanam: Xopoluas
MepeHoCMMOCTb  TKaHSAMK;  MOPWUCTOCTb, AN obecnedyeHnss  MpopacTaHus  KOCTM;
bvoperpagaums,  COOTHOCMMasi CO  CKOPOCTbIO  OCTeOpereHepauuu;  BO3MOXHOCTb
cTepunmsaumm 6e3 n3MeHeHUs Ka4ecTB, AOCTYNMHOCTb U HU3Kas LieHa.

Ocoboe BHMMaHWe CerogHs MPUBNEKalT MaTepuanbl Ha OCHOBE OKTaKasbLMEBOro
docdata (OKD) — npekypcopa 6MONOrMUYECKOro anaTWTa, KOTOPbLI y4yacTBYET B paHHEN
CTagMu MUHepanusaumu, TO eCTb SIBASIETCS LEHTPOM KPUCTanM3auum B KOCTU U 3y6HON
aManu C nocneaylowmmM (GopMUpoBaHMEM OCaxXAeHHOro rugpokcvanatnta (FA) v panee
nepexogoM B A C BbICOKOW CTEMEHbl KPUCTANIMYHOCTU. OAHAKO NOSyYUTb YMUCTbI OKD
TPyOHO, BBMAY TOro, YTO OH SBAsIETCS MeTacTabunbHOWM hasol, MO3TOMy ero 4acTo
UCNoNb3ylT B CMecu C Apyrumun docdaTamm kanbums. C Apyroii CTOPOHbI, BbICOKMIA
noTeHUMan npuMMeEHeHWs B MeauuMHe MMeloT 6uononmmepbl. B yacTHOCTM, MaTepuansl Ha
OCHOBE anbrMHaTa — nonncaxapuaa, KOTopblid obnajaeT LWMPOKUM CreKTPOM MOE3HbIX Afs
yerioBeka CBOWCTB U MOXET BbINOMHATL (PYHKUMIO 3M1aCTUHHOMO Kapkaca. Llenbto aaHHOM
paboTbl ABNSIETCA NonyyeHus Havbonee 6uope3opbypyeMoro M MOPUCTOro MaTepuana Ha
OCHOBe anbrHaTa HaTpus n cMecn opTococdaToB KabLys.

Mpn cuHTE3e cmecn opTodochaTtoB Kanbuusi MeTogamm POA n  UK-®Oypbe-
CMEKTPOCKOMNMUM YCTAHOBJIEHO, YTO MOJYYEHHbIN 0CafoK NpeacTaBneH dasamu OK®, 6pywwuTa
1 A, OCHOBHbIM MHTEHCMBHbBIM JIMHUSIM KOTOPbIX COOTBETCTBYIOT yribl 2Q: OK® - 4.8; 11.4,
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22.8; TA - 25.9, 29.6, 31.8; 6pywwuTta — 20.4, 47.3, 35.2. C pa3mepamu kpuctanimtos OKO —
2.96 HM, 6pylwmTa — 2.45 M, TA — 2.15 HM.

Mo pesynbtataM POA nonyyeHo, YTO BHeApeHME NOPOLUKOBOrO MaTepuana B MaTpuuy
anbrMHaTa HaTpus He W3MEeHsieT ero CocTaB, BHE 3aBMCMMOCTM OT COOTHOLLEHUS
HanonHuTenb/mMaTpuua. [OBEPXHOCTb MOMYYEHHbIX KOMMO3WUTOB BLIFSAUT KaK MOPUCTbIN
MaTpWKC, B KOTOPOM PaBHOMEPHO pacnpeaeneHa Teepaas dasa.

MeToaoM B3T ycTaHOBNEHO, YTO yAenbHas NMOBEPXHOCTb KOMMO3ULIMOHHOrO MaTepuana,
XapaKTepusyiolerocss  COOTHOLIEHMEM  HanonHutenb/matpuua 20/80, Bo3pacTaer Mo
CPaBHEHMIO C NMOPOLUKOBbLIM MaTepuanoM ot 23 M2/r fo 37 M2/r, a yBennyeHve temnepaTtypbl
cylwkun obpasua ot 200 go 4000C yMeHblUaeT yaenbHyH MOBEpPXHOCTb Ao 33 M2/r. [Ans
nsyyeHns 6uopesopbupyemoctn o6pasuos 6biio nposeaeHo ux pactsopeHve B 0.1 M
pacteope HCI, auetatHom 6ydepHom pacteope un 0.9% pactBope NaCl. U3 nonyyeHHbIX
[aHHbIX cneayeT, 4TO Ppe30opbupyeMoCTb MOSyYEHHbIX KOMMO3WTOB BbIlE, YeM Yy
cooTBeTcTByloWero obpasua 6e3 6uononumepa, HO MNpU  YBEIMYEHUM COOTHOLLEHMS
HanosHWTeNnb/MaTpuLua M yBENMYEHUU TeMnepaTypbl CYLIKW KOMMo3uTa pe3opbupyemocTb
CHWxaeTcs. Takum 06pa3oM, MO MNOMyYEHHbIM pe3ynbTaTaM MOXHO CAenaTtbh cneayolimne
BbIBOAbI: [pessioXeH Crnoco6 MosmyyeHust KOMMO3ULMOHHBIX MaTepuasioB, CBOMCTBA KOTOPbIX
BO3MOXHO KOPPEKTUPOBaTb 3a CYET BapbMPOBaHWSA COOTHOLWIEHWS HaNOMHWTeNb/MaTpuua u
TemnepaTypbl CyLLKW. BbIICHEHO, YTO ONTUManbLHON TeMnepaTypoi cylwku siensetcs t=2000C.
O6pasubl, MNOMy4YeHHble NpU [aHHOW TemnepaType, XapaKTepusylTcs MakCMMalnbHbIM
3HAUEHUEM YAENbHOW MOBEPXHOCTU M HauasbHOW CKOPOCTM pacTBopeHus. OTMeYeHo, YTo
CKOpOCTb  pe3opbumn 06pasLoB yMeHbLUAETCd C BO3pacTaHWEM TemnepaTtypbl CYLKA WU
coAepXXaHMeM HamnoHUTenNs.

COMPOSITE MATERIAL BASED ON MIXTURE OF CALCIUM PHOSPHATES AND
SODIUM ALGINATE

Golovanova O., Tsyganova A.
Omsk State University. F. M. Dostoevsky, Russia

E-mail: golovanoa2000@mail.ru

Calcium orthophosphates have been widely used, but they do not meet a number of
requirements for osteoplastic materials: good tissue tolerance; porosity, to ensure bone
germination; biodegradation, correlated with the rate of osteoregeneration; the possibility of
sterilization without changing the quality, availability and low price.

Of particular interest today are materials based on octacalcium phosphate (OKF), the
biological apatite precursor that is involved in the early stage of mineralization, i.e., it is the
center of crystallization in bone and tooth enamel, followed by the formation of precipitated
hydroxyapatite (HA) and then transition to high-grade HA crystallinity. However, it is difficult
to obtain pure OKF, since it is a metastable phase, and therefore it is often used in a mixture
with other calcium phosphates. On the other hand, biopolymers have a high potential for use
in medicine. In particular, materials based on alginate - a polysaccharide, which has a wide
range of properties useful to humans and can serve as an elastic frame. The aim of this work
is to obtain the most bioresorbable and porous material based on sodium alginate and a
mixture of calcium orthophosphates.

In the synthesis of a mixture of calcium orthophosphates by X-ray powder diffraction
and IR Fourier spectroscopy, it was found that the precipitate obtained is represented by
phases of OKF, brushite and HA, the main intense lines of which correspond to 26 angles:
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OKF - 4.8; 11.4, 22.8; GA - 25.9, 29.6, 31.8; brushite - 20.4, 47.3, 35.2. With crystallite sizes
OKF - 2.96 nm, brushite - 2.45 nm, HA - 2.15 nm.

According to the XRD results, it was found that the introduction of powder material into
the matrix of sodium alginate does not change its composition, regardless of the filler / matrix
ratio. The surface of the obtained composites looks like a porous matrix in which the solid
phase is evenly distributed.

Using the BET method, it was found that the specific surface of a composite material
characterized by a filler / matrix ratio of 20/80 increases compared to a powder material from
23 m2/g to 37 m2/g, and an increase in the drying temperature of a sample from 200 to 400
° C reduces the specific surface to 33 m2/g.

To study the bioresorbability of the samples, they were dissolved in a 0.1 M HCl solution,
acetate buffer solution, and 0.9% NaCl solution. From the data obtained it follows that the
resorbability of the obtained composites is higher than that of the corresponding sample
without a biopolymer, but with an increase in the filler / matrix ratio and an increase in the
drying temperature of the composite, the resorbability decreases. Thus, according to the
results obtained, the following conclusions can be drawn: A method for producing composite
materials, the properties of which can be adjusted by varying the ratio of filler / matrix and
drying temperature, is proposed.

It was found that the optimum drying temperature is t = 200 ° C. Samples obtained at a
given temperature are characterized by a maximum specific surface area and initial dissolution
rate. It was noted that the rate of sample resorption decreases with increasing drying
temperature and filler content.

AQANTALMA BOAHBIX PACTEHUIA K ﬂEi‘lCTBVII-O AHTPOMOTEHHbIX
3ATPA3HEHUM

bonpapesa J1.T.
®depepanbHblii Hay4YHbIA LLEHTP rMrueHbl um. ®.®. pucmara, Pocnotpe6bHaasopa,
MbiTniymn, Poccus

E-mail: lydiabondareva@gmail.com

Llenb HaCTosILUMX UCCNEeoBaHWi — U3yUeHUe BIUSHUSI @HTPOMOreHHbIX 3arpsisHUTeNel B
BOZIHON Cpefie Ha ajanTaumio pacTeHwii, Ha npumepe Elodea canadensis.

B KkauecTBe OCHOBHOro 06beKTa WMCCNeaoBaHuit 6bin BbiGpaH MOrpy>KeHHbIM MakpoduT
anopes (Flodea canadensis). Ans wccnepoBaHui  mMcnonb3oBanvch Metoasl UK-Oypee
CMEKTPOCKOMUM U 3aMeffieHHoN  diyopecLeHLmu. MpoBegeHbl MccnegoBaHWs MO
noTeHUManbHOW afanTauuMM OAHOro M3 PacrnpoOCTPaHEHHOIO MOrPYXXEHHOro MakpodwTa B
cpefe, coaepXallel aHTPOMOreHHble 3arpsi3HUTENN pas3HOW Mpupoabl - MeTannbl (Mr/n) —
HeopraHudeckue conu: Mn?*, Zn** Ni%* - 0,005, 0,01, 0,05, 0,25; Cd*+ - 0,001, 0,005, 0,025,
0,125; Cu** - 0,0005, 0,001, 0,005, 0,025, Pb**- 0,001, 0,005, 0,010; A** - 0,008, 0,04, 0,02,
0,4; - opraHuyeckne comnm: 0,5 M CH3;COONHs, 1M CH;COONHs4, 0,01 M Na,EDTA;
MUHepanbHble kucnotbl: 0,1M HNOs;, 0,1M H,SO. 0,1M HCl; HedTb M HedTenpoayKTbl —
BOAOPACcTBOpMMas pakums.

MetogomM WK-Oypbe CMEKTPOCKONWM YCTAHOBMIEHO, YTO MPAKTUYECKM BCE W3Yy4YEHHble
3arpsisHUTENM He NPOSIBASIOT SBHOrO BHELWHEro BO3AEMCTBUS Ha TBepable (parMeHTbl
pacteHusi (KneTouHble MembpaHbl). MeTofoM 3aMeanieHHON dIyopecLeHLM BbISBIEHO, YTO
pacTBOpEHHble OpraHWYeckMe M HeopraHMYeckuit BELLECTBA B TEUYEHUE HEKOTOPOro BpeMeHU
cnabo BAUSIOT Ha XU3HEAEATENbHOCTb BOAHbIX PaCTEHUN.

27


mailto:lydiabondareva@gmail.com

Ha npumepe npoBeAeHHbIX UCCNeAOBaHWI MOXXHO OTMETUTb, YTO B pacTeHusix cnabo
W3MEHSIIOTCA CTPYKTYPbl KETOYHbIX MEMBPAH, HECMOTPS! HA TO, YTO YPOBEHb BO3AENCTBUS Ha
anopetd 6bl1 pasnMyHbIM, Kak MO cune (CUNbHble MWHEepanbHble KUCIOTbI), Tak M MO
WMHTEHCMBHOCTM (ANUTENBHOCTL BO3AENCTBUSA). BellecTBa, pacTBOpeHHble B BOAHOM Cpeae,
ABNAIOTCSH BAXXHbIM abUOTUYECKMM CTPECCOM ANS XKMBbIX OPraHM3MOB, Pa3BUBAIOLMXCS B 3TOM
cpege. Kak u Bce ppyrue abuoTuuyeckMe CTpecChbl, PacTBOPEHHble OpraHuyeckue W
HeopraHM4YecKne CoeanHEHUs, NPUBOAST K BUOXMMMYECKMM U TEHHBIM U3MEHEHUSM.

HekoTopble BuAbl PacTeHWI, B YaCTHOCTM 3/104es KaHaAcKasi, NposIBNSAOT AOCTaTOYHO
BbICOKYI0 YCTOMYMBOCTb K COEAMHEHMAM TSDKENbIX MeTannoB. Tak, 3nofdes CcoxpaHsna
)KM3HECNOCOBHOCTb MpU BCEX W3YYEHHbIX KOHLEHTpaumsx. Tokcuueckuii 3cdhekT, KOTOpbIi
PErUCTPUPYETCA MO CHUXEHWIO (hlyOPECLIEHTHBIX NoKasaTenei Ha 1-3 CyTKu nocne BHeCeHUs!
conei B cpeady, CHMXAETCA Ha 5-7 CyTKMU KyNbTUBMPOBAHWSI, YTO COMPOBOXAAETCS POCTOM
OMN3®. BHeceHne MOHOB KagMusi, UMHKa UM HWMKENs B KoHUeHTpauuu ao 25 MAK okasbiBaeT
CTUMYNUPYIOLWMIA AENCTBME Ha hyOopecUEeHTHbIE NapaMeTpbl, 0COBEHHO BbIPaXEHHOE TaKXKe
Ha 5-7 cytku. Tllo-BMAMMOMY, 3@ 3TO BpeMsi MPOUCXOAUT MOAKIIIOYEHME MPOLECCOB,
CNOCOBCTBYIOIMX aAanTaumMn 3N0AEN KaHAACKOM K BbICOKUM KOHLIEHTpALMAM UCCIeayeMblX
COeANHEHUN,

Tem camblM, NoKasaHo, YTO Flodea canadensis MOXeT MposBAATb TONEPAHTHOCTb K
AQHTPOMOreHHbIM 3arpsi3HUTENSIM, Pa3/INYAOLLMXCS MPUPOAOM, KNaccoM OMacHoCTH, (U3UKO-
XMMUYECKUMU CBOWCTBAMU U Mp.

HccnenoBamHnsi  BbITOSIHEHbI B pamkax — OYHAGMEHTA/IbHbIX — UCC/IEA0BaHMA
PocriotpebHaazopa.

ADAPTATION OF AQUATIC PLANTS TO INFLUENCE OF THE ARTIFICIAL
POLLUTIONS

Bondareva L.
Federal Scientific Center of Hygiene named after F.F. Erisman

E-mail: lydiabondareva@gmail.com

Water-based abiotic and biotic components, between which various processes and
exchanges occur, can be divided: into three inanimate systems - air, water, solid components;
and on living systems - flora, fauna, including humans. All substances can be included in these
systems in various concentrations. These concentrations depend on the chemical properties of
substances and are involved in creating a matrix of components.

Adaptation of an aquatic plant organism includes any beneficial changes at any level of
the organization of the biological system (molecular, subcellular, cellular, etc.) that help its
survival under changing environmental conditions. The purpose of this research is to study the
effect of anthropogenic pollutants in the aquatic environment on plant adaptation, using the
example of Elodea canadensis.

Possible violations of cell membranes can serve as an indicator of the resistance of an
aquatic plant to stress. Possible violations of cell membranes can serve as an indicator of the
resistance of an aquatic plant to stress. The main method for this was selected by IR Fourier
spectroscopy. IR absorption spectra and diffuse reflection spectra of the samples under study
are similar to IR spectra of any plant material, in particular, cellulose. The registration of
delayed chlorophyll fluorescence was performed using the computerized fluorimeter “Photon-
10”. This device is intended for registration of several delayed and variable fluorescence
parameters of different plant objects (chloroplasts, algae, plant leaves, lichen). In this device,
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the patented method of rapid assessment of chemical substances is the phytotoxic effect,
which based on the registration of the relational index in delayed chlorophyll fluorescence.

Studies on the potential adaptation of one of the common aquatic macrophytes Elodea
canadensis when immersed in a medium containing anthropogenic pollutants of various
origins - metals (mg’l-1) - inorganic salts: Mn?*, Zn?*, Ni** - 0.005, 0.01, 0 05, 0.25; Cd** -
0.001, 0.005, 0.025, 0.125; Cu?* - 0.0005, 0.001, 0.005, 0.025, Pb** - 0.001, 0.005, 0.010;
AP* - 0,008, 0.04, 0.02, 0.4; organic salts: 0.5M CHsCOONHs, 1 M CHsCOONH,, 0.01 M
Na,EDTA; mineral acids: 0.1 M HNOs, 0.1 M H,SO4, 0.1 M HCI; oil and its derivatives - water-
soluble petrochemicals.

It was found that almost all the studied pollutants do not show a clear external effect on
the solid fragments of the plant (cell membranes). Thus, it was shown that elodea is tolerant
of some anthropogenic pollutants that differ in nature, hazard class, physico-chemical
properties, etc.

MATHUTHO-PE3OHAHCHASAl TEPMOIPA®USA

boratoB H.M., CuHuubiH A.C., LLanosanos C.K.
Ky6aHckuit rocyaapcTBeHHbI yHuBepcuTeT, r. KpacHopap, Poccus

E-mail: bogatov@phys.kubsu.ru

B HacTosillee BpemMs KOHCTPYKUMM W MeToAbl 06paboTkn CUrHanoB MarHWTHO-
PE30HAHCHBIX TOMOrpachoB COBEPLLEHCTBYIOTCS C LIENbIO PELIEHUST HOBbIX 3aJay MeauLMHCKOM
AvarHocTvkn. OAHOW U3 TaKkuX 3ajay sIBNsieTCs onpeaeneHne TemnepaTtypbl BHYTPEHHUX
TKaHel opraHusMa. JTa 3afada TpebyeT 6oniee BLICOKOW TOYHOCTM KOHTPOSS PEXMMOB
paboTbl ToMorpacda M CO3AaHMSt HOBbIX aAnrOpUTMOB aHanM3a [aHHbIX U U306paXKeHuid.
Pa3paboTka METOAOB HEMHBA3WBHON TEPMOMETPUM AfSt TEpMOTEpPaNUM SIBSETCS aKTyasbHOW
Hay4YHO-TEXHWUYECKOW Npo6neMoi.

MeToaMKa onpedeneHus BHYTPEHHel TeMmnepaTypbl Tena C MOMOLbO  SAEepPHOro
MarHUTHOrO pe3oHaHca SIMP akTMBHO pa3BvBaeTcsl. [ 06bEMHON MarHUTHO-PE30HAHCHOW
(MP) TepMOMETpUM WCMOMbL3YIOTCS METOAbl, OCHOBAHHbIE Ha MOMYYEHUU pe30HaHca OT
MPOTOHOB B COCTaBE PasfIMUHbIX MOMIEKYN MccnedyeMoro obbekTa: BOAbl U Xupa, MeTUIeHa,
NMNMAOB M Ap. Pa3HMU@ pe30HaHCHbIX 4YacToT faeT WHdopmaumio 06  abcontoTHOM
TemnepaType TkaHel. Pa3pabaTbiBaloTCsl MeTOAbI, UCMOSb3YtoLMe MonekynsipHyto anddysuto.
Pa3Hoo6pasne MeToAoB MOCTPOEHMSI TENOBLIX M306paxeHuii ¢ nomoLlblo MPT 06ycnoBneHo
MHOFOhaKTOPHOCTBIO BIIMSIHUS TEMMEPATYPbl Ha COCTOSIHUE XXUBOFO 0ObEKTa, YTO BblpaXaeTcst
B TeMnepaTypHON 3aBUCMMOCTM W3MepsieMblX MapaMeTpoB: BPEMEHW NPOLONbHON (ChWH-
peLLeTOYHON) penakcauun 7;, BPEMEHW MonepeyHon (CMUH-CMMHOBOM) penakcauun 7
HaMarHM4YeHHOCTU M, CBSI3@aHHOM C MPOTOHHOW MNOTHOCTbIO, Ko3dduumeHTa anddysum b,
XMMMYecKoro casura J. BpemeHa penakcaumm 73, 7> 3aBUCAT OT MHAYKUMWM MarHUTHOrO Monsi,
3Ta 3aBUCMMOCTb Anst 7;  6onee BblpaxeHa, YeM ans 7T, B pesynbTaTe KOHTpacTHble
XapaKTEPUCTMKN B1onornyeckoit Tkann 7; MPT M306paXxeHunii 3aBUCST OT 3HAYEHUSI UHAYKLMM
MarHUTHoro nons. MosToMy Ans pa3paboTky MeTOAMKM MarHUTHO-PEe30HAHCHOW TepMorpadum
HeobxoanMo uccneaosaTb 3Tv 3hdEKTLI.

Llenbio paHHoli paboTbl sIBNSIETCS OMpeAeneHue TemnepaTypbl Ha OCHOBE LMpOBOro
aHanusa 7;B3BeLleHHbIX MPT n306paxeHuii paHTOMOB.

®aHTOMbI, OAHOPOAHbIE N HEOAHOPOAHbIE MO COCTaBy, WCCNEA0BANNCL HA MarHUTHO-
pe3oHaHcHOM Tomorpade € uHaykumei 1 Tn. VM3MeHeHWe BpeMEeHW CrvH-peLeTOYHOM
penakcauum NpoTOHOB 7; aHaNM3MpoBanoCb Ha OCHOBE M3MEHEHWs MHTeHCMBHOCTM I uBeTa
nukcenen MP 7;-1306paxkeHnid. 3Ha4eHUs UHTEHCMBHOCTM NuKcesnei I HOpMUPOBaHbI Tak, YTO
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7 € [0, 255]. MoBbllEHNE pa3peLaroLieit Crnoco6HOCTM AOCTUranocb WCMOoNb30BaHMEM
ncesaouBeToBOM namutpbl MPT wu306paxkeHni. TemnepaTypa uccrieayembix 06bekToB ¢
KOHTPOJIMPOBanack C MOMOLLbIO KOHTakTHOro TepmoaaTymka Nihon Konden BSN 2301K.

B pe3ynbTaTe NpoAEeMOHCTPUPOBAHO BAIMSIHUE MPAaAMEHTHOrO MarHUTHOrO nons Ha MP 7;
B3BELLEHHbIE M306PAKEHMSI, NMOSTyYEHHbIE C MOMOLLLIO MMMNYBLCHOM nocneaoBaTenbHocTH Fast
Field Echo, ¢aHTOMOB C pasnuuHoii TeMmnepaTypoil. [0 3agaHHOMYy pacrpeaeneHumio
MarHUTHOTO MOMISi MOXHO oOnpefenvTb TeMmnepaTypy B obbeMme Tena, eciv WMHAyKUMSs
MarHWTHOMO MONsi KOHTPOIMPYEMO M3MEHSIETCS B KaX/oN Touke obbemMa WM HEKOTOPOW ero
obnactu. IToT 3ddeKkT HeobxoauMo yuuTbIBaTb NpU pa3paboTke METOAMKU O6BLEMHOM
TepMorpacum, ucnonb3ytolen wu3MepeHne 7. B anmapaTHbIX KOMMAEKcax MarHUTHO-
pe3oHaHcHON Tepmorpacdum HeobxoauMo 3afaBaTb WMHAYKUMIO MarHWTHoro nons B ¢
TOYHOCTbIO, [IOCTAaTOYHOM [ANS OMNpEAENeHUsl PasfIMYHbIX 3HAYeHW TemnepaTypbl 7 B
coceaHux obnacTax.

MAGNETIC RESONANCE THERMOGRAPHY

Bogatov N., Sinitsyn A., Shapovalov S.
Kuban State University, Krasnodar, Russia

E-mail: bogatov@phys.kubsu.ru

Currently, designs and methods for processing signals of magnetic resonance imaging
are being improved to address new challenges in medical diagnostics. One of these tasks is to
determine the temperature of the internal tissues of the body. This task requires a higher
accuracy of control of the tomograph's operating modes and the creation of new data and
image analysis algorithms. The development of non-invasive thermometry methods for
thermotherapy is an urgent scientific and technical problem.

The methodology for determining the internal temperature of the body using nuclear
magnetic resonance NMR is actively developing. For volume magnetic resonance (MR)
thermometry, methods are used based on obtaining resonance from protons in the
composition of various molecules of the studied object: water and fat, methylene, lipids, etc.
The difference in resonant frequencies gives information about the absolute temperature of
tissues. Methods using molecular diffusion are being developed. The variety of methods for
constructing thermal images using MRI is due to the multifactorial effect of temperature on
the state of a living object, which is expressed in the temperature dependence of the
measured parameters: the longitudinal (spin-lattice) relaxation time 7;, the lateral (spin-spin)
relaxation time 7;, and the magnetization M, associated with proton density, diffusion
coefficient D, chemical shift 5. The relaxation times 7;, 7, depend on the induction of the
magnetic field; this dependence is more pronounced for 7; than for 7,. As a result, the
contrast characteristics of biological tissue 71 MRI images depend on the value of the
magnetic field induction. Therefore, to develop a technique for magnetic resonance
thermography, it is necessary to study these effects.

The aim of this work is to determine the temperature based on a digital analysis of 7;
weighted MRI images of phantoms.

Phantoms, homogeneous and heterogeneous in composition, were studied on a
magnetic resonance imager with an induction of 1 T. The change in the spin-lattice relaxation
time of the 7; protons was analyzed on the basis of the change in the intensity I of the color
of the pixels of the MR 7; images. The pixel intensities I are normalized so that I < [0, 255].
An increase in resolution was achieved using a pseudo-color palette of MRI images. The
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temperature of the studied objects t was monitored using a Nihon Konden BSN 2301K contact
temperature sensor.

As a result, the influence of the gradient magnetic field on the MR 7; is demonstrated,
weighted images obtained using the Fast Field Echo pulse sequence, phantoms with different
temperatures. From a given distribution of the magnetic field, it is possible to determine the
temperature in the body volume if the magnetic field induction changes in a controlled
manner at each point of the volume or some of its area. This effect must be taken into
account when developing a volumetric thermography technique using 7; measurement. In
hardware complexes of magnetic resonance thermography, it is necessary to specify the
induction of magnetic field B with an accuracy sufficient to determine various values of
temperature £in neighboring regions.

TPAHCIJTIAHTOJIOTMYECKUE CIOCOBbI KOMIMEHCALIMM PA3JTMYHbIX
MATOJIOT'MYECKUX COCTOSAHUN

Kynukos A.B., Apxunosa J1.B., FTaspumok B.b., MHansH E., Tna3skoBa N.A.,
naskos A.A., Kynukos [1.A.
®depepanbHoe rocyaapcTseHHoe 6romieTHoe yupexaeHne Haykm UHcTuTyT
TeopeTMyYeCcKOon U 3KCNepMMeHTasIbHOW 6uocusnkm Poccuiickoi akaaeMumn Hayk,
r.MywmHo, Poccus, FocypapcrBeHHOe 6lopKeTHOe yupeXxaeHue 34paBooXpaHeHns
MockoBckoii o6nactn uMm. M.®. Bnagumupckoro, r. MockBa, Poccus.

E-mail: 29.04.55@mail.ru

M3BECTHO, YTO B OpraHu3Me M/eKOnUTaloWMX €CTb WMMYHOMPUBUIErMPOBAHHbLIE 30HbI,
TPaHCMNaHTaUusl PasfiMuHbIX TKaHel B KOTOpble HE MPUMBOAMT K MX CKOPOMY OTTOPXEHWIO. B
3TUX 30Hax AedUUNTHbIE TPAHCNIAHTUPOBAHHbIE KNETKU MOMYT (hyHKLUMOHMPOBaTh AIUTENBHOE
BPEMsl 1, YTO CaMoe [/1aBHOe, B TakOM BapuaHTe TpaHCMIaHTauMM He TpebyeTcs NoXM3HEHHOoe
NpUMeHeHne MMMYHOLEMNPEeCCaHTOB.

ABTOpaMU CO3faHbl KCMEPUMEHTabHbIE METOAbI NMO3BOMSIOWME:

¢ IOGUTBCS  MOXW3HEHHOW TMOJNHOW WM YaCTUYHOM KOMMeHcauuu [auabeta B
pe3ynbTaTe OAHOKPATHOrO  OMepaTMBHOrO  BMelwaTenbcTBa  (anno-  wm
KCEHOTpaHCNNaHTaumsi 3MOPUOHaNbHOW/HEOHATaNbHOW TKaHW  MOMKeNTyA04HOM
Xenesbl B UMMYHOMPUBUIErMPOBaHHbIE 06nacTy);

e KOMMEHCMpoBaTb HeObpaTUMbIE MOCNEACTBUS TSHKENbIX YEPEMHO-MO3rOBbIX TPaBM
(anno- WM KCeHOTpaHCMMaHTauus TKaHM 3SMOPUOHANBbHOTO HeoKopTeKkca B
MMMYHOMpPUBUNIErMPOBaHHbIE 06/1acTu);

©3HAUNTENBHO CHU3UTb TEMN HeobpaTMMOW BO3PaCTHOW WMHBOMIOLMM TUMyCa B
pasHbIX BO3PACTHbLIX rPynnax, APyrMMW CloBaMu, 3aMefinTb CKOPOCTb CTapeHus
T-KNETOYHOro 3BEHA UMMYHOIOrMYECKON CUCTEMbI, MOBLICUTbL 3aLUMTY OpraHU3Ma
OT WH(EKUMM, OHKOTEHOB, MOCNEACTBUIN CTPECCOB, YBENUYUUTbL CPEAHIOI0,
MUHUMaNbHYIO ¥ MaKCUManbHYIO NPOAOIKUTENBHOCTb XU3HU XXUBOTHbIX;

© I0O6UTLCS1  YCKOPEHHOrO BOCCTAHOBMIEHUS] MMMYHOMOMMYECKOro CraTyca mnocse
panvaumMoHHOro 06nyyeHus B CybneTanbHoi [03e U 3HAUUTENBHOrO YBEMYeHUs
BbDKMBAEMOCTM nocre  obnyyeHnss B neTanbHoM  Ao3e  (anno-  wm
KCeHOTpaHcnnaHTaums MMMYHOKOMMETEHTHbIX TKaHel B
MMMYHOMpPWBUIErMPOBaHHblE 06nacTu);

©BOCCTaHOBUTb T-K/IETOUHOE 3BEHO MMMYHUTETa Y «CTapelowmx» ocobeir nocne
ayTOTpaHCNNaHTaLUMM [AUTENbHO KPUOKOHCEPBUPOBAHHbLIX TUMOLMTOB. (BeaeTcs
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pa3paboTka MeTOAMK MO TpaHCMaHTauMW PasfMyHbIX KPYOKOHCEPBUMPOBAHHBIX

TKaHen);
©106UTLC  BOCCTAHOBJIEHUSI  PEMPOAYKTUBHOM  DYHKUMM C  HOpManu3aumen
KonnyecTsa TECTOCTEPOHA npu SIBHO Bblpa>XEHHOM

rMnoroHaau3smMe(ayToTpaHCnnaHTaumus KIeTok KOCTHOro Mo3ra);
epa3paboTtaTb cnocobbl komneHcaumn AedeKToB XenyAoqHO-KMULLEYHOro TpakTa
(>xenynok, KuleyHnk) C nomowpbio dubponHa Wénka, BWUTaNM3MPOBAHHOIO
KOCTHOMO3IOBbIMU KNIETKaMK;
e pa3paboTaTb Cnocob neyeHns sHkomnpesa (ayToTpaHCnaaHTaums KIeTOK KOCTHOro
Mo3ra).
MpoBegeHo 6Gonee 20 onepauuit. MakcMManbHO OTAANEHHbIM HA  CErofHs
NOMOXUTENbHBIN pe3ynbTaT bonee 7 ner.
PaboTa BbiNoONHeHa B pamMkax rocyfapcTBeHHoro 3aaatvus UT36 PAH
N2007-00-94-18-00.

TRANSPLANTATION METHODS OF COMPENSATION OF COMPENSATION
PATHOLOGICAL CONDITIONS
Kulikov A., Arkhipova L., Gavrilyuk V., Mndlyan E., Glazkova P., Glazkov A.,
Kulikov D.

Federal State Budgetary Institution of Science Institute of Theoretical and
Experimental Biophysics of the Russian Academy of Sciences, Pushchino, Russia,
State Budgetary Institution of Healthcare of the Moscow Region Mf Vladimirsky,

Moscow, Russia.

E-mail: 29.04.55@mail.ru

It is known that in mammals there are immune-privileged zones, the transplantation of
various tissues into which does not lead to their rapid rejection. In these areas, deficient
transplanted cells can function for a long time and, most importantly, in this variant of
transplantation, lifelong use of immunosuppressants is not required.

The authors have created experimental methods that allow:

e to achieve lifelong full or partial compensation of diabetes as a result of a
single surgical intervention. (allo- or xenotransplantation of embryonic /
neonatal pancreatic tissue in immunoprivated regions);

e compensate for the irreversible effects of severe traumatic brain injury.

e (allo- or xenotransplantation of the tissue of the embryonic neocortex in
immunprivileged areas);

e significantly reduce the rate of irreversible age-related involution of the
thymus in different age groups, in other words, slow down the aging rate of
the T-cell component of the immunological system, increase the body's
defense against infections, oncogenes, stress effects, increase the average,
minimum and maximum lifespan of animals;

e  to achieve accelerated recovery of the immunological status after radiation
exposure in sublethal dose and a significant increase in survival after radiation
in a lethal dose. (allo- or xenotransplantation of immunocompetent tissues in
immunprivileged areas);

e to restore T-cell immunity in “aging” individuals after autotransplantation of
long-term cryopreserved thymocytes. (methods are being developed for the
transplantation of various cryopreserved tissues);
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e to achieve the restoration of reproductive function with the normalization of
the amount of testosterone  with  pronounced  hypogonadism
(autotransplantation of bone marrow cells);

e develop ways to compensate for the defects of the gastrointestinal tract
(stomach, intestines) using silk fibroin, vitalized by bone marrow cells;

e to develop a method for the treatment of encopresis (autotransplantation of
bone marrow cells). More than 20 operations were performed. The most
distant positive result for today is more than 7 years.

The work was performed as part of the state assignment of ITEB RAS
No. 007-00-94-18-00.

FEHETUYECKAS TOKCUKOJ10Is1 HA CTPAXKE 340OPOBbS YEJTOBEKA
Xanataes A.K., AlypHes A.[l.
®IrbHY HUM papmakonorum um. B.B. 3akycoBa, MockBa, Poccusi
E-MAIL: azhanataev@yandex.ru

OnHUM U3 HEeraTMBHbIX MOCIEACTBUM BYPHOrO TEXHONOrMYECKOro pPasBUTUS SBMSETCS
BCE BO3pacTalollee 4YuCio B Cpefe OBUTaHUs COBPEMEHHOrO YesloBeKa MNOTEHLMANbHO
OMacHbIX ANs 340poBbs (AKTOPOB XMMWUYECKOW, (PU3MYECKOM M BMONOrMUYEcKon MNpupoabl.
leHoToKcMYeckme (haKTopbl NPeACTaBAAOT HaUbOMbLYIO OMAacHOCTb, MOCKO/bKY OKasbiBaloT
naTonorMyeckoe BO3AENCTBME HA 3A40POBbE HE TONMbKO OTAENbHbIX WHAMBKMAYYMOB, HO M
6yayLMX MOKOMEHWi, 06ycnaBnvBasi HAKOMEHWE B MOMYNsSUMM HEraTUBHBIX FEHETUYECKUX
U3MEHEHWIA, T.H. FTEHETUYECKOro rpy3a.

MoHMMaHWe 3TOM OMacHOCTM B CepeauHe MpOLLIOro CTO/eTUsi Cnoco6CTBOBAsNO
BO3HMKHOBEHMIO Ha CTbIKE HaYYHbIX AUCLUMMN/IMH FEHETUYECKOWN TOKCUKOIOMMM - COBOKYMHOCTU
(yHAaMeHTanbHbIX U MPUKITAAHBIX UCCNEN0BaHWIA, KOHEYHOW LEbl0 KOTOPbIX SIBNSIETCS
BbISIBNIEHWE FEHOTOKCMKAHTOB M CHUXKEHWE/NPeaoTBpaLleHre MX NaToreHHbIX addekToB. Ee
OCHOBHbIMM 3aaYyaMu Gblny OnpeaeneHbl: UCCNeAoBaHe MEXaHW3MOB M 3aKOHOMEpPHOCTE
FEHOTOKCMUYECKUX COBLITUM; CKPUHUHI M MOHUTOPUHI MOTEHUMANbHLIX TEHOTOKCMKAHTOB;
pa3paboTka M MOCTOSIHHOE COBEPLUEHCTBOBAHWE METOAOB BbISIBNIEHUS] EHOTOKCUYECKUX
3dEKTOB;  M3ydeHWe  BO3MOXKHOCTEM  UX  (hapMaKoNOrmyeckomn/HyTpuLEBTUYECKON
QHTUMYyTareHHo! MoaMMMKaLMKM; OLIEHKA PUCKA reHOTOKCMYECKMX BO3AEMCTBUI B OTHOLLEHWUU
3[0pOBbA YesoBeKa.

OueHKa reHOTOKCMYECKON aKTUBHOCTU CErOAHS SIBMIIETCS HEOTLEMJIEMBIM 3/IEMEHTOM
B CUCTEME M3y4eHWsi 6e30MacHOCTY LUMPOKOrO CNEKTPa NPOAYKTOB COBPEMEHHBIX TEXHOJIOTUIA.
OYHKUMOHMPYIOT MeXAyHapoaHble U HaLMoHasbHble TPebGoBaHMS, onpeaensiowme NpUHLMMbI
U MeTofbl MPOBEAEHUS FEHOTOKCMKOMIOMMUECKUX MCCNeaoBaHuiA. BeayTca dyHAaMeHTabHble
UCCNEOOBaHMsl,  HamnpaBfeHHble Ha  W3yYeHMe MEeXaHW3MOB M 3aKOHOMEpHOCTeW
rEHOTOKCUMYECKMX COBbITUIA, NMPOBOAWTCS OLEHKA HEAOCTaTKOB CYLIECTBYIOLWEN METOAONOrMU
Ha OCHOBE OMbiTa €e TMpPaKTUYeCcKoro TpPUMEHEHUS W OMpeaensTcs nyTu ee
COBEpLUEHCTBOBaHNS, aKTUBHO Pa3BMBAIOTCA  TEXHOMOMMKM, MO3BOMAOWME  PACLIMPUTD
BO3MOXXHOCTY MUMEIOLLIMXCA METOANK M pa3paboTaTh NPUHLMINAILHO HOBbIE.

HbIHELLIHEE TOKOIEHNE — BCErO JINLLIb CTPaX

reHoMa YeJ/I0BEKA ByayLUNX MOKOSIEHMHA
(MosnmHr n Bosibkosud, 1978)

33


mailto:azhanataev@yandex.ru

GENETIC TOXICOLOGY ON THE GUARD ON THE HUMAN HEALTH
Zhanataev A., Durnev A.
Federal State Budgetary Institution “"Research Zakusov Institute Of
Pharmacology”

E-mail: azhanataev@yandex.ru

One of the negative consequences of rapid technological development is the
increasing number in the environment of human of potentially dangerous to health factors of
chemical, physical and biological nature. Genotoxic factors are the most dangerous, because
they have a pathological effect on the health of not only single individuals, but also future
generations, causing the accumulation of negative genetic changes in the population, the so-
called genetic load.

Understanding this danger in the middle of the last century contributed to the
emergence at the junction of scientific disciplines of genetic toxicology- a set of fundamental
and applied researches, the ultimate goal of which is to identify genotoxicants and
reduce/prevent their pathogenic effects. Its main goals were to study the mechanisms and
patterns of genotoxic events; screening and monitoring of potential genotoxicants;
development and continuous improvement of methods for identifying genotoxic effects; study
of the possibilities and ways of their pharmacological/nutraceutical antimutagenic
modification; risk assessment of genotoxic effects on human health.

Today evaluation of genotoxicity is an integral element in the system of studying the
safety of a wide range of products of modern technologies. There are international and
national requirements that define the principles and methods of genotoxicological research.
Fundamental researches is conducted to study the mechanisms and patterns of genotoxic
events, assess the shortcomings of the existing methodology based on the experience of its
practical application and identify ways to improve it, actively develop technologies that allow
expanding the capabilities of existing techniques and developing new ones.

"The present generation is only a caretaker of
the human genome of future generations”
(Malling and Valcovic, 1978)

B3AUMOAENCTBUE NK-KJIETOK U KJIETOK TPO®OBJIACTA MPU NPUBbIYHOM
HEBbIHALULMUBAHMW BEPEMEHHOCTMW. IN VITRO UCCJ/IEQOBAHUE

Muxaiinosa B.A. BaxxeHoB [1.0., Cokonos [1.U., Cenbkos C.A.
®rbHY «Hay4yHo-uccnegoBaTenbCkuii MHCTUTYT MMeHu [1.0.0TTa»,
CankT-lNetepbypr, Poccus

E-mail: Litorinal3@gmail.com

OnHvM w3 3aboneBaHuii PenpoayKTUBHOM CUCTEMbl SIBASIETCS HEBbIHALLMBaHWE
6epemeHHOCTH, 25% KOTOPOro COCTaBASIET MPMBbLIYHOE HEBbIHALLMBaHWE 6epeMeHHOCTH
(MHB). NK-kneTku NpuBNEKaloT BHWMaHWE B MlaHe MX yyacTus B pPa3BUTUM MAUEHTbl U
HapyweHuii aaHHoi perynsiumm npu MHB. B 30He MaTouyHO-MaLeHTapHOro koHtakta NK-
KNeTKN MOryT KOHTakTupoBaTb C TpocdobnactoM. OpHako B3aMMHOE BIIMSIHWE KNETOK
Tpodobnacta n NK-K1eToK OCTaeTCs HeAOCTAaTOYHO M3Yy4YeHHbIM. Llenbio paboTsl 6bina oueHka
nponudepaunn NK-kneTok nepucdepuyeckon KpoBu XeHIWmH ¢ MHB B MpUCYTCTBUM KIETOK
Tpochobnacra.
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WccnepoBaHve BKIOYANo xeHwuH ¢ NMHB B nponundepatneHoi (rpynna 1; n=12) un
cekpeTopHoi (rpynna 2; n=13) ¢asax MeHCTpyanbHOro UMKIA, 6epeMeHHbIX >XEHLUMH Ha
cpoke 6-7 Hepenb ¢ MHB B aHamHese (rpynna 3; n=14). KOHTpOnbHbIe rpynnbl COCTaBUIN
300poBble  HebepeMeHHble >XEHLUMHbI, paHee uMeBlwMe GU3MoNornyeckyro bepeMeHHOCTb,
3aKOHUMBLUYIOCS poAamMu B cpok, (cdepTunbHble) B nponudepatuBHoi (rpynna 4; n=11) u
cekpeTopHoi (rpynna 5; n=13) caszax MeHCTpyanbHOro LuMkna, U 6epeMeHHble XEeHLUMHbI Ha
cpoke 6-7 Heaenb C PU3MONOrMYECcKMM TedeHneM bepemeHHocTu (rpynna 6; n=20).

Wcnonb3oBanu knetku nnHum JEG-3 (ATCC, CLUA), BOCMpou3BOASLUME OCHOBHbIE
XapaKTepUCTUKKN KNeTok Tpocdobnacta. MoHOHykeapbl nepudepuyeckort KpoBW BblAensn
CTepWIbHO Npyu MOMOWM  LEHTPUdYrMpoBaHns B rpagveHTe MAOTHOCTU. [N OueHKM
nponudepaumm  NK-KNeTok  Wcnonb3oBanuM  METOA,  BKIOYABLWWMIA  KyNbTMBMPOBaHWE
MOHOHYKJIeapoB nepudepuyeckolt KPoBM B MPUCYTCTBUM KNeTok Tpodobnacta B TeveHune 72
yacoB npu 37 °C u 5% CO2. B nyHku [06aBnsinu pekOMOBUHaHTHbIN IL-2 (POHKONEMKWH,
Buotex, Poccusi) B KkoHueHTpaumn 200 ME/Mn ans noanepxaHusi »usHecriocobHoctn NK-
KneTok. Yepes 72 yaca B JiyHKM AONOSMHUTENbHO BHOCMAM 100 MKA KynbTypasibHOW cpeabl,
cogepxatlen 200 ME/mMn IL-2. 3aTeM NpoAo/kanu KynbTUBMPOBaHMS 72 vaca, Mocie Yero
MOHOHYK/eapbl (hMKcMpoBann uU nepmeabunusuposanu, mucrnonb3ys Habop Cytofix/Cytoperm
(BD, CLUA) n obpabaTbiBasiM MOHOK/IOHANbHLIMK aHTUTENaMK. CTaTUCTUYECKUI aHanu3
BbIMOSIHEH B nporpamme STATISTICA, MCMONb30BaH KpUTEpUA MaHHa-YUTHU U KpuTepuit
YUNNKoKcoHa.

Mocne KynbTMBMPOBaHUS B MPUCYTCTBUM KNETOK Tpodobnacta no CpaBHEHUIO C
YCNOBUSIMW MOHO-KY/IbTUBMPOBAHNS MHTEHCUMBHOCTb 3Kcnpeccumn Ki-67 NK-kneTkamu cHukeHa
KaK Yy 3[0pOBbIX XEHLWMWH, Tak 1 y XeHwuH ¢ MNMHB B uenom B nonynsaumm NK-kneTok ¢
¢eHoTvnomM CD3-CD56+, u B nonynaumsax CD56+CD16- u CD56+CD16+ NK-kneTtok
(mocToBepHOCTb pasnuumii: rpynna 1,2,3,6: p<0,001; rpynna 4: p<0,01; rpynna 5: p<0,05).
Knetkn Tpodobnacta nogaensoT akcnpeccmtio CD56 NK-kneTkamy y HebepeMeHHbIX >XEHLLUH
c MHB Bo 2 chase umkna B Gonblie CTeMeHM, YeM y xeHwmuH ¢ MHB B 1 chase umkna
(p<0,05). MopaBnenne nponudepaunm nonynsumii  NK-KNETOK CO  CTOPOHbI  KNETOK
Tpochobnacta MOXET SIBNSIETCS YHMBEPCANbHBIM MEXaHW3MOM, KOTOpbIA obneryaer in vivo
nHBa3uio Tpodobnacta B CTeHKy MaTku. CHukeHue skcripeccumn CD56 y xeHwwmH ¢ MHB Bo
BTOpPOM (hase uUMK/IA MOXET OTpaxaTb HapyleHue (yHKUMOHaNbHbIX xapakTtepuctuk NK-
K/IEeTOK, YTO B CBOIO OYepeb CBS3aHO C HeyaavaMu MMMIaHTauUMmM U MHBasumn 61acToumcTbl.

Pabota nopgepxaHa rpaHToM lNpe3uaeHTa P® HLL-2873.2018.7, rocyaapCTBEHHOM
nporpammoit  No. AAAA-A19-119021290116-1. Yuactwe bBaxeHoa [.0. noaaepxaHo
cTunenaven MpesuaeHta PO CM-2836.2018.4.

NK CELL INTERACTION WITH TROPHOBLAST CELLS AT RECURRENT
MISCARRIAGE. IN VITRO ASSAY

Mikhailova V., Bazhenov D., Sokolov D., Selkov S.
D.0.0tt Institute of Obstetrics, Gynecology and Reproductology,
St.Petersburg, Russia
E-mail: Litorinal3@gmail.com

Miscarriage is the most frequent form of pregnancy failure. Recurrent miscarriage
(RM) comprise approximately 25% of all miscarriage cases and include spontaneous abortions
in the first trimester. Attention is focused on investigating the contribution of NK cells to
regulation of placental development, and to studying the impact of defects in this regulation
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on RM. In the area of uteroplacental contact, NK cells may be in contact with trophoblast
cells. However, the mutual influence of trophoblast cells and NK cells currently remains
insufficiently studied. The purpose of this work was to assess the proliferative activity of
peripheral blood NK cells in women with RM in the presence of trophoblast cells.

The study included women with RM in the proliferative (group 1; n = 12) and
secretory (group 2; n = 13) phases of the menstrual cycle, pregnant women 6—7 weeks with a
RM in their medical history (group 3; n = 14). The control groups consisted of healthy non-
pregnant women who had previously had a physiological pregnancy that ended in term
delivery (fertile) in the proliferative (group 4; n = 11) and secretory (group 5; n = 13) phases
of the menstrual cycle, and pregnant women in the period 6 -7 weeks with physiological
pregnancy (group 6; n = 20).

JEG-3 trophoblast cells (ATCC, USA) were used as trophoblast cells. Cells of the JEG-
3 line have the main morphological, phenotypic and functional characteristics of trophoblast
cells. Mononuclear cells were isolated from peripheral blood in aseptic conditions using a
standard method involving density gradient centrifugation. To assess the proliferative activity
of NK cells, that included culturing of mononuclear cells in presence of monolayer of cells of
the JEG-3 cell line for 72 hours at 37 °C under 5% CO2. Recombinant IL-2 (Roncoleukin,
Biotech, Russia) was added to all wells at a concentration of 200 IU/mL for NK cell viability.
After 72 hours, 100 pL of fresh culture medium and recombinant IL-2 at a concentration of
200 IU/mL were added to the wells. Culturing was continued for a further 72 hours before
fixing and permeabilising the cells using Cytofix/Cytoperm reagents (BD Biosciences, USA).
The mononuclear cells were next treated with fluorescently labeled monoclonal antibodies.
Statistical analysis was performed in the STATISTICA program (Mann-Whitney test and the
Wilcoxon test).

After culturing in the presence of trophoblast cells, the intensity of Ki-67 expression
by NK cells was found to be reduced in healthy women as well as in women with RM in the
population of NK cells with the CD3-CD56 + phenotype, and in populations of CD56+ CD16-
and CD56+ CD16+ NK-cells (significance of differences: group 1,2,3,6: p <0.001; group 4: p
<0.01; group 5: p <0.05). Trophoblast cells suppress the expression of CD56 by NK cells in
non-pregnant women with RM in phase 2 of the cycle to a greater extent than in women with
RM in phase 1 of the cycle (p <0.05). Inhibition of proliferation of NK cell populations by
trophoblast cells may be a universal mechanism that facilitates in vivo trophoblast invasion
into the uterine wall. A decrease in the expression of CD56 in women with RM in the second
phase of the cycle may reflect a violation of the functional characteristics of NK cells, which in
turn is associated with failures of implantation and invasion of the blastocyst.

The research was supported by the Grant No. NSh-2873.2018.7, the government
program No. AAAA-A19-119021290116-1. The participation of D.O. Bazhenov was supported
by a scholarship (SP-2836.2018.4).
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MPOTEOMHOE NPO®UTIMPOBAHUE MUKPOBE3UKYJ1 KJIETOK JIMHNUN NK-92 C
MOMOLLbKO MALDI-MACC-CNEKPOMETPUN

KopeHeBckuit A.B., Bepe3kuHa M.3., MuniotuHa H0.I., Muxaiinosa B.A., Cokonos
A.N., CenbkoB C.A.
®IrBHY «HayuHo-uccnenoBaTesibCKU MHCTUTYT aKyLUepCTBa, FTMHEKOJIONMU U
penpoayktonorum uMm. [1.0. Otra», CaHkr-lMerepbypr, Poccus

E-mail: a.korenevsky@yandex.ru

EctectBeHHble kunnepbl (NK-knetku) obecneunsaloT MEPBYIO NUHWIO 3aluTbl OT
Pa3NyHbIX  MHMEKUMOHHBIX areHToB W WUrpaloT  BaXHYl0 pofb B MexaHW3Max
NPOTUBOOMYXONEBON PE3UCTEHTHOCTU. B perynsitopHoi U LMTOTOKCUYECKON akTUBHOCTM NK-
KNETOK MOryT y4yacTBOBaTb BblpabaTbiBaeMble UMW MUKpoBe3nkynbl (MB), dyHKuMM n coctas
KOTOpbIX B HacTosilee BpeMs Mano u3ydeHbl. Llenb uccnegosaHus — u3yunTtb 6enkoBble
npocunm NK-knetok u ux MB. KneTkn nmHum NK-92 KynbTMBMpOBanM B MOSHOM POCTOBOWA
cpefe Ha ocHoBe a-MEM. Ux MB Boblgensnu auddepeHumansHbiM - LeHTpudyrnpoBaHueM.
®pakumoHnpoBaHne nNu3aTos ocylecTsnsann Ha ctpunax OFFGEL High Resolution IPG Strip
(Agilent Technologies, CLLUA). Macc-cneKkTpbl TpUNTUYECKUX NenTUaoB nonyyvanu Ha MALDI-
macc-cnekTpoMeTpe Axima Resonance (Shimadzu/Kratos Analytical Ltd., Benukobputanus).
Benku naeHTUdULMpoBann npu MOMOLLM nporpammbi Mascot. MeTonom
n30351eKTPOOKyCcMpoBaHus  6b110 nonyyeHo 24 dpakuym, B KOTOpbIX  6b110
naeHTUdULMpoBaHo 463 6enka, o6beanHeHHble B 32 GyHKUMOHabHbIE rpynnbl. HanbonbLumii
WHTEpeC  NpeAacTaBAsioT  LUWTOKMHLI,  6enku BHYTPUK/IETOYHOW  CMrHanu3aumu,
TPaHCKPUMNUWOHHbIE (DaKTOpbl, GENKM MEXKNETOUHON CUrHanm3auum u 6enku-perynstopbl
anonTo3a. C NoMoLLbI0 MeToAa UMMYHOHM0TTHHIa B MB 6bin naeHT1dUumMpoBaH rpaHsum B.

MoanepxaHo rpaHTamm POOU (npoekTsbl 17-04-00679 n 19-015-00218).

NK-92 CELL LINE MICROVESICLE PROTEOMIC PROFILING USING MALDI-MASS-
SPECTROMETRY

Korenevsky A., Berezkina M., Milyutina Yu., Mikhailova V., Sokolov D., Selkov S.
D.O. Ott Institute of Obstetrics, Gynecology, and Reproductology,
St. Petersburg, Russia

E-mail: a.korenevsky@yandex.ru

Natural killer (NK) cells provide the first line of defense against various infectious agents
and play an important role in the mechanisms of antitumor resistance. The microvesicles
(MVs) produced by them can participate in the regulatory and cytotoxic activity of NK cells.
The functions and protein composition of MVs are currently not well understood. The purpose
of this study was to investigate the protein profiles of NK cells and their MVs. The NK-92 cell
line was cultured in a full growth medium based on a-MEM. For the isolation of their MVs, the
culture was centrifuged differentially and the obtained lysates were fractionated on OFFGEL
High Resolution IPG Strip (Agilent Technologies, USA). The mass spectra of tryptic peptides
were obtained on an Axima Resonance MALDI mass spectrometer (Shimadzu / Kratos
Analytical Ltd., UK). Protein identification was performed using the Mascot program. Using the
isoelectric focusing method, 24 fractions were obtained, with 463 proteins identified and
combined into 32 functional groups, of which cytokines, intracellular signaling proteins,
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transcription factors, intercellular signaling proteins, and apoptosis regulating proteins are of a
special interest. Granzyme B was detected in MVs using the Western blotting method.

Supported by RFBR grants (projects #17-04-00679 and #19-015-00218).

CNoCob MNKPODJTFOMQHOIO CUHTE3A COJIN PASBETBJIEHHOIO
OJIMFTOrEKCAMETUNEHTYAHNAWHA U CO3QAHUE O®TAJIbMOJIOTMYECKOIO
MPENAPATA HA EFO OCHOBE As11 IEMEHUSA UHOEKLIMOHHbIX
KOHBHOKTUBUTOB

UBaHoB U.C., Hopun A.M., WWaTanos [1.0., Keguk C.A.
®depepanbHoe rocyaapcTseHHoe 6omieTHoe o6pa3oBaTesibHOE yupexaeHme
Bbicliero o6pasoBaHus "MUPJA - PoccuiicKuii TEXHONOrMYeCKUii yHUBepCUTeT", 1.
MockBa, Poccuiickas ®enepaumsi.
E-mail: ivan.ivanov1994@gmail.com

BocnanutenbHble 3aboneBaHusi a3  MHMEKUMOHHOW NPUPOAbI  XapaKTepusytoTcst
LUIMPOKON PacrnpoCTPaHEHHOCTbIO WM MOTEHUMANbHO OMacHbl CHWDKEHWEM OCTPOTbl 3peHust
BMAIOTb A0 cnenotbl. [lo AaHHbIM nopTana ®depepanbHoi Cnyx6bl  FocyaapcTBEHHOM
CTaTUCTUKKM, 3aboneBaemMoCTb rfasa 1 ero npuaaToyHoro annapata B 2017 r. cocrasuna 31,6
3aperncTpupoBaHHbIX 60MbHBIX Ha 1 ThIC. YenoBeK HaceneHwus, YTO roBOPUT O AO0BONbHO
BbICOKOM 3HauyeHwWu, rAe BTOpoe MeCTO 3aHUMaloT  BOCManuTesbHble 3aboneBaHus
KOHBIOHKTMBbLI rna3. osiBneHne HOBbIX aHTMbaKTepuanbHbIX CPEACTB OTKPbIBAET LUMPOKME
BO3MOXHOCTU 3(h(DeKTMBHON Tepanuu HakTepuanbHbix 3a6oneBaHuii rnas. Cpeay MHOXECTBa
COEAIMHEHWI  MEPCMEKTVBHLIM ~ SIBNISIETCA  TMAPOCYKLUMHAT — ONIMroreKcaMeTueHryaHuanHa
(OrMreyku). Mpy OTHOCUTENBHO HWM3KOW TOKCMYHOCTWM, €ro COnM OAHOBPEMEHHO MOryT
BO3AEMCTBOBaTb Ha BO36yAMTENE KOHbIOKTUBUTOB MHMEKLMOHHOW NPUpOAbl, B YaCTHOCTU Ha
S. aureus, E. coli u P. aeruginosa, 4To co3faeT LNPOKMIA CNEKTP 6MOLMAHOMO AEUCTBUS.

M3BecTeH KOHBEHLMOHANbHbIA CNocod nosydeHuss OMMICyKl, OOHAKO KauyecTBO
CUHTE3MpPYEMbIX TakuM 006pa3oM  COeAMHEHW  OFpaHUUMBAET WX  MPUMEHeHWe B
¢apmaueBTuke. [pyr¥Mu HegocTaTkaMu TPaAMLMOHHOM TexHonoruu nonydenuss OrMrcyky
SIBNSAOTCS HEPABHOMEPHOCTb pacripefieNieHnsl BBOAMMOMN 3SHepruu mno o6beMy peakTopa U
LUMPOKUIA pa3bpoc BpeMeHW MpebbiBaHWsl, YTO B KOHEYHOM WTOre MpUBOAMT K CHVDKEHMWIO
rokasaTesie Tennao- M MaccoobMeHa, Ype3MepHO 6OMbWUM MOTPEGNSIEMBIM MOLLHOCTSM U
POCTY CTOMMOCTM KOHEYHbIX MPOAyKTOB. [Ns peleHns AaHHOW npobnembl cuHTe3 OFMIcyku,
NPOBOAMAN C MOMOLLBIO MUKPOIIOUANKM, WUCMONb30BaHWE KOTOPON AaéT psia NpeuMyLlecTs
nepeqs CraHAapTHbIMM — METOAAMM  CMHTE3a, Takume Kak 6e3onacHocTb  npouecca,
9HeproaPeKTUTBHOCTb,  MOAYNbHOCTb  KOHCTPYKLUMM,  BO3MOXHOCTb  YCKOPEHHOro
MaclWwTabupoBaHUs W BOCTMPOWU3BOAMMOCTb TEXHOMOrMYECKOro npouecca, KOMMAKTHOCTb W
BbICOKasi CeneKTMBHOCTb. HapaBHe C 3TMM npeanonaraeTcs YBEMYUTL U CTEneHb YUCTOTbI
Mony4yaembIx coeanHeHui. TakuM 06pa3oM 6binv MonyyeHbl 0b6pasubl, YAOBNETBOpSsiOLME
MOMEKYNISIPHO-MACCOBbIM  XapaKTEPUCTUKaM, C HaAnexalleil CTeneHblo pas3BeTBNeHUs W
rpueMneMbiM coaepxaHueM npuMeceii. B HacTosilee BpeMsi Mpou3BoanTCcs noabop ycroBui
AN COKpaLLeHUs] BPEMEHU MUKPOMIOMAHOrO CMHTE3a M TeMnepaTypbl, NpuU  KOTOpPOM
MPONCXOAMT MOJSIMKOHAEHCALMS.

BTopbiM 3Tanom paboTbl ABSIANach pa3paboTka BbICOKO3(HEKTUBHOIO
odTanbMONOrMyeckoro npenapata Ha ocHoe OMMIcyky Ans neYeHUst KOHBIOKTUBWUTOB
MHEKUMOHHON npupoabl. Mcxoas M3 MpoBeAéHHBIX WCMbITaHWI, BbISIBIEH OMTUMarlbHbIN
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COCTaB rOTOBOM /IeKapCTBEHHOW (POPMbI, YCMEWHO MNpPOLLeAWNiA BNOCIEACTBUM UCTbITaHUS
CTabUNbHOCTM cornacHo TpeboBaHMAM FocyaapcTBeHHON dapMakonen.

Mo pe3ynbTaTaM AaHHOM paboTbl MOXHO 3aK/HOUMTb, UYTO 6blla paspaboTaHa cxema
WHHOBaLUWMOHHOro MUKPOMIIONAHOrO CMHTe3a nonydeHus OMMIcyku, SBRASOWErocs, B CBOK
oyepedb, Cy6CTaHUMEW ANS CO3[aHWsi NIEeKAapCTBEHHOrO MpenapaTta, aKTUMBHOMO MpoTMB
NaToOreHHOW MUKPOMIOPbI, Bbi3bIBAIOLLEN KOHBIOKTUBUT.

METHOD OF MICROFLUID SYNTHESIS OF SALT BRANCHED
OLIGOGEXAMETHYLENUGANIDIN AND DEVELOPMENT OF OPHTHALMOLOGICAL
DRUG ON ITS BASIS FOR THE TREATMENT OF INFECTIOUS CONJECTIVES

Ivanov I., Norin A., Shatalov D., Kedik S.
MIREA - Russian Technological University, Moscow, Russian Federation.

E-mail: ivan.ivanov1994@gmail.com

Inflammatory diseases of the eye of an infectious nature are characterized by a high
prevalence and are potentially dangerous with a decrease in visual acuity or even blindness.
According to the portal of the Federal State Statistics Service of Russian Federation, the
incidence of the eye and its adnexa in 2017 was 31.6 registered patients per 1 thousand
people, which indicates a rather high value, where inflammatory diseases of the conjunctiva of
the eye take second place. The emergence of new antibacterial agents opens up broad
opportunities for effective treatment of bacterial eye diseases. Among the multitude of
compounds, oligohexamethylene guanidine hydrosuccinate (OHMGsucc) is promising. With
relatively low toxicity, its salts can simultaneously affect the causative agents of conjunctivitis
of an infectious nature, in particular S. aureus, E. coli and P. aeruginosa, which creates a wide
spectrum of biocidal action.

A conventional method is known for producing OHMGsucc, however, the quality of the
compounds synthesized in this way limits their use in the pharmaceutical industry. Other
disadvantages of traditional OHMGsucc technology are the uneven distribution of the input
energy over the reactor volume and a wide variation in residence time, which ultimately leads
to a decrease in heat and mass transfer, excessively high power consumption and an increase
in the cost of final products. To solve this problem, the synthesis of OHMGsucc was carried
out using microfluidics, the use of which gives a number of advantages over standard
synthesis methods such as process safety, energy efficiency, modularity of the structure, the
possibility of accelerated scaling and reproducibility of the process, compactness and high
selectivity. Along with this, it is planned to increase the degree of purity of the compounds
obtained. Thus, samples were obtained that satisfy the molecular-mass characteristics, with
an appropriate degree of branching and an acceptable content of impurities. Currently, the
selection of conditions to reduce the time of microfluidic synthesis and the temperature at
which the polycondensation occurs.

The second stage of work was the development of a highly effective ophthalmologic
drug based on OHMGsucc for the treatment of infectious conjunctivitis. On the basis of the
tests performed, the optimal composition of the finished dosage form was identified, which
successfully passed the stability test subsequently according to the requirements of the State
Pharmacopoeia of Russian Federation.

Based on the results of this work, we can conclude that an innovative microfluidic
synthesis scheme was developed for the production of OHMGsucc, which, in turn, is a
substance for creating a drug active against pathogenic microflora that causes conjunctivitis.
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HEMOCPEACTBEHHbIE U OTAAJIEHHbIE PE3YJIbTATbI MOBTOPHOIO
KOPOHAPHOIO LUYHTUPOBAHWSA, BbINOJIHEHHOIO B ®IrbyY «HMULICCX UM. A.H.
BAKYJIEBA» M3 P® U OBLLIUE CBEAEHUA O MOBTOPHbIX OMEPALIUX B P®

KasapsiH A.B., Curaes U.10., CrapoctuH M.B., KepeH M.A., EHoksH J1.I'., Mopuaase
B.A., MnnuneHko WU.B., Nyces MN.B., Kyaawes U.®., Hazapos A.A., Bokepus J1.A.
®rby HMML CCX uM. A.H. bakynesa M3 P®
E-mail: artak-doc74@mail.ru

Pecpepat. KonmuyecTBo NauMeHTOoB, Hy>AAIOLWMXCS B MPOBEAEHUM MOBTOPHbIX onepaLmii
Ha KOPOHapHbIX apTepusix B CBA3M C AUCKHYHKUMEN LIYHTOB WAM NpOrpeccupoBaHneM
aTepocKNepo3a B BEHEYHbIX apTepusx, MOCTOSHHO yBeNMYMBaeTCs BO BCeM Mupe u B Poccuu,
BBMAY MOCTOSHHOrO pocTa NonysnsiuMu NpoonepyupoBaHHbIX 60MbHbIX. [TOBTOPHOE KOPOHapHOe
wyHTMpoBaHue (peKLL) no-mpexHeMy OCTaeTcs CNOXHOW onepauueit U accoummpyetcs
6onee BbLICOKUM PUCKOM 3ab60NeBaeMOCTM M CMEpPTHOCTU MO CPaBHEHWIO C MepBUYHBLIM
KOPOHApHbIM  WYHTUpPOBaHWeM. Llenb Hawero cooblieHns —  aHanusnpoBaTb 4acToTy W
netanbHoctb peKll B P® ¥ npeactaBuTb HaWM HEMOCPEACTBEHHblE U OTAANEHHbIE
pe3ynbTaTbl  MOBTOPHOW peBacKynspusauum Muokapaa y 6onbHbix WMBC c BO3BpaTOoM
CcTeHokapauu nocne paHee BbinosiHeHHoro KU, Wccneposanne npeanonaraeT yCTaHOBUTH
HamnpaBneHus JanbHeillero u3yyeHusi nNpobnembl B CBA3W C POCTOM B CTpaHe Momynsumu
MauMeHTOB C BO3BpPaTOM CTeHokapaun nocne nepsuyHoro KLU u Bbipabotatb anroputm
npoBefeHVs NOBTOPHbLIX ONepaumun, CUCTEMaTU3NPYS MONyYeHHbIE AaHHbIE.

MaTtepuanbl n Meroabl. 3a nepunoa ¢ 2009 no 2018rr. B ®rbY «HMULCCX um. A.H.
bakyneea» M3 P® BbinosiHeHo 83 onepauuu peKLU (43 ¢ UK/ 40 6e3 UK). 3a ykasaHHbI
nepuoag B P® BbinonHeHo 1384 wu3onuposaHHubIx peKLl, c¢ netanbHocTbio 5,8% (81).
AHanusupysi oTeyecTBEHHbIE [aHHble O JIETANIbHOCTM 33 AECATUNETHeNW nepuog npy peKLu,
HeobxoaMMo OTMETUTb 06 OTCYTCTBME CTabWUNBHOCTW AaHHOrO MokasaTens. B Halweii cTpaHe
[ONs MOBTOPHbIX ornepaunn coctaBnseT MeHbwe 0,5 % ot obwero konuuectso KLU, c
netanbHocTbio 3a 10 net - 5,8%. Mpu atom Ham yaanock B 2010, 2013 1 2016 rogax AoCTUYb
npueMneMbix pesynbTaToB, CHU3MB neTanbHocTb npu peKll po 2,2%. OpHako Heobxoaumo
HanoMKHaTb M O BLICOKOW NeTanbHocTy 3a 2008r- 12,3%.

BbiBoabl. Vicxoas u3 npeactasBieHHbIX AaHHbIX, CEAYeT, YTO ONbIT KIMHUKKM UMeeT
NpUOpUTETHOE 3HayeHue. [lonyyeHHble AaHHble MO3BONSAT  paccMaTpyBaTb METOAMKY
MIDCAB, MICS kak anbTepHaTvBy TpaauUMOHHOMY noBTOpHOMY KLU yepe3 cTepHOTOMMIO.
PeKLLl uepe3 TopakoToMuio y 60nbHbBIX C BO3BPaTOM CTeHokapauu nocne onepauuu KL
NpuBOAAT K  YNYYLIEHWIO HEMOCPEACTBEHHbLIX Pe3yNbTaToB XWUPYPrMYECKOro nevyeHus:
CHWXXEHMIO YacToTel OMM, OCH, OHMK, rocnuTtasnbHoi NeTanbHOCTH, peonepaumii No noBoay
KpOBOTEeYeHU, nocneonepaunoHHblx HPC, TpaHcdy3ui, ymeHblieHuio BpemeHu WBIT u
KOWKO-AHs. B pe3ynbTaTe mccnenoBaHusi Hamu 6b11o BbisiBneHo, 4to peKLL Ha paboTarowem
cepaue UMeeT HeKOoTopoe npeuMyllecTsa B cpaBHeHun ¢ peKlU c UK, 3akniovatowleecs B
CHWXXEHUM pUCKa BO3HUKHOBEHUSI  UH(EKLMOHHO-BOCMANUTENbHLIX OC/IOXHEHUI, a Takoke
CHWXeHne noTpebHOCTM B WHGY3MM npenapaTtoB KpPOBM M WCMOMb30BaHWe annaparta
aytoremoTpaHcdysum Cell Sever, nyTteM ycTpaHeHusi HebnaronpusTHbIx nocneactsuii UK.
MonyyeHHble WUTOroBble AaHHble CBUAETENLCTBYET O ToM, 4yto peKll B uenom MoxeT
OCYLUECTBAATbCS C  HWU3KOW TOCMUTaNbHOM  NIETANBbHOCTbIO W BbICOKOW 1-,  5-neTHel
BbDKMBAEMOCTbIO.
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ANALYSIS OF EARLY AND LATE OUTCOMES OF REDO CORONARY ARTERY BYPASS
GRAFTING, PERFORMED IN THE A.N. BAKULEV NATIONAL MEDICAL RESEARCH
CENTER OF CARDIOVASCULAR SURGERY AND GENERAL INFORMATION ON THE

RE-OPERATIONS IN RUSSIA

Kazaryan A., Sigaev I., Starostin M., Karen, M., Yenokyan L., Morchadze B.,
Pylypenko 1., Gusev P., Kudashev 1., Nazarov A., Bockeria L.
Bakulev A. NMRCCS
E-mail: artak-doc74@mail.ru

Abstract. The number of patients requiring repeated operations on coronary arteries
due to shunt dysfunction or progression of atherosclerosis in the coronary arteries is
constantly increasing worldwide and in Russia, due to the constant growth of the population
of operated patients. Redo-CABG surgery is still a complex operation and is associated with a
higher risk of morbidity and mortality than primary coronary bypass surgery. The purpose of
our report is to analyze the frequency and lethality of Redo-CABG in the Russian Federation
and to present our immediate and long-term results of myocardial revascularization in patients
with coronary artery disease with a return of angina after previous CABG. The study proposes
to establish the direction of further study of the problem in connection with the growth of the
population of patients with the return of angina after primary CABG in the country and to
develop an algorithm for repeated operations, systematizing the data.

Materials and methods. For the period from 2009 to 2018 the A.N. BNMRCCS
performed 83 operations Redo-CABG (43 with CPB/ without CPB 40). For the period in Russia
made 1384 of Redo-CABG, with a mortality rate of 5,8 % (81). Analyzing domestic data on
mortality for the ten-year period under the Redo-CABG, it should be noted the lack of stability
of this indicator. In our country, the share of repeated operations is less than 0,5 % of the
total number of CABG. At the same time, we managed to achieve acceptable results in 2010,
2013 and 2016, reducing the mortality rate at RECs to 2,2%. However, it is necessary to recall
the high mortality rate for 2008 — 12,3%.

Summary. Based on the presented data, it follows that the experience of the clinic is of
priority. The obtained data allow to consider the technique of MIDCAB, MICS as an alternative
to the traditional repeated CABG via sternotomy. Redo-CABG via thoracotomy in patients with
recurrence of angina after CABG lead to the improvement of immediate results of surgical
treatment: reduction in the incidence of AMI, DOS, stroke, hospital mortality, reoperations due
to bleedings, postoperative arrhythmia, transfusions, reducing the time of mechanical
ventilation and bed days. The study we have identified that Redo-CABG on a beating heart
has some advantages in comparison Redo-CABG with CPB, which consists in reducing the risk
of infectious-inflammatory complications, as well as reducing the need for infusion of blood
products and the use of the Cell Saver machine, by eliminating the adverse effects of CPB.
The obtained results indicate that the Redo-CABG as a whole can be carried out with low
hospital mortality and high 1-, 5-year survival.
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PA3PABOTKA BETEPUHAPHOI'O NMPEMAPATA CUHBUOTUYECKOIO TUMNA ANnAa
NMPUMEHEHWA B )XUBOTHOBOACTBE

AipakoBa A.B., LlaTtanoB 1.0, 3acbinknHa H.A., Muxainosa H.A., NMaHoB A.B.
®depepanbHoe rocygapcrBeHHoe 6topxeTHOe o6pa3oBaTesibHOE yupexxaeHne
Bbicwero o6pasoBaHus "MUP3A - PoccMiCKMNiA TEXHOIOMrMYECKUiA yHuBepcutet”,
r. MockBa, Poccuiickaa ®epepaums.

E-mail: ann.reznikova2012@ya.ru

BaxkHbIM ycrnoBneM 3(PPEeKTUBHOTO BBEAEHWUS XMBOTHOBOACTBA SBASETCS HE TOMbKO
yBennyeHne 06beMOB MNPOWM3BOACTBA, HO M 3Konornyeckas 6e30macHOCTb  BbiMycKaeMomn
npoaykumm u 340poBbe ckoTa. [paBuibHOe cHanaHCMpOBaHHOE KOPMIIEHWE  KPYMHOMo
poratoro ckota (KPC) wrpaer pelwatowyo ponb B Mpouecce MpovM3BOACTBA MPOAYyKUMM
BbICOKOIO KayecTBa. B NpOM3BOACTBEHHLIX YCNOBUAX He BCerAa YAAeTCs pewuTb 3agady
obecneveHns KPC kopMaMn XOpoLLero Kayectsa, YTO B CBOIO Ouyepedb BefeT K yXyALEHWUIo
3[10pPOBbSI XXMBOTHbIX U CTAHOBUTCS MPUYMHON Takux 3a6oneBaHui, kak KeTo3, MacTuT, aumaos
py6ua v T.M.

3avactyto B paumoH KPC akTMBHO MCMONb3YlOT neyebHble 1 KOpPMOBble aHTUBUOTUKY,
KoTOpble ynyylwaioT obMeH BeleCcTB U MOBLIWAT MMMYHUTET XXMBOTHOTO, M KpOMe TOro,
nossonsoT 6onee AnuTenbHoe BpeMs obecneunBaTb COXPaHHOCTb kopMoB. OpHako,
06eCrnoKOeHHOCTb Pa3BUTUEM aHTUMUKPOGHOW PE3MCTEHTHOCTV MPUBENA K BBEAEHUIO 3anpeTa
(c 1 anBaps 2006 roga) Ha MCNoONb30BaHWE aHTUOMOTUKOB B KayecTBe CTUMYNSTOPOB pOCTa
(AGP - antibiotic growth promoters), uTo 06ycnoBuno HeobxoAMMOCTb MOMCKA
anbTepHaTMBHbIX METOAOB KOHTPONS W MPefoTBpalleHUsl MaTOreHHOW KONMoHU3aumu
BaKTepuii.

B nocnegHue rogbl MMEHHO MPOBMOTMKM Hayvanu HabupaTb MONYASIPHOCTb  Kak
anbTepHaTiBa AGP. B cenbckoM x03sicTBe Haubonee NomnynsipHbIMA CYMTAOTCS NMPOBUOTUKM
Ha ocHoBe 6akTepuin popa Bacillus, koTopble CnocOBHbI BblAEPXXMBATL Kak BbICOKWE, TaK U
HU3KMEe TeMmnepaTypbl, Konebnowmecs 3HavyeHns pH, NpoayUMpoBaTb MHOXECTBO PasfIMyHbIX
(hepMeHTOoB (/Mnasbl, rmaponassbl U Apyrue), aHTMbnoTMKoB, BUTAMUHOB, 6€NKOB, CTabwbHbI
npy XpaHeHuu, akonormdeckn 6e3onacHbl M TEXHONMOrMYHbI B Mpou3BoAcTBe. [lpuMepom
Npob1oTHYECKoN 6akTepUn MOXET CNYXUTb WTaMMm B. subtilis 1719, nposiBAsOWMIA LIMPOKMIA
cnekTp QHTaroOHUCTUYECKO AKTVBHOCTH, HU3KYIO aare3vnBHyO AKTUBHOCTb,
VMMYHOMOZY/IMPYIOLLYIO  @aKTUBHOCTb, MPOAYLMpYIOLWMIA  cepMeHTbl  (iMnasy, npoTeasy,
aMmunasy) 1 yCTOMUMBbIN K FEHTaMULMHY, 3pUTPOMULIMHY, NONUMUKCUMY. B akcnepuMeHTax Ha
Pa3fINYHbIX XXMBOTHBIX LUTAMM OKa3ancs 6e3spefeH, He TOKCUYEH, aBUPY/IEHTEH.

MepcnekTWBHBLIM HanNpaBieHNEM B MOC/IEAHEe BPeMS SBNSETCS co3paHue 3P hekTMBHOro
BETEpMHapHOro npenapata, oboralieHHoro nepepabotaHHoi Guomaccoit neca (apeBecHast
3efeHb, BETKM W KOpa, OTXOAbl CTBOSIOBOM [APEBECHMHbI). 3@ CYET BK/OYEHUS TaKoM
HecTaHAapTHOW fo6aBKkM B KOPM NMPOUCXOAUT HOpManu3aumsi pu3nonormieckux npoLeccos B
OpraHuMsMe >KMBOTHbIX, MOBLILWAETC anneTuT, YyylaeTcsd WMX POCT, MNPOAYKTUBHOCTb,
MOBbILIAETCA WMMYHWTET OpraHuMsaMa. Takue KOMMOHEHTbl HacbiwakT opraHusm  KPC
BOAOPaCTBOPUMbIMU U XXMPOPACTBOPUMbIMA  BUTaMWHaMW,  YrieBodamu, Makpo- W
MUKpo3ieMeHTaMmn (choccop, KanbLWiA, XXeNes3o, MarHui 1 ap.), a TakkKe a3oTocoAepXKaliMMm
BelecTBaMu (aMUHOKWUCNOTbI — aprMHUH, METUOHWH, NM3NH 1 ap., 6enkoBble — rnobynunHsbl,
anbbyMuHbI).

Takum 06pa3oM, nepcnekTMBHO 06beaAMHUTL NpobuoTudeckme fobaBku M NPebUoTUKK,
TaK Kak npeanonaraercs MposiBNEHUE CUHEPreTUYeckoro AENCTBUS AaHHbIX A06aBOK. 3TO
NO3BONUT YBENNUMTL OBLLUMIA NOTEHUMan nNpoaykTMBHOCTM KPC, yNyylnTb KauyecTBo KOPMOB U
CHU3UTb LieHbI Ha KOPMOBble A06aBKU.
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DEVELOPMENT OF VETERINARY DRUGS OF SYNBIOTIC TYPE FOR APPLICATION IN
ANIMAL BREEDING

Aydakova A., Shatalov D., Zasypkina N., Mikhailova N., Panov A.
MIREA - Russian Technological University, Moscow, Russian Federation.

E-mail: ann.reznikova2012@ya.ru

An important condition for the effective introduction of livestock is not only an increase
in production, but also the environmental safety of products and livestock health. Proper
balanced feeding of cattle plays a crucial role in the process of producing high quality
products. In industrial conditions it is not always possible to solve the problem of providing
cattle with good quality feed fodder, which in turn leads to deterioration of animal health and
causes such diseases as ketosis, mastitis, rumen acidosis, etc.

Often in the diet of cattle actively use medicinal and fodder antibiotics, which improve
metabolism and increase the immunity of the animal, and in addition, allow for a longer time
to ensure the safety of feed. However, concerns about the development of antimicrobial
resistance led to the introduction of a ban (from January 1, 2006) on the use of antibiotics
growth promoters (AGP), which necessitated the search for alternative methods to control and
prevent pathogenic colonization of bacteria.

In recent years, probiotics have begun to gain popularity as an alternative to AGP. In
agriculture, probiotics based on bacteria of the genus Bacillus, which are able to withstand
both high and low temperatures, fluctuating pH values, produce many different enzymes
(lipases, hydrolases and others), antibiotics, vitamins, proteins, are stable during storage,
ecologically safe and technological in production. An example of a probiotic bacterium is the B.
subtilis 1719 strain, which exhibits a broad spectrum of antagonistic activity, low adhesive
activity, immunomodulating activity, producing enzymes (lipase, protease, amylase) and
resistant to gentamicin, erythromycin, polymyxime. In experiments on various animals, the
strain was harmless, non-toxic, avirulent.

A promising direction in recent times is the creation of an effective veterinary drug
enriched in recycled biomass of the forest (green wood, branches and bark, stem wood
waste). Due to the inclusion of such a non-standard additive in fodder, the physiological
processes in the organism of animals normalize, their appetite increases, their growth and
productivity improve, and their immunity increases. Such components saturate the body of
cattle with water-soluble and fat-soluble vitamins, carbohydrates, macro- and microelements
(phosphorus, calcium, iron, magnesium, etc.), as well as nitrogen-containing substances
(amino acids - arginine, methionine, lysine, etc., protein - globulins, albumin).

Thus, it is promising to combine probiotic supplements and prebiotics, since a synergistic
effect of these supplements is expected. This will increase the overall potential of cattle
productivity, improve the quality of fodder and reduce the prices of fodder additives.
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CMELMAJIM3NPOBAHHbIA MONTOYHbIA MPOAYKT AJ1Sl MUTAHUS CNOPTCMEHOB

Mepasenes I'.B., MeaBenesa E.B., Kanenuk T.K.
[anbHeBOCTO4HbIN pepepanbHbii yHUBepcuTeT, LLikona 6moMeauLMHDI, T.
BnapuBoctok, Poccus

E-mail: medvedeva.ev@dvfu.ru

MWTaHne £BNSETCA OYeHb BaXHbLIM 3/1EMEHTOM MOArOTOBKWM CrOPTCMEHOB — Kak
npoceccoHanoB, Tak M nobutenei. CNOpTUBHbIE Harpy3kuM COMPOBOXAAIOTCS 60MbLUMM
pacxofoM 3HEpruu, rMNoKCUEN, 3HAUUTENbHBIM HEPBHO-NCUXOMOMMYECKUM HaMPSKEHWEM, YTO
obycnaBnvMBaeT MOBbILWEHHYIO MOTPEOHOCTb OpraHM3Ma B 3HEpPrn U OTAENbHLIM MULLEBLIX
Bewecreax [1].

Mpn opraHuzaumMm pauMoHaNbHOO MWUTaHWSI CMOPTCMEHOB B Mepuof HanpsKeHHbIX
U3NYECKMX Harpy3oK B YCNoBUsIX Y4ebHO-TPeHNPOBOYHOrO cbopa HeO6X0ANMO UCNONb30BaTh
crneumanmsnMpoBaHHble NpoAyKTbl. [puMeHeHne 6enkoBO-yrNeBOAHbIX CrieumanM3vpoBaHHbIX
NpoAyKTOB WM  TeMHEpPOB Meped  TPEHWPOBKOW MO3BONMSET CO34aTb  OMTUMANIbHbIV
3HepreTuyeckunini GoH 1 NOBbLICTL 3arnac CBOHGOAHBLIX aMUHOKMCIOT B OpraHU3Me CropTCMeHa.
[2]

Llenbto npoBeseHHOW paboTbl 6bII0 Co3AaHNe BUOTEXHONOMMKM MOMOKa, 060ralleHHOro
N30NSITOM CbIBOPOTOYHOro 6enka.

Ha ocHoBe nacTepusoBaHHOrO Monoka kopoBbero (FOCT 13264-88) (KOHTPOJbHbIN
obpasel), W3roTaBAMBasCS  HOBbI  MOMOYHBIA  HamMMTOK MO ONTMMWU3MPOBAHHOM
TEXHOMOMMYECKOM CXEME, C BBEAEHWEM B PELENTYpPY: M30/STa CbIBOPOTOYHOMO MOJSIOYHOMO
6enka (99,8%) (Pure Iso Whey, VP Laboratory, Benukobputanus) n cupon TonMHambypa 6e3
caxapa (Japsbl Namupa, TY 9185-004-66073934-14).

B pe3ynbTaTe MccneaoBaHns HamMu CAenaHbl Cneayrolme BbiBOAbI:

- paspaboTaHa peuenTypa WM TexHonorus  Monoka,  oboraléHHOro
CbIBOPOTOYHbIM 6enkom ¢ pgobaBneHneM cupona TonuMHambypa B KayecTse
noacnacTuTens ¢ H13kum MN;

- MCCNedoBaHbl  OpraHoMenTUYeckMe CBOMCTBA, MOKasaTenu MULIEBOM U
SHepreTMYecKoi LIeHHOCTM HOBOrO MOJIOYHOMO MPOAYKTa;

- uccneposaHbl NokasaTenn 6e30nacHOCTU U KavecTBa NosTlyYEHHOrO MOJSIOYHOrO
NpoAyKTa;

- Ha HOBble BWMAbl MOMOYHbIX MPOAYKTOB pa3paboTaH M yTBepXAeH nakeT
HOpMaTMBHOM  JOKyMeHTauum  CTO-[B®Y-02067942-014-2019  Monoko,
oboralleHHoe CbIBOPOTOYHbIM H6ENKOM «YHUBEpPCUTETCKOE».

Kak nokasanu TeopeTuyeckMe W 3KCMepuUMeHTaNbHble WCCNeAoBaHus, WMCMONb30BaHue
MHOrOQYHKLMOHAbHbIX MULLEBbLIX A06ABOK B TEXHOMOMMM NPOM3BOACTBA MOMIOYHOMO NPOAYKTa
[laeT BO3MOXHOCTb He TOMbKO pacluMpuTb aCCOPTUMEHT (PYHKUMOHANbHbLIX NMPOAYKTOB, HO U
noNyYnTb psig NONOXMTENbHBIX 3¢h(EKTOB HA OPraHN3M YesioBeKka 1 Ha MPOLIECCH MONyYeHus,
W CBOWMCTBa roTOBOrO NPOAyKTa.
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Nutrition is a very important element in the training of athletes - both professionals and
amateurs. Sports loads are accompanied by high energy consumption, hypoxia, significant
psychological stress, which leads to an increased need of the body for energy and certain
nutrients [1].

When organizing a balanced diet of athletes during a period of intense physical exertion
in a training camp, it is necessary to use specialized products. The use of protein-
carbohydrate specialized products or gainers before training allows you to create the optimal
energy background and increase the supply of free amino acids in the athlete's body. [2]

The purpose of the work was the creation of biotechnology of milk enriched in whey
protein isolate.

Based on pasteurized cow's milk (GOST 13264-88) (control sample), a new milk
drink was made according to an optimized technological scheme, with the introduction to the
recipe: whey protein isolate (99,8%) (Pure Iso Whey, VP Laboratory, United Kingdom) and
sugar-free Jerusalem artichoke syrup (Dary Pamira, TU 9185-004-66073934-14).

As a result of the study, we made the following conclusions:

- a recipe and technology of milk enriched with whey protein with the addition of
Jerusalem artichoke syrup as a low GI sweetener were developed;

- organoleptic properties, indicators of nutritional and energy value of a new dairy
product were investigated;

- the safety and quality records of the obtained dairy product were investigated;

- for the new types of dairy products a package of regulatory documentation STO-
DVFU-02067942-014-2019 "Universitetskoe" Milk enriched with whey protein was developed
and approved.

As shown by theoretical and experimental studies, the use of multifunctional food
additives in dairy product technology allows not only to expand the range of functional
products, but also to obtain a number of positive effects on the human body, on the
production processes, and on the properties of the finished product.

Reference list:

1. Gavrilova N.B., Shchetinin M.P., Moliboga E.A. The current state and prospects for
the development of the production of specialized products for the nutrition of athletes //
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Demidov, P.F. Semenova, D.S. Zudilina, V.K. Malyshev // Specialized food products for
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doccatbl U cuAMKaTbl  KanbUMs  SBASKOTCA  NEPCNEKTUBHLIMW - KOMMOHEHTaMU
MaTepuanos, MpefHas3HavyeHHbIX A8 3(hdEKTUBHOrO BOCCTAHOBMEHWS AedEKTOB KOCTHbIX
TKaHel. Paznnuus B UX (U3MKO-XMMUYECKMX XapaKTepUCTUKax M MOBEAeHUM in vivo mpu
BbICOKOM YpOoBHe 6GMOCOBMECTMMOCTW MO3BOASIOT MYyTEM COYETaHWUSt Pas/iMYHbIX KONUYECTB
AaHHbIX COnelt co3aaBaTb MaTepuarbl C HOBbIMU CBOWCTBaMM.

Ha 6a3e HaydHol nabopaTopun ctomMaTonornyeckoro dakynbteta OMIMY paspaboTaH
OAHOCTaAMMHBIN CrMOCO6 MONMyYeHUsl KepaMUYECKUX MOPOLUKOB, COAEPXKALUMX Pas/MyHble
KonnyecTsa rugpokcuanatuta (Cal0(PO4)6(0OH)2) n BonnactoHuTa (B-CaSiO3), 0CHOBaHHbIN
Ha COBMECTHOW KpUCTanim3auum conein u nocneayoLeit TepMmyeckoit obpaboTtke nNpoayKToB
cuHTe3a npu 1000 °C (naTeHT Ha u3obpeTeHne N2 2657817). B kauyecTBe NpeKypcopoB Cosei
MCNonb30BaHbl BoAHblE pacTBopbl Ca(OH)2, H3PO4 1 NaSiO3, npu B3aMMoaenCTBUN KOTOPbIX
obpasyeTcsi MMHMMaNbHOE KONMMYECTBO MOBOYHBLIX MPOAYKTOB. BapbupoBaHWe KOHLEeHTpauuit
UCXOAHBIX peareHTOB MO3BOMSET NOSyYaTb KepaMMYeckne MOPOLLKM, coaepxawme ot 0 Ao
100 macc. % anatuTa (ocTanbHoe B-CaSiO3). MccnenoBaHus, BbINOMHEHHbIE C MPUMEHEHNEM
KOMIIEKCa COBPEMEHHBIX (U3MKO-XMMUYECKUX METOAOB, B YMC/E KOTOPLIX PEHTreHoha30BbIi
aHanus, MNK-®ypbe-cnekTpockonus, CKaHvpyowas 3NEeKTPOHHas MWKPOCKONMS,
TEpMOrpaBUMETPUYECKUI aHanM3, NasepHbiii AMCNepCUOoHHbI aHanu3 u B3T, nokasanu, yto
KOMMO3WUTbl COCTOST W3 PaBHOMEPHO pacnpedeneHHbiX No 06beMy HaHOKPUCTaNIUTOB
docdaTta 1 cunmkaTta Kanbums, CMELWAHHBIX HA KBa3WMONEKY/ISIPHOM YPOBHE.

M3yuyeHbl 3aKOHOMEpPHOCTM Aerpafjauum nopowkoB B Tpuc-bydepe. 3admkcMpoBaHO
yBe/IMUYeHe CKOPOCTU pacTBOpeHMsi 06pa3LoB Mo Mepe pocTa coaepxaHusi B Hux B-CaSiO3.
Ana wccnepoBaHMst CMOCOBHOCTM KOMMO3UTOB K (DOPMMPOBaHUIO Cos amatuTa Ha WX
MOBEPXHOCTM W3 MOPOLUKOB MyTEM MPecCOBaHUS W3roToBMEHbl 0bpa3ubl Kepamuk B BuAe
ANCKOB (pUC.). BbINONHEHbI 3KCMEPUMEHTbI MO BbIAEPXKMBAHMIO MOMYYEHHBIX KOMMO3UTHBIX
KepaMUK B CUHTETUYecKoW 6uonormyeckol xuakoctu (simulated body fluid, SBF). Mo
pesynbTataMm a3oBOr0 W 3MEMEHTHOrO aHanuM30B YCTaHOBJ/IEHO, 4YTO B pe3ynbTaTte
BbIAEPXXMBaHWSI KEPaMWMK B MOAE/bHOM pacTBOpPE Ha WX MOBEPXHOCTM (HOpPMUpYeTCs Croii
chepuyeckmx Yactvy, anatuTta, NpuYeM TOMWMHA BHOBb (POPMMPYIOLLErOCsS MOKPbITUS
YBENWYMBAETCA NpPWU MNOBbIWEHUM [JOAW BOMSAcTOHMTa B obpasuax. Takum obpasoM,
YCTaHOB/IEHO, YTO KOMMO3UTbl CMOCOBHbI MOCTENEHHO PacTBOPATHCS W MHUMLMMPOBATb
naccvBHoe (OpMMpOBaHME MUHEpPanbHOM KOMMOHEHTbI TBepAblX TkaHel, obecneunBas
YCMELHYO MHTErpaLmio CUHTETUYECKOrO TeNa B XXUBYIO CUCTEMY (KOCTHYIO TKaHb).

a

PucyrHok. INCK KOMMO3UTHOMN kepamuku (&), Croi ccepryeckunx YacTul, anaTurta Ha
NOBEPXHOCTU KOMMO3UTHO (MO UCTedeHun 14 cyTok BblaepxuBaHus B SBF) (6, B)
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ABTOD BbIpaxaer 6/1aroaapHOCTb 3a [IOMOLLb B BbITO/THEHMMN (PUMKO-XUMUYECKUX
UCC/IEA0BaHMA K.T.H., JOUEHTY A.U. brecMaHy, K.1.H., AoUEHTY [.A. [T0510HSHKUHY.

HYDROXYAPATITE AND WOLLASTONITE COMPOSITES FOR BONE TISSUE
RECONSTRUCTION

Solonenko A.
Omsk State Medical University, Omsk, Russia

E-mail: annsolonenko@gmail.com

Calcium phosphates and calcium silicates are promising components of materials
designed for bone defects reconstruction. Differences in their physicochemical characteristics
and in vivo behavior at a high level of biocompatibility allow to create the materials with new
properties by combining different amounts of these salts.

In scientific laboratory of dental faculty at Omsk State Medical University, a one-stage
method for producing ceramic powders containing various amounts of hydroxyapatite
(Cal0(PO4)6(0H)2) and wollastonite (B-CaSiO3) based on salts co-precipitation and
subsequent heat treatment of the synthetic products at 1000 °C was developed (patent N2
2657817). An aqueous solutions of Ca(OH)2, H3PO4 and NaSiO3 were used as salt
precursors. Their interaction produces a minimal amount of by-products. Varying of starting
reagents concentrations allows to obtain ceramic powders containing from 0 to 100 mass.%
apatite in mixture with B-CaSiO3. Studies performed using a complex of physicochemical
methods, including X-ray diffraction, Infrared spectroscopy, scanning electron microscopy,
thermo gravimetric analysis, laser dispersion analysis and BET, showed that composites
consist of calcium phosphate and calcium silicate nanocrystallites uniformly distributed over
the volume and mixed at a quasimolecular level.

The regularities of powder degradation in Tris-buffer were studied. It was found that
samples dissolution rate increase together with growth of 3-CaSiO3 content in the composites.

Ceramic disks were made by pressing powders to study the apatite forming ability (Fig.).
Composite ceramics were soaked in simulated body fluid (SBF). According to the results of
phase, morphological and elemental analyzes, a layer of spherical apatite particles forms on
samples surface during soaking in model solution. The thickness of newly formed coating
increases with an increase of wollastonite fraction in the samples.

Thus, it was found that composites are able to gradually dissolve and initiate the passive
formation of bone mineral component, ensuring the successful integration of the synthetic
body into bone tissue.

a

Figure. Composite ceramic (a) and layer of apatite spherical particles on the ceramics
surface formed after 14 days of soaking in SBF (b, c)
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The author is grateful to PhD A.IL. Blesman and PhD D.A. Polonyankin for the help with
physicochemical analysis of composite samples.

AKTUBHOCTb IMYTATUOHOBOW CUCTEMbl AHTUOKCUMAAHTHOW 3ALLUTDI B
FENATOUNTAX NPU SKCNEPUMEHTAJIbBHOM MOAEJINPOBAHUH
HEAJIKOIOJIbHOIro CTEATOFENATUTA

KoBanesckuit [1.A., fleHncerHko H0.K., HoBropoauesa T.I.
BnagmMBoCTOKCKMii pununan denepanbHOro rocyAapCTBEHHOro 6104KeTHOro
HaAyUHOro yupexaeHus «[la/ibHeBOCTOUHbI/ HayUHbIi LeHTP (pU3MoNorum n

naTonorum AbixaHus» - HayuHo-uccnegoBaTesbCKUMii MIHCTUTYT MeAULIMHCKON
KJINMaTOJIOrMM U BOCCTAaHOBUTEJIbHOIO NleueHusi, BnaguBocTok, Poccus.
http://niivl.ru

BBepneHwue.

B uccnenoBaHusX MOCNeHUX JIET MoKasaHo, YTo B MaToreHese psiga 3aboneBaHui
BaXXHas po/ib MPUHAANEXUT OKUCIUTENbHOMY CTpeccy, pasBMBalOLEMYCS B pe3y/bTaTte
AvcbanaHca Mexay OKCUMAAHTHOW W aHTMOKCMAAHTHOM cucTeMamu. WcToleHne peaokc
CUCTEMbI FyTaTOHA SIBNSIETCS OAHON M3 BAXKHbBIX MPUUMH LIMTOTOKCUYECKUX U AECTPYKTUBHBIX
3cdeKTOB B KIETKAx MNeyeHW. B pspe vccnenoBaHW MOKasaHo, uYTO TMpW XKMPOBOW U
BbICOKOKA/IOPUMHOWM Harpyske Ha OpraHvW3M MpOMCXOAWUT W3MEHeHWe Myna [yTaTvoHa,
AKTVBHOCTW TlyTaTMOH3aBUCUMMbIX (DepMeHTOB. B cBA3M € 3TUM mMeeT 6obluoe 3HaveHue
M3yyeHWe COCTOSIHUSI CUCTEMbl FlyTaTUOHa B MexaHu3Me (POpMUPOBaHMSI HEasIkorosbHOro
CTeaTorenaTura.

Lenb.

M3yunTb COCTOSIHUE FNyTaTMOHOBOW CUCTEMbI @HTUOKCMAAHTHOM 3alUMTbl B renaToumTax
KpbIC B AMHaMuUKe hOpMUPOBaHUS HeanKkorosibHoro creatorenatuta (HACK).

MaTtepuanbl u Metoabl.

ObbekToM uccnegoBaHus ctanu 42 Kpbicbl-camua nvHuM  Buctap. Mogenb HACT
¢opmMupoBanack runepkanopuiiHbIM renaToreHHbIM paLMoHOM B TedeHue 6 Mecsiues (MaTeHT
P® N2 2394281). [IHaMWKy M3MEHEHUI B CUCTEME ITyTaTMOHA FrenaToLMTOB KpbIC OLEHMBaNM
no 3-m nepuopam: 1 mecau (ctagus cteatosa), 3 Mecsua (CTagus creatorenaTturta) u 6
mecsiueB (ctagusi dmbposa). BeigeneHbl 4 rpynnbl Kpbic: 1 rpynna — KoHTponb (14 kpbic), 2
rpynna — rpynna creato3a (10 XuBOTHbIX), 3 rpynna — rpynna creatorenaTtvTa (8 >XMBOTHbIX),
4 rpynna — rpynna ¢ubposa (10 kpoic). COCTOSIHME CUCTEMBI FNyTAaTUOHA B KNETKaxX NeyeHun
OLIEHMBaNM No CoAep)KaHWI0 BOCCTAHOBNEHHOro rnyTaTtmoHa — [J1 (MeTtoa Ellman), akTMBHOCTM
rNyTaTUOHOBLIX (hepMeHTOB (rnyTaTuoHpeaykTasa — [P, rnytatmoHnepokcmaasa — M) (Mills;
Ramos-Martines, Torres).

Pe3ynbTaTbl.

YCTaHoBMEHO, YTO MpK CTeaTo3e B KETKaxX MeYEHW KPbiC MPOUCXOAMUT 3HAUUTENbHOE
CHWXeHne yposHsa [J1, aktmeHocTn [P, B TO BpeMs kak akTuBHOCTb [MTIO He3HauuTenbHoO
yBenuumBaetcs. B cragum creatorenatMTa MO CPaBHEHMIO CO CTeaTo30M, HaobopoT,
OTMEYaEeTCs MoBblleHUe nokaszatenei [J1 u [P, n cHWxeHVe hepMEHTATUBHON aKTUBHOCTM
IMO. Mpu dopmupoBaHun (rbpo3a COCTOSIHME CUCTEMbI TyTaTUOHa XapaKTepu30Banocb
yrHeTeHveM epMeHTaTMBHOW aKTMBHOCTWM [P, COOTBETCTBYIOLMM CHWXeHWeM ponu [J1,
akTMBHOCTb IO ocTaeTcs 6€3 N3MEHeH.
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BbiBOAbI.

YCTaHOBNEHO, YTO B AMHaMMKe (POPMUPOBaHNS HEANIKOrONbHOrO CTeaTorenaTtuTa UMeeT
MECTO YrHETEHME aAHTMOKCUAQHTHOM CUCTEMbI, O UYEM CBMAETENLCTBYET CHWXKEHWE
nokasaTesniel CUCTEMbl FNyTaTMOHA. Pedokc-cucTeMa ryTaTWOHA MCMbITBIBAET M36bITOUHOE
HanpshkeHVe 1 MPOUCXOAUT ee UCTOLLEHME, T.€. OHa He CNpaBASeTCs C NOBbILEHHbIM YPOBHEM
cB060OAHO-paAMKanbHOr0O OKUCIIEHUS, W CaMa MOABEpPraeTcs MHaKTMBauMKW, 4YTO B
rnocneayroLleM SBASETCS OAHOW U3 OCHOBHbBIX MPUYMH M3GLITOYHOM aKTUBHOCTU MEPEKUCHOMO
okucneHns nunuaos.  [ectabunusaums  cucteMmbl  rayTatMoHa npu OpPMMPOBaHUK
HeanKkoronbHOro creaTorenaTuTa MoXeT CrocobCTBOBaTb HapYLUEHMIO MPOLECCOB ajanTtaumm
N pasBUTUIO HEOBPATUMBIX AECTPYKTUBHBIX U3MEHEHWI B NMEYEHMW.

ACTIVITY OF THE GLUTATHIONE ANTIOXIDANT DEFENSE SYSTEM IN
HEPATOCYTES IN EXPERIMENTAL MODELING OF NON-ALCOHOLIC
STEATOHEPATITIS

Kovalevskii D., Denisenko Y., Novgorodtseva T.

Vladivostok branch of the Federal State Budget Scientific Institution “Far East
Scientific Center for Physiology and Pathology of Respiration” - Scientific Research
Institute of Medical Climatology and Rehabilitation, Vladivostok, Russia
http:/ /niivl.ru

Introduction.

Recent studies have shown that oxidative stress, which develops as a result of an
imbalance between the oxidative and antioxidant systems, plays an important role in the
pathogenesis of a number of diseases. The depletion of the redox system of glutathione is one
of the important causes of cytotoxic and destructive effects in liver cells. A number of studies
have shown that with a fatty and high-calorie load on the body, a change in the glutathione
pool, the activity of glutathione-dependent enzymes occurs. In this regard, the study of the
state of the glutathione system in the mechanism of formation of non-alcoholic steatohepatitis
is of great importance.

Purpose.

To study the state of the glutathione antioxidant defense system in rat hepatocytes in
the dynamics of the formation of non-alcoholic steatohepatitis (NASH).

Materials and methods.

The object of the study was 42 male Wistar rats. The NASH model was formed by a
hypercaloric hepatogenic diet for 6 months (RF Patent No. 2394281). The dynamics of
changes in the rat hepatocyte glutathione system was evaluated according to 3 periods: 1
month (stage of steatosis), 3 months (stage of steatohepatitis) and 6 months (stage of
fibrosis). Four groups of rats were distinguished: group 1 — control (14 rats), group 2 —
steatosis group (10 animals), group 3 — steatohepatitis group (8 animals), group 4 — fibrosis
group (10 rats). The state of the glutathione system in liver cells was evaluated by the
content of reduced glutathione - GL (Ellman method), the activity of glutathione enzymes
(glutathione reductase - GR, glutathione peroxidase - GP) (Mills; Ramos-Martines, Torres).

Results.

It was found that with steatosis in rat liver cells, there is a significant decrease in the
level of GL, the activity of GR, while the activity of GPO increases slightly. In the stage of
steatohepatitis compared with steatosis, on the contrary, there is an increase in GL and GR,
and a decrease in the enzymatic activity of GPO. During the formation of fibrosis, the state of
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the glutathione system was characterized by inhibition of the enzymatic activity of GR, a
corresponding decrease in the proportion of GL, the activity of GPO remains unchanged.

Conclusion.

It was established that in the dynamics of the formation of non-alcoholic steatohepatitis
there is an inhibition of the antioxidant system, as evidenced by a decrease in the
performance of the glutathione system. The redox system of glutathione experiences
excessive stress and its depletion occurs, i.e. it does not cope with an increased level of free
radical oxidation, and itself undergoes inactivation, which subsequently is one of the main
reasons for the excessive activity of lipid peroxidation. The destabilization of the glutathione
system during the formation of non-alcoholic steatohepatitis can contribute to disruption of
adaptation processes and the development of irreversible destructive changes in the liver.

MVYJ1IbTUWIOKYCHOE CUKBEHC TUMAPOBAHMUE LUTAMMOB LISTERIA
MONOCYTOGENES, BbIAE/IEHHbIX OT CEJIbCKOXO3SIACTBEHHbIX YXMBOTHbIX,
KAK OAWH N3 NHCTPYMEHTOB MOJIEKY/IAPHO-2NMMAEMNOJIOTMYECKOIo
AHAJIN3A

Ncapesa E.K.!, Eroposa WU.10.2, Jiuckosa E.A.!, Paxxesa WU.B.!, Fnagkosa H.A.%,
Coxonosa E.B.%, XXypunos N.A.}, MotemkuH E. A.!, YaneHko A.M.'3,
Epmonaesa C.A.!

Humxeropoackuii HayuHO-UCC/IeA0BaTE/IbCKNIA BETEPUHAPHbIN MHCTUTYT — dmnunan
®depe-panbHOro rocyAapCTrBeHHOro 610XKeTHOro Hay4YHOro yupexaeHus
«®epnepanbHbli UCCNIe-A0BaTENIbCKUA LIEHTP BUPYCOIOrMM U MMKpO6uonorun»,
HwxHuit Hoeropopa, Poccusi
2(depepanbHoe rocyaapcTBEHHOE GIoMKETHOE HayuHoe yupexaeHme
«®epnepanbHblii UC-C/IeA0BaTE/IbCKUA LIEHTP BUPYCOIOrMN U MMKpO6Mosiorun», n.
BonbruHckmii, Poccus
3HaumoHanbHbI McCnepoBaTeNIbCKMIA LEHTP 3NMAEMUOSIOrMU U MUKpO6GHonoruun
MMeHMU noyeTHoro akagemuka H.®. Famaneun, Mocksa, Poccust.

E-mail: ekaterinapsareva@gmail.com

PaHee nuctepnos 6b110 NPUHATO CuMTaTb 60ME3HBIO XUBOTHBIX, OAHAKO 3a NocieaHue
30 net Listeria monocytogenes npuobpena BECOMOE 3HaYeHWEe B CTPYKType MHMEKLMOHHON
natonoruu yenoseka. 3abonesaemoctb nnctepnosom B EBpone B 2011 roay coctasnana 0,3—
0,8 Ha 100 000 »wuTenen. B HacTosilee BpeMs HabNOAAETCS MOMOXMTENbHAs AMHAMMKA.
[ocynapcTBeHHast Konnekums MukpoopraHuamos ®FBHY ®ULIBUM HacuuThiBaeT 6onee 670
usonatoB L. monocytogenes. Hamn 6binmn BeibpaHbl 32 wrtamma ot kpynHoro (KPC), menkoro
poraTtoro ckota (MPC), cBMHEN W nollaau, BblAeneHHble Ha TeppuTopun GbiBliero CCCP 3a
nocnegHue 60 net XX Beka.

Llenbio nccnepoBaHus SBASNOCL M3yunTb nonynsumio L. monocytogenes MeTonoM
MY/IbTUSTIOKYCHOrO CMKBEHC TunuposaHusi (MLST), Ans BbIIBNEHWS rpynnbl pucka pasBuTus
IMCTepuno3a B NPUPOAHBIX M aHTporypriyecknx ovarax. Cxema MLST BkntovaeT aetekumio 7
MapKepHbIX reHOB «A0OMalLHero xo3sicTea». Mpu onpeaeneHHoOM Habope annenei 3TUX reHoB
WTamMMy npucBamBaloT cukBeHC TUN (ST). CMKBEHC Twnbl CXOXue Mo 6 annensM reHos
06beanHAIoT B KOHasbHble KoMrnekcsl (CC), KoTopble BXOAST B COCTaB (UIOrEHETUYECKNX
NIVHUA, UM3BECTHbIX Ha cerofHsiwHWii AeHb 4yeTbipe (I-IV). B xope wccnepoBaHus 6bino
BbisiBNEHO 25 STs, koTopble oOTHocunMce k 7 CCs M MpuvHagnexanu Ko BTOPOW
¢dunoreHeTuyeckort nvHuM  (II). WHdbopMauuss no wrtammaMm 6bina  AenoHMpoBaHa B
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MeXayHapoaHyto 6a3y aaHHbix The Institute Pasteur MLST. LUtammebl, BbiaeneHHsle ot KPC
(n=11), npuHagnexann k 10 cukBeHc Tunam: ST12, ST23, ST1536, ST1538 (CC7), ST124,
ST1551 (CC124), ST177 (n=2), ST1542 (CC177), ST1545 (CC18) n ST1548 (CC101). Cpeaun
nsonsatos ot MPC (n=12), 6b110 BbisBneHo Takke 10 Apyrux cvkseHC Tunos: ST7 (n=3),
ST85, ST1534, ST1537, ST1540 (CC7), ST21 (CC21), ST101 (CC101), ST481 (CC18), ST1549
(CC307) n ST1552 (CC124). ObHapy><eHHble CUKBEHC TUMbl CPEAM LITAMMOB, BbIAENEHHbIX OT
cBuHel (n=8) 6binu pasnuuHble: ST7 (n=3), ST23, ST519, ST1535, ST1541 — u Bce
npuHagnexanu k CC7, 3a ucknoyeHnem ogHoro ST1544 (CC18). OauH wTammM, BbiAeneHHble
OT nowaan npuHaanexan k ST106 (CC7).

AHanu3 MHOroNETHEN AMHAMWMKWU NUCTEPMO3a CBUAETENLCTBYET O TOM, YTO B MEPUOA
oTyyxaeHHoctn  CoseTckoro Coto3a  UMPKyNupoBan BO36yAWTeNb, MpuHaaiexawmin K
KnoHanbHoMy komnnekcy CC7. Mony4yeHHble AaHHble NOATBEPXAAIOT NpeacTaBlieHne O ToM,
YTO AaHHbIM TN C BbLICOKOW CTENeHbi0 BEPOSITHOCTU MOT Bbi3blBaTb 3aboneBaHue y omei.
Pe3ynbTaTbl MPUHAAIEXHOCTU BCEX WCCIEeAOBaHHbIX M30MsTOB kO II chunoreHeTUyeckomn
NVHWWM NO3BONSIIOT CAENATH BbIBOA O HEO6XOAMMOCTU AaNibHENLIErO U3YYEHUs U MOHUTOPUHIa
COBPEMEHHOMO COCTOSIHWSI NMPUPOAHbLIX M @HTPOMYPruyeckmnx o4aroB, YTobbl UCKIIOUYNUTL 3aHOC
6osiee BUPY/EHTHbIX WITAaMMOB L. monocytogenes, npyuHaanexawmx k I dpunoreHeTuyeckon
JIMHUM, KOTOPbIE LUMPOKO pacnpocTpaHeHbl Ha TeppuTopun EBponbl.

THE MULTILOCUS SEQUENCE TYPING OF LISTERIA MONOCYTOGENES STRAINS
FROM AGRICULTURAL ANIMALS IS ONE OF THE MOLECULAR-EPIDEMIOLOGICAL
ANALYSIS METHOD

Psareva E.!, Egorova 1.2, Liskova E.!, Razheva L.}, Gladkova N.%, Sokolova E.!,
Zhurilov P.}, Potemkin E.}, Chalenko Y.1?, Ermolaeva S.!
INizhny Novgorod Research Veterinary Institute—Branch of Federal Research
Center for Virology and Microbiology, Nizhny Novgorod, Russia
2Federal Research Center for Virology and Microbiology, Volginsky, Russia
3N.F. Gamaleya Federal Research Centre of Epidemiology and Microbiology,
Moscow, Russia

E-mail: ekaterinapsareva@gmail.com

Earlier, Listeriosis was considered to be an infectious disease of animals, but Listeria
monocytogenes has obtained significant importance in human infectious pathology, over the
past 30 years. In 2011, the annual incidence of listeriosis ranges from 0.3 to 0.8 cases per
100,000 populations in the Europe. Currently, there is a positive trend. The National Collection
of the Federal Research Center for Virology and Microbiology (Volginsky, Russia) has a 670 L.
monocytogenes strains. We selected 32 strains from cattle, small ruminants, pigs and horse
isolated in the former USSR over the past 60 years of the 20th century.

The research aim was to study the L. monocytogenes population by multilocus sequence
typing (MLST) to identify the risk group for the development of listeriosis in natural and
anthropurgic focus. The MLST scheme includes the detection of 7 “housekeeping” genes. A
specific profile of these genes alleles establish the strain sequence type (ST). Sequence types
similar in 6 alleles of genes are combined into clonal complexes (CC). These clonal groups are
part of four well-known phylogenetic lineages (I-IV) today. During the study, 25 STs were
identified that belonged to seven CCs and belonged to the II phylogenetic lineages. The
strains information was deposited in the international database The Institute Pasteur MLST.
The strains isolated from cattle (n = 11) belonged to ten sequence types: ST12, ST23,
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ST1536, ST1538 (CC7), ST124, ST1551 (CC124), ST177 (n = 2), ST1542 (CC177), ST1545
(CC18) and ST1548 (CC101). Among the isolates from small ruminants (n = 12), ten other
sequence types were also identified: ST7 (n = 3), ST85, ST1534, ST1537, ST1540 (CC7),
ST21 (CC21), ST101 (CC101), ST481 (CC18), ST1549 (CC307) and ST1552 (CC124). The
sequence types found among the strains isolated from pigs (n = 8) were different: ST7 (n =
3), ST23, ST519, ST1535, ST1541 - and all belonged to CC7, with the exception of one
ST1544 (CC18). One strain isolated from the horse belonged to ST106 (CC7).

The listeriosis long-term dynamics analysis showed that in the closed Soviet Union
period, a pathogen belonging to the CC7 clonal complex circulated. The data obtained confirm
the idea that this type could cause disease in humans with a high degree of probability. Since
all researched strains belong to the II phylogenetic lineage, we can conclude that further
study and monitoring of the natural and anthropurgic focus current state is necessary. This is
required to exclude the introduction of more virulent L. monocytogenes strains belonging to
the I phylogenetic lineage, which are widespread in Europe.

OCOBEHHOCTW ®YHKLMOHNPOBAHNSA LIEHTPAJIbHOI HEPBHOW CUCTEMblI
KNKBOKCEPOB BbICOKOM KBAJINOGUKALINU B PASAEJE K-1

Typmanupase B.I'., ®omeHko A.A., CanyruH ®.B.
OMCKMii rocyfapCTBeHHbI yHUBepcuTeT uMeHn ®.M. [loctoeBckoro, OMcK,
Poccus

E-mail: turmanidze-valer@yandex.ru, fom7@mail.ru, saluginfil@mail.ru

Ha coBpeMeHHOM 3Tane COpeBHOBATe/NbHas [AeSTENbHOCTb KUKGOKCEPOB BbICOKOM
KBanMbuKaLun NpeabsBsieT MOBbILEHHbIE TPE6OBaHUS K dYHKUMOHUPOBaHUO Mx LIHC, yto
BblpaXaeTcsi B HeobXoaMMOCTM MNOAAEPXKaHWUsS BbICOKMX 3HAYEHUN YCTOMUMBOCTM WU
KOHLEHTPaLUUM BHUMaHWS, MCUXOMOTOPHOW BLIHOCAIMBOCTW, BOCMPUSTUS  MHbOPMaUWK,
HUBENMPOBaHWSI CEHCOPHOTO YTOMJIEHUS! U HANPSHKEHWS KITKOYEBBIX CUCTEM OpraHuaMa.

Ocoboro BHWMaHWS 3acyXWBAeT M3yyeHWe AuHaMUKM  yHKumMoHupoBaHuna LIHC
6oiuoB, crneuvanusmpylowmxcs B pasgene K-1, rae copeBHoBaTenbHas [eSTENbHOCTb
XapaKTepU3yeTCs WHTEHCMBHbIM BOCMPOWM3BEAEHWEM YAAPHOW TEXHWKUM C  HaHECEHUEM
MaKCMManbHOro YypoHa TMpPOTUBHUKY MPU  YCWUIEHHOM peanu3aumMn  CKOPOCTHO-CMIIOBbIX
NMapaMeTpoB M CrieLmasbHON CUMOBOW BbIHOC/IMBOCTM.

Llenbto MccnenoBaHns sIBUNOCL orpefenieHne ocobeHHocTel yHKUMoHMpoBaHus LIHC
KMKGOKCEpOB BbICOKOW KBanudbukauum, BbicTynawowmx B pasgene K-1, Ha ocHoBe aHanusa
nokasaTenein ux NcMxobusnonornyeckoro craTtyca.

KOHTUHIeHT nccneayemblx nnL, COCTaBWUAW IOHOLM-KMKOOKCepbl kBanndukaumm MCMK u
MC B Bo3pacTe 19-23 neT, HaxoaslMecs B pacnofioXeHnn c6opHoi Poccun. TecTMpoBaHue
NcUxodn3nonorMyeckMx mnapamMeTpoB BbIMOHEHO NpWU MUCMOMb30BaHUM AlMK "CropTUBHLIN
ncuxodusuonor" B yCNoBUSIX y4ebHO-TPEHMPOBOYHOMO cbopa Mpu MOArOTOBKE K MepBoii
EBponeickoii yHuBepcuaae 60eBbix McKyccTs, npoBeaeHHon ¢ 31 uions no 3 asrycta 2019
roga B ropoge 3arpeb, Xopatus. PyHkumoHupoBaHue LIHC cnopTcMeHOB oueHWBanochb B
AVHaMWKe BOCTPOM3BEAEHUS] TPEHMPOBOYHOWM Harpy3ky CKOPOCTHO-CMJIOBOrO XapakTepa C
3neMeHTaMn MHTepBasbHON Bapuaumm 3afaHui.

B xome wccneposaHus BbisiBieHa crneumduyeckas peakums LIHC kukbokcepos B oTBET
Ha BbILLEN3NOXEHHYIO Harpy3Ky. Pe3synbTaTbl CBMAETENbCTBYIOT O AocToBepHoM (p<0,05)
Y/yULIEHUM NPOCTON 3pUTENBHO-MOTOPHOM peaKUmMy Ha BU3yasbHbIM 06bekT (361,8+51,3 Mc 1
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286,0+27,6 MC, A0 ¥ NOC/E Harpy3ku, COOTBETCTBEHHO) Ha 3BYKOBOW curHan (522,0+43,9 mc
n 458,5+29,4 MC), CNOXHON 3pUTESIbHO-MOTOPHOW peakumMn B MOMEHT Bblbopa (463,0+41,6
MC ¥ 396,7£32,9 mMc). [aHHblii akT noAYEpKUBAET, UTO OCYLLECTB/IEHWE 3TOW
TPEHUPOBOYHOW  Harpy3kM KOCBEHHO, HO  OMepaTUBHO  YCWIMBAET  MHTErpanbHble
XapaKTEPUCTUKM BbICLLEN HEPBHON AESTENbHOCTU U (DYHKUMOHANbHOE COCTOSIHUE HEPBHOM
cucTeMbl KMKHGOKCEpOB, KOTOPbIE BbICTYNatoT B pasgene K-1.

OueHka BOCMPOM3BEAEHUSI BU3yaNbHbIX W ayAuanbHblX OOBEKTOB YKasblBaeT Ha
AocToBepHbIi  (p<0,05) MpUpOCT A0AM OWMBKM B TECTUPYIOLMX YNPaXHEHUsX focie
BbIMO/IHEHUS] TPEHUPOBOYHOM Harpysku. B uyacTHOCTM, OTMEUYEHO CHUXKEHWE KayecTBa
BOCNPON3BEAEHNS] CBETOBOrO BpeMeHHoro uHtepBana (8,5+3,2% u 15,0+6,1%), oueHku
BE/IMYMHBbI NpeabsBnsieMblx oTpe3koB (9,0+2,6% u 18,5+5,2%), oTMepuBaHMS OTPE3KOB
(9,5+£4,1% w 33,2+10,7%), BennuuHbl 3agaHHbX yrnos (18,6+6,9% w 53,3+18,4%). U3
MOMyYEHHbIX pe3yNnbTaToB BWMAHO, YTO BOM/OLWEHWE HArpy3kM MPUBOAWUT K YTOMIIEHUIO
CEHCOPHbIX CUCTEM W KOCBEHHO CHMXKAET YCMEWHOCTb BOCMPUSTUS MPOCTPAHCTBEHHO-
BPEMEHHOMN CTPYKTYpbl AEATENIbHOCTM 10 BOCCTAHOB/IEHWSI CUCTEM OpraHusMa.

TakvM 06pa3oM, CUCTEMATUYECKOE BbIMOHEHME CKOPOCTHO-CUIIOBOM Harpysku C
3MEMEHTaMN MHTEPBasbHOV Bapuaumu 3ajaHui yCUIMBAET rOTOBHOCTb KMKGOKCEPOB pasaena
K-1 K BEeAEHMIO BbICOKOMHTEHCMBHOIO 60s. ®yHKUMOHMpoBaHWe LIHC 60iiLoB OTaM4YaeTcs
YNyylleHMeM BPEMEHM peakUMM U CHWXKEHMEM KayecTBa BOCMpOM3BEAEHMS 0ObEKTOB, 4YTO
CrIieayeT YUYnTbIBaTb A/1St NOBbILUEHWS MX KOMMEHCATOPHbLIX CMOCOBHOCTEN.

FEATURES OF FUNCTIONING OF THE CENTRAL NERVOUS SYSTEM OF HIGH
QUALIFICATION KICKBOXERS IN SECTION K-1

Turmanidze V., Fomenko A., Salugin Ph.
Dostoevsky Omsk State University, Omsk, Russia

E-mail: turmanidze-valer@yandex.ru, fom7 @mail.ru, _saluginfil@mail.ru

At the present stage, the competitive activity of highly qualified kickboxers places high
demands on the functioning of their central nervous system, which is expressed in the need to
maintain high values of stability and concentration of attention, psychomotor endurance,
perception of information, leveling of sensory fatigue and tension of key body systems.

Of particular note is the study of the dynamics of the central nervous system functioning
of fighters specializing in the K-1 section, where competitive activity is characterized by
intensive reproduction of shock equipment with maximum damage to the enemy with
enhanced implementation of speed-power parameters and special power endurance.

The aim of the study was to determine the features of the functioning of the central
nervous system of highly qualified kickboxers acting in section K-1, based on an analysis of
indicators of their psychophysiological status.

The contingent of the studied individuals consisted of kickboxers of qualification MSMK
and MS at the age of 19-23 years, located in the Russian national team. The testing of
psychophysiological parameters was performed using the hardware and software complex
"Sports Psychophysiologist" in the conditions of a training camp in preparation for the first
European Universiade of Martial Arts, held from July 31 to August 3, 2019 in Zagreb, Croatia.
The functioning of the central nervous system of athletes was evaluated in the dynamics of
reproducing a training load of a speed-strength nature with elements of interval variation of
tasks.
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The study revealed a specific reaction of the central nervous system of kickboxers in
response to the above load. The results indicate a significant (p<0.05) improvement in a
simple visual-motor reaction to a visual object (361.8 + 51.3 ms and 286.0 + 27.6 ms, before
and after loading, respectively) on an audio signal (522.0 + 43.9 ms and 458.5 £ 29.4 ms), a
complex visual-motor reaction at the time of selection (463.0 £ 41.6 ms and 396.7 + 32.9
ms). This fact emphasizes that the implementation of this training load indirectly, but quickly
enhances the integrated characteristics of higher nervous activity and the functional state of
the nervous system of kickboxers in section K-1.

Evaluation of the reproduction of visual and auditory objects indicates a reliable
(p<0.05) increase in the proportion of errors in testing exercises after the training load. In
particular, a decrease in the quality of reproduction of the sound time interval (8.5 + 3.2 %
and 15.0 £ 6.1 %), an estimate of the magnitude of the presented segments (9.0 £ 2.6 %
and 18.5 + 5.2 %), measuring the segments (9.5 + 4.1 % and 33.2 £ 10.7 %), the values of
the given angles (18.6 £ 6.9 % and 53.3 = 18.4 %). From the results obtained, it can be
seen that the embodiment of the load leads to fatigue of sensory systems and indirectly
reduces the success of the perception of the spatio-temporal structure of activity before the
restoration of body systems.

Thus, the systematic execution of speed-power load with elements of interval task
variation enhances the preparedness of kickboxers of the K-1 section to conduct high-intensity
combat. The functioning of the central nervous system of fighters is characterized by an
improvement in reaction time and a decrease in the quality of reproduction of objects, which
should be taken into account to increase their compensatory abilities.

M3YYEHME NOTPEB/IEHUSA BE/NbS U OAEXAbl B YCNIOBUSAX 520-CYTOYHOM
n3onfauum B XOAE 3KCNEPUMEHTA MO NMPOEKTY «MAPC-500»

LymunuHa WU.B.
®depepanbHoe rocyfapcTBeHHOe 610MKeTHOE yupexaeHne Hayku
FocypapcTBeHHbIH HayuHbIi LleHTp Poccuiickoii ®epgepauunn - UHCTUTYT MeAnKo-
6uonornueckux npo6nem PAH, MockBa, Poccus

E-mail: ishumilina@mail.ru

Ha coBpeMeHHbIM 3Tamne A0 CUX MOP OCTAlTCS HEepeLleHHbIMU BOMPOCh!, CBSI3aHHbIE C
OCHALLEHMEM KOCMWUYECKUX Kopabneld M opbwuTanbHbIX CTaHUMiM 06OpyaoBaHWEM A4St
BbIMO/IHEHUSI KOCMOHaBTaMW BOAHbIX MNpoueayp, a Takxe MNpOoBeAeHWEM TMrMeHUYecKon
06paboTkn (OUMCTKM, CTUPKM M Cywkun) 6enbs, opexabl U TUrMeHWYeCKUx CpeacTs M3
TEKCTUMbHBLIX MaTePManoB, BXOASLUMX B CUCTEMY XM3HeobecneyeHUs SKUnaxen.

B xofe 3kcriepuMeHTa no npoekty «Mapc-500» npoBOAUSICS MOHUTOPUHT MPUMEHEHUS
CPEACTB NWYHOW rurmenbl (CNT), 6enba M ogexabl B ycnoBusix 520-CyTOYHOW M30A[UMM C
YYETOM CyLIeCTBYIOWMX B HacToslliee BpeMs HOPM WX pacxoAoBaHMSi B YCNOBUSIX
KOCMMYeCKOro noneta Ha MexayHapoaHou kocMmyeckoi ctaHumm (MKC) u 6bino nonyyeHo
ceblwe 200 3anoONHEHHbIX aHKET-OMPOCHUKOB, KOTOPblE MO3BONWAM OCYLLECTBUTb OLIEHKY
BECOBbIX XapaKTepUCTMK 3anacoB oaexabl, 6enbs, CII, HeobxoAanMMbIX ANS OCyLeCcTBNEHUS
noneta Ha Mapc.

OCHOBHble pe3ynbTaTbl UCCNeAoBaHWi Nokasanu 3P@EKTUBHOCTb CUCTEMbI CaHUTapHO-
rMrmeHnyeckoro obecneyeHns u ee PYHKUMOHANbHYIO 3HaYMMOCTb.

[na nopaep>xaHns rMrmeHnYeckoro komgopTa Bo BpeMs 520-CyTOMHOMO 3KCMepUMeHTa
3KMNaxy u3 6 yenosek noHagobunocb Honee 2000 Kr HaTENbHOrO M MOCTENBLHOIO 6enbs,
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nonoteHeu, C/IT, npeaMeToB TyaneTa, a Takke CPEACTB ANS MOAAEPXKAHUS YUCTOTbl B
obbekTe. [poBeaeHHble UCCNEAOBaHUS CBUAETENbCTBYIOT, YTO ANs YC/IOBUM HEBECOMOCTU
TpebyeTcs cneumanbHas paspaboTka 060pyAOBaHWs [ANs MNPUHATUS Aywa, MpoBeaeHUs
CaHUTAPHO-TUTMEHNYECKUX MPOLEAYP, PereHepaummn CaHWTapHO-TMIMEHNYECKOW Bodbl, a TaK
e pa3paboTka CTUPanbHOW M CTUPANBbHO-CYLIWIBHON TEXHWUKM COBMECTMMOM C CUCTEMAMM
»XM3HeobecneyeHns), a Npy co3haHnn «KOCMUYECKOW OAeXabl» 0c060e BHUMaHWe HeOBX0ANMO
yoensiTb noabopy MaTepuanos C YYETOM, B TOM YKC/E, MOYUYEHHbIX PE3Y/bTaToB.

INVESTIGATIONS OF UNDERWEAR AND GARMENT USING UNDER CONDITIONS OF
520-DAY ISOLATION DURING THE MARS-500 PROJECT

Shumilina I.
Federal State Budgetary Institution of Science - State Research Center of the
Russian Federation-Institute for Biomedical Problems of the Russian Academy of
Sciences, Moscow, Russia

E-mail: ishumilina@mail.ru

Issues related to support of spacecraft and orbital stations with equipment for
cosmonauts to carry out water procedures, as well as carrying out hygienic processing
(cleaning, washing and drying) of underwear, garment and hygiene means from textile
materials included in the Life Support System of crews are unresolved at the present stage till
Now.

During the Mars-500 project was carried out control of using of personal hygiene means,
underwear and garment under conditions of 520-day isolation was monitored taking into
account the current standards for their use in space flight conditions on the International
Space Station (ISS) and was received more than 200 completed questionnaires, which made it
possible to assess the weight characteristics of the stocks of clothing, underwear, and
personal hygiene means needed for a flight to Mars.

The main research results showed the efficiency of the Sanitary-Hygienic Support
System and its fundamental significance.

During the 520-day experiment, the crew of 6 people needed more than 2000 kg of
underwear, bed clothes, towels, personal hygiene means, toilet articles for support of hygienic
comfort, as well as means to support of cleanliness in the facility. Studies show that for zero-
gravity conditions, special equipment is needed for taking a shower, carrying out sanitary and
hygienic procedures, regenerating of sanitary water, as well as developing washing and
washing and drying equipment compatible with Life Support Systems, and creating “space
clothing” special attention should be paid to the selection of materials taking into account,
inter alia, the obtained results of this investigation.
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METAMATEPWAJ1 HA OCHOBE OKCMA0B LIMPKOHWUSA U AJIIOMUHWNSA AN
BMOMEANUMNHCKNUX NPUMEHEHWW: NMOJIYYEHUE M ONbIT MPUMEHEHNA

KynbkoB C.H., BysikoB A.C., Kynb6akun [.E., KazaHuesB W.B., LlykaHoB A.WU.
U®IMM CO PAH, Tomckumii rocyHuBepcuteTt, MeaknnHuka

E-mail: kulkov@ms.tsc.ru

M3yyeHa nopuctas KepaMMka, CMeYeHHass W3  HAHOMOPOLUKOB,  MOJTyYEHHbIX
NIa3MOXMMUYECKMM CUHTE3OM C MOPUCTOCTbIO A0 75 %. Lenb paboTtbl — wccnepoBaHue
YMIOTHEHWSI, CTPYKTYPbl 1 MEXQHUYECKMX CBOWCTB.

MokasaHo, YTO CTPyKTypa KEpaMWKW NPEACTaBSIET CUCTEMY SIYEEK W CTEPXKHEBBIX
3/1EMEHTOB, KOTOpPble CPOPMMPOBAHBLI 3@ CYET NYCTOTENbIX YacTuu. MMeeTca Tpu Buaa nop:
60/blUME SYENKMN, Marible MEXYaCTUYHbIE NMOPbl U MUKPOMNOpPbI ChOPMMPOBAHHbIE MO FpaHMLAM
HaHOKPWCTaNMTOB.

Pasmep sueek MHOro 6onblie TOMAWMHBI CTEHOK, @ YBEIMYeHWe MOopUCTOCTU
COMpPOBOXAAETCS YMEHbLUEHMEM pa3MepOB MOP M pa3MepoB 3epHa KepamMuKu.

[narpammbl «HanpsbkeHve-gedopMaumns» ANns Kepamukn ¢ nopuctocTblo 6onee 20%
UMEIOT HENIMHEWHbIX XapakTep M 61AM3KM K KPUBbLIM HarpyXeHusi NpUpoaHOM KOCTW, 4TO
NepcnekTUBHO A1 CO3AaHWsl MaTepyanos A1 OCTEOUMMIaHTaumu.

MonyyeHHble  MaTepuanbl  Yy)Xe  MPOXOAAT  KAMHMYECKME  UCMbITaHua  Ans
PEKOHCTPYKTUBHOW  MUKPOXMPYPrMM  YENOCTHO-IMLEBOM 06/1aCTV MPU OHKONIOrMYECKUX
3aboneBaHusIX.

\y
Y. ceramic, 60% porosity

* natural bone

strain, %
PUCYHOK 2 — MexaHUYeckue XapakTepucTUKN TpabeKynsipHOM KOCTU U KepaMuku (a) v

vnnaHTat (6) U3 KepaMUKK A4Sl PEKOHCTPYKLIMM BEPXHEN YEMIOCTU U CKYNO-0pbUTanbHOro
KOMMneKca.
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PucyHok 3 — MHTpaonepauuoHHoe doTtorpadum. Ha obnactb aedekra KOCTHbIX CTPYKTYp
BEPXHEN YENIOCTU U CKyNo-0pbUTanbHOrO KOMIJIeKca C/ieBa YCTaHOBNEH UMMIAHTaT U3
KepaMuKu, KOTOPbI NOBTOPSIET BCE aHAaTOMUYECKUE KOHTYPbl PEKOHCTPYMpYeMOii 061acTy.
MecTa KpenneHusl UMMiaHTaTa: CKysioBasi KOCTb, CKYJIOBOWM OTPOCTOK JIOBHOW KOCTH, KOCTM
HOCa W anbBeONSIPHbIN OTPOCTOK BEPXHEN YEsNioCTH CripaBa.

ZIRCONIA/ ALUMINA META-MATERIAL FOR BIOMEDICAL APPLICATIONS:
EXPERIENCE FOR SINTERING AND REAL PRACRICE

Kulkov S., Buyakov A., Kulbakin D. and Kazantsev I., Tsukanov A.
Institute of Strength Physics and Material Sciences RAS, Tomsk State University
and Medical clinic
E-mail: kulkov@ms.tsc.ru

It has been studied a porous ceramics sintered from nanopowders obtained by plasma
spray technique. The porosity of ceramic was up to 75 %. The aim of the work is the
investigation of densification, structure and mechanical properties of materials based on
zirconia-based powders produced by plasma spray synthesis and sintered at different
temperatures.

It has been shown that structure of the sintered ceramic has a system of cell and rod
elements. These structures formed by stacking hollow powder particles. There were three
types of pores in ceramics: large cellular hollow spaces, small interparticle pores which are not
filled with powder particles and the smallest pores in the shells of cells. The cells generally did
not have regular shapes.

The size of the interior of the cells many times exceeded the thickness of the walls
which was a single-layer packing grains. The increase of the pore space in the ceramics was
accompanied by the decrease of the average size of voids inside the cells and the average
grain size.

The stress-strain diagrams for ceramics with porosity higher than 20 % are non-liner,
and sintered ceramic with a high porosity has a very similar behavior as compare with natural
bone and can be used as perspective material for bone replacement.

These material already used for real medical practice. The application of the developed
method of ceramic frame prelamination in microsurgical flaps can be widely used in
reconstructive and plastic surgery of complex anatomical defects.
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PA3BWUTUE NMPABOBOIO PEMY/INPOBAHWNSI TEHOMHOW TEPANWU B POCCUU N
XOPBATUN

Bacunbes C.A.
CeBacTononbCKUIi roCyAapCTBeHHbIW YHuBepcuTteT, CeBacTtonosib, Poccus

E-mail: mnogoslov@mail.ru

FeHOMHble WCCNefoBaHWsl B MEAULMHCKOM [EesTENbHOCTM aKTUBHO pasBUBAlOTCS B
6OMbLUMHCTBE CTpaH MUpa. B XopBaTuu AaBHO MPUMEHSIOT MeToAbl FEHOMHOWM Tepanuu Ans
neyeHust pasnnyHblX 3aboneBaHwii. Mpy 3TOM Ha TeppUTOPUM LAHHOIO rocyAapcTBa aKTUBHO
pa3BMBAIOTCA  HEWMHBA3MBHbIE MepeHaTanbHble WUCCNefoBaHus AN NpefoTBpalleHns
3a60neBaHUn Ha PaHHUX CTaaMsX 6EPEMEHHOCTU, UTO SBNSETCS MPaKTUUYECKU 0BLLIEMUMPOBOM
TeHaeHUmel. KpoMe Toro, B YHMBEpPCUTETCKOM 60MbHULE Mepkypa B ropoae 3arpebe akTvBHO
NPUMEHSIETCS U MOAEPHU3NPYETCS MPpaKTHKa SledeHnst XpoHuyeckoro numdonelikosa (B-CLL).
Pa3paboTkn XxOpBaTCKMX MeAWKOB MO3BONWMAM COKPATWUTb BPeMs MpOBeAeHVS MeAULIMHCKOro
BMELLUATeNbCTBA, WCMOMb30BaHWE XMMUOTEPanuM, a B MNJaHax MOHOCTbIO HUBENMPOBaTb
Kakoe-nMbo HeraTMBHOE BO3AEUCTBME Ha Oyaylume MOKONMEHUS NauMeHTOB. [Mpu 3TOM
XopBaTs MHOMMMM Y4YeHbIMKU OTMEYAEeTCA Kak OfHa M3 CaMblX Mpeycrnesalowmx CTpaH B
obnacTu reHoMHbIX UccnenoBaHuii B LieHTpanbHon 1 BoctouHol EBpone. Bo MHorom Takas
cnTyaums obycnosneHa HOpMaTMBHBIM MPaBOBbIM PEryiMpoBaHWeEM, KOTOpoe MO03BOMSET
BpayaM M y4eHbIM CBOOOAHOr0 NPOBOAWTL TaKOrO poAa MUCCNefoBaHNs.

B Poccun, He cMOTpS Ha YCrexu OTeYeCTBEHHbIX MeAMKOB U KIMHULMCTOB, AaHHas
cdepa yperynuposaHa He B NOMHOM obbeMe, 3aKpenue B 3aKOHOAATENbCTBE TObKO CaMble
obwme npuHUMnbl. OAHAKO reHOMHasi MHXEHepus NMpOAO/KAeT CBOe pa3BUTUE, a BMecTe C
HEel 1 NpaBoOBOE perynmpoBaHve. Tak, B HACTOSILLEE BPEMS PacCMaTpUBAIOTCS NPEATIOKEHNS O
pononHeHnn  ®depepanbHOro  3akoHa «O  MepcoHanbHbIX  AAHHBLIX»  MONOXEHUAMU O
pernameHTauMM [OMarHOCTUKM W pefakTUpOBaHWA reHoMa 4esnoseka. Takxe B Poccum
pevictyeT MnaH MeponpusTuin («AopoxHas kapTa») «Pa3BuThe GMOTEXHONMOMWI U reHHoM
WHXeHepum» Ha 2018 - 2020 roabl, npeanonaratowmii NPUHSTUE HOPMATMBHBLIX AKTOB B
AaHHON cdepe, oaHaKO Noka UHdopMaLmn 06 UX AENCTBUN HET.

Poccvm  LienecoobpasHo yyecTb OMbIT XopBaTUM B 4acTy MpeaocTaBneHust Gonblueit
cBoboabl [eiCTBUN FeHeTUKOB M MeaukoB B TOM Ciyyae, Korga LUenu Takux nogen
HanpasneHbl Ha 03[40POBMEHNE 4YenoBeka. JTO NO3BOMMT MO3UTUBHBLIM 06pa3oM pa3BuBaTb
BbICOKOTEXHOMOTMYHYIO MeAMUMHy, @ [flaBHOe — MoMoraTb JIOASM, HYXAAoWMMCs B
KayeCTBEHHOM ¥ 3(PheKTUBHOM JIeYeHNN.

DEVELOPMENT OF LEGAL REGULATION OF GENOMIC THERAPY IN RUSSIA AND
CROATIA

Vasiliev S.
Sevastopol State University, Sevastopol, Russia

E-mail: mnogoslov@mail.ru

Genomic research in medical activity is actively developing in most countries of the
world. In Croatia, methods of genomic therapy have long been used to treat various diseases.
At the same time, non-invasive prenatal studies are actively developing in the territory of this
state to prevent diseases in the early stages of pregnancy, which is an almost global trend. In
addition, the practice of treatment of chronic lymphocytic leukemia (B-CLL) is actively used
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and modernized at the University Hospital of Mercury in the city of Zagreb. The development
of Croatian doctors has reduced the time for medical intervention, the use of chemotherapy,
and plans to completely neutralize any negative impact on future generations of patients. At
the same time, Croatia is noted by many scientists as one of the most successful countries in
the field of genomic research in Central and Eastern Europe. In many ways, this situation is
due to normative legal regulation, which allows doctors and scientists to freely conduct this
kind of research.

In Russia, in spite of the successes of domestic doctors and clinicians, this area is not
fully regulated, fixing only the most general principles in the legislation. However, genomic
engineering continues its development, and with it legal regulation. So, proposals to
supplement the Federal Law “On Personal Data” with provisions on regulation of the diagnosis
and editing of the human genome are currently being considered. Russia also has an Action
Plan (“roadmap”) “Development of Biotechnologies and Genetic Engineering” for 2018 - 2020,
which envisages the adoption of regulatory acts in this area, but so far there is no information
on their effect.

It is advisable for Russia to take into account the experience of Croatia in terms of
providing greater freedom of action for geneticists and physicians when the goals of such
people are aimed at improving the health of a person. This will allow us to develop high-tech
medicine in a positive way, and most importantly, to help people who need high-quality and
effective treatment.

HOBbIE MPON3BOAHbIE UNCMJIATUHA, MOJIMMEPHbBIE YATULIbI HA UX OCHOBE
N UX NPOTUBOOMNYXOJIEBAA AKTUBHOCTb

domuuesa M.B.}, Mogpyruna T.A.2, Hukonbckas E.[1.}, XXynnna O.A.}, fi66apos H.I'.!
1Bcepoccuniicknii HayuHblii LLEHTP MOJIEKY/ISIDHOWM ANarHOCTUKM M fieyeHns, Mocksa,
Poccus
2MoCKOBCKMI1 roCyAapCTBEHHbII yHuBepcuteT nmenn M.B.JlomoHocoBa, Mocksa,
Poccus

E-mail: marvint@inbox.ru, podrugina@mail.ru

OfHUM U3 BaXKHEWLUX cobbiTuii B 06nacTv xummoTepanumn onyxoneit B 80-e rogsl XX
CTONETMS CTano NpUMEHEHWe NpenapaToB NaaTuHbL. MpenapaTbl NATUHBI U ceivac OCcTakoTCs
6a30BbIM KOMMOHEHTOM 6OMbLUMHCTBA CXeM KOMOBMHMPOBAHHOM XMMWUOTEpPanuu OnyXxonen,
HECMOTPSl Ha Takue Cepbe3Hble OrpaHUYeHust Kak Tshkernble noboyHble 3d@eKTbl 3TUX
npenapaToB v 6bICTpoe hOPMUPOBAHME PEUCTEHTHBIX K HUM MOMYASILMI ONYXONEeBbIX KNETOK.

[ns ynydweHns TepaneBTUYECKUX CBOMCTB MpernapaToB MaTWHbl, CHUXeHUs obluein
TOKCMYHOCTU M CO3AaHNst 3(MEKTUBHBIX B OTHOLIEHUM PE3UCTEHTHBIX OMyXONEBbIX KIETOK,
MOXET 6bITb MCMOMb30BaH CMHTE3 aHanoroB NIaTMHOBLIX NMpenapaTos. B kauecTtse ogHoro m3
CnocoboB yBENMYEHWUs CENEKTUBHOCTU AeUCTBUS, GWMOAOCTYMHOCTM M, Kak CneacTeue,
3(PhEKTUBHOCTN MCMONb3yeMbIX MpenapaToB MNAaTUHbI SBASETCS CO3A4aHME  MOMMEPHBbIX
YacTULL Ha MX OCHOBE M3 BMoAerpaaMpyemMoro conosmmepa MOMOYHOM U FAIMKONEBOM KUCIOT
(PLGA). BkntoyeHWe nekapCTBEHHbIX BELLECTB B MOIMMEPHbIE YacTuLbl NO3BOMSET YBENMYNTD
UX 3hEKTUBHOCTb, @ TaKKe HEBENMPOBaTb MOBGOYHOE [ENCTBME 3@ CYET CHWXKEHWSI
KpaTHOCTH npueMa, YTo 06yCNoBIEHO MPOMIOHTMPOBAHHBIM AEWCTBUEM MONMMEPHDIX YacTyL.

Moa pykoBOACTBOM K.X.H. MoapyruHoit T.A. B nabopaTopun OpraHM4eckoro CuHTe3sa
kadeapbl MEAULIMHCKON XMMUM U TOHKOrO OPraHM4eckoro cuHTesa Xummueckoro dakynsteta
MIY 6binM  CMHTE3MpOBaHbl NPOM3BOAHbIE  UMCNIaTMHa. bBbin  npoBegeH  aHanus
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YHKUMOHANBbHOM aKTUBHOCTM coeaMHeHu Ha 6ase OAO BHLMAJ1, nocne yero 6binu
Co3/aHbl NonvMMepHble ¢opMbl C Hanbonee nNepcrnekTUBHLIMU KaHAUAATHBIMM MOJIEKynaMu.
AHanM3 UMTOTOKCUYECKON aKTUBHOCTM NMPOBOAWIN B AManasoHe KOHUEHTpaumii ot 3.125 MkM
po 100 MkM B Tpunnetax C nomowpto MTT-TectTa B OTHOLWEHWM KNETOK NuHumM A549
(HemenKokneToYHas KapumMHoMa nerkoro yenoseka): (Kpt3 — 34.2; Kpt4 — 79.3; Kpt5 — 3.25;
kapbonnatmH — 39.7 MKM), B OTHOLWIEHMWN KNETOK JIMHUM H69 (MenkokieToyHasi kapumMHoMa
nerkoro yenoseka): (Kpt3 — 63.2; Kpt4 — 70.4; Kpt5 — 3.1; kapbonnatnH — 70.2 MKM).

B pe3ynbTate BK/IIOYEHMS] MPOM3BOAHBLIX MIATUHBI B MOAMMEPHYD MaTpuly O6biin
NnonyyeHbl MOAMMEpPHble 4acTuubl, obnagaiowme HeobXoAUMbIMU  DU3NKO-XUMUYECKUMU
napameTpamu, TakuMmn kak pasmep (180 HM), 3apsg (A3eTa-noTeHumana) -22 MB 1 npodunb
penvsa. [anee 6bln NpoBeAeH aHanM3  LIUTOTOKCMYECKOM aKTMBHOCTM  MONyYeHHOM
NONMMEpHOW (OpPMbI B OTHOLLUEHUM OMYXONEBbIX KIETOK NMHWM A549 B CpaBHeHWM C
KOMMepYecku AOCTYMHbIMU CybcTaHumsaMu (kapbonnatuH, UMCNAaTMH) M NPOU3BOAHLIMU B
cBoboaHol dopme. Hanbonbluein apdektmBHocTbio (B 12 pa3 addekTMBHee kapboniaThHa 1
B 2 pa3a 3addekTnBHee coeanHenns Kpt5) obnaganv nonuMepHble 4acTuubl, coaepXalive
npoussogHoe Kpt5.

Takvm  06pa3oM,  MOMyYyeHHble  [aHHble  CBMAETENbCTBYOT O BbICOKOM
MPOTMBOOMYXONEBON aKTUBHOCTM HOBLIX CUHTE3MPOBaHHbLIX @HaforoB MnaThHLI, a TaKke
MoNyYeHHbIX MNoMMMepHbiX ¢OpM MO  CPaBHEHWIO CO CBOBOAHBLIMM  CybCTaHUMAMKU 1
KOMMepYeCcKM [OCTYMHbIMU MpenapaTaMu CpaBHeHWs. Takke Obl1o OTMeYeHO Hanmune
MPONOHTMPOBAHHOrO  [IEACTBUS, 4YTO MOXET MO3BOMUTb B  [JaNbHENleM  CHU3UTb
HecneumdmnyecKyo TOKCMYHOCTb npenapaTa v onTUManbHO NoAobpaTh peXxxuM A03MPOBaHUS.

NEW CISPLATIN DERIVATIVES, POLYMERIC PARTICLES ON THEIR BASIS AND
THEIR ANTITUMOR ACTIVITY

Fomicheva M.}, Podrugina T.%, Nikolskaya E.!, Zhunina 0.%, Yabbarov N.!
1Russian research center of molecular diagnostics & therapy, Moscow, Russia
2Lomonosov Moscow State University, Moscow, Russia

E-mail: marvint@inbox.ru, podrugina@mail.ru

One of the most important events in the field of tumor chemotherapy in the 80s of past
century was the discovery of platinum-based drugs. Platinum drugs remain the basic
component of most chemotherapy schemes in antitumor treatment, despite such serious
limitations as severe side effects and the rapid formation of resistant tumor cell populations.

To improve the therapeutic properties of platinum drugs, reduce nonspecific toxicity and
elaborate drugs, which are effective against resistant tumor cells, the synthesis of platinum
analogues can be employed. One of the ways to increase selectivity, bioavailability and
effectiveness of the platinum drugs, is formulation of drug loaded polymer particles based on
biodegradable copolymer of lactic and glycolic acids (PLGA). The drug incorporation into
polymer particles can increase their effectiveness, as well as reduce side effects by reducing
the frequency of administration, due to the prolonged half-life of drug used.

Three cisplatin derivatives were synthesized in the Podrugina T. laboratory of organic
synthesis at the Department of Medical Chemistry and Fine Organic Synthesis of the
Chemistry Faculty of Moscow State University. Cytotoxicity of the compounds synthesized was
assessed by MTT analysis in a concentration range 3.125 pM to 100 uM. IC50 values of
carboplatin, Kpt3, Kpt4 and Kpt5 against A549 cells were 34.2 uM, 79.3, 3.25 pM and 39.7 uM
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respectively. IC50 values of carboplatin, Kpt3, Kpt4 and Kpt5 against H69 cells were 63.2 uM,
70.4, 3.1 uM and 70.2 uM respectively.

Further the most active derivative Kpt5 was loaded into PLGA matrix. Formulated
nanoparticles possessed the following parameters: size (180 nm), charge (zeta potential) -22
mV and prolonged Kpt5 release profile. Evaluation of cytotoxic activity of Kpt5 loaded PLGA
nanoparticles revealed 12-fold cytotoxicity increment in comparison with carboplatin.
Simultaneously, Kpt5 loaded nanoparticles were 2 times more toxic against A549 cells in
comparison with Kpt5 substance.

The data obtained revealed prolonged release profile and high in vitro antitumor activity
of the newly synthesized platinum analog Kpt5 and Kpt5 loaded PLGA nanoparticles in
comparison with commercially available carboplatin.

CPABHEHME ABYX XPOMATOIPA®UNYECKNX METOA40B ONPEAEJIEHUA
KOHUEHTPALUUWN PEKOMBUHAHTHBIX MOHOKJ/TOHAJIbHBIX AHTUTEN B
KYJIbTYPAJZIbHOU XXUAKOCTU

Ackpetkos A.[l., WaTtanos A.0.
MUP3A - Poccuiickuit TeXHoormueckmii yHmeepcuter r. MockBa, Poccus

E-mail: sashamitxt@gmail.com

AHHOTauus

B paboTe npoBOAWTCS 3KCNEpUMEHTaNbHOE CpaBHEHWE ABYX XpoMaTtorpaduueckmx
METOLOB ANs OnpefeneHns KOHLEHTpauuM PeKOMOUHAHTHBIX MOHOKMIOHAMbHLIX aHTUTen B
Ky/bTypanbHOMN XWAKOCTH.

BBepneHune

AHanM3 KOHLEHTpaLUUU PEKOMGUHAHTHBIX MOHOK/IOHAMbHBIX @aHTUTEN B KyNbTypanbHOM
XKMOKOCTU UMEET Ype3BblYaliHO BaXKHOE 3HayeHue, kak B npouecce pa3paboTku TEXHOMOrUu
KYNbTUBMPOBaHMS, TaK M B PYTUHHOM MpOM3BOACTBE. Hambonee WMPOKO Ans pelueHust
AAHHON 33afauu NpPUMEHSIIOTCS XpoMaTorpaduueckve MeTodbl, BBUAY WX 3KCMPECCHOCTH,
cneumduyHOCTU 1 BOCMPOU3BOANMOCTH.

Lenbio paHHOM paboTbl SIBASSIOCb CPaBHEHWME [ABYX aHAJMTUYECKMX METOA0B
onpeseneHnsi KOHUEHTpaLmUN PeKOMOBMHAHTHBIX MOHOK/OHAMbHBIX aHTUTEN B Ky/bTypasbHOM
XKMOKOCTU MeToaoM adduHHOM M obpalieHHo-da3oBolt  (OdD) xpomatorpacdum M KX
Banuaums.

JkcnepuMeHTanbHas 4acTb

OKCnepuMeHTbl NpoBoaninck Ha BIXKX cucteme Dionex Ultimate 3000, ocHalieHHoM
AMOAHO-MaTpUYHbLIM AeTekTopoM. Ana O® xpomaTtorpacdum ucnonb3oBanacb konoHka YMC
Pack ODS-AQ 300 A. 250*4,6 MM, 5 MkM u TSKgel Protein A-5PW - ans addpuHHOI
xpomatorpadumn.  KynbTypasnbHYlO >KMAKOCTb WCMOMb30BaAM OT  MPOM3BOACTBA  Tpex
MOHOK/MOHANbHLIX ~ aHTUTen  —  Jkyiusymab,  Aganumymab  u WHbnmnkcmab.
SkcnepuMeHTanbHas pabota nposoaunnack B OO0 «®dapmanapk».

Pe3ynbTaThbl

[ns O® Hambonee oNTUManbHOW OKasanacb CUCTEMa, COCTOSLLAs U3 BOAbI OYMLLEHHON C
pobaskon 0,1 % TpudTOpYKCycHOW KkucnoTbl (an0eHT A) M 3noeHTa B — cMecu
auetoHuTpun/usonaHon 80/20 ¢ TemnepaTypoii konoHku 70 °C 1 rpagueHTHON nporpamMmot
oT 10 go 70 % antoeHTa b B TeueHne 17 MuHYT. [leTekums ocywlecTenanace npu 214 Hm. Ans
addurHHOM xpomaTorpadmn Hanbonee ONTMMasbHOW OKasanacb CUCTEMA, COCTosLias U3
doccaTHoro-6ydepHoro pacteopa (PBEP) pH 7,5 v antoeHTa b — 18 MM Xn10pMCTOBOAOPOAHOM
KucnoTbl. porpamMma 3/0MpPOBaHUSl COCTOSiNA@ M3 2 MUHYTHOM npombiBkM OBP  nocne
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WHXeKuMM obpasua C rnocneaylowen ABYXMUHYTHOM cMbiBkoi 100 % 3nt0eHToM B u
PEKOHAMLUMOHMPOBaHNEM  KOMOHKK.  [eTekumsi ocywectsnsnace npu 280 HM. [ng
KYyNbTypanbHOW  KMAKOCTM BCEX TPEX PEKOMOWMHAHTHBIX MOHOK/IOHANIbHLIX  @HTUTEN
pe3ynbTaTbl 060MX XpomaTorpauyeckmx MEeTOAO0B MMenu 3HayeHus COMocTaBUMble Meny
cobol M C AaHHBIMM, MOMYYeHHbIMM  ApyruMM  MeTodamn — WA,  6uocnoiiHas
nHTepdepoMeTpus. AHanUTUYECKUI AMana3oH MeToauk coctasnsn 0,1 — 4 mr/ma and
acdduHHOM 1 0,05 — 0,5 Mr/mn ana O® xpomaTorpadvu, a npeaenbl KOMMYECTBEHHOrO
onpegeneHns — 0,05 u 0,02 Mr/mMn, COOTBETCTBEHHO. 3HaueHUs CpeaHEeKBaApaTU4HOro
OTK/IOHEHUSI NMOBTOPSIEMOCTU WM BHYTPWUIAbopaTOpHOM MPELM3MOHHOCTU He npeBbiwany 4 %
ans oboux Mmetopos. Cnegyer OTMETWUTb, YTO HecMOTpsi Ha Gonbluee Bpems aHanusza, O
Xpomatorpacdusi No3sonsna OUEHWUTb HEMosHyo COOpKY MOMeKyNbl aHTUTeNna WM Hanuyve
cBOGOAHLIX Leneil B KynbTypasbHOW >XMAKOCTWM, YTO MOXET ObiTb BaXXHO B Mpouecce
pa3paboTKun TEXHONOMMMU KyIbTUBUPOBaHWS.

COMPARISON OF TWO CHROMATOGRAPHIC METHODS TO DETERMINE
RECOMBINANT MONOCLONAL ANTIBODY CONCENTRATION IN CELL CULTURE
MEDIA

Askretkov A., Shatalov D.
MIREA - Russian technological university Moscow, Russia

E-mail: sashamitxt@gmail.com

Abstract

Comparison of two chromatographic methods to determine recombinant monoclonal
antibody concentration in cell culture media is carried out in this paper

Introduction

Recombinant monoclonal antibody concentration determination is of great importance
for upstream technology development as well as for routine manufacturing of production.
Mostly, to achieve that task chromatographic methods are employed, due to their quickness,
specificity and reproducibility

The aim of current paper is to compare two chromatographic methods — affinity and
reverse-phase chromatography to determine recombinant monoclonal antibody concentration
in cell culture and carry out validation of both methods.

Experimental

All experiments were carried out using Dionex Ultimate 3000 HPLC system equipped
with diode-array detector. YMC Pack ODS-AQ 300 A. 250*4,6 mm, 5 um and TSKgel Protein
A-5PW HPLC columns were used for reverse-phase and affinity chromatography, respectively.
Cell culture media used were from manufacturing of three monoclonal antibodies —
Eculizumab, Adalimumab and Infliximab. All experimental work was carried out at LLC
“Pharmapark”.

Results

Solvent system consisting of water with 0,1% of trifluoroacetic acid as eluent A and
acetonitrile/isopropanol mixture 80/20 (v/v) as eluent B, with column temperature at 70 °C
proved the most optimal for analysis with gradient program from 10 % to 70 % of eluent B
for 17 minutes. Detection was carried out at 214 nm to achieve higher sensitivity. The best
result for affinity chromatography was achieved using phosphate buffer at pH 7,5 as eluent A
and 18 mM hydrochloric acid as eluent B. Elution program used was — 100 % eluent A for 2
minutes after sample injection with subsequent two-minute flush of absorbed protein with 100
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% eluent B and further column reconditioning to initial conditions. Column effluent was
detected at 280 nm. Both developed methods gave the similar results of protein content in all
three cell culture media. Obtained results was also quite similar to those obtained with ELISA
or bio-layer interferometry. Analytical range of methods was 0,05 — 0,5 mg/ml for reverse
phase and 0,1 — 4 mg/ml for affinity chromatography. Limits of detection were 0,05 and 0,02
mg/ml for affinity and reverse phase methods, respectively. It should be noted, that detection
of affinity column eluate at 214 nm allowed to improve sensitivity of method to 0,01 mg/ml,
but usually such low concentrations are not of interest for current state of upstream
technology. Relative standard deviation values for repeatability and intermediate
reproducibility didnt exceed 4 % limit for both methods. It should be noted that reverse-
phase chromatography method allowed us to determine incompletely assembled antibody and
presence of light and hard chains of antibody in cell culture media. That advantage of reverse-
phase chromatographic method, could be important during clone selection and upstream
technology development, despite its longer analysis time.

BO3MOXXHOCTb MPMMEHEHMS KYJIbTYP BCEPOCCUMCKOWN KOMNEKLMN
MUKPOOPIrAHN3MOB B BUOTEXHOJ1I0N'M. MUKPOBHbIE BUOCEHCOPbI

KyBunuxkuna T.H., Kanapynnuna E.H., JlopoHuHa H.B., Pewuetunos A.H.
UHcTutyT 6MoXxumMmmm n comsnonornm mukpooprainsmos mMm. I.K. CkpsbuHa, ®rbYH
«®UL «MHLBU PAH>, r. MywmHo MockoBcko# 06:., Poccus

E-mail: kuv@ibpm.pushchino.ru

A3poBHble  Ky/bTypbl BCepoCCMACKOW KOMMEKUMM  MUKPOOPraHU3MOB MOTryT  GbiTb
NpYMEHWMbl B BMOTEXHONOMMM B KayecTBe OCHOBbI 6OMOpeLenToOpoB aMMepoOMETPUYECKUX
MUKPOOHBLIX 6uoceHcopoB. B Hawwx uccnegoBaHusx 6biinm  ncnonb3oBaHbl  HakTepun,
aKTUHObakTepumn M Apoxoku. KynbTypbl BbipalwimBanu npu raybuHHOM KynbTUBMPOBaHWM B
nepuvoaMYeckux YCIoBusiX B Konbax Ha Kadanke. BblpalleHHylo 6uomaccy otaensnv
LEeHTpUdYrMpoBaHMEM, pPecycrneHaMpoBanu. ANMKBOTY MOMYYEHHOW CyCrMEeH3WM MOMELLany Ha
HOCUTENb, B KayecTBe KOTOPOro WCMONb30BasM  XpomaTorpaduyeckyto creknobymary
(ummobunmzaums MeToaoM  dmnuyeckon  apcopbumm). onydyeHHble TakuM  06pasoM
MMMOBWMNM30BaHHbIE Ha HOCUTENe KETKM MUKPOOPraHW3MOB COCTaBfsiinM  6uopeuenTop,
KOTOpbIN (DMKCMPOBanM Ha W3MEpUTENbHOM MOBEPXHOCTM KWUC/IOPOAHOIrO 3MeKTpoaa Tuna
Knapka («KpoHac», Poccusi). MakcuManbHasi CKOpOCTb M3MEHEHMsI BbIXOAHOro curHana dI/dt
(HA/c) 6blna cBsi3aHa MpOMOPUMOHANbHOM 3aBUCMMOCTbIO CO  CKOPOCTbIO  M3MEHEHUS
KOHLeHTpauuy noTpebnéHHOro M1KpoopraHu3aMamm Kucnopoga.

MetunotpodHble 6aktepun Methylobacterium extorquens BKM B-2067, Methylopila
musalis BKM B-2646, Paracoccus kondratievae BKM B-2222, Paracoccus simplex BKM B-3226
UMEIOT (DEPMEHTHbIE CUCTEMBI, OKUC/SIOWME METWMAMUH C MOTpebneHneM MOoneKynspHOro
kucnopoaa. MNpu ncnonb3oBaHus WtamMmma Methylopila musalis BKM B-2646 B kaueCTBe OCHOBbI
6uopeuenTopa [Auanas3oH onpegeneHuss MeTwnamumHa coctaBnsn 4 — 250 MkM.
[JonroBpeMeHHasi CTabunbHOCTb cocTaBnsna 5 cyTok. bakTepuanbHbil WTaMm Chelativorans
oligotrophicus BKM B-2395 6bln wncnonb3oBaH B kadectBe 6uopeuentopa Kak Aans
onpeaeneHns 3TUNEHANAMUHTETPaaleTaTa (30TA), Tak [ ans
AV3TUNEHTpMaMmnHNeHTaauetata (ATMA). Mpeaen onpeaenenns 3ATA coctaenan 0.125 Mm;
AonroBpeMeHHas CTabunbHOCTb COXpaHsiiacb B TeyeHwe 4 Hepenb. [peaen onpeaeneHus
OTNA coctasnan 0,500 MM; ponroBpeMeHHasi CTabunbHOCTb -- 3 CYTOK. AKTMHOBaKTepuu
Rhodococcus wratislaviensis BKM Ac-2631[] cnyxwunm 6vopeLenTopoM Ans onpeaeneHvst
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AMHaTpUeBol conun opTodTanata. HWxHWIA npeaen onpeaeneHvs AMHaTpUEBON CONMM OpTo-
dTanata coctaBun 0,5 MM. [lonroBpeMeHHas CTabunbHOCTb COXpaHsiacb B TEYEHUE 3 CYTOK.

LTtaMm MeTUNOTpodHbIX ApoXokel Pichia angusta BKM Y-2559 6bin1 UCMOMb30BaH B
KauecTBe 6uopeuenTopa AN onpeaeneHnss MeTaHona, [lpeaen onpeaeneHust KOTOPOro
cocTtaBnsin 25 MKM. [lonroBpeMeHHasi CTabuibHOCTb COXpaHsinacb B TedyeHue Hepenu. Ha
OCHOBE MMMOBMU/IM30BaHHbIX KMNETOK LiTaMMa Apoxoken Arxula. adeninovorans BKM Y-2676
co3paHa nabopaTopHasi MoZenb buoceHcopa Ans onpeaeneHys buonormyeckoro notTpebnequs
kucnopoga (BrMK). WsydyeHue cybcTpaTHOM cneundUyYHOCTM MoKasano, 4To Habnopancs
CMrHan npy BBeAEHWM B KIOBETY TAKOrO0 KOMMOHEHTa MOMWLWMX CPeACTB Kak aogeumncynbdat
HaTpus.

MonobpaHbl Napbl «BELLECTBO—MUKPOOPraHWU3M», Ans KOTOPbIX WUCCNeAoBaHO BAUsIHUE
HEKOTOpPbIX HW3KOMONEKY/SPHbIX OpraHUYecKux BeLeCTB Ha [AbIXaTeNbHY aKTUBHOCTb
MMMOBMNIN30BaHHBIX  MUKpOOpraHm3mMoB. OueHka CoAepXaHus BewwecTBa MUKPOOHbBIM
BMOCEHCOPOM He SIBNSIETCS BbICOKO CMEeUMdUYECKOn, OfHAKO MOXET 6biTb MPUMEHEHa AN
peleHns psa aHanMTUYEeCcKUX 3adad.

POSSIBILITY OF APPLICATION OF CULTURES OF THE ALL-RUSSIAN COLLECTION
OF MICRO-ORGANISMS IN BIOTECHNOLOGY. MICROBIAL BIOSENSORS

Kuvichkina T., Kaparullina E., Doronina N., Reshetilov A.
G.K. Scriabin Institute of Biochemistry and Physiology of Microorganisms, Federal
State Budgetary Institution Scientific Research Center "Scientific Research Center
for Biological Sciences RAS", Pushchino, Moscow Region, Russia

E-mail: kuv@ibpm.pushchino.ru

Aerobic cultures of the All-Russian collection of microorganisms can be used in
biotechnology as the basis for bioreceptors of amperometric microbial biosensors. In our
studies, bacteria, actinobacteria and yeast were used. The cultures were grown under deep
cultivation under batch conditions in flasks on a rocking chair. The grown biomass was
separated by centrifugation, resuspended. An aliquot of the resulting suspension was placed
on a carrier, which was used chromatographic glass paper (immobilization by physical
adsorption). The microbial cells thus immobilized on a carrier formed a bioreceptor, which was
fixed on the measuring surface of a Clark type oxygen electrode (Kronas, Russia). The
maximum rate of change of the output signal dI / dt (nA / s) was related proportionally to the
rate of change in the concentration of oxygen consumed by microorganisms.

Methylotrophic bacteria Methylobacterium extorquens VKM B-2067, Methylopila musalis
VKM B-2646, Paracoccus kondratievae VKM B-2222, Paracoccus simplex VKM B-3226 have
enzyme systems that oxidize methylamine with the consumption of molecular oxygen. When
using the strain Methylopila musalis BKM B-2646 as the basis of the bioreceptor, the
determination range of methylamine was 4 - 250 pM. Long-term stability was 5 days. The
bacterial strain Chelativorans oligotrophicus BKM B-2395 was used as a bioreceptor for both
the determination of ethylene diamine tetraacetate (EDTA) and diethylene triamine
pentaacetate (DTPA). The limit of determination of EDTA was 0.125 mM; long-term stability
lasted for 4 weeks. The limit of determination of DTPA was 0.500 mM; long-term stability - 3
days. Actinobacteria Rhodococcus wratislaviensis VKM Ac-2631D served as a bioreceptor to
determine the disodium salt of orthophthalate. The lower limit for the determination of
disodium salt of orthophthalate was 0.5 mM. Long-term stability was maintained for 3 days.
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The strain of methylotrophic yeast Pichia angusta VKM Y-2559 was used as a
bioreceptor for the determination of methanol, the detection limit of which was 25 puM. Long-
term stability lasted for a week. Based on immobilized cells of the yeast strain Arxula
adeninovorans VKM Y-2676 created a laboratory model of a biosensor for determining the
biological oxygen consumption (BOD). A study of substrate specificity showed that a signal
was observed when a detergent component such as sodium dodecyl sulfate was introduced
into the cuvette.

The “substance — microorganism” pairs were selected for which the effect of some low
molecular weight organic substances on the respiratory activity of immobilized microorganisms
was studied. Estimation of the substance content by a microbial biosensor is not highly
specific, but can be applied to solve a number of analytical problems.

PA3PABOTKA TEXHOJIOIMW NOJIYYEHUSA d)APMAL‘I,‘EBTVI‘-IECKOVI CYBCTAHLIUN
«OrMr-rx» U CO3SfAAHME HA EE OCHOBE r0TOBOW JIEKAPCTBEHHOW ®OPMbl
CNPEWN ANA NEYEHNA 3ABOJIEBAHMU NOJIOCTU PTA

Bensikos C.B., LWaTtanos [1.0., TBepaoxne6osa A.M., EBctracdhbeBa K.C.
MUP3A — Poccuiickuii TexHonornueckuii yhmsepcutet, MockBa, Poccus
E-mail: S.V_BELIAKOV@MAIL.RU

Ha ceroaHsiWwHWiA AeHb 3a6oneBaHus MOIOCTY pTa NpeACTaBnsiioT cob6ol 0AHY M3 CaMbIX
CNOXHbIX 33fay B MeAuUMHCKOM W apMaLeBTUYecKoi MpakTuke. BOMbLIMHCTBO Takux
3aboneBaHUin UHAYLMPYIOTCS NaTOreHHbIMU MUKpOOpraHu3MamMu. Bcé Gonbluyio akTyanbHOCTb
npuobpeTaeT npobremMa MOSBEHUS PE3VUCTEHTHOCTU TMATOrEHHOW MUKpodIopbl K YyXxe
CYLLEeCTBYIOLUMM JleKapCTBEHHbIM MpenapaTtaM, B CBA3W C 4YeM HeobXOAWM MOUCK HOBbIX
AHTUMMKPOGHbLIX BELLEeCTB, K KOTOPbIM MWKPOOpraHu3Mbl He BblpaboTanM MexaHusMm
YCTOMYMBOCTH, M CO3LaHME Ha UX OCHOBE HOBbIX JIEKApCTBEHHbIX CPeACTB Ansi 6opbbbl C
BbllUeyKa3aHHbIMK 3aboneBaHnsMu.

OmHMM M3 BO3MOXHBbIX  pELEHWit  SIBASIOTCS  MpenmapaTtbl  Ha  OCHOBE
onuroankuneHryaHnamHos (OMMI). UX LWMpOKMA CeKTp aHTUMUKPOBHOW akTUBHOCTM, HU3Kas
TOKCMYHOCTb M 3KOHOMMYECKast AOCTYMHOCTb NO3BONAT CHU3WUTL 3aboneBaeMoCTb HaceneHus.
OfHaKo, B HACTOSILUMIA MOMEHT OTCYTCTBYET Croco6 MOSyYeHUs AaHHbIX BELLECTB, CTEMeHb
YUCTOTbl KOTOPbIX AOCTaTOMHa ANl UCMONb30BaHUS UX B KayecTBe apMaLleBTUHecKon
cybcTaHumm.

B pamkax pabotbl, npu noaaepxke MuHobpHayku Poccum (rpaHT NQ 14.N08.12.0095),
6bln pa3paboTaH HOBbIM Crnocob nosnydyeHnss conet OFMIT BbICOKOM CTEMEHW YWUCTOTbI.
MpuHUMNWanbHOE OT/MYME OT CyLUEeCTBYIOLMX METOAOB 3aK/04YaeTCs B PacTBOPeHUn
TexHuyeckol conu OFMIT B cMecy BoAbl, 3TaHONa U xnopocdopMa B MAacCCOBOM COOTHOLLEHWM
1/2/1. Tocne npoBeAeHWs CTaaui pasgeneHus M OYUCTKM  MOMyYaeTcs  MPOAYKT,
COOTBETCTBYIOLUMI 3asIBMEHHbIM KPUTEPUSIM KauecTBa.

B xope paboTbl 6bi1 MOMyYeH ONTMManbHbIA COCTaB U BblbpaHa NepBuMYHas ynakoBKa
[Ns TOTOBOWM nekapcTBeHHoN dopMbl cripeit (M1®). PaspaboTtka 3akntovanack B noabope
BCMOMOraTesbHbIX KOMTMOHEHTOB cocTaBa c uccnegoBaHMeM cTabunbHOCTM
3KCNepuMeHTabHbIX  06pa3LoB  METOAOM  «YCKOPEHHOro CTapeHus», pH-nokasarens,
AVHAaMUYECKON BAIZKOCTM, BbibOpa MeToAa (PUHULLHON CTepuansaumv U onpeaenexHus dakena
pacnbina CcocTaBoB M3 Bbl6paHHOW cCripeeBoi Hacagaku. ONMTUManbHbIN COCTaB COCTOMUT M3
cnegytowmx KkoMnoHeHToB (Ha 100r coctaBa): 40r - rnvuepwH, 0,3r — OFMIT rmagpoxnopua,
0,01r — 6eHszankoHust xnopua, 0,05r — HaTpust caxapuHat, 0,0125r — MeHTOn. B kavectBe
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MeTofa CTEpPUNIN3aLIMM, Ha OCHOBE AaHHbIX O CTabwunbHOCTW, 6bin BbIbpaH Kackad pubTpoB
0,45HM 1 0,22HM.

B noateepxaeHne addekTvBHOCTM [JI®  6bina npoBeaeHa oueHka MIK  Ha
nabopaTopHbIX lUTaMMax. Havbonee spKOBbIPaXXEHHYK) aKTUBHOCTb [aHHbIM  COCTaB
NpoSIBASIET NO OTHOLLEHWIO K Streptococcus pneumoniae, Streptococcus pyogenes (0.002-0.25
MKr / Mn), Moraxella catarrhalis (0.03-0.06 mkr / mn), Neisseria gonorrhoeae (0.125-2 mkr /
mn).

Taioke, 6blna NMpoBeAeHa OLEHKA 3aXWBNEHUSI CAM3UCTOKM 06OMOYKM MONOCTU pTa y
KponukoB nopoabl LUvHWWANa Ha Mogenu cToMatuTa M ruHrueuTa. [ocne 7 AHew
MPUMEHEHNs1 Y IKCNepUMEHTaNbHOM rpynnbl Habnoaanocb MOYTM MOSHOE BOCCTaHOBEHWE
CNU3NCTON 060JIOUKM.

Takvm o6pa3oM, B paMkax paboTbl 6bin pa3paboTaH HOBbI METOA MOSyYeHUs conen
ONIUroanKWUNEHryaHUaMHOB, CTENeHb YMACTOTbI KOTOPbIX AOCTaTOYHas ANs UCMOSb30BaHUS WX
kayectBe apM. cybcTaHumii, paspaboTaH cocTtaB M TexHonorus MNd «cnpei ans neveHus
3aboneBaHuin NONOCTW pTa» U noaTBepXaeHa ero 3hdeKTUBHOCTb.

DEVELOPMENT OF TECHNOLOGY FOR PRODUCING PHARMACEUTICAL SUBSTANCE
“OGMG-HC"” AND OF DOSAGE FORM «SPRAY FOR TREATMENT OF DISEASES OF
THE ORAL CAVITY>»

Beliakov S., Shatalov D., Tverdokhlebova A., Evstafieva K.
MIREA — Russian Technological University, Moscow, Russia
E-mail: S.V_BELIAKOV@MAIL.RU

Today, oral diseases are ones of the most difficult tasks in medical and pharmaceutical
practice. Most of these diseases are induced by pathogenic microorganisms. The problem of
the emergence of resistance of pathogenic microflora to existing drugs is becoming
increasingly urgent. Therefore, it is necessary to search for new antimicrobial substances to
which microorganisms have not developed a resistance mechanism, and to create new drugs
on their basis to combat the diseases.

One of the possible solutions is drugs based on oligoalkyleneguanidines (OHMG). Their

wide spectrum of antimicrobial activity, low toxicity and economic availability will reduce the
crude morbidity rate. However, at present there is no way to obtain these substances, the
degree of purity of which is sufficient to use them as a pharmaceutical substance.
As part of the work, with the support of the Russian Ministry of Science and Higher Education
(grant No. 14.N08.12.0095), a new method was developed for the production of high purity
OGMG salts. The fundamental difference from existing methods is the dissolution of the
technical salt of OGMG in a mixture of water, ethanol and chloroform in a mass ratio of 1 to 2
to 1 respectively. After the stages of separation and purification, a product is obtained that
meets the stated quality criteria.

In the course of the work, the optimal composition was obtained and the primary
packaging for the dosage form (spray) was selected. The development consisted in the
selection of auxiliary components of the composition by studying the stability of experimental
samples by the method of “accelerated ageing”, pH, dynamic viscosity, choosing the method
of finish sterilization and determining specified spray patterns with the usage of selected spray
nozzle. The optimal composition consists of the following components (per 100 g of
composition): 40 g - glycerin, 0.3 g - OGMG hydrochloride, 0.01 g - benzalkonium chloride,
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0.05 g - sodium saccharin, 0.0125 g - menthol. Based on stability data cascade of filters with
pore sizes of 0.45nm and 0.22nm was selected as a sterilization method.

To confirm the antimicrobial effect of the spray MIC testing was carried out in
laboratory strains. The compound exerted the most pronounced activity against Streptococcus
pneumoniae, Streptococcus pyogenes (MIC was 0.002-0.25 pg/ml), Moraxella catarrhalis
(0.03-0.06 pg/ml), Neisseria gonorrhoeae (0.125-2 pg/ml).

Also, an assessment of the healing of the oral mucosa in chinchilla rabbits was carried
out in the thermal formation of the stomatitis and gingivitis model. Almost complete healing of
defects in the experimental groups of animals within the 7-day application of the spray was
observed.

Thus, a new method for the preparation of oligoalkyleneguanidine salts, the purity of
which is sufficient to use them as a pharmaceutical substances was developed, the
composition and technology of dosage form «spray for the treatment of diseases of the oral
cavity» was developed and its effectiveness was confirmed.

OLEHKA BUOAErPALATMBHO AKTUBHOCTN HOBbIX LUTAMMOB-
AECTPYKTOPOB TOKCM4YHbIX OPTAHUYECKNX COEAUMHEHUA

Monusuesa B.H., EcukoBa T.3., AHoxuHa T.0., ConsinukoBa W.M.
UHcTutyT 6Moxummm n cmsnonornm mukpoopraiusmos uMm. I.K. CkpsbuHa PAH,
UL MywmHcknit HayuHblii LeHTp 6Monornyecknx nccneposaHmini PAH

E-mail: polivtseva@ibpm.pushchino.ru

MacluTabbl 3arpsi3HeHWsi OKpY>XKatoLen cpeabl TOKCUYHBIMU COEAMHEHUSMU PA3NIUYHOM
XUMUYECKOW NpUpoZbl BO3PAcTaloT rof OT rofa. OTo MOryT 6biTb Kak NPUPOAHbIE COeANHEHMS
(HedTenpoaykTbl, apoMaTUyeckue YrneBoAopoAbl, H-ankaHbl), TaK W aHTPOMOreHHble
BellecTBa (KanponakTaM, X/opcofepxalune necTuumabl, NoanxiopupoBaHHble 6udeHnsbl).
Haunbonbluyo npobnemy 06e3BpeXxmnBaHNs TOKCUYHBIX NMPOMBILLIIEHHBIX OTXOA0B, B TOM uucne
W NecTMUMAOB, CO3[AlOT COEAMHEHUsl, BbIAENEHHbIE B TPyMny CTOWKWX OpraHUYeckux
3arpssHuTenein (CO3). CO3 o6napatoT BbICOKON TOKCMYHOCTBIO, YCTOMYMBLI K paspyLUEHMIO B
€CTECTBEHHbIX YCNOBUSX, MMOXO pPacTBOPUMbI B BOAE, MPOSBNAIOT 6GUOKYMYNSTUBHbIE
CBOWCTBa, MOBUNBHOCTb B MULLEBLIX 3BEHbSIX M BbIPAXEHHYIO CMOCOGHOCTb HaKanMBaThLCS B
XMBbIX OpraHuamax. CuTyauuio OCTOXHSIIOT MPUCYTCTBYIOLWME B MOYBax Hapsigy C
OpraHM4yeckuMM MOOTAHTaMM  TXKenble  MeTannbl  u/vnu  Metannougbl. CKOpOCTb
Aerpajaumm opraHNYeckmx CoevHEHUI Ha Takux TEpPUTOPHUSIX CYLLECTBEHHO 3aMeasISeTcs.

Lenbio gaHHOM paboTbl SBASSOCH BblAENEHWE W XapaKTepPUCTUKA HOBbIX LUTaMMOB
6aKTepui, CMOCOBHbIX YTUIM3MPOBATb TOKCUYHbIE OpraHUYeckue NoNMTaHTbI.

B paboTe 6bi10 ncnonb3oBaHo 6onee 30 WTaMMOB MUKPOOPTraHWU3MOB, BblAENEHHbLIX U3
HedTe3arps3HEHHbIX M «4YUCTbIX» MoYB. OTOBGpaHHble KynbTypbl GakTepuilt npoBepsnv Ha
CNOCOBHOCTb  YTWAM3MpOBaTb  pasfMyHble  apoMaTuyeckue,  anudatuyeckne U
XfopcofepxaliMe CoeaMHeHUs, Takue Kak HadTanuH, Kanponaktam, 6eH3on, Tonyon,
3TUNGEH30M, TeKCaH, OKTaH, HOHaH, [eKkaH, YHAeKaH, AofeKaH, rekcaaekaH, Av3esbHoe
TOoNnnBO, Kamdopa, KyMapuWH canuMuunaT, reHTW3aT, npoTokartexoaTt, o-pranart, 2-
rMAPOKCMKOPUYHAs  KUCIOTa, MUpokaTexuH, eHon, 6eH3oaT, xnopbeHsoatsl, 2,4,5-
TpuxnopdeHOKCUyKCycHas kucnota, xnopdeHonsl. CybctpaThl A06aBnsnM B MUHEPanbHYHO
cpeAy B Ka4yecTse eAMHCTBEHHOMO UCTOYHMKA Yriepoaa U 3Hepruu.

CKPUHWHI KOMINEKUMK NOKasasn, YTo Hambonee nerko yTunmsmpyembiM1 Ans BblAeNeHHbIX
LWITaMMOB OKa3a/Mcb Takue cybcTpaThbl kak 6eH30aT, PeHoNn 1 H-ankaHbl (KONMYecTBO aTOMOB
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yrnepoga C6—C16). bonee NonoBMHbI UCCIeA0BaHHbIX LTAMMOB POC/IM Ha 3TUX COEAMHEHUSX.
Tonbko fABa wWTamMMa 6biMM  CNOCOGHBLI  YTUIM3MPOBaTb HadTanMH WM canuuuniaT, u4To
CBMAETENLCTBYET O Aerpajaummn HadTaauHa Mo «KIaccuyeckoMy» nyTu. [leBATb LUTaMMOB
pocM Ha WHTepMeamaTax JAerpajaumu HadTanuHa no anbTepHaTMBHLIM BGUOXMMUYECKMM
nyTsM: KyMapwHe, 2-TMAPOKCMKOPUYHOM KWCoTe, oO-pTanate, reHtusate. beHson u ero
npou3BoAHble, Tonyon M 3TunbeHson, a Takke xnopcoaepxawme deHonbl M 6eH30aThbl
noasepranuck 6akTepuanbHON AECTPYKUMM B MEHBLUEN CTEMEHM.

TakuMm 06pasoM, B pe3y/bTaTe NpoBeAEHHON paboTbl 6binM BblAEEHbI HOBbIE LUTAMMbI-
AECTPYKTOpbI, CMOCO6HbIE K Aerpafaumu Lenoro psiaa TOKCUYHBIX OPraHUYeCcKUX COEANHEHHIN.
Hanbonee akTVBHble LWTaMMbl NPOSBASAW AECTPYKTUBHYIO aKTMBHOCTb MO OTHOLUEHMIO K
6onee yem 15 nHamBMayanbHbIM cybcTpaTaM. BbiaeneHHble akTuBHblE BakTepun-aecTpyKTopbI
CO3 saBnsAlOTCS NEpCrneKkTUBHLIMM - KaHAMAaTaMyM Npu  Co3AaHuMn  BuonpenapaToB  ANst
pemMeauaumMn TeppuTOpUiA C BbICOKUM YPOBHEM 3arpsi3HEHUIA CTOWKMMM MONIOTAHTaMMU.
[JanbHelwas paboTa npeanonaraeT MAEHTUMDMKaUMIO OTOBPaHHBIX KySfbTyp W BbiSiBEHWE
MeTabonMyeckux OCOBEHHOCTEN AerpajaumMy MMM TOKCUMYHBLIX  KCEHOBMOTMKOB. PaboTa
nopaepxaHa rpaHtom POOU 18-34-00964.

EVALUATION OF BIODEGRADATION ACTIVITY OF NEW STRAINS DEGRADING
TOXIC ORGANIC COMPOUNDS

Polivtseva V., Esikova T., Anokhina T., Solyanikova I.
G.K.Skryabin Institute of Biochemistry and Physiology of Microorganisms RAS,
FRC "Pushchino Scientific Center for Biological Research", Pushchino, Russia

E-mail: polivtseva@ibpm.pushchino.ru

The scale of environmental pollution with toxic compounds of various chemical nature
increases year by year. These can be both natural compounds (petroleum products, aromatic
hydrocarbons, n-alkanes), and anthropogenic substances (caprolactam, chlorine-containing
pesticides, polychlorinated biphenyls). The greatest problem of the neutralization of toxic
industrial waste, including pesticides, is created by compounds allocated to the group of
persistent organic pollutants (POPs). POPs are highly toxic, resistant to destruction under
natural conditions, poorly soluble in water, exhibit bio-cumulative properties, mobility in food
links and a pronounced ability to accumulate in living organisms. The situation is complicated
by the presence of heavy metals and / or metalloids present in soils along with organic
pollutants. The rate of degradation of organic compounds in such areas is significantly slowed
down.

The aim of this work was the isolation and characterization of new bacterial strains
capable of utilizing toxic organic pollutants.

In the work, more than 30 strains of microorganisms isolated from oil-contaminated and
“clean” soils were used. Selected bacterial cultures were tested for their ability to utilize
various aromatic, aliphatic and chlorine compounds, such as naphthalene, caprolactam,
benzene, toluene, ethylbenzene, hexane, octane, nonane, decane, undecane, dodecane,
hexadecane, diesel fuel, camphor, coumarin, salicylate, protocatechoate, o-phthalate, 2-
hydroxycinnamic  acid, catechol, phenol,  benzoate, chlorobenzoates, 2,4,5-
trichlorophenoxyacetic acid, chlorophenols. Substrates were added to the mineral medium as
the sole source of carbon and energy.

Screening of the collection showed that the substrates such as benzoate, phenol, and n-
alkanes (the number of C6 — C16 carbon atoms) turned out to be the most easily utilized for
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the isolated strains. More than half of the studied strains grew on these compounds. Only two
strains were able to utilize naphthalene and salicylate, which indicates the degradation of
naphthalene along the “classical” pathway. Nine strains grew on naphthalene degradation
intermediates through alternative biochemical pathways: coumarin, 2-hydroxycinnamic acid,
o-phthalate, gentisate. Benzene and its derivatives, toluene and ethylbenzene, as well as
chlorine-containing phenols and benzoates, underwent bacterial destruction to a lesser extent.

Thus, as a result of this work, new strains-destructors capable of degradation of a
number of toxic organic compounds were isolated. The most active strains showed destructive
activity against more than 15 individual substrates. Isolated active POP destructive bacteria
are promising candidates for the creation of biological products for remediation of territories
with a high level of pollution with persistent pollutants. Further work involves the identification
of selected cultures and the identification of metabolic features of their degradation of toxic
xenobiotics.

The reported study was funded by RFBR according to the research project No. 18-34-
00964.

BITUSAHMUE SJIEKTPOHHOI'O OBJIYYEHNA CEMSIH HA PASBUTUE NPOPOCTKOB
SAPOBOMU NMLUEHULLbI

Noii H.H., Cycnosa O.B., N'ynuHa C.H.
®rbHY «BcepoccniickMii Hay4YHO-MCClIeA0BaTesNIbCKUIA MHCTUTYT PaguosIorum u
arpoakonorumn», r. O6HMHCckK, Poccus

E-mail: rirae70@gmail.com

B HacTosillee BpeMsi MpoOMCXOAWMT CMeHa TEXHONMOMUM W MeTodoB, obecreunBatoLLmX
BbICOKYI0 3(h(PeKTMBHOCTb 06e33apaXkvBaHNs 3epHa, Tak KakK Hasmume Ha NoBepXHOCTU CeMSH
¢uTonaToreHHoM Mukpodnopbl 0CnabnseT 3awuTHble (PYHKLMM PacTUTENbHOMO OpraHu3Ma.
STO NPUBOAUT K CHUDKEHMIO MOCEBHBIX KAaYeCTB CEMSH W 3HAYMTENbHOMY Heaobopy ypoxas.
Mpu BbIpalUMBaHMM 3EPHOBbLIX B 3KONOMMYECKOM 3eMNeAenun BeAeTCs MOWCK HOBbIX, 6onee
3deKTnBHbIX 3n1emMeHToB 60pbbbl € MATOreHHbLIMM  OpraHu3Mamy, obecreumBatoLmX
KauyeCTBEeHHble MoKasaTenu 3epHa M ero skosnornyeckyio 6esonacHoctb. K Takum Metoaam
MOXHO OTHECTU MpeanoceBHOe 06nyyYeHne CeMSH MOHU3UPYIOLLMM K3ydeHnemM [1].

Llenbio uccneaoBaHuii SIBASSIOCh U3yUeHUE BIMSIHUS 3/IEKTPOHHOrO 0611yYeHns ceMsiH Ha
pa3BuTVE NPOPOCTKOB SPOBOM MLLEHULbI.

O6BEKT UccnefoBaHuWii - sipoBas nweHnua copta CeTopa. CeMeHa MiieHUUbl 06nydan
Hu3ko3HepreTnyecknm (Ao 200 k3B) anekTpoHHbIM NyykoM B go3ax 1, 2, 3, 4, n 5 kI'p npu
MoLHOCTM m3nyyeHuss 100 m 500 p/wmn. TMocne obny4veHuss cemMeHa npopawmBanm C
UCMoONb30BaHWEM PYNOHHOMO MeToaa. [MOBTOPHOCTb B omnbiTax 3-X KpaTHas. W3ydaembie
rokasaTenu - MoCeBHble KayecTBa MLWeEHWLbl, aKTMBHOCTb KaTanasbl, MopdoMeTpuyeckue
rokasaTesniv MPOPOCTKOB M Mopa)aemMoCTb X rpubHbIMK BonesHsMu. B paboTte ncnonb3osanu
obLenpuHATbIE METOANKM.

Pe3ynbTaThl 3KCNEPUMMEHTOB MOKa3anu, YTO 3/1eKTPOHHOoe 06syyeHne cnocobcTBoBano
YBENNYEHMIO NTabOPaTOPHOI BCXOXKECTM CeMsiH Ha 3-10% npu fosax 3-5 kp (MOWHOCTb A03bl
nanyyenunsi 100 Mp/umn), AnvHbI pocTKa - Ha 17-37% npu go3ax 1-5 kI'p (MowHocTb A03bl 500
I'p/vMn), AnnHbI KOpHS — Ha 13-15% npu po3ax 2-4 kI'p (MowHocTb 500 rp/wmn). O6nyyeHne
CEMSH BbI3BA/I0 CTATUCTMYECKW 3HAYMMOE CHWXEHWE COAEPXKaHUS B 7-MU  CYyTOYHbIX
NPOPOCTKaXx MleHuLbl a30Ta Ha 5-6% K npoTenHa Ha 13-15% npu Bcex M3y4deHHbIX A03aX U
CHV)XEHWE aKTMBHOCTY KaTanasbl B 3 pasa npu fosax 3 u 4 kI'p.
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MpoBeaeHve HUTOIKCNEPTU3bI BLISBUIO HanMuMe MOpaXxeHns NPOPOCTKOB 60ne3HAMN -
Helmintosporium sativum P., Fusarium sp. v Penicillium sp. CTeneHb nopaxeHust MpopOCTKOB
BO36yauTenem Helmintosporium sativum, Kak n pacnpocTpaHeHHOCTb 60Me3HU, yMeHbLUMIach
B 2 pas3a npu ao3ax 4 u 5 kp (NocTpaavaumnoHHbIA nepuoa 7 cyTok) u B 2-7 pa3 npu 3 n 5
KMp (nocTpaavauuoHHbIi nepuoa 14 cyTok) npu MowHocty Ao3bl 100 Mp/umn, a Takke
CHM3MNacb B 2 pa3a npu aose 5 kp (NocTpaanaunoHHbIA neproa 14 cyTok) Npu MOLHOCTY
fo3bl 500 Mp/umn.

Takvm 06pa3oM, B pesynbTaTe MPOBEAEHHbIX WCCNEAOBaHWIA YCTaHOBMIEHO, YTO
MpearnoceBHOE 3MEKTPOHHOE 065yYeHMe ceMsH sipoBOM NuweHuubl CeTopa Bbi3blBaeT
yBeNuYeHve nabopaToOpHOM BCXOXECTW, [SIMHbI POCTKA M KOpeLlKa MpPOPOCTKOB, CHUXKAET
cTeneHb NOPaXXeHWst U PacrpoCTpaHEHHOCTb 6oMe3HEN B 3aBUCMMOCTU OT A03bl 06/yYeHMs,
MOLLHOCTM A03bl M NOCTpaAnaUMoHHOro nepuoaa.

JNutepaTypa
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INFLUENCE OF ELECTRON BEAMS OF SEEDS ON THE DEVELOPMENT OF SPRING OF
WHEAT SPRING WHEAT

Loy N., Suslova O., Gulina S.
Russian Institute of Radiology and Agroecology, Obninsk, Russia

E-mail: rirae70@gmail.com

Currently, there is a change in technologies and methods that ensure high efficiency of
grain disinfection, since the presence of phytopathogenic microflora on the surface of seeds
weakens the protective functions of the plant organism. This leads to a decrease in sowing
qualities of seeds and a significant shortage of yield. When growing grain in ecological
farming, a search is made for new, more effective elements of the fight against pathogenic
organisms that provide quality indicators of grain and its environmental safety. These
methods include presowing irradiation of seeds with ionizing radiation [1].

The aim of the study was to study the effect of electron irradiation of seeds on the
development of spring wheat seedlings.

The object of research is spring wheat of the Setora variety. Wheat seeds were
irradiated with a low-energy (up to 200 keV) electron beam in doses of 1, 2, 3, 4, and 5 kGy
at a radiation power of 100 and 500 Gy / imp. After irradiation, the seeds were germinated
using the roll method. The repetition in the experiments is 3-fold. The studied indicators are
the sowing qualities of wheat, the activity of catalase, the morphometric indicators of
seedlings and their susceptibility to fungal diseases. The work used conventional methods.
The experimental results showed that electron irradiation contributed to an increase in
laboratory germination of seeds by 3-10% at doses of 3-5 kGy (radiation dose rate of 100 Gy
/ imp), sprout lengths by 17-37% at doses of 1-5 kGy (dose rate 500 Gy / imp), root lengths -
by 13-15 % at doses of 2-4 kGy (power 500 Gy / imp). Irradiation of seeds caused a
statistically significant decrease in nitrogen content in 7-day-old seedlings by 5-6 % and
protein by 13-15 % at all doses studied and a 3-fold decrease in catalase activity at doses of 3
and 4 kGy.
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Phyto-examination revealed the presence of a defeat of seedlings by diseases -
Helmintosporium sativum P., Fusarium sp. and Penicillium sp. The degree of damage to
seedlings by the pathogen Helmintosporium sativum, as well as the prevalence of the disease,
decreased 2 times at doses of 4 and 5 kGy (post-radiation period of 7 days) and 2-7 times at
3 and 5 kGy (post-radiation period of 14 days) at a dose rate of 100 Gy / imp, and also
decreased by 2 times at a dose of 5 kGy (post-radiation period of 14 days) at a dose rate of
500 Gy / imp.

Thus, as a result of the studies, it was found that the pre-sowing electron beam of
Setora spring wheat seeds causes an increase in laboratory germination, the length of the
sprout and root of seedlings, reduces the degree of damage and the prevalence of diseases
depending on the radiation dose, dose rate and post-radiation period.
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HOBbIE BO3MOXXHOCTMW NIRS. AJIbTEPHATUBHbI B3rNs4 HA METOAUKY

JlomakmH M.B., Pbibka M.M., An6uH A.A., Xunuaros [1.4., Jlocea A.C., lOguH I'.B.
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BBepeHue:
CnekTpockonus 6nmxHero nHdpakpacHoro auanasoHa (Near-infrared spectroscopy — NIRS) -
HEWHBA3WBHbIA ~ AMHAMUYECKMA METOA  MOHMTOPUHIA, OCHOBaHHbIM Ha n3MepeHun

KOHLEHTpauMM OKCU- W  [Ae30KCUremornobuHa C MNOMOLWbBIO  M3NydeHus B 6ankHeM
UHdpakpacHoMm (BUK) auanasoHe. OCHOBHOE MPUMEHEHWE [daHHbIi BUA CNEKTPOCKONUW
Halen B HeWpo- W KapAMOXMpYpruM, rAe CywecTBYyeT KpalHss HeobXxoauMoCTb B
HEemnpepbIBHON OLIEHKM YPOBHS caTypaLumn KOpbl FMOIOBHOTO Mo3ra. M3nyueHue aaTuvka cambix
pacnpocTpaHeHHbIX B KIMHUMYECKON npakTuke MoHWTopoB NIRS —orpaHuueHo  rny6uHo
NPOHWKHOBEHWSA B Buonornyeckme TkaHu Ha 15-20 MM. Hac 3avHTepecoBana BO3MOXHOCTb
WHTpaonepaumoHHon BUK-cnekTpockonumu nerkux, Muokapaa W OpraHoB  KenyAouHo-
KWLLEYHOro TpakTa.

Lenb:

OuEeHUTb BO3MOXHOCTb COBPEMEHHOIO CMEKTPOMETpa B OnpedeneHuM  HelepebpasnbHoi
TKAHEBOM OKCMIeHauuu Yy MauMeHTOB Pa3NMyHbIX BO3PacTHbIX FPynn BO BpeMs onepauuin B
YCNOBUSIX 3KCTPAKOPMOPasbHOrO KpOBOOOpaLUeHWs M BO BpeMsi ManivMaTUBHOM KOPPeEKLMM
BPOXXAEHHOr0 NMOpOKa cepAaua Y HOBOPOXAEHHbIX.

MeToab!:

[ns wvccnepoBaHMs nerkMx Hamm  6binv 0TO6paHbl MAUMEHTbl, Y KOTOPbIX TAY6uHbI
BU3yanu3aumu nneBpanbHOM MMNepaXOoreHHOM NIMHUM MEeTOAOM Y/bTPa3BYKOBOW COHOrpacdum
coctaBuna He 6Gonee 15 MM. B pAaHHOM rpynne npoBOAMIOCH MHTpaorieepaumoHHoe
uccnefoBaHWe OMHaMMKM KpPOBOTOKa B ManoM kpyre KpoBoobpalleHus v onpegeneHus
HacbILUEHNs1 TKaHeW Nerkux KUcnopofoM. [ins oueHKW BUCLepanbHOrO KpOBOTOKa OpraHoB
OpIOLIHON MOMOCTM BO BPeMs OMEepaTMBHOMO BMeELLATENbCTBA B YC/OBUSIX MCKYCCTBEHHOIO
KpoBoObGpaLleHus faTunk (DUKCMPOBANCs Ha NepenHio BPIOLLHYI0 CTEHKY Y AeTel [0 roaa.
MaumeHTam cTapwe 18 net, MMeoWMM TONLWMHY nepeaHen GpIoLWHON CTeHkn Gonee 15 MM,
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nposoanfack TpaHCracTpanbHas CrnekTpockonus. [IByM nauueHTam CO CTEHO30M
aopTanbHOro KanaHa MpoBOAMMACb CMEKTPOCKOMUA MUOKapAa A0 WM NOCIE BbINOSHEHUS
Kapauonnerum.

Pe3synbTaTtbl:

MeToaMKa OLEHKM CaTypauuu JEeroYyHOM TKaHW Kak KpUTEPUM afeKkBaTHOM  dyHKUMK
CUCTEMHO-NIEFOYHOr0 aHacToMO3a NPUMEHNMa MpY NaNINATUBHBLIX KOPPEKLMSX BPOXAEHHBIX
MOpOKOB cepfua C obeAHEeHHbIM NEeroyHbiM KpPOBOTOKOM. B cnyyae apekBaTHOM paboTbl
aHacTomo3a nosensetca acummetpusi rSO, nerkmx B 100% cnyvaeB. [loa KOHTponem
AVHaMUKKU  NyfbMOHanbHOM SO, 6blna ocyllecTBneHa nonbiTka noa6opa OnTUManbHOro
3HayeHns MAKB y nauveHToB C NeBO-NpaBbiM BHYTpUCEpAEUHbIM cbpocoM. Mpun yBennyeHum
NAKB ¢ 5 o 10 cMH,0 y Bcex nauMeHToB OTMeYanocb CHuKeHne SO, Hag Nerkumy Ha
9.5-14.7% o1 wucxogHoro 3HayeHus (p<0,05). MpoBeaeH aHanu3 AUHAMUKKU OKCUMETPUK
NErkux BO BPEMSI OMepauui C WCKYCCTBEHHbIM KPOBOOGPALLEHWEM, COMPOBOXAAMOLLMXCS
BbINONHeHWEM kapauonnernu: rSO, nerkux ysenuumsanocb A0 95% nocne OKOH4YaHus
MCKYCCTBEHHOr0 KpoBoobpaLleHns npu nepexaTtun aopTbl 6onee 20 MWH, C nocneaylowmm
CHWXEHMEM B TeueHue 72 Yacos a0 70 + 5% (p<0,05). Mpu BbINONHEHWUM TPaHCracTpasbHOM
CMEKTPOCKOMNUM  OpraHoB GpIOLWIHON MONOCTM  PacCMOTPEHO BNWSHUE Ha AMHaMUKY rSO,
BUCLIEpaNbHbIX ~ TKaHeW HeKOoTOpblX haKTOpOB, Hanpumep, WHAY3MUs  Ba30aKTUBHbIX
npenapaTtoB (CHWXeHWe BucueparnbHoi rSO, Ha 5,7%), nepexoa Ha 3KCTpakopropanbHoe
KpoBoobpalueHue (OTCYTCTBME [AMHAMUKM BUcLepanbHoi rSO, B YCNOBUSIX afeKBaTHOW
ckopoctn nepdysun). [MpoBegeHa oueHka rSO, MuoKapaa A0 M MOCAE  BbIMOSIHEHUS
KapaMoniernn: oTMevaeTcsl CHuKeHne rSO; Ha 8.4% OT MCXOAHbIX 3HAYEHWN.

3aknroyeHme.

/I3MeHeHus1 B pervoHasnbHON oKcUreHaumm TkaHel, aHanuampyemblx NIRS, oTpaxaeT TOHKMiA
6anaHc Mexay AOCTaBKOM Kuciopoda M ero noTpebrieHueM B wccriesyeMol o6nactu.
du3nyeckass OCHOBA MeToAa MO3BOMSET MPOBOAUTL AMHAMMYECKOE WHTPaonepaunoHHOe
HabnioaeHve 3a COCTOSHWEM KPOBOTOKa M MeTabonu3Ma KuCiopoaa He TOMbKO B FOSIOBHOM
MO3re, HO U B ApYrvX OpraHax 1 TKaHsix.

NEW FEATURES OF NIRS. ALTERNATIVE VIEW OF THE METHOD
Lomakin M., Rybka M., Dibin D., Khinchagov D., Loseva A., Yudin G.
Bakulev National Medical Research Center For Cardiovascular Surgery
E-mail: Lomakin-mv@mail.ru

Introduction:

Near-infrared spectroscopy (NIRS) is a noninvasive method of dynamic monitoring which
based on the measurement of concentrations oxy- and deoxyhemoglobin, using near-infrared
radiation. This type of spectroscopy has main application in neuro- and cardiac surgery, where
necessary in continuous assessment of the level of saturation of the cerebral cortex. Radiation
from the sensor of the most common NIRS monitors in clinical practice is limited by the depth
of penetration into biological tissues by 15-20 mm. We were interested in the possibility of
intraoperative near-infrared spectroscopy of the lungs, myocardium and gastrointestinal tract.
Objective:

To assess the possibility of a modern spectrometer in determining non-cerebral tissue
oxygenation in patients of different age groups during operations with bypass and during
palliative correction of congenital heart disease in newborns.
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Methods:

For the study of lung, we selected patients in whom depth of imaging hyperechogenic pleural
line by ultrasound sonography was not more than 15 mm. In this group we have realized
intraoperation study of the dynamics of blood flow in the pulmonary circulation and determine
the saturation of lung tissue. In the children which age was under one year we assess the
visceral blood flow during operation with bypass with sensor fixed on the anterior abdominal
wall. Transgastric spectroscopy was performed in patients over 18 years of age with an
anterior abdominal wall thickness of more than 15 mm. Two patients with aortic valve
stenosis underwent myocardial spectroscopy before and after cardioplegia.

Results:

The method of estimating the saturation of the lung tissue as a criterion for adequate function
systemic-pulmonary anastomosis is applicable to palliative corrections of congenital heart
defects with depleted pulmonary blood flow. In the case of adequate anastomosis asymmetry
of rSO; of lungs appears in 100% of cases. Under the control of the dynamics of rSO, of
lungs, an attempt was made to select the optimal value of positive end-expiratory pressure
(PEEP) in patients with left-right intracardiac reset. By increasing PEEP from 5 to 10 mbar in
all patients rSO, decrease by 9.5-14.7% of baseline values (p<0.05). The analysis of the
dynamics oximetry of lungs during operations with bypass, accompanied by the
implementation of the cardioplegia showed increasing rSO, to 95% after the end of the
bypass when aortic clamping more than 20 min, with a subsequent decrease within 72 hours
to 70 £ 5% (p<0.05). By transgastral spectroscopy analyzed the influence of some factors on
the dynamics of rSO,: infusion of vasoactive drugs (decrease in visceral rSO, by 5.7%), the
transition to bypass (absence of dynamics visceral rSO, in terms of adequate rate of
perfusion). Estimated myocardial rSO, before and after cardioplegia: there was a decrease in
rSO, by 8.4% from the baseline values.

Conclusion.

Changes in regional oxygenation of tissues analyzed by NIRS reflect a delicate balance
between oxygen delivery and oxygen consumption in the study area. The physical basis of the
method allows for dynamic intraoperative monitoring of blood flow and oxygen metabolism
not only in brain, but also in other organs and tissues.

LN®POBbLIE MAPAMETPbI HOPMbI U MATOJIOIUN ®YHKLMOHAJIbHOM
AKTMBHOCTU ABTOHOMHOW HEPBHOWU CUCTEMbI MO AAHHbIM
BAPWUABEJIbHOCTU PUTMA CEPLIA

Kupsiukos H0.10.!, BoceHko C.A.', Mycnumos B.I".2
1OreHY ®depepanbHbiii HAYYHO - KIIMHUYECKNIA LIEHTP peaHuMaTosIorum u
peabunurtonorum.
107031, Mocksa, yn. lNMerpoBka, A. 25, cTp.2.
2llenTpanbHas ropoackas 6onbHuua uM. M.M.KoHuanosckoro.
124489 r.3eneHorpagp, yn.KawraHoBas annes a.2 crp.1.

E-mail: kirychyu@yandex.ru

Obwwen3BecTHo, 4TO 06nMacTb runotanamyca, 6asanbHbix siaep (30Hbl CpeaHero u
KOHEYHOro Mo3ra) OkasbiBaloT Haubonee 3HauvMMoe, onpepensiollee 3HAyeHWe, Kak Ha
(PYHKUMIO FONOBHOrO MO3ra, Tak M roMeocTasa opraHvMsMa B LenoM. Llenblo uccneposaHus
SIBUNIOCb W3YYEHWE aKTUBHOCTWM LEHTPasibHbIX UMOTaNaMMUYeckux OTAEN0B aBTOHOMHOM
HepBHO cuctembl (AHC) Kak rnaBHOro perynsitopa COCTOSIHWSI OpraHu3Ma y NauueHTOB C
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MOBPEeXAEHWEM [OSIOBHOMO MO3ra TPaBMaTUYECKOrO W HETpaBMaTU4ecKoro reHesa. B
nccneaoBaHne BKIKOYEHbI 77 naumeHToB C nocneactsusmu UMT (43,9%), OHMK (18,2%),
aHokcun  ronosHoro Mosra  (15,1%), cybapaxHoupanbHbiM - KpoBoTedeHneM (10,7%),
NOCNeaCTBUSIMM yAaneHUs onyxosnei 1 apTepMoBeHO3HON ManbdopMauumn (12,1%). OyHKuus
AHC oueHeHa € nomoublo aHanu3a BapuabenbHocTn putMa cepaua (BPC). Ouenka BPC
nposoaunace npubopom MonucnekTp-8 EX (dupma HelipocodT, Poccus), C MpoTOKONOM
6ecnpoBoaHol cBs3n Bluetooth Mexay kapavMoaHann3aTopoM U NepcoHanbHbIM KOMMbIOTEPOM
(Notebook). Wcnonb3oBanucb 5-T MUHYTHblE 3anvcy KapavouHTepsanos. Onpenensnucb
cnegytowme nokasartenu: SI- CcTpecc-uHAEKC (MHAEKC HanpsKeHWUs PerynsTOpHbIX CUCTEM -
WHAEKC HanpspKeHWs) B HOPMann30BaHHbIX eanmHuuax (H.e.); SDNN - cpegHeksaapaTuyHoe
OTKNOHeHMe R-R KapauvouHTepsanoB B MC; rMSSD - cpefHekBagpaTU4HOE OTKIOHEHWEe
pasHOCTU ABYX CMeXHblX oTcyeToB R-R kapawouHTepsBanos B Mc; pNN50%- pons R-R
KapAMOWHTEPBasioB B NPOLIEHTAX, OT/IMYAIOLWMXCS OT npeabiayLiero 6onee yem Ha 50 mc; TP -
oblwas MOLHOCTb CrekTpa uactoT B Mcek’. [lapacuMnaTiyeckass rMnepakTMBHOCTb
npuvHUMManacb B npegenax 3HaueHuit ans SDNN > 41,5Mc; ans RMSSD > 42,4 mc; ansi
pNN50% > 8,1%; ana SI < 80 HOpManM30BaHHbLIX eauHWL, H.e.; ansa TP > 2000 mc2
CuMnaTMyecKkas r’MnepakTMBHOCTb MPUHMManack B npeaenax 3HadeHuii ans SDNN < 4,54mc;
ans RMSSD < 2,25 mc; ana pNN50% < 0,109%; ans SI >900 H.e.; ana TP < 200Mc?.
Hopma napameTpoB BPC npuHuManach B npegenax 3HadeHunin ans SDNN [13,31-41,4mc]; ans
RMSSD [5,78 - 42,3mc]; anst pNN50% [0,110 - 8,1%]; ans SI [80-900 H.e.]; ana TP [200 —
2000mc?]. ®yHKuMoHanbHas aktmeHoctb AHC no paHHeM  BPC  conoctaBneHa c
BGUOXMMUYECKMMM, UMMYHOMOTMYECKUMM U PSIAOM  KIIMHUYECKUX TMoKasaTenel. M3yueHa
KOHLIEHTpaumMs B KPOBU KOPTU30/1a M COMATOTPOMHOrO rOpMOHa; UMMyHOrobynmHos G, A, M;
CyMMapHas LUWTOKMHOBAs aKTMBHOCTb Ha OCHOBE W3y4YeHWs rpaHynoumT-makpodar
KONOHUECTUMYNUPYIOLLEN AKTUBHOCTMU nnaasmel KpOBW; COCTOSiHME TKaHeBOM
MUKPOLMPKYNSILMM OLEHEHa Ha OCHOBaHMM OLEHKW KOHLEHTpauuu B KpoBM CBOOOAHOrO
mMuornobuHa. M3yyeHa AvHaMmka ypoBHS CO3HaHWMA no wkanam (Mnasro, FOUR u Giocino);
MPUMEHEHNST WCKYCCTBEHHOM BEHTUNSILMKM NErkux; LKanbl MHBanuaHoctu DRS (Disability
Rating Scale); MbiWweYHOro ToHyca No MoAUdULMPOBAHHON Likane ALLBOPTA; HYTPUTMBHOIO
craTyca. LndpoBble napameTpbl (yHKUMOHANBHOW aKTUBHOCTW LEHTpanbHbiX oTaenoB AHC
rmnoTtanamyca Mo AaHHbIM napameTpoB BPC cnyxaT HaBMrauMOHHbIMW XapaKTepuCTUKamu
00bEKTMBHOrO CTaTyca MauMeHTOB MoC/e MOBPEXAEHMS FOIOBHOMO MO3ra, MOryT SIBASTLCA
NpeavKTopaM AVMHAMWKM U BOCCTAHOBJIEHWUS YPOBHSI CO3HaHWSI, CyXXaT TapreTUpOBaHHOW
30HOMN ANS NEKAPCTBEHHOMN U HE NIEKapCTBEHHON MHTEHCVMBHOMW Tepanuu 1 peabunutaumm.
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DIGITAL PARAMETERS OF THE NORM AND PATHOLOGY OF FUNCTIONAL ACTIVITY
OF THE AUTONOMOUS NERVOUS SYSTEM ACCORDING TO THE HEART RATE
VARIABILITY.

Kiryachkov Y.}, Bosenko S.A.!, Muslimov B.G.2
! Federal Research and Clinical Center of Intensive Care Medicine and
Rehabilitology
25 Petrovka str., Build. 2, Moscow 107031, Russia
2 Central City Hospital. M.P. Konchalovsky Central City Hospital. M.P.
Konchalovsky, 124489 Zelenograd, Kashtanovaya alley, d.2, building 1.
E-mail: kirychyu@yandex.ru

It is well known that the area of the hypothalamus, basal nuclei (mesencephalon) have
the most significant, determining value, both on the function of the brain and homeostasis of
the body as a whole. The aim of the study was to study the activity of the central
hypothalamic area of the autonomic nervous system (ANS) as the main regulator of the state
of the body in patients with brain damage of traumatic and non-traumatic origin. The study
included 77 patients with the consequences of a traumatic brain injury (43.9%), stroke
(18.2%), cerebral anoxia (15.1%), subarachnoid bleeding (10.7%), the consequences of
tumor removal and arteriovenous malformation (12,1%). ANS function was evaluated using
an analysis of heart rate variability (HRV). HRV was evaluated using the Polyspectr-8 EX
device (Neurosoft, Russia), with the Bluetooth wireless protocol between the cardiac analyzer
and a personal computer (Notebook). Parasympathetic hyperactivity was taken within the
limits of SDNN > 41.5ms; for RMSSD > 42.4 ms; for pNN50% > 8.1%; for TP > 2000 ms>.
Sympathetic hyperactivity was taken within the range of SDNN < 4.54ms; for RMSSD < 2.25
ms; for pNN50% < 0.109%; for TP < 200ms2. The norm of the HRV parameters was taken
within the limits of the values for SDNN [13.31-41.4ms]; for RMSSD [5.78 - 42.3 ms]; for
pNN50% [0.110 - 8.1%]; for TP [200 - 2000ms?]. SDNN (standard deviation of R-R intervals),
msec; for RMSSD (square root of the mean squared differences of successive NN intervals),
msec; pNN50% (the number of interval differences in successive NN intervals greater than 50
ms (NN50) / total number of NN intervals) in %; Total Power of variance of all NN intervals
<0.4 Hz, msec® (TP). In order to verify the parasympathetic or sympathetic hyperactivity
within these limits, there should be 3 out of 4 parameters. The functional activity of ANS
according to HRV is compared with biochemical, immunological and a number of clinical
indicators. The concentration in the blood of cortisol and growth hormone was studied;
immunoglobulins G, A, M; total cytokine activity based on the study of granulocyte
macrophage colony stimulating activity of blood plasma; the state of tissue microcirculation
was estimated based on the assessment of the concentration of free myoglobin in the blood.
The dynamics of the level of consciousness was studied on scales (Glasgow, FOUR and
Giocino); the use of mechanical ventilation; Disability Rating Scale; muscle tone according to
the modified Ashworth scale; nutritional status. The digital parameters of the functional
activity of the central departments of the ANS of the hypothalamus according to the HRV
parameters serve as navigation characteristics of the objective status of patients after brain
damage, can be predictors of dynamics and recovery of consciousness, serve as a targeted
zone for drug and non-drug intensive therapy and rehabilitation.
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PA3PABOTKA MrMAPOTEPMAJIbHOW TEXHOJIOrMW MPOU3BOACTBA
MMMNOPTO3AMELLAIOLLNX BUOCOBMECTUMbIX KEPAMUYECKUX MOPOLLUKOBbIX
MATEPWUAJI0B HA OCHOBE T'MAPOKCUJIANATUTA C PENYJINPYEMbIMUA
CTENEHBIO KPUCTAJIJTMYHOCTU N NMOKA3ATENAMWN ANCNEPCHOCTHU

HOauH A.l'., YynpyHoB K.O., KysHeuoB A.B., Jleii6o A.B., UnbuHbIX U.A.
®depepanbHOe rocyfapcTBEHHOE aBTOHOMHOE 06pa3oBaTesibHOe yupexxaeHme
Bbicliero o6pasoBaHus «HauMoHanbHbIA UCCefaoBaTe/IbCKUA TEXHOIOrMYeCKnin
yHusepcutetr «MUCnC», Poccus
r. MockBa, 119049 JleHUHCKMIA npocnekT 4

E-mail: yudin@misis.ru

OCHOBHOW  Hay4yHO-TEXHMYECKOM  3ajayell  npoekTa  sBAsieTcs  pa3paboTka
TEXHOMOMMYECKMX MOAXOAOB AN CO3[aHWS MpOM3BOACTBA C WCMONb30BAHWEM METOAMK
rMApoTepManbHOro  CMHTE3a  MMMopTOo3aMellaolmx  61MOCOBMECTUMBIX — KEPaMUYECKUX
MOPOLUKOBbIX MaTepuasnioB Ha OCHOBE ruapokcunanatuta. PaspabaTbiBaeMass TexHOMOrvsi
[OMKHa obecneuvBaTb BO3MOXHOCTb MOMyYEHUS MaTepuanoB pasfMyHbIX TUMOB C
perynmpyeMbIM1 CTEMeHbIO KPUCTANIMYHOCTU U MOKa3aTensMn ANCNePCHOCTU.

KntoueBoli npobnemMoi Ha NyTW CO3AaHUsi HOBbIX TUMOB MaTepuanoB Ans MeaULMHCKON
UMNNaHTauMn  9BNsSeTCS  MonyyeHWe  BbicOKouMcToro  (uuctota 6onee 99.9 %)
CTEXMOMETPUYECKOro 6uoMuHepana - ruapokcunanatuta (Ca/P=1.67) c BbicOkoW [nonei
KpUCTa/IMYecko asbl M CUMHTE3a Ha €ro OCHOBe C(HEpUYECKUX TFpaHyn C  HU3KOW
nopucTocTbio (MeHee 5 %). Takue cdepuyeckme YacTuupbl (rpaHynbl) HaxoasT Bce 6onee
LUIMPOKOE MPUMEHEHWE B Pa3NYHbIX MEAULIMHCKUX MPUSIOXKEHUSX: B KayeCTBe MCXOAHOrO
MaTepuana ans 3D neyat MMNNaHToOB (TpebyeMblii pasMep YacTvu OT 5 MKM 0 25 MKM),
MaTepuana And CO3AaHWst MOKPbLITUI MEeTal/IMYECKUX MMIMIAHTOB METOAOM Ma3MEHHOro
HanbineHns  (“plasma spray”, pa3mep rpaHyn ot 40 go 125 mkm), 6Guopesopbupyembix
HamnonHWTenen Ans CTUMYNIMPOBaHWS pereHepaumn CoeanHUTENbHOW TKaHW KOXHOMO MOKpOoBa
B Tepanuu OXOroB U KOCMEeToNornn (pasmep rpaHyn ot 25 a0 45 MkM).

HecMoTpsi Ha BbICOKYD BOCTPe60BaHHOCTb MOPOLUKOBbIX MaTepuanoB Ha OCHOBE
rMapoKcunanaTuTa ¢ 3afjaHHON CTeneHbi0 KPUCTaIMYHOCTU U MOKasaTensiMuM AWUCNepCHOCTH,
CyLLeCTBYIOLME METOAMKN WX CMHTE3a, OCHOBaHHblE HA MPOLEccax XMMUYECKOro OCaXKaeHus
U3 pacTBOPOB C MOC/edyilolwen TepMuyecko 06paboTkor u/wnu chepouavsaumein B
BbICOKOTEMMEPATYPHLIX MOTOKAX, HE MO3BOMSIOT B MOMHOW Mepe obecneuntb Tpebyemble
XapaKTEPUCTMKN Taknx MaTepuaros.

B pamkax npeactaBneHHonm paboTbl AN UX  CUMHTE3a BriepBble MpeanaraeTcs
MCMonb30oBaTb rMApPOTEPMasbHbIA MeToa, npeanosaralowmii CuHTe3 npu gasneHunsix ao 200
aT™M U TemnepaTypax Ao 300°C, B COYeTaHWM C MocneaytoLlelt ynbTpa3ByKoBol 06paboTkoii
MONy4YeHHbIX MaTepuanoB. PelueHbl crnegytolwme 3aaayn: NpoBeAeHbl UCCNefOBaHUS BIUSIHUS
KWCNOTHOCTU  Cpefbl, AUTENbHOCTM MAPOTEPMAnbHOMO CUMHTE3a, a Takke BAWUSHUS
yNbTPa3BykoBOM 06paboTky Ha (asoBbIi COCTAB M CTEMEHb KPUCTaNIMYHOCTY  KasbLMi
docdaToB, CUHTE3UPOBAHHLIX FMAPOTEPManbHO. [pOBEAEHbl WCCNEAOBaHUS BAUSIHUS Ha
PU3MKO-XUMMYECKME CBOMCTBA CUHTE3VWPOBAHHLIX FpaHy/n YCnoBuiA TepMoobpaboTku npu
Temnepatypax 1000-1400 °C. MocnenoBaTtesnbHOe MpoBeAeHUE AaHHbIX paboT Mo3BoOMMIO
onpefenuTb ONTUMasibHble MapaMeTpbl ANs  AaNbHEeWWero WCCnefoBaHUs NpoLeccoB
MONyYEeHUs YacTWL C 3aAaHHbIM FPaHyfIOMETPUYECKUM COCTaBOM.

bnaropapHocTb
Pabota npoBegeHa nNpu  (UMHAHCOBOW nNoaAepXKe MWHWUCTEPCTBA HaykuM W BbICLLErO
o6pa3oBaHusi Poccuitckolt ®epepaumm (npoekt N2 RFMEFI57517X0168).
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DEVELOPMENT OF A HYDROTHERMAL TECHNOLOGY FOR THE PRODUCTION OF
IMPORT-SUBSTITUTING BIOCOMPATIBLE CERAMIC POWDER MATERIALS BASED
ON HYDROXYAPATITE WITH ADJUSTABLE CRYSTALLINITY AND DISPERSION
INDICES

Yudin A., Chuprunov K., Kuznetsov D., Leibo D., Ilinykh I.
National University of Science and Technology MISIS
Russia, Moscow, 119049 Leninsky Prospekt 4

E-mail: yudin@misis.ru

The main scientific and technical task of the project is the development of technological
approaches for the creation of production using methods of hydrothermal synthesis of import-
substituting biocompatible ceramic powder materials based on hydroxyapatite. The developed
technology should provide the ability to obtain materials of various types with adjustable
degree of crystallinity and dispersion.

A key problem in creating new types of materials for medical implantation is the
production of high-purity (purity more than 99.9%) stoichiometric biomineral - hydroxyapatite
(Ca / P = 1.67) with a high crystalline phase and the synthesis of spherical granules with low
porosity (less than 5%)) Such spherical particles (granules) are increasingly used in various
medical applications: as a starting material for 3D printing of implants (the required particle
size is from 5 microns to 25 microns), material for creating coatings of metal implants by
plasma spraying (“plasma spray”, granule size from 40 to 125 microns), bioresorbably fillers to
stimulate the regeneration of connective tissue of the skin in burn therapy and cosmetology
(granule size from 25 to 45 microns).

Despite the high demand for powder materials based on hydroxyapatite with a given
degree of crystallinity and dispersion indices, the existing methods for their synthesis, based
on the processes of chemical deposition from solutions with subsequent heat treatment and /
or spheroidization treatment in high-temperature flows, do not fully ensure the required
characteristics of such materials.

In the framework of the presented work, it is proposed for the first time to use the
hydrothermal method for their synthesis, which involves synthesis at pressures up to 200 atm
and temperatures up to 300 °C, in combination with subsequent ultrasonic treatment of the
materials obtained. The following tasks were solved: studies were made of the influence of
acidity of the medium, the duration of hydrothermal synthesis, as well as the effect of
ultrasonic treatment on the phase composition and crystallinity of calcium phosphates
synthesized hydrothermally. Investigations were made of the effect on the physicochemical
properties of the synthesized granules of heat treatment conditions at temperatures of 1000-
1400 °C. Consistent carrying out these works allowed us to determine the optimal parameters
for further research on the processes of obtaining particles with a given particle size
distribution.
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TEXHOJ10Irna NONYYEHUA CYBMUKPOHHbBIX MOPOLUKOB PEAKO3EMEJIbHbIX
OKCUAOB BbICOKOW YNCTOTbI A/1S1 CUHTE3A CLIUHTWIUTSLIMOHHBIX
KPUCTA1ZTOB OPTOCUJIUKATA JIIOTELIUA ANA AETEKTUPYIHOLLIUX
MEANMLUNHCKUX CUCTEM
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Pabora BbirosiHeHa B pamkax Corialenms 14.579.21.0138 ¢ MuHobpHayku P®,
VYHUKATIbHBIV MAeHTUdUKaTOp npoekta RFMEFI57916X0138.

CUMHTUNNSAUMOHHBIE KPUCTabl Ha OCHOBe cunmkaTta noteums (LSO) Heobxoammbl ans
CO3/@HNS1 COBPEMEHHBIX OTEYECTBEHHBIX NMO3UTPOHHO-3MUCCUOHHBLIX TOMOrpadoB — annapaTos
AN CBOEBPEMEHHON AMAarHOCTUMKM  KpUTWYeckux 3aboneBaHwii, B MepByld oyepenb,
OHKOMOrMYeckmx. Ana CMHTE3a TakMxX KpUCTannoB TPebyloTcs BbICOKOUUCTbIE CyOMUKPOHHbIE
MOPOLLKN OKCMAOB peaKo3eMesbHbIX MeTanios (P3M) — nioTeumsi, Lepus, v OKCUL KPEMHUS.
Hamu co3gaHa TexHonorns npomnsBoOACTBa yka3aHHbIX OKCMAOB, obecneunsatowas Tpebyemoe
KayecTBO MaTepuasos.

[ns nonyyeHns MHAMBUAYaNbHbIX BbICOKOUMCTbIX okcmaos P3M (Lu,0s, CeO,) B kavecTse
WCXOOHOTO Chipbsl JOTEUMST WCMONb30BaH €ro KOHLEHTPAT, CoAepKaluuii naHTaHouAabl
Tshkenbix MeTannoB Ao 1,5 %, Bkaovas TpyaHooTaenuMyto npumecs Yb203 ~0,5 %. Auokeng,
Luepusi uM3BnekanM W3 KOHuUeHTpaTa kapboHaToB P3M npoussoactBa OAO «CM3»,
coaepxatuero 52-53 % Ce0,. [Ansi rny6oKoi OUYMCTKM Cblpbsi OT CONYTCTBYIOLMX NaHTaHOMAOB
U Hepeako3eMesbHbIX MpUMECeil WUCCefoBaHO MOCIeA0oBaTeNlbHOE NPUMEHEHME METOA0B
3KCTPaKUmMu 1 copbumm.

B KauecTBe aKCTpareHTa Ans nonydenus Lu,O; mayyeH Aliquat 336, oTHocawwmics K

Knaccy YeTBEPTUYHbIX aMMOHMEBLIX OCHOBaHWii. HaipeHbl ycnoBusi  3ddekTMBHOrO
pasgenenus napbl Lu-Yb ¢ koadduumeHToMm pasgenenuns By - 2,4.
Ans nonyyenus CeO, NpoBEPEeHO OKUCNEHWE Liepusi 3NEKTPOXMMUYECKUMU U XUMUYECKUMM
meTopamm [1,2]. Nepexoa Ce®* B Ce** cocTaBun, COOTBETCTBEHHO, (%): 99 M 96. XMUYECKMiA
MeTo4 MpOBOAMNM MEPOKCMAOM BoAopoAa B cCrabokucnoil cpege C  OAHOBPEMEHHbIM
BbiaeneHnem Ce** B Bupe rmapokcnaa. Mnybokoe otaeneHne Lepust (IV) OT COnyTCTBYIOWMX
P3M (III) BBbIMOSHEHO 3KCTpaKUMel Tpu-H-6yTUndocdaToM, W3BECTHBIM 3KCTPareHToM B
TexHonorun P3M.

Mo pesynbTaTaM MccnefoBaHUi paccyuTaHbl [3] U 3KCNEpUMEHTanbHO MpOBEPEHbl B
[AenuTenbHbIX BOPOHKaX [Ba 3KCTPAKUMOHHBIX Kackaga no pasgenenvio: 1) Lu/Lngyy; 2)
Ce/Lnsm), nossonsiowme MnonyyaTb Pe3KCTPaKTbl UHAMBMAYaNnbHbIX P3M C coaepxaHuem
OCHOBHOro BellecTBa He MeHee 99,9996 %. 3aK/IOUMTENIbHYIO OUUCTKY PE3KCTPaKTOB
BbIMOSHAMN B COPOUMOHHBIX KOMOHHAX, 3anOfHEHHbIX MOAU(UUMPOBaHHLIM yrnem BAY. U3
OUMLLEHHbIX PacTBOPOB OCAXAanu OKcanaTbl U MPOKanMBanM WMX A0 KOHEYHbIX OKCUAOB.
MonyyeHbl 06pasubl CeO; - 99,9997 % m Lu,0s5 - 99,9995 %.

[ins Npov3BOACTBA BbICOKOYMCTOMO AMOKCMAA KPEMHUSI B KA4yecTBE WCXOAHOMO Cblpbsi
6bl1 B3AT LMPOKO AOCTYMHbIA TEXHWUYECKUM TETPaxnopua KpeMHus umuctoton 99,5 %.
MonyyeHne un3 Hero SiO, BbICOKOM YWCTOTbI OCYLWECTBAsSAM B ABa 3Ttana: (1)
pekTubukaumoHHas ouncTtka SiCly ¢ nonyyeHneM TeTpaxnopuaa KPEMHUSI YUCTOTON He MeHee
99,9998 %; (2) nony4yeHune BbicokoUMCTOro SiO, METOAOM BLICOKOTEMMNEPATYPHOro rMaponunsa
SiCly B KMCNOPOAHO-BOAOPOAHOM NiaMeHW. TeXHONormMsi NMpou3BOACTBA AMOKCMAA KPEMHUS
6bina npoBepeHa M OTpaboTaHa B XO4e  OMbITHOM  3KCMyaTauuMu  CO3AaHHbIX
3KCMEPUMEHTaNbHbIX YCTAHOBOK, B pe3ynbTaTe KOTOPOi Oblnu BbISIBNEHbI U YCTpPaHEHbI
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cnabble MecTa TEXHONOMMYECKOW Lienoyku. PaspaboTaHHas TEXHONOMMS MO3BOMMAA MonyyaTb
SiO, uncToTON He MeHee 99,9995 %, M3BNEYEHNE B KOHEYHBIV MPOAYKT cocTaBunio 6onee 80
%.

PaspaboTaHHasi TexHonorns obecneumBaeT MOJyYeHME OKCUAOB JIIOTELMS, Lepusi n
KPEMHUSI C KaYeCTBEHHbIMM XapaKTEPUCTMKaMK, OTBEYaloWMMU TpeboBaHUSM K LUMXTE ANs
CMHTE3a  KPWUCTANNOB-CUMHTUANSATOPOB  opTocunmMkatoB LSO ana  AeTeKTMpyloLwmnx
MEANLIMHCKNX CUCTEM.

Jluteparypa:
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TECHNOLOGY OF OBTAINING SUBMICRON POWDERS OF RARE EARTH OXIDES OF
HIGH PURITY FOR THE SYNTHESIS OF SCINTILLATION CRYSTALS OF LUTETIUM
ORTHOSILICATE FOR DETECTING MEDICAL SYSTEMS

Gasanov A., Yurasova 0., Chapygin A., Apanasenko V., Samieva D., Vasilenko S.
JSC "Giredmet", Moscow, Russian Federation

E-mail: OVYurasova@giredmet.ru

Research was carried out under the Agreement 14.579.21.0138 with the Ministry of
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RFMEFI57916X0138.

Scintillation crystals based on lutetium silicate (LSO) are necessary for the creation of
modern domestic positron emission tomographs which are the devices for the timely diagnosis
of critical diseases, primarily cancer. The synthesis of these crystals requires high-purity
submicron powders of rare earth metal oxides (REM) - lutetium, cerium, and silicon oxide. We
have created the production technology of these oxides which provides the required quality of
materials.

For obtaining of individual high-purity rare earth oxides (Lu,O;, CeO,) lutetium
concentrate was used as a lutetium feedstock containing lanthanides of heavy metals up to
1.5 % including the hardly-separated impurity of Yb203 ~0,5 %. The cerium dioxide was
extracted from the REM carbonate concentrate of JSC "SMZ" production containing 52-53 %
of Ce0,. For deep purification of raw materials from assosiated lanthanides and non-rare earth
impurities were carried out by methods of extraction and sorption.

Aliquat 336 related to the class of Quaternary ammonium bases has been studied as an
extractant for obtaining Lu,0Os . Conditions for the effective separation of Lu-Yb pair with the
separation factor By - 2,4 have been determined.

The oxidation of cerium was checked by electrochemical and chemical methods for
obtaining of CeO, [1,2]. The transition of Ce** to Ce** was 99 % and 96 % respectively.
Chemical method was carried out by adding hydrogen peroxide in a weak-acidic medium with
simultaneous release of Ce** in the hydroxide form. Deep separation of cerium (IV) from
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associated REM (III) was performed by extraction method using tri-n-butyl phosphate which is
known extractant in REM technology.

According to the investigation results two extraction cascades for the separation of: 1)
Lu/Lneyp); 2) Ce/Lnsm), were calculated [3] and tested experimentally in separating funnels. As
a result, reextracts of individual REM were obtained with a basic substance content not less
than 99,9996 %. Final cleaning of reextracts were carried out in sorption columns filled with
modified carbon BAC. Oxalates were precipitated from the purified solutions and annealed to
the final oxides. The samples of CeO; - 99,9997 % and Lu,0s - 99,9995 % were obtained.

For production of high-purity silicon dioxide a widely available technical silicon
tetrachloride with the purity of 99.5 % was taken as a feedstock. The purification of SiO, was
performed in two stages: 1) distillation purification of SiCl, with obtaining silicon tetrachloride
with a purity of not less than 99,9998 %; 2) obtaining high-purity SiO, by high-temperature
hydrolysis of SiCls in an oxygen-hydrogen flame. Production technology of silica was tested
and proven during the trial operation of experimental plants. As a result, the inaccuracies in
the process chain were identified and eliminated. The developed technology allows obtaining
of SiO, with a purity of at least 99,9995 %, the extraction of the final product was more than
80%.

The proposed technology ensures the production of oxides of lutetium, cerium and
silicon with quality characteristics that meet the requirements for the mixture for the synthesis
of crystals of orthosilicate LSO scintillators for detecting medical systems.
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2. Yurasova, 0.V., Gasanov A.A., Harlamova T.A. etc. the Technology of extraction of cerium
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KOMIUTEKCHbI NOAX0A K OLLEHKE MUKPOSJIEMEHTHOIO BAJIAHCA B
OPrAHU3ME HA OCHOBE HEMHBA3MBHbIX METO10B

Eroposa M.B., ®epoposa H.E, PoanoHos A.C.
®BYH «®epepanbHblii HAYYHbIA LLEHTP FM’MrueHbl M. ®.d.dpucMaHa»
PocnoTpe6Haa3opa, MbiTniumn, MockoBckas obnactb, Poccuiickaa degepauums

E-mail: analytl@yandex.ru

TexHoreHHble hakTopbl Cpeabl 06WUTaHUs, K YUCTY KOTOPbIX OTHOCATCS 3arpsi3HEHWs
TSXKENMBIMM  METa/NIaMM  OT  BbIGPOCOB MPEAnpUSTUA YEpHOW W LIBETHOW MeTannypruu,
TPaHCMOPTa, 3HEPreTVKM, OKa3biBalOT HEraTUBHOE BNMSHUE Ha 3[10POBbE HACENEHWS, OAHUM
3 NPOSIBNIEHUI KOTOPOro SBNSETCS HapYLLEHWE MUKPO3/IEMEHTHOMO O6MeHa.

B nocnegHee BpeMst ANl OLEHKU pUCKA 3[0pOBblO, OCOBEHHO B CKPUHHWMHIOBbIX
HabnoaeHnsIX, BCe Yalle UCMosb3yTCs HEMHBA3UBHbIE METOAbI UCCNefoBaHus. B yactHocTH,
NEepPCNeKTUBHOW Cpefioii SBNSIETCS KOHAEHCaT BbiAbixaeMoro Bo3ayxa (KBB), ot6op koToporo
MOXET ObiTb NIETKO OCYLLECTBNEH MpU MOMOWWM MPOMBILNIEHHBIX WM NPUCTIOCOBNEHHBIX
ycTpolicTB. KoHAeHcaT BblAbIXaeMOro BO3A4yxa - MOJHOLEHHasi 6uocpefia, MAEHTUMYHas no
BGMOXMMUYECKOMY COCTaBY NErOYHOMY CypdaKTaHTy. VI3MEeHeHWsi KOHLEHTPaLMU XUMUYECKUX
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BEWECTB B KOHAEHcaTe MoA JAeicTBueM (aKTOpPOB pasfMYHOMO XapaKTepa OTpaxaloT
HanpaBneHHOCTb, obLwyio U Ans Apyrux 6uocpes opraHu3Ma — KpOBM, JIErOYHOW TKaHW,
6POHX0aNbBEONSIPHON XUAKOCTU.

[na konuuyecTBeHHOro onpeaeneHuns metannoB B KBB 6bina pa3spabotaHa MeToauka,
BK/OYaloWwas otoop npob, WX XpaHeHwe. TPaHCMOPTMPOBKY W aHanu3 MEeTOAOM aTOMHO-
a6COpPOLMOHHOM CMEKTPOCKOMNUM C 3MEKTPOTEPMUYECKOW aToMM3aumMen, Npu 3ToM o6pasuibl
KBB BBOAST B rpaduTOByl0 KIOBETY CriekTpodoToMeTpa 6e3  npeaBapuTenbHOM
npobonoaroToBky M pasbaBneHus. Mpu HeobxoanMocTn 06pasLbl MOryT 6biTb 3aMOPOXEHbI U
NpoaHanM3MpoBaHbl NOCNE Pa3MOPaXXMBaHUSI MPU KOMHATHOWN TemnepaType. Pa3paboTaHHbI
MoaxoZ MO3BOMSET OMNpeaensiTb HU3KME KOHLEHTPaLMM METaIoB, XapakTepHble Ans AaHHOW
6uocpespl, B Manbix obbemax npobbl — 10-20 Mk,

[JaHHble 0 coaepXXaHuM 3cceHUManbHbIX MeTannoB B KBB MoryT 6biTb MCMOnb30BaHbI
TakkKe U AN OUEeHKW CTemneHW ajanTauuu OpraHusMa K HeraTMBHOMY hakTopy Ha OcHoBe
MONOXeHUs1 0 BGonblueit CTabUIbHOCTM COOTHOLUEHUI KOHKYPEHTHbLIX, C TOYKM 3PEHUSI WX
6MOMOrMYECKON PONU, SNEMEHTOB, BIM3KUX MO XMMUYECKMM CBOWCTBAM, MO CPABHEHWIO C UX
a6COMOTHBIMU ~ KOJIMYECTBEHHBIMM ~ 3HAJYeHUsMK.  [pUMEpPOM  TakoM Mapbl  SBNSIETCA
COOTHOLLEHME “UMHK - Meab” B uccnesyemoi 6uocpese. O6a 3TU 3neMeHTa NpUHMMaoT
yyacTme B  peakuusXx MNEepeKUCHOr0  OKWUCNEHWs  NWNWAOB, MpOsIBASI  MpPO- WM
AHTMOKCMAAHTHbIE CBOWMCTBA, NO3TOMY M3MeHeHWe 6anaHca ux B KBB kak B 6uocpene MOXeT
CBMAETENbCTBOBATb O HapyLIEHUsX paBHOBECWMS NPOLECCOB MNpoayuMpoBaHus CBO6GOAHbLIX
PaAvKasoB C OAHOWM CTOPOHbI, U aHTUPAAMKANbHOM 3alUThbl - C APYroi. s NpoCNexXuBaHns
AVHAMUKU U3MEHEHWsI MoKasaTenel OKCMAAHTHOro craTyca pa3paboTaH psii METOAMYECKMX
pelleHnii C  MpPUMEHEHWEM METOAOB  XEMWOMMHECLIEHLUMM W CnekTpochoTOMETPUMN.
YcTaHOBNEHHast B3aMMOCBS3b MUKPO3/IEMEHTHOMO M OKCMAAHTHOMO CTaTyca AaeT BO3MOXHOCTb
KOMMIEKCHOMN OLIEHKM (PYHKLIMOHANBHOTO COCTOSIHWSI OpraHu3Ma.

OpyryM  npuMepoM  YCMEWHOro MPUMEHEHWUS HEMHBA3MBHOMO  6MOTECTUPOBaHWS
ABNAETCS MccnenoBaHne o6pasLoB BOMOC Ha COAEPXaHWE MMKPO3/IEMEHTOB, MPOBOAUMOE C
MOMOLLbIO Pa3fIMYHbIX MHCTPYMEHTaNbHbIX MeToA0B, Havbonee MHPOPMATUBHLIM U3 KOTOPbIX
SIBNSETCS CMNEKTPOMETPUSI C MHAYKTUBHO-CBSI3aHHOW NnasMoii. B oTnnume OT KoHAeHcaTa
BbIAbIXAEMOr0 BO3[yXa, W3MEHEHUS] COAEPXaHWUS U COOTHOLIEHMI 3NIEMEHTOB B BOJIOCAX
oTpaxatoT 3deKT ANUTENBHOr0 BO3AEWCTBUS Ha OpraHM3M HeraTMBHOro chakTtopa cpegbl
06MTaHUs, AOMNOMHUTENBHO paclIMpsisi BO3MOXHOCTW NPOrHO3VMPOBaHUs
pasBUTUSt pUCKa ANs 300POBbsl HAaceNeHwsl.

COMPLEX APPROACH TO MICROELEMENT BALANCE ASSESSMENT IN HUMAN
ORGANISM BY NON-INVASIVE METHODS

Egorova M., Fedorova N., Rodionov A.
Federal Scientific Center of Hygiene named after F.F. Erisman, Mytischi, 141014,
Russian Federation.

E-mail: analytl@yandex.ru

Technogenic environmental factors, including heavy metal pollution from enterprises of
non-ferrous and ferrous metallurgy, transport and power engineering, have a negative impact
on the health of the population. One of the manifestations of such negative impact is a
disorder of microelement exchange.

Recently, for assessing the risk to human health, especially in screening researches,
non-invasive methods of diagnostic are widely sed. In particular, for this method the most
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informative biological material is the condensate of exhaled air (CEA), sampling of which can
be easily taken by industrial or special devices. Condensate of exhaled air is full-fledged
biological material, which has a biochemical composition identical with pulmonary surfactant.
Changes in concentrations of chemical substances in condensate of exhaled air due to
different environmental factors reflect the common pattern for another biological materials
such as blood, lung tissue, alveolar moisture.

Methodological approaches for quantitative definition of metals in condensate of
exhaled air, including sampling, storage, transportation and analysis by atomic absorption with
electrothermal atomization was developed. This method requires the placement of samples of
CEA into spectrophotometer without preliminary preparation and dilution. If necessary,
samples can be frozen and analyzed later, after defrosting at room temperature. The
developed approach allows to determine small quantities of metals, which are specific for this
biological material, in low volume of sample — 10-20 microliters.

The data on the essential metal content in condensate of exhaled air can be used also to
assess the degree of adaptation of human organism to negative factor on the basis of terms
of greater stability of correlations of competitive, from the point of view of their biological
function, i.e. elements with close chemical property in comparison to their absolute
quantitative values.

The example of described property of elements is a correlation in “zinc-copper” pair at
investigated material. Both of this element are participate in lipid peroxidation reactions and
exhibit pro- or antioxidant properties, accordingly, a changes in their balance in condensate of
exhaled air can testify about imbalance in producing of free-radicals and interruption in
antiradical protection. A series of methodological guidelines with the application of chemical
luminescence and spectrophotometry were developed to track the dynamic in changes of
vitals of oxidation status. The identified relationship between microelement balance and
oxidation status gives the opportunity to assess the functional state of human organism.

Another example of successful application of non-invasive bio-assay is investigation of
hair samples for the content of trace elements, which is carried by different instrumental
methods. The most informative of these methods is the inductively-coupled plasma
spectrometry. Unlike to condensate of exhaled air, the imbalance in content and correlation of
elements in hair are a reflection of long impact of negative factor on human organism. This
approach can further expand the ability to predict the development of rick to public health.

82



PA3PABOTKA NOJIMMEPHBIX YACTUL NPON3BOAHbIX XJIOPUHA e; HA OCHOBE
COMOJIUMEPA MOJIOYHOM U TNMTUKOJNIEBOU KUCJIOT (PLGA)

XyHnuna 0.A.%, Hukonbckas E.[1.%, 166apos H.l'.'2, BeraHosckas B.A.5, N'ywuHa
0.W.%, Napkuna E.A.*, MupoHos A.®.%, Jlo6aHos A.B.!
1 ®rbYH depepanbHbiii MCCIeAOBaTENbCKUIA LEHTP XMMNYECKOI PU3NKH
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20A0 Bcepoccuiickuii Hay4Hblli LIEHTP MOJIEKY/ISIDHONM ANArHOCTUKM U JieueHus,
r. Mocksa, P®
3®dre0Y BO Poccuiickmnii XMMNKO-TEXHOJIOrMYECKUI yHUBEpCUTEeT
uM. A.1. MeHpeneeBa, r. MockBa, P®
“®re0yY BO MUP3A — Poccuiickmii TEXHOIOrMYecKmnii ynusepcutet, r. Mocksa, P®

E-mail: olga yarova@bk.ru

XNopuH & sBnsieTcs AeNCTBYIOWMM BeLecTBOM MPOTMBOOMYXONEBLIX MpenapaToB —
doTtoceHcnbunmsatTopos (®C), ncnonbsyembix B doToanHammyeckon Tepamum (OAT) [1,2].
Ans  u3yyeHus BO3MOXHOCTWM NoOBblweHus 3ddekTveHocT OAT 6bina  paspaboTaHa
TEXHOMOMMUS CO3AaHUSA MOSIMMEPHBIX YacTWL, 3arpy>XeHHbIX OpPWUIrMHaNIbHBIMKW NPOU3BOAHLIMM
XnopuHa &. CTpyKTypHble (popMyibl MpeacTaBneHbl Ha puc. 1.
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Puc. 1. CrpykTypHble dopmynbl: @ — 13(1)-N-{2-[N-( k7030-MmoHOKapbaaekabopaH-1-un)-
UMUHO(MeTUN)METUN JaMMHO3TUN Fammna-15(2),17(3)-ammeTnnosoro admpa xnopuHa &; 6 —
13(1)-amuHobyTMnamna-15(2),17(3)-aumeTnnoBoro aupa xnopuHa &s.

MonumepHo MaTpuuen sBnsncs  GuoderpagvpyeMblii  COMOMMMEP  MOJSIOYHOW U
rMIMKONEBON KUCIOT C TEPMUHANbHON KapbokcunbHol rpynnoii (PLGA-COOH). MpousBogHble
X/0pUHa & BKJIHOYAM B COMOSIMMEP METOAOM MPOCTbIX 3MYJIbCUN.

C uenbld MoOMCKa ONTUManbHOro coctaBa ObiNo onpeaeneHo BAMSIHWE  Pa3fUYHbIX
TEXHOMOMMYECKMX TOKa3aTenled Ha MapaMeTpbl 4actvu. bBbbinu  onpegeneHsl  usuko-
XUMUYECKME XapaKTEPUCTUKU MOMYYEHHbIX MapTW YacTuu: CpeaHwii aMameTp, A3eTa-
noTteHuMan v obliee coaepXaHue MPOM3BOAHLIX XNTOpUHa &. Hambonee ycnewHble napTum
obnapgann cybMUKpPOHHBIM pa3MepoM (okosno 250 HM), ¢ 3apsigoM, cTpemsiwmnMcs K -30 MB, 1
oblWMM cofepXaHWeM AeNCTBYlOWEro BelwecTBa He MeHee 1.5 Macc.%. Takum 06pasoM,
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TEXHONOrMYeCKNe Noaxodbl K CO34aHUI0 NMONMMEPHbBIX DOPM NPOM3BOAHbLIX X0pPUHA & Obinn
MOMHOCTbIO OTpaboTaHbl. CneayrowmM 3TanoM SBNSETCS UCCIefoBaHUE UX 61onormyeckon
AKTUBHOCTWU.
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DEVELOPMENT OF CHLORIN e; DERIVATIVES-LOADED POLYMERIC PARTICLES
BASED ON THE POLY(LACTIC-CO-GLYCOLIC ACID) (PLGA)

Zhunina 0.%2, Nikolskaya E.'?, Yabbarov N.12, Beganovskaya V.3, Gushchina 0.,
Larkina E.#, Mironov A.%, Lobanov A.!
1 1Semenov Institute of Chemical Physics of RAS, Moscow, Russian Federation
2 JSC Russian Research Centre for Molecular Diagnostic and Therapy, Moscow,
Russian Federation
3 Dmitry Mendeleev University of Chemical Technology of Russia, Moscow, Russian
Federation
4 MIREA — Russian Technological University, Moscow, Russian Federation

E-mail: olga yarova@bk.ru

Chlorin & is the active substance of antitumor drugs — photosensitizers (PS) which are
used in photodynamic therapy (PDT) [1,2].

The technology for formulation of polymeric particles loaded with the original chlorin &
derivatives was developed to study the possibility of increasing of PDT efficiency. The
structural formulas are shown in Fig. 1.

/:
Me0OE 0FN MeOOC

Figurel. The structural formulas: 13(1)-N-{2-[N-(closo-monocarbadecaboran-1-yl)-
imino(methyl)methyl]laminoethyl}amide-15(2),17(3)- chlorin & dimethyl ester; 56— 13(1)-
aminobutylamide-15(2),17(3)-chlorin & dimethyl ether.
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The polymer matrix was a biodegradable poly(lactic-co-glycolic acid) with a terminal
carboxyl group (PLGA-COOH). The chlorin & derivatives were included in the copolymer by
the simple emulsions method.

In order to find the optimal composition, the influence of various technological
indicators on the parameters of the particles was determined. The physicochemical
characteristics of the obtained batches of the particles were studied: an average diameter,
zeta potential, and a total content of chlorin & derivatives. The most successful batches had a
submicron size (about 250 nm), with a charge tending to -30 mV, and a total content of at
least 1.5 wt.%. Thus the technological approaches to the formulation of polymeric forms of
chlorin & derivatives have been fully developed. The next step is to study their biological
activity.
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HOBbLIE MPUHLUNbI CO3AAHNA BOAOSMYJIbCMOHHBLIX MATEPUAJIOB
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B pe3synbTaTe TEOPETUYECKMX W SKCMEPUMEHTANbHBIX UCCNEA0BaHUIA BblNo YCTaHOBMEHO,
4yTO B NOOBLIX BOAOIMYNBCUOHHBIX AOPOXHBIX MaTepuanax (NoBepxHOCTHas obpaboTka, cnou
u3Hoca, 6UTYMOMMHEpasbHblE KOMMO3MLUMK, AOPOXKHAs pa3MeTka U Ap.) MoCie BbiAEP>XUBaHWS
obpasuoB npu Temnepatypax 40-50°C uyepe3z 12-14 CyTOK M3MeHeHMe Macchl
CTabunmsupyeTtcs, 4TO MOXET CBMAETENbCTBOBATb O MOMHOM MCMapeHun Bogbl. OpHako
nocnegyroulee BbiAepPXUBaHNE 3TUX 06pa3uoB npu 105°C nokasbiBaeT AOMOSHUTENbHYIO
noTepio BOAbl, TO €CTb B BOAO3MYNbCMOHHBIX  MaTepuanax OcCTaeTcs aacopOLUMOHHO-
CBSi3aHHas BOAAQ, KOTOpas He UcnapseTcs Npy 3KCMyaTauMoHHbIX TemnepaTypax. OctaTtouHas
Boga B o06pasuax BOAOIMYNbCMOHHLIX MaTepuanoB Takke QUKCMpoBanacb nNocine ux
BblAEPXUBaHUSA B TeyeHne 11 MecsueB B KOMHATHbIX YCNIOBUSX Ha Bo3ayxe. AACOPOLMOHHO-
CBsI3aHHas BOAa 3aMep3aeT npu TemnepaTypax, ropa3go Hwke 0°C. Mo3ToMy B pervoHax c
3UMHell  TeMmnepaTypoi nopsaka Ao MuHyc  5-10°C  agcop6bupoBaHHas Boga B
BOAOSMY/IbCUOHHLIX ~ MaTepuanax  MOXEeT He  3amep3aTb.  [unaTtomMeTpuyeckumu
nccnenoBaHMsaMKU 6bINo YCTaHOBNEHO 3aMep3aHune BOAbl B GUTYMOMMHEpPAsbHbIX KOMMO3MLMSX
npu TemnepaTypax nopsiaka or — 8°C go — 24°C B 3aBMCMMOCTU OT €€ CoAEepXXaHusl.
Be3ycnoBHO, 3aMep3aHve OCTaBleNCs BoAbl B OGWTYMHbIX MNNeHKax Mocnie YCTPOWCTBa
MOBEPXHOCTHOM 06paboTKM WAM CNOEB WM3HOCA Ha OGUTYMHbLIX 3MyNbCUSIX MPUBEAET K
OTCNaMBaHWMIO MX OT OCHOBaHWS, 4YTO 4acTo M HabnogaeTcs B MNpaKTUKE MNPUMEHEHUs
BOA03MY/IbCUOHHBLIX MaTepUanoB B KIMMaTUYeCKMX ycnoBusix Poccum.

YcTaHoBneHa BO3MOXHOCTb MPUrOTOB/IEHWUS 3MY/IbCMOHHO-MUHEPanbHbIX CMeceil ¢
3aflaHHON CKOPOCTbIO  pacnaja 6e3 npeaBapuUTENbHOrO YBMNAXHEHUSI MUHEPanbHOro
3anonHuTens. 3TO AOCTUraeTcs TeM, YTO 3MY/NbCUOHHO-MUHEpPasbHasi CMeCh, BK/OYaloLwas
MWHepanbHbIi 3anonHUTENb: WebeHb, NeCoK, MUHEPasbHbIN MOPOLLOK U BUTYMHYIO 3MyNbCUIO,
roTOBUTCS MPW Cneayloleli NocieAoBaTeNlbHOCT BBEAEHUS B CMeCUTENb KOMMOHEHTOB:
0T03MpOBaHHble LWebeHOUHbIE 1 MecyaHble dpakuum ¢ BnaxHocTblo W (% Macc.), paBHoM
3(50-B)/100, rpe 3- coaepxaHue GUTYMHOW aMynbcun B cMecu (% Macc.), B - copgepxaHue
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BoAbl B 6WTymMHOM 3Mynbcun (% Macc.), MojaloT B CMecuTenb, 3aTeM B npouecce
nepemelnBaHns A06aBnglOT OUTYMHYIO 3MyNbCMIO U MepeMewnsaloT B TedeHne 0,5 MuH,
Aanee BBOAST MUHepasibHbIN MOPOLIOK U NEPEMELIMBAIOT [0 NOJyYeHUst OAHOPOAHON CMEecU B
TeueHve A0 1,5 MuH. Takum 06pa3oM [AOCTUraeTcs BbiCOKasi OAHOPOAHOCTb CMecu Mpu
MeHbLUEN NPOAOMKUTENBHOCTY ee NepeMeLIBaHMSI.

Pa3paboTaHbl coCTaBbl GUTYMHBIX 3MyNbCU C 33f@HHOM  CKOPOCTbIO pacnaja,
Heobxoaumon ansi  obbeanHeHus C 3anoSIHATENAMU  KOHKPETHOMO MUHEpPasibHOro U
rpaHy/IOMETPUYECKOrO COCTaBa, W MNOPSAOK WX OObeAMHEeHWs C  3anonHWUTeneM, 4To
obecneunBaeT nosyyeHne BOAOSMYNIbCUMOHHBLIX KOMMO3MLMI C MOBbILIEHHLIMU MOKa3aTensimMmn
MPOYHOCTM, BOAO-, MOPO30- W  TPELMHOCTOMKOCTY, 3HAYUTENIBHO MPEBOCXOASLUMMU
HOpMaTUBHbIE NPeaesbl.

M3BECTHbI OTAENOYHbIE, KPOBE/bHbIE, U30MALUMOHHbIE BOAO3MY/IbCMOHHbIE MaTepuansbl
Ha OCHOBE pa3/INMYHbIX MOMMMEPHbIX CMON W natekcoB. Mx obbem coctaenser 15-20% B
Poccun n po 35% 3a pybexxom oT Bcero obbema OTAEN0YHbIX MaTepuanos, OCTafbHas A0Ns
KOTOPbIX MPOM3BOAUTCS Ha OCHOBE YrNeBOAOPOAHbIX —pacTBopuTeneit. puMeHeHue
BOAO3MY/IbCMOHHBIX MaTepuanoB MO3BONSIET WCK/IOYUTb  UCMONb30BAHNE TOKCUYHBIX U
MOXXapOoOMaCHbIX PacTBOPUTENEN, KOTOpble MOC/e UCMOb30BaHUS MaTepuana 6e3B03BpaTHO
ucnapstotcs B atMmoccdepy. OTAMUMTENbHOW OCOGEHHOCTBIO  pa3paboTaHHbIX  COCTaBOB
BOLOSMY/IbCMOHHbIX ~ AWcnepcuit  (MacTvk) sBAseTC TO, YTO BMEPBble B KayecTse
MOSIMMEPHBIX CMOJT UCMOSb3YIOTCS CMOSIbI, MPUMEHSIOWMECS B HacTOsLLEE BpeMs B COCTaBe
NaKOKPACOYHbIX MaTepuanoB B BWAE PacTBOPOB B YrNeBOAOPOAAX, @  3Myfbratopamu
ABNSAIOTCS MWHEpanbHble  MOPOLWKW. Pa3paboTaHbl COCTaBbl OTAENOYHbIX, KPOBESbHbIX W
U30MSLUMOHHBIX BOAO3MYJIbCMOHHBIX MACTUK, Ce6ecTOMMOCTb KOTOpbIX HWXe, a nokasaTenu
KayecTsa ¥ A0NrOBEYHOCTb BbLLE U3BECTHBIX.

NEW PRINCIPLES FOR CREATING WATER EMULSION MATERIALS

Pechenyi B., Aselderov B., Daironas M.
NCB BSTU after Shukhov, Mineralnye Vody, Russia

E-mail: bpavtor@yandex.ru

Theoretical and experimental research studies find that the mass change of any
wateremulsion road materials (surface treatment, wear layers, bitumenmineral compositions,
road marking, etc.) is stabilized after keeping the samples at temperatures of 40-50°C for
12-14 days; this may indicate complete evaporation of water. However, subsequent exposure
of these samples at 105°C shows an additional loss of water, that is, the emulsion materials
have adsorptionbound water, which does not evaporate at operating temperatures. After the
samples of wateremulsion materials were kept for 9-11 months in room conditions in air,
residual water was also found in them. Adsorption-bound water freezes at well below 0°C
temperatures. Therefore, in regions where winter temperatures are within the order of below
5-10 °C, adsorbed water in water- emulsion materials may not freeze. Dilatometric studies
show that water in bitumen-mineral compositions freezes at temperatures from - 8 °C to - 24
°C depending on its content. Of course, the freezing of the remaining water in bitumen films
after surface treatment or wear layers on bitumen emulsions will lead to their peeling from the
base, which is often observed in the practice of using emulsion materials in Russian climatic
conditions.

An important technological characteristic that determines the suitability of a bitumen
emulsion for use in a particular technology or material is its decay rate when mixed with a
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mineral aggregate. It was found that the decay rate of bitumen emulsions when combined
with real mineral fillers, which differ in both mineral and particle size distribution, does not
coincide with the decay rate of the emulsion, determined by standard methods.

The possibility of preparing emulsion-mineral mixtures with a given decay rate without
preliminary wetting of the mineral aggregate is established. To distribute bitumen emulsion on
the surface of the aggregate evenly, the emulsion-mineral mixture, including mineral
aggregate (crushed stone, sand, mineral powder) and bitumen emulsion should be prepared
by the following sequence of introducing components into the mixer. First, metered crushed
stone and sand fractions with humidity W (% wt.), equal to E (50-B) / 100, where E is the
content of the bitumen emulsion in the mixture (% mass.), B is the water content in the
bitumen emulsion (% mass.), are fed to the mixer. Then, during mixing, bitumen emulsion is
added and stirred to obtain a homogeneous mixture for 0.5 min. After adding of mineral
powder, the composition is stirred to obtain a homogeneous mixture for 1.5 min. In this way,
a high homogeneity of the mixture is achieved with a shorter mixing time. The compositions
of bitumen emulsions with a given decay rate necessary for combining with the aggregates of
a particular mineral and particle size distribution and the procedure for combining them with
aggregate have been developed. This ensures obtaining of homogeneous water-emulsion
compositions with increased strength and water, frost and crack resistance, significantly
exceeding regulatory limits.

Finishing, roofing, insulating water-based materials based on acrylic, polyurethane,
polyvinyl acetate, polyvinyl chloride, urea-formaldehyde resins, styrene-butadiene latexes, etc.
are known. Their volume is 15-20% in Russia and up to 35% abroad of all finishing materials,
the rest of which is based on hydrocarbon solvents. The use of such materials eliminates the
use of toxic and flammable solvents, which after using the material irrevocably evaporate into
the atmosphere. A distinctive feature of the developed compositions of water-emulsion
dispersions (mastics) is that for the first time resins are used as polymer resins, which are
currently used in paint and varnish materials in the form of solutions in hydrocarbons, and
mineral powders are emulsifiers. Developed emulsifiers and emulsification modes for the first
time allowed obtaining water-emulsion of these polymers. Compositions of finishing, roofing
and insulating mastics were developed on their basis. Mastics are environmentally friendly,
have lower cost and higher durability than known ones.
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MPEMMYLLECTBA U OCOBEHHOCTU UCNOJ1b30BAHUA PA3JINYHbIX METOAOB
WUCCNEQOBAHUA HA MPUMEPE HAHOYACTUL OKCUAOB XXEJIE3A

Fepsuy H.E.?, Crapumkos C.C.2, F'unnuyc A.A.'3, Jlio6ytnH N.C.%, Tkaues A.B.%,
Oemuxos E.N.!, Bacunbes AJ1.%°, A6akymos M.A.%7, Cemkuna A.C.%7
ldusnuecknit HcTuTyT M. MN.H. Jle6epesa, PAH, 119991, Mocksa, Poccus
2pHUL, «Kpuctannorpadms n dpotoHnka» PAH, 119333, Mocksa, Poccus
3MockoBckuii rocyaapcTBeHHbI yHMBepcuTeT uM. JIoMoHocoBa, duanyeckuin
¢dakynbret, 119992, MockBa, Poccus
‘HUL «KypuaToBckmii MHCTUTYT>», 123182, Mocksa, Poccus
SMockoBckuit hnanKo-TexHnueckmnit MHCTUTYT, MOTHU, 141701 MockoBcKkas
o6nacrtb, Poccus
SKaceapa meanuUMHCKNX HaHO6MoTexHonormii, PHUMY nm. Muporosa, Mocksa,
Poccus
"Na6opaTtopus «BnomeauumMHCcKkne HaHoMaTepuanbl», HUTY «MUCuC», Mocksa,
Poccus

E-mail: ngervits@gmail.com

MarHuTHble HaHOYacTWLbl Ha AaHHbI MOMEHT LUMPOKO MPUMEHSIIOTCA B Guonorum u
MeauumHe. OrpoMHOe KONMWYEeCTBO MCCIeA0BaHWiA MPOAEMOHCTPUPOBANO MX MepCcrnekTuBbl B
U3roToBfieHUM 06pasLoB, FeHOMHOM M GenKOBOM aHanm3e, TapreTMpOBaHHOW A0CTaBke
MpenapaToB, B KaYecTBe KOHTPACTHbIX areHToB Ans MPT 1 Ans MarHUTHOW runepTepmmmn [1-
3].

B Halwwelt paboTe 6binv U3roTOBMEHbI U TILATENbHO UCCNEeAOoBaHbl HAHOYaCTULbI OKMCAA
xenesa, pa3paboTaHHble A UCMOMb30BaHMs B KayecTBe HeratuBHoro MPT-koHTpacTa. Ans
uccnenoBaHus 6bii UCMONb30BaH WMPOKUI AUAnasoH METOAOB M BblI MPOAEMOHCTPUPOBAHbI
MACb U MUHYCbl TOFO WM MHOMO METOAA: MOPOLUKOBOW pPeHTreHoBcKkoW audpakumm (XRD),
npocBeuMBatoLleil  3NeKTpoHHOM  Mukpockonun  (TEM), PaMaHOBCKOM — CMeKTpocKonuu,
Mecc6ayapoBCKOW criekTpockonuu, IMP-cnekTpockonuu B HyneBoM none. Mo AaHHbIM TEM u
XRD yCTaHOBJIEHO, YTO HaHOYACTWLblI UMEIOT cchepuyeckyio GOpMy U cpeaHuii avameTp 5-8
HM C KybuuyeckoM CTPyKTypon Tuna wnuHenu (np. rp. Fd-3m). PaMaHoOBCKas,
Meccbayaposckasi 1 AMP-cnekTpockonus BbisBUAW npeobnagaHne dasbl MarremmTa p-Fe,0s.
C nomolubto MeccbayspoBCKoi CMEKTPOCKONUM YAaNock HabnoaaTe pasnuunsi B MarHUTHOM
NMoBEAEHUM MOKPbLITLIX W HEMOKPbITbIX Ye/TOBEYECKUM anbbyMMHOM HaHo4acTwL, Mpy pasHbiX
Temnepatypax (ot 10 go 300 K). AHanu3 SIMP-cnekTpoB no3sonun 0bHapyxuTb BKNaa saep
HaxoAsLMXCS B NOBEPXHOCTHOM C/I0€ HaHOYacTuL,.
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ADVANTAGES AND FEATURES OF USING VARIOUS METHODS OF RESEARCH ON
THE EXAMPLE OF IRON OXIDE NANOPARTICLES
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Magnetic nanoparticles are currently widely used in biology and medicine. A huge
number of studies have demonstrated their prospects in the magnetic separation, genomic
and protein analysis, targeted drug delivery, as contrast agents for MRI and for magnetic
hyperthermia [1-3].

In our work, iron oxide nanoparticles designed for use as negative MRI contrast were
manufactured and thoroughly studied. For the study, a wide range of methods was used and
the pros and cons of one method or another were demonstrated: powder x-ray diffraction,
transmission electron microscopy, Raman spectroscopy, Mossbauer spectroscopy, zero-field
NMR spectroscopy.

X-ray and microscopy revealed the spherical shape of the nanoparticles and their average
diameter of 5-8 nm with a cubic spinel type structure (space group Fd-3m). Raman,
Mossbauer and NMR spectroscopy revealed the predominance of the maghemite phase -
Fe,0;. Mossbauer spectroscopy made it possible to observe differences in the magnetic
behavior of coated and uncoated by human serum albumin (HSA) nanoparticles at different
temperatures (from 10 to 300 K). Analysis of the NMR spectra revealed the contribution of the
nuclei located in the surface layer of nanoparticles.
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HOBASl BAOMULLEHb N MOTEHUWAJIbHASI BAKUWMHA A1 JIEHEHUSA
AYTOMMMYHHbIX 3ABOJIEBAHUA

MeHbwinkoB U.B., Begynesa J1.B., Cupgopos A.10., TepeHTbesB A.C.
Yamyprckuii heaepanbHbiii UCCNeAoBaTesIbCKUIA LIEHTP YpanbCKOro oTaeneHus
Poccuiickoi akageMumn Hayk, MhxeBck, Poccus
E-mail: mivi40560@yandex.ru

B HacTtoswee BpeMsi uaeHTUdMUMPOBaHO Okoio 100 pasnMyHbIX ayTOMMMYHHbIX
3aboneBaHuii, UMU cTpagaeT 15% Hacenenus. CyLLEecTBYIOLIME NEKAPCTBEHHbIE MperapaTbl
He no3sonstloT u3bexaTb nporpecca ayTOMMMyHHOro 3abonesaHusi, WHBaNMAM3aUWK,
[ONTOCPOYHbIX NMO6oYHBIX 3hdekToB. Halueit nccnenoBaTenbckoi rpynnoi 6bin o6HapyxeH
HOBbIi  (DAKTOp PpErynsuMu  ayTOpPeakTUBHOCTYM, MpOAYKUMSl KOTOPOro npeAoTBpallaeT
pasBWTME W  BbI3bIBAET  PEMUCCUMIO  IKCMEPUMEHTAsIbHO-BbI3BAHHBIX  @yTOMMMYHHbIX
3aboneBaHuii. Ha ocHOBE [aHHbIX O CMEUMPUYHOCTM M NpUHUMNE MeToAa onpeaeneHus
HoBOro bakTopa perynsiumMm ayTopeakTUBHOCTM, OH Obln OTHECeH K aHTuTenaMm noaobHbIM
peBMaTonaHoMy aktopy. YTobbl OTAMYaTb OT KIACCMYECKOro peBMaToMAHOro akropa,
HOBbIV (DAKTOP Perynsiumu, CAEPXXMBAIOLWMIA Pa3BUTUE ayTOMMMYHHbIX 3ab6oneBaHwii, nonyunn
Ha3BaHWe pErynsiTopHblii peBMaTouaHbit daktop (PerPd). PerP® npeactaBnsier coboit
NONyNSLUMI0 @aHTUMANOTUMNYECKUX aHTUTEN CNeUMMUYHBIX K aHTUFEHCBA3bIBAIOWMM yYacTKam
AHTUreHpacrno3HawLWmMX  peLenTopoB  MMEOUMTOB, B TOM YUCNe ayTOPeaKTUBHbIX.
Oco6eHHOCTbIO, OTMYatoLell perP® oT Apyrux aHTUMAMOTUMUYECKUX aHTUTEN, SIBNSETCs
Hanuume obwero napatona. Mbl nOKasanu, 4TO 3MUTOMbI, pacro3HaBaeMble 06LWMM
napaTonoMm, MoryT 6blTb UCKyCCTBEHHO cdopMmpoBaHbl Ha Fc dparmeHTax IgG Kak yenoseka,
Tak W Kpbicbl. Hanuume oblero napatona y pasHblx MO crneunduyHoCTM Monekyn perP®
noseonser ¢ nomowpto Fc dparmeHToB IgG, Hecywmx anuTonbl, pacrio3HaBaemble perPo,
Bbl3blBaTb MONMKIOHAMBbHYIO NPOAYKUMIO perP®, 1 oxunaaTb NoAaBleHWUs LUMPOKOro CrekTpa
ayTOpeaKTUBHbIX JIMMGOLMTOB C MOMOLLBIO OAHOrO AeWCTBYHOLero BellecTBa. B HacTosee
BpeMsi 3(dEKTUBHOCTb UMMyHM3aumm Fc  dparmeHtamm IgG. HecywuMu Heo3nmonbl
pacno3HaBaeMble perP®, nokasaHa B MoAenu KonnareH-MHAyLUMPOBAHHOIrO apTpuTa KpbiC.
VIMMyHV3aumsa Takumm Fc dparmMeHTamu pesyumpyeT apTpuT He MeHee 3(hdeKTUBHO, YeM
MeToTpekcaT. Takum 06pa3oM, HaMu HalifeHa HOBasi TepaneBTMYeckasi OUOMMLLIEHb -
NMMOUMTLI,  NPOAYLMPYIOLIME  PEryNISITOPHbIA  peBMAToMAHbIA - (hakTop, W CPeacTBO
BO3AENCTBUSA Ha Hee — Fc dparMeHTbl IgG, Hecylwme Heo3NUTOMbI, pacrno3HaBaeMble perPd.
Ha ocHoBe Fc dparmMeHToB IgG CTUMynuMpyowmx npoaykumio perP®, mMoxeT 6biTb co3aaHa
BaKLUMHA ANS JIEYEHUS LLIMPOKOrO CNEKTPa ayTOMMMYHHbIX 3a6011eBaHui.

A NOVEL BIOTARGET AND PROMISING VACCINE FOR TREATMENT OF
AUTOIMMUNE DISEASES

Menshikov I., Beduleva L., Sidorov A., Terentiev A.
Udmurt Federal Research Center UB RAS, Izhevsk, Russia

E-mail: mivi40560@yandex.ru

Autoimmune diseases affect approximately 15% of the world population. Current
treatment strategies are not able to achieve complete remission in autoimmune diseases.
Several years ago we have identified a new factor of autoimmunity regulation. The production
of this factor prevents the induction of collagen-induced arthritis, experimental autoimmune
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encephalomyelitis and experimental atherosclerosis in rats. An increase in the level of this
factor in arthritic and encephalitic rats is associated with the remission of these diseases.
Given the data of specificity and the principle of the method for identifying a new regulatory
factor, this factor was determined to be an antibody similar to rheumatoid factor. To
distinguish it from the classic rheumatoid factor associated with rheumatoid arthritis
worsening, the new regulatory factor that prevents and reduces autoimmune diseases was
named regulatory rheumatoid factor (regRF). We revealed that the mechanism of regRF
action consists of constraining the expansion of activated CD4+ lymphocytes which regulatory
rheumatoid factor kills via complement-dependent lysis.

We determined that regRF is a population of anti-idiotypic antibodies specific to antigen-
binding regions of the antigen-recognizing receptors of autoreactive lymphocytes. The feature
that distinguishes regRF from other anti-idiotypic antibodies is the presence of a shared
paratope. The shared paratope is the same across regRF molecules. We have shown that the
epitopes recognized by the shared paratope of regRF can be formed artificially on Fc
fragments of IgG. Single immunization of arthritic rats with rat Fc fragment conformers that
expose epitopes recognized by shared paratope of regRF effectively reduces collagen-induced
arthritis. The presence of a shared paratope in regRF molecules with different specificities led
us to expect that, using Fc fragments of IgG that expose epitopes recognized by regRF we
could elicit polyclonal production of regRF and thereby suppress the activity of a wide range of
autoreactive lymphocytes. Therefore, regRF-producing lymphocytes are a universal biotarget
that can be stimulated to suppress autoimmune response of varying specificity. IgG Fc
fragments that expose neoepitopes recognized by regRF are an active substance that acts on
this biotarget and can be viewed as the basis for a therapeutic vaccine for treatment of
autoimmune diseases.

HEMHBA3UBHBIE HEMPOMOAOBHbLIE 3/IEKTPOXMMUYECKAS U ONMTUYECKAS
ANATHOCTUYECKUE CUCTEMbI MEAUKO- BUOJIOTMYECKOIO HASHAYEHMUA

3aiiyesa A.1H0.!, Kucnsikosa J1.M.:, Asarowenko C.A.2, Kuchsikos 10.4.!
ldepnepanbHoe rocyaapcrBeHHoe 6lompKeTHOE yupexxaeHne Hayku MHCTUTyT
aHanuTuueckoro npubopocrpoeHus Poccuiickoii akageMumn Hayk, CaHKT-
Metepbypr, Poccus
20rsBOY BO BoeHHo-MeanumuHcKkas Akagemusi umenn C.M. Knposa MO P®, CaHkT-
Metepbypr, Poccus
E-mail: anna@da-24.ru

Pa3paboTaHbl 06yyaeMble 3MIEKTPOXMMUYECKAs M ONTUYECKasi AUarHOCTUYECKME CUCTEMBbI
KOHTPONS (hyHKLMOHANBHOMO COCTOSIHUSI UCMBITYEMBIX C MCMONb30BaHWEM MOJIMCENEKTUBHBIX
CEHCOpOB, obnagatoLmx nepekpecTHo YYBCTBUTENBHOCTbIO K OCHOBHbIM
3NEKTPOXUMUYECKUM (MOHHBIN COCTaB KOHAEHCaTa BbIAbIXaEMOrO BO3AyXa) M OMTUYECKUM
(cbopMbl remMornobrHa KpoBW) MokasaTensM. Kaxzas M3 CUCTEM COCTOMT U3 4-X Moaynei:
Npo6oMoAroTOBKM, CEHCOPHOro, WM3MEPUTENIBHOTO U MH(OPMALMOHHOMO, OCYLLECTBASIOLLETO
OLEHKY pe3ynbTaToB WM3MEpeHWi C MPUMEHEHWEM MaTeMaTM4YeCKUX MEeTOAoB 06paboTku
MHOroMepHol MHbopMaLmm 1 pacrosHaBaHus 06pa3oB..

Moaynb Npo6onoAroTOBKM  3NEKTPOXMMUYECKON CUCTeMbl obecneunBaeT oT60p Npobbl
KOHfEeHCaTa W COCTOMT M3 5  MonvcenekTMBHbIX MOTEHLMOMETPUYECKUX SNEKTPOAOB C
BbICOKOM YyBCTBUTENBHOCTbIO K 0aHOMY M3 MoHOB Na*, K*, Cl-, NOs- u pH 1 MeHbLueit
NepeKpecTHOW YyBCTBUTENBHOCTBIO K OCTanbHbIM. OH dopmupyeT «obpas» uccneayemoit
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cpegbl B BMAE KOMMO3WLMM  3MEKTPOAHLIX MOTEHUManoB. WHbOpPMaLMOHHBIA - Moaynb
peanusyeT (yHKUMM MEepBOHaYanbHOro obyyeHWUst CUCTEMbI ANst co3aaHus 6asbl JaHHbIX U
nocneayoLwero pacrno3HaBaHUsl MHOMOMEPHbIX «06pas3oB». WHTerpanbHbli  pesynbTaTt
cTaTucTuyeckm obpabaTbiBaeTcsi, oTobpaxaeTcs rpaduyecku. Ha OCHOBaHMM 3TWX [aHHbIX
[enaeTcsl 3aK/loyeHVe O (PYHKUMOHANbHOM COCTOSIHAM  UCTbITyeMoro. [nsi oTpaboTku
METOAMKN SKCMEPUMEHTANIbHOrO UCCNENOBaHUS BIMSIHUS (DU3NYECKON Harpy3ku Ha «obpas»
UCMbITYeMOro 6biiM BbINMOMHEHb!  UCCNEAOBaHWSI MOHHOMO COCTaBa KOHZEHCATa BbiAbIXaeMOro
BO34yXa Y BOEHHOCHYXalMx Npu GU3MYECKUX Harpyskax Ao U nocse npebbiBaHus B
6apokamepe.

Takxe npoBeaeHb! TeXHUYeckue " ¢usvonormyeckue “ccnenoBaHus
NONVCENEKTUBHBIMIA ONTUYECKMMM AaTYMKaMW KUCTIOPOAHOMO 06EeCNEYEHNS UCTIbITYEMBIX.
Moaynb npo6onoAroTOBKM — ONMTUYECKOW CUCTeMbl obecrednBaeT TEpPMOCTaTUpPOBaHWe
uccnesyemolt  cpedbl. Ee  CEHCOpHbI  MOAynb, YCTaHaBNMBaeMblii Ha  MOBEPXHOCTU
uccneayeMoro obbekTa, NpeacTaBnsieT cob60M MHTerpasnbHbli LWeCTUKaHabHbIA aHanmu3aTop
OMTUYECKUX CMEKTPOB FeMOrfobrHa C MEpPEKPECTHbIMU AMana3oHaMy YyBCTBUTENBHOCTU W
MaKCUManbHbIMU  3HQYEHWSIMA [/ KaXZAOrO M3 LUEeCTM CEHCOpPOB. MUKPOMPOLECCOPHbIi
U3MepUTENbHBIA MOAY/b PETUCTPUPYET OMTMYECKME CMeKTpbl.  VIHPOPMauMOHHBIM MoayNb
opMupyeT Bu3yanbHbIM 06pa3 uccnesyemoii cpefbl U oTobpaxaeT ero. Ha ocHoBaHUM 3Tux
[@HHbIX [eNaeTcs 3aKloyeHne 0 GYHKUMOHANBHOM COCTOSIHUM UCMbITYeMoro. [oyyYeHHble B
NPOBEAEHHbIX WCCNEeAoBaHWUsX pe3y/bTaTbl MO3BOMMAM BbISIBUTb OCOBEHHOCTU W3MEHEHUs
cofiep>xaHusl KUCTIOPOAA B TKaHSIX NMpeannieybs Mpu Harpyskax, KoTopble CBUAETENbCTBYIOT 06
3cbHEKTUBHOCTU UCMOSB3YEMOrO MPUHLMMNE HEMHBA3VBHON AMArHOCTUKM MOSIUCENEKTUBHBIMU
OMNTUYECKUMM iaTUMKaMU KUCIIOPOAHOTO 0BEeCNeUEHNs! UCMLITYEMBIX B MOKOE U NMpY UMUTaLMK
HapyLUEHUs NOKaNbHOrO KPOBOTOKA MyTEM MEepeXaTusl TKaHW B wWcciedyeMon obnactu
OpraHu3Ma UCrnbITyeMOoro.

NON-INVASIVE NEURAL SIMILAR ELECTROCHEMICAL AND OPTICAL DIAGNOSTIC
SYSTEMS FOR MEDICAL AND BIOLOGICAL PURPOSE

Zaitseva A.}, Kislyakova L.!, Avdyushenko S.?, Kislyakov Yu.!
! Institute for Analytical Instrumentation, Russian Academy of Sciences
2 .M. Kirov Military Medical Academy
E-mail: anna@da-24.ru

Trainees have developed electrochemical and optical diagnostic systems for monitoring
the functional state of subjects using multiselective sensors that have cross sensitivity to the
main electrochemical (ionic composition of the exhaled air condensate) and optical (forms of
hemoglobin blood) indicators. Each of the systems consists of 4 modules: sample preparation,
sensory, measuring and information, evaluating the measurement results using mathematical
methods for processing multidimensional information and pattern recognition.

The sample preparation module of the electrochemical system provides condensate sampling
and consists of 5 polyselective potentiometric electrodes with high sensitivity to one of the
Na*, K*, Cl-, NOs- and pH ions and less cross sensitivity to the rest. It forms an “image” of the
studied medium in the form of a composition of electrode potentials. The information module
implements the functions of the initial training of the system to create a database and
subsequent recognition of multidimensional “images”. The integral result is statistically
processed and displayed graphically. Based on these data, a conclusion is made about the
functional state of the subject. To test the experimental study of the effect of physical activity
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on the “image” of the subject, studies were carried out on the ionic composition of the
condensate of exhaled air in military personnel during physical exertion before and after being
in the pressure chamber.

Technical and physiological studies were also conducted with multiselective optical
sensors for oxygen supply of the subjects.

The sample preparation module of the optical system provides thermostating of the
medium under study. Its sensor module, mounted on the surface of the studied object, is an
integrated six-channel analyzer of the optical hemoglobin spectra with cross sensitivity ranges
and maximum values for each of the six sensors. A microprocessor measuring module records
optical spectra. The information module forms a visual image of the investigated environment
and displays it. Based on these data, a conclusion is made about the functional state of the
subject. The results obtained in the studies allowed us to identify the features of changes in
the oxygen content in the tissues of the forearm under loads, which testify to the
effectiveness of the principle of non-invasive diagnosis of multiselective optical sensors to
provide oxygen to the subjects at rest and to simulate a violation of local blood flow by
squeezing tissue in the studied area of the subject's body.

MEPAPXNYECKUE HAHO30J10TbIE METKW )11 NOBbILLEHUA
YYBCTBUTEJ/IbHOCTU FrPAAUEHTHOIO JIATEPAJZIbHOIO MPOTO4YHOIO
WMMYHOAHAJIU3A MPOKAJIbBLUIUTOHNHA

Ocunos A.N., Cepe6peHHnkosa K.B.2, CamcoHoBa )K.B.?, Ky3neuos [1.B.*
'HaumoHanbHbIi UcCIeoBaTeNIbCKUIE TEXHONOrMUYECckuii yuusepeuteT "MUCKC,
MockBa, Poccus
2MoCKOBCKMI1 roCcyAapCTBEHHbII yHuBepcuteT nmenn M.B.JlomoHocoBa, Mocksa,
Poccus

E-mail: APOsipov@mail.ru

B nocnegHne rogbl 6onbluoe BHMMaHWe yaenseTcs pa3pabotke ObICTpbIX, AeleBbiX U
MPOCTbIX METOAOB aHanu3a pas/iMuHbiX OMONOrMyecKM akTUBHbIX BewecTs. OAHUM K3
Haubonee pacrnpoCcTpaHeHHbIX 3KCMPecc-MEeTOAOB aHanuM3a B MeAUMLUMHCKOW AMarHoCTuke
SIBNSETCS NnaTepanbHbIii MPOTOYHBIN MMMyHOaHanu3 (JINMWA). MeToa OCHOBaH Ha CredyioleM
npuHUMne: obpasel, XMAKOCTW, COAepXaluui OonpeaensieMoe BELLeCTBO, ABWXETCS Noa
LECTBMEM KamnWNSpHbIX CU BAOMb MOPUCTOM MeMBEpaHHOM TMOSIOCKK, CcoAepXKalleil B
OTAENbHbIX 30HaX crieunduueckne KOMMOHEHTbI. Pe3ynbTaT aHanu3a MnposiBNseTcs B BUAE
OKPALLUEHHbIX NIMHWI B TECTOBOW 30HE MOSIOCKWM, MPU 3TOM MHTEHCUMBHOCTb OKpalUMBaHMUS
nponopuMoHasibHa COAepXaHWIo aHanM3upyeMoro BellecTBa. Hanbonee pacnpocTpaHeHHow
BU3yanbHON METKOM, OTBETCTBEHHOMN 3a popMupoBaHMe o6bHapyxuBaeMoro curHana B JIMUA,
ABNSAIOTCH  HaHOYacTMUbl KonnouaHoro 3onota. HecmoTps Ha npeumywlectsa  JIMUA,
HeKoTopble M3 BbICTPbIX TECTOB BCE €Lle UMEIOT HEeAOCTAaTOUHYIO YyBCTBUTENbHOCTb. OanH 13
NMoAXOAOB AJ1S €€ MOBbILLEHWS - UCNOb30BaHWE HOBbIX TUMOB METOK C JIErkO perncTpupyembim
CUrHAsNoM.

B HacTosiwweit paboTe Ha npuMepe aHanMsa npokanbumMToHuHa (MKT) — cneunduyeckoro
Mapkepa 6GakTepuanbHoW WMHMEKUMM W cencuca, B KayeCTBE METOK aHTUTen Hapsgy C
06bIYHBIMKM  CchepryeckuMn  BbinM NOMyYeHbl,  OXapaKTepu3oBaHbl W UCMOMb30BaHbI
HaHo4acTULbl 30/10Ta C HOBLIMX (hOPMaMU, TakKMMM Kak HaHO-MOMKOPH, HaHO3BE3Abl, @ TaKxke
arnomepatbl HaHovactuu. JINMWA ¢ ncnonb3oBaHMEM B KAyecTBe METKM HAHO4acTuL, 30/10Ta B
¢dopmMe nonkopHa no3soss ornpeaensTs MKT B CbIBOPOTKE KPOBU B JIMHENHOM AnanasoHe 0,5-
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10 Hr/mMn c npepenom obHapyxeHust 0,1 Hr/mMA, 4TO B NATb pa3 fy4lle YyBCTBUTENLHOCTU
aHanusa ¢ HaHocchepamu 3on0Ta. [ipyrovi NOAXOA ANS YNyyleHus YyBCTBUTENbHOCTY aHanusa
KT - ncnonb3oBaHWe arfoMepaToB HaHOYacTUL, 3010Ta, 06Pa30BaHHbLIX MyTEM CBA3blBaHUS
MEYEHHbIX HaHo4yacTUuaMn 3051078 OMOTUHWAMPOBAHHBIX aHTUTEN CO CTPenTaBUAVMHOM.
MpeanoxeHHble BapuaHTbl JINMWA Ha noOpsAoOK MOBLIWAKT YyBCTBMTENbHOCTL MeToAa 6e3
MpOBEAEHUs1 AOMOMHUTENbHBIX CTaAuM aHann3a U yBENWYeHWs pacxofa Creumpuueckux
aHTuTen. Cdepuueckne HaHoyacTuubl 30510Ta (35 HM) M HaHo4yacTMubl B opMe MOMKopHa
(100 HM) mcnonb30BanUCb B COMETaHUM C pa3paboTaHHbIM MHOMOAMAMNA30HHbIM FPAANEHTHBLIM
JIMNA. MeToa ocHOBaH Ha onpefeneHny pasfiyHbIX AMana3oHOB KOHLIEHTpaUMK aHanuTa 3a
cyeT MMMOBMIM3aLMM  CreundPUUecKUX aHTUTen Ha  TecT-Monocke C  MOCTOSIHHbIM
(rpapMeHTHBIM) yBENIMYEHWEM WX KOHLEHTpaUMW OT JIMHWWM K NMHWKW. Pe3ynbTaT aHanusa
OLEHUBAIOT BW3yaNbHO MyTeM MOACYETA KONMMYECTBA OKpPALUEHHbIX TECTOBbIX JIMHWUMA,
COOTBETCTBYIOLLMX OMNpefeneHHOMY AMana3oHy KOHLUEHTpaUmii Mapkepa cencuca: [MkT]<0,25;
0,25<[MNkT]<0,5; 0,5<[MkT]<2; 2<[MkT]<10; [MNkT]=10 Hr/Mn. CpaBHenve JIMWA co
CTaHAapTHbIM ~ UMMyHOEpPMeHTHbIM  aHanu3om ELISA (ans n = 82) nokasano
YyBCTBUTENBHOCTb 87,5% 1 76,6%, a cneundunyHoctb 92,3% un 92,3, COOTBETCTBEHHO. TakuM
06pa3oM, MHOroAManasoHHbIM rpaaueHTHbIi  JIMWA  faeT  xopolve pesynbTaTbl  Mpu
MOPOroBbIX 3HaueHusix MKT B CbIBOPOTKE KPOBM, YTO BaXKHO A1 paHHEN AMarHOCTUKM cencuca
n Tskenon 6akTepuanbHOW MHGeKUMW. MpeanoXeHHbIn MeToh WMMeeT LUMPOKYlo 061acTb
NpUMEHeHNs 1 MOXeT OblTb peann3oBaH BO MHOMMX APYrMX TECTOBbIX CUCTEMAX Ha OCHOBE
JINWA.

HIERARCHICAL NANOGOLD LABELS FOR IMPROVING THE SENSITIVITY OF
GRADIENT LATERAL FLOW IMMUNOASSAY FOR PROCALCITONIN

Osipov A.!, Serebrennikova K.2, Samsonova J.%, Kuznetsov D.!
!National University of Science and Technology "MISiS", Moscow, Russia
2M.V.Lomonosov Moscow State University, Moscow, Russia

E-mail: APOsipov@mail.ru

In recent years, due to the growing interest in the rapid detection of various biologically
active substances, there is a need to develop quick, cheap and simple methods of analysis.
One of the most common express methods of analysis in medical diagnostic is a lateral flow
immunoassay (LFIA). The method is based on the following principle: a liquid sample that
contains the analyte moves under the action of capillary forces through different zones of
porous membrane strip impregnated with specific components. The result of the analysis is
manifested in the form of colored lines in the test zone of the strip and the intensity of the
staining is proportional to the content of the analyte. The most common visual label
responsible for the formation of a detectable signal in an LFIA is colloidal gold. Short time of
analysis, long-term stability of test strips, ease of use and the relative cheapness have
resulted in the expansion of LFIA application to different fields in which rapid tests are
required. In spite of LFIA advantages, some of the rapid tests are still not sufficiently sensitive
and quantitatively accurate. To improve LFIA detection sensitivity a few approaches are used.
Among them are development of new labels with an easily detectable signal and using
suitable readout techniques.

In this study spherical nanogold labels along with new types of nanogold labels, such as
gold nano-popcorns, gold nanostars and gold agglomerates were prepared, characterized and
applied for LFIA on the example of bacterial infection and sepsis marker, procalcitonin (PCT).
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LFIA with use of gold nano-popcorns as a label detected PCT linearly over the range of 0.5-10
ng/mL with the limit of detection at 0.1 ng/mL that was five times better the sensitivity of
assay with gold nanospheres. Another approach to improve the sensitivity of PCT assay was
the use of biotin-avidin system based agglomerates of gold nanoparticles. The complex
conjugate is an agglomerate of gold nanoparticles formed by binding biotinylated antibodies
labeled with gold nanoparticles to streptavidin. The amplification of the analytical signal is due
to the accumulation of the agglomerates of gold nanoparticles in the test zone of the strip. In
this cases, the sensitivity of PCT determination was 10 times better the sensitivity of
conventional scheme with gold nanospheres as a label. The proposed approaches of LFIA
allows improving the sensitivity of method without additional steps and increased consumption
of specific reagents (antibodies). A new rapid semi-quantitative gradient LFIA of PCT was
developed. The method is based on particular analyte cut-offs by immobilizing specific
antibodies on the test strip with a consistent (gradient) increase in concentration from line to
line. Semi-quantitative multi-range analysis is evaluated visually by counting the number of
colored test lines corresponding to a certain concentration range of sepsis marker:
[PCT]<0.25; 0.25 < [PCT] < 0.5; 0.5 <[PCT]<2; 2<[PCT]<10; [PCT]= 10 ng'mL-1. Large
hierarchical GNPNs were used in combination with the PCT multi-range gradient LFIA. This
multi-range gradient LFIA was implemented by using two types of label: spherical gold
nanoparticles (35 nm) and hierarchical popcorn-like gold nanoparticles (100 nm). The
comparison of this LFIA with an ELISA (for n =82) yielded 87.5% and 76.6% sensitivities,
and 92.3% and 92.3% specificities, respectively. Thus, multi-range gradient LFIA performs
well at PCT thresholds, which is important for early diagnosis of sepsis and severe bacterial
infection. In our perception, this method has a wide scope in that it may be implemented in
numerous other LFIA based test systems.

PA3PABOTKA ALMAO®WJIbHOIO NPOAYKTA C UMMYHOKOMIMJIEKCOM ANA
HACEJIEHNA CEBEPA

AxpemeHko f1.A., TapacoBa J1.A.
®rAOY BO «CeBepo-BocTouHbli heaepanbHblii yHuBepcuteT MM. M.K. AMMocoBa»,
r. sikytck, Poccus

E-mail: yanalex2007@yandex.ru

Hamm  paspabotaH aumpaodunbHbIM  NPOBUMOTMYECKUIA  MPOAYKT C  NMPUPOAHBLIM
VMMMYHOKOMM/EKCOM Af1i  BOCCTAHOB/IEHWUSl, COXPaHEHWs W NPOMUIAKTUKU  HapyLueHui
MUKPOIOPbI TONCTOrO KULLEYHMKA U MPOTUBOMHMEKLMOHHON PE3UCTEHTHOCTM OpraHu3Ma.

B kauecTBe 3akBacku 6bin mpeanoxeH L. acidophilus T.K. HalMMK UccnenoBaHUSMU
6blI0  MOKa3aHO HanMuMe 3HaAuUUTENbHOrO AeduuuTa NakTobakTepun B KULIEYHUKE Y
HaceneHus Cesepa (B cpeaHeM 107 - 10° KOE/r npoTve HopManbHoro copepxanus 107 — 108
KOE/r paxe B rpynne npakTWYecku 340pOBbIX JtoAen). B KauyecTBe MMMyHOKOMMeKca
MCNOMb30BaH 3KCTPaKT NaHTOB CEBEPHOIO OJIEHsl B CaxapHOM cupone («3MCopuH»).

Mpebuotnyecknii achcekT dncopuHa 6bin foKasaH HaMM B YCI0BUSIX in vitro 1 in vivo.
Mpu 3TOM MOKas3aHO, YTO aKTMBHas (ppakuMsi SKCTpakTa M3BMpaTenbHO CTUMYNMPYeT pocT
naktobakTepuii. [lokasaHoO ¥ oONTUMM3MpYylOllee AeUCTBUE «OMCOPUHA» Ha MECTHbIN
CEKPETOPHbIA UMMYHUTET.

Takum  o6pa3oM, paspaboTaHHbIM  auMAOMWNbHBIMN  MPOAYKT C  NPUPOAHLIM
MMMYHOKOMIIEKCOM obnapaer coyeTaHneM BbICOKOrO npob1oTMyecKoro n
UMMyHoMoaynupytoLlero acddekTos. MNpy 3TOM, OAHOBPEMEHHOE NPUCYTCTBUE NakTobakTepuii
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M MMMYHOKOMM/IEKCA B MPOAYKTE OKa3blBAET MOMIOXKWUTENBHOE B/IMSIHUE KaK Ha COCTOsHME
KMLLIEYHON MUKPOGSIOPbI, TaK U HA (YHKLMN UMMYHHO CUCTEMBI.

DEVELOPMENT OF ACIDOPHILUS PRODUCT WITH IMMUNOCOMPLEX FOR
POPULATION OF THE NORTH

Akhremenko Ya., Tarasova L.
Federal State Autonomous Educational Institution of Higher Education "M. K.
Ammosov North-Eastern Federal University", Yakutsk, Russia

E-mail: yanalex2007@yandex.ru

We have developed an acidophilic probiotic product with natural immunocomplex for the
restoration, preservation and prevention of violations of the intestinal microflora and anti-
infectious resistance of the organism.

As ferment we have proposed L. Acidophilus because our studies showed the presence
of significant deficiency of Lactobacillus in intestines of population of the North (on average
10* - 10° CFU/g versus normal maintenance of 107 — 108 CFU/g even in the group of practically
healthy people). The extract of reindeer antlers in sugar syrup (“Epsorin”) was used as an
immunocomplex.

We have proved the prebiotic effect of “Epsorin” in vitro and in vivo. It is shown that the
active fraction of the extract selectively stimulates growth of lactobacilli. It also shows the
optimizing effect of “Epsorin” on local secretory immunity.

Thus, developed acidophilic product with natural immunocomplex has a combination of
high probiotic and immunomodulatory effects. At the same time, the simultaneous presence
of lactobacilli and immunocomplex in the product has a positive effect on both the state of
intestinal microflora and the function of the immune system.

VI3Y‘-IEHVIEVAHTVIMVIKPOBH0VI AKTUBHOCTU 3KCTPAKTOB KYCTUCTbIX
JIMLLAMHUKOB, MPON3PACTAIOLLNX B LLEHTPAJZIbHOMU SAKYTUN

Tapacosa J1.A., AxpeMmeHko S1.A.
®rAOY BO «CeBepo-BocrouHblii heaepanbHblii yHuBepcuTeT M. M.K. AMMocoBa>»,
Knunuka MU CBOY, r. Sikytck, Poccus

E-mail: yanalex2007@yandex.ru

LLIpokoe pacnpocTpaHeHUe NeKapCTBEHHOW YCTOWYMBOCTM CPeau MMKPOOPraHW3MOB
06yCnaBnMBaeT aKTyaslbHOCTb MOMCKa HOBbLIX HECTaHAAPTHbIX WCTOYHUKOB aHTUGMOTMKOB.
Ocobblii UHTEpPEeC MPEACTaBsIET M3yYeHUEe JMILAMHMKOB, B Ta/sIoMax KOTOPbIX COAEPXaTcs
NALWANHMKOBbIE KWUC/OTbI, MHOMME M3 KOTOPbIX 0611afaloT aHTUMUKPOGHBIMKM CBOWCTBAMM.
CoaepxxaHue NUWANHUKOBBIX KUC/IOT 3aBUCUT OT BuAa NWLIARHKKA.

OnpepeneHue aHTUMUKPOGHOM aKTMBHOCTM 3TAHOJMbHBIX 3KCTPAKTOB 3MUreiHbIX |
3NMUMUTHBIX KYCTUCTLIX NIULLANHUKOB ceMeWcTB Cladoniaceae v Parmeliaceae npoBoavny Ha
STaNOHHbIX LITaMMax MWKPOOPraHW3MOB METOAOM ABYXKPaTHbIX CEpWiiHbIX pa3BefeHuin B
XKMAKOW NuUTaTenbHol cpeae B 2 — 32 pas.
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B KkauecTBe «OTpULATENbHOr0» KOHTPOJS MCMONMb30BanM BapWaHT C MUTaTeNbHOM
Ccpefiol U COOTBETCTBYIOWEN TECT-KYNbTYpoOil, HE CoAepXaluMii 3KCTPaKT SMLWWANHUKA.
MapannensHo onpeaensnacb akTMBHOCTb 96% 3TUNIOBOrO CNnpTa B OTHOLLUEHWW TEX XKe TecT-
KY/bTYp C UCMO/b30BAHWEM aHaNorM4YHON METOAMKM.

BakTepuumMaHbI 3P dEKT BCEX IKCTPAKTOB B OTHOLLEHUWU IPaMMONOXUTENbHBIX GakTepuin
JocTurancs npu ucnonb3oBaHuM B 6onee HM3KUX KoHueHTpaumsax (MIMK 0,1-0,5 mr/mn). B
OTHOLWIEHWM  FpaMOTpULATENbHbIX  GakTepuit  aHTUMUKPOGHLIM 3 eKT  NMPUMEHEHHBIX
SKCTPAKTOB bbl1 MeHee BbIpaXKeH M NPOSBASICA B KOHLEHTpauusx 6onee BbICOKMX, YeM Ans
rpamnonoxuTensHblx (MMNK 0,3-1,0 Mr/mn). 3To AaeT OCHOBaHWUS MNPeAnonoXuTb, YTO
3KCTPaKTbl NWLWIAMHUMKOB COAEpXaT NPUPOAHbIE aHTUMUKPOOHbIE BelecTBa, obnagarowme
n361paTesnbHOM aKTMBHOCTBIO B OTHOLLEHWUW 3TaNOHHbLIX MUKPOOPraHWU3MOB.

STUDY OF ANTIMICROBIAL ACTIVITY OF EXTRACTS OF BUSHY LICHENS
GROWING IN CENTRAL YAKUTIA

Tarasova L., Akhremenko Ya.
Federal State Autonomous Educational Institution of Higher Education "M. K.
Ammosov North-Eastern Federal University", Yakutsk, Russia

E-mail: yanalex2007@yandex.ru

Wide spreading of drug resistance among microorganisms determines the relevance of
searching for new unconventional sources of antibiotics. Particular interest has the study of
lichens, that thalli contain lichen acids. Many of them have antimicrobial properties. The
content of lichen acids depends on the type of lichen.

Determination of the antimicrobial activity of ethanol extracts of apigenin and epiphytic
bushy lichen of Cladoniaceae and Parmeliaceae families was carried out on the reference
strains by the method of twofold serial dilutions in liquid nutrient medium by 2 — 32 times.As a
“negative” control we used a variant with a nutrient medium and a corresponding test culture
that does not contain lichen extract. At the same time, it was determined the activity of 96%
ethyl alcohol against the same test cultures using a similar technique.

The bactericidal effect of all extracts against gram-positive bacteria was achieved when
we used it in lower concentrations (MIC 0.1-0.5 mg/ml). Against gram-negative bacteria, the
antimicrobial effect of used extracts was less pronounced and manifested in higher
concentrations than for gram-positive bacteria (MIC 0.3-1.0 mg/ml). This suggests that lichen
extracts contain natural antimicrobial substances that have excess activity against reference
microorganisms.
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OAHOKPATHOE BBEAEHWE KAHAUAATHOW BAKLIMHbI HA OCHOBE .
PEKOMBMHAHTHOIO AAJEHOBMPYCHOIO BEKTOPA UHAYUMPYET AJIUTE/IbHbIN
SALLUNTHbIN UMMYHUTET NPOTUB BUPYCA BELLIEHCTBA

HukoHoBa A.J., AptremoBa 3.A., Jlocuu M.A,, 3aiikoBa O.H.
®rpy «HULUIM um. H.®. Framanen», Mocksa, PO.
E-mail: merrikful@gmail.com

belleHCTBO — 3TO OCTpoe MHPeKUnoHHoe 3abonesaHve, obliee AN Yenoseka U
KUBOTHBbIX, Bbi3biBaeMoe PHK-copepxalwmm Bupycom belueHctBa (poa Lyssavirus, cem
Rhabdoviridae). MepcnekTBHLIM HamnpaB/ieHWEM pa3paboTKU CPeacTB aHTMpabuyeckon
3alMTBl SBASETCA CO3[aHMe pPeKOMOMHAHTHBLIX BakUWMH Ha OCHOBE BMPYCHbIX BEKTOPOB,
roe reH ravkonpoTemMHa (G) Bupyca 6elueHCTBa BCTPOEH B FEHOM [Apyroro Bupyca.
AHTuTena, BblpaboTaHHble Ha Genok G obnajaloT HeMTpanu3ylowen aKTUBHOCTbIO U
CNOCOOHbI 3aWMTUTL OpraHn3M OT pa3suTus 6onesHn.[1] BupycHble BekTopbl 6e30MnacHbI
A1 YenioBeKa M CrnocobHbI 06ecrneymBaTh BbICOKWIA YPOBEHb SKCMPECCUM LENEBOrO reHa B
KneTkax-MuLeHsX. B HacToswee BpeMsi BUPYCHblE BEKTOPbI HA OCHOBE PEKOMOUHAHTHOrO
ajieHoBMpyCa uYenoBeka 5 cepoTvna SBASIOTCA OAHUMM U3  Haubonee  LWMPOKO
UCMOJb3YEMbIX CPEACTB AOCTaBKN MEHETUYECKOW MH(OPMaLMK B KIETKW MIIEKOMUTAOLMX,
B TOM uuncne Yyenoseka. [2]

PaHee Hamum O6bIn  CKOHCTPYMpPOBaH BEKTOP HA OCHOBE PEKOMOUHAHTHOrO

afieHOBMpYCa YenoBeKa, 3KCMPEeCccUpylolwero reH rAMKonpoTenMHa Bupyca bGelueHcTBa
wramMma RV97.
MpenapaT aaeHOBMPYCHOrO BEKTOpa, HECYLLero reH ravkonpoTenHa Bupyca belueHcTBa
wramma RV97 nokasan BbICOKYIO MMMYHOr€HHOCTb Ha MbIWAX MpU BHYTPUMBILIEYHOM
BBEJEHUM, a Takke 3almTy Npu BBEAEHWM fleTanbHOM [03bl Bupyca bGelueHCTBa
UHTpaLepebpanbHo.

Llenbto paboTbl 661710 M3yunTb CPOKM GOPMUPOBAHMS U ASIMTENBHOCTb MMMYHUTETA B
OTBET Ha OAHOKPaTHOe BBeAeHWe npenapaTta peKOMOMHAHTHOro afeHoBMpYCa YenoBeka 5
CepoTuna, HecyLwlero reH raMKonpoTemMHa Bupyca belleHcTsa WwWramma RV97.

B onblTe ucnonb3oBanu ABe rpynnbl KPOMKOB Mopoabl «Pycckas WMHWKWANG».
MepBylo rpynny MMMYHW3WPOBanM BHYTPUMBILIEYHO PEKOMOMHAHTHBIM aAeHOBMPYCOM 5
CepoTuna, HecylwmM reH ravkonpoTenHa G Bupyca 6eweHctBa wTamma RV-97, B gose
5x10® BOE; BTOpOIt BBOAWN DU3MONOMMUECKUI PacTBOP B PaBHOM obbeMe. Y XMBOTHBIX
oTbupanu KpoBb M aHaANM3MPOBanM CbIBOPOTKM KPOBM KPOJIMKOB C MOMOLUbIO peakumu
BupycHentpanmsaumm  (FAVN). B cootBeTcTBMM C  TpebosaHusmm BO3  ans
aHTMpabuyecknx BakLMH YPOBEHb BUPYCHENTPANU3YOWMX aHTUTEN B KPOBU AOMMKEH BbiTb
60nblwe nm paseH 0,5 ME/Mn He no3aHee yeM yepes ABe Heenv nocne BakuMHauuu.

Bbino nokasaHo, YTO B CbIBOPOTKE KPOBU MMMYHU3MPOBaHHbLIX KPOSIMKOB YPOBEHbL
BUPYCHENUTpanuaymolmx aHtuTen Ha 14 aeHb coctasun 29,8+10,19 ME/Mn, AOCTU nuka
Ha 42 cytkm (150,14£21,28 ME/mn), a uyepe3 12 MecsueB nocne WMMyHM3auumM —
32,12£8,92 ME/mn.

Takvum obpasom, npenapaT Ha OCHOBE PeKOMBMHAHTHOrO afeHoBMpyca 5 cepoTuna,
Hecywiero reH rnavkonpoTteMHa (G) Bupyca 6elleHCTBa, Bbi3blBaeT (hOpMMpPOBaHUe
BbICOKOIO YPOBHSI @aHTUPabuyecKMx BUPYCHEUTPaNMU3YIOLMX aHTUTEN yxe Ha 14 AeHb u
COXPaHAETCA Ha NPOTSHXXEHUU HE MeHee 12 MecsLeB nocie MMMyHU3aLumn.
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SINGLE ADMINISTRATION OF CANDIDATE VACCINE BASED ON RECOMBINANT
ADENOVIRAL VECTOR INDUCES LONG-LASTING PROTECTIVE IMMUNITY AGAINST
RABIES VIRUS

Nikonova A., Artemova E., Losich M., Zaykova O.
N.F.Gamaleya NRCEM, Moscow, Russia
E-mail: merrikful@gmail.com

Rabies is an acute infectious disease common for humans and animals caused by RNA-
containing rabies virus of the genus Lyssavirus and family Rhabdoviridae. A promising area of
development of anti-rabies protection is the creation of recombinant vaccines based on viral
vectors, where the rabies virus glycoprotein gene is integrated in the genome of another
virus. Antibodies against protein G with neutralizing activity can protect an organism from the
development of the disease.[1] Viral vectors are safe for humans and capable of providing the
high level of target gene expression in host cells. Currently, recombinant human adenovirus
serotype 5 is one of the most widely used vector system for delivering genetic information to
mammalian cells, including human cells.

Earlier we constructed a vector based on recombinant human adenovirus serotype 5
expressing the gene of glycoprotein rabies virus strain RV97.

The preparation of the adenoviral vector carrying the gene of rabies glycoprotein strain
RV97 showed high immunogenicity in mice after intramuscular administration, as well as
protection with the intracerebral injection of a lethal dose of rabies virus.

The aim of the research was to study the timing and duration of immunity in response to
a single injection of recombinant human adenovirus serotype 5, carrying the gene of rabies
glycoprotein strain RV97.

In the experiment two groups of rabbits, breed "Russian Chinchilla", were used. The first
group was immunized intramuscularly by recombinant adenovirus serotype 5 carrying the
gene of rabies glycoprotein G strain RV-97, at a dose of 5x10% PFU; the second received saline
in an equal volume. Blood samples were taken from the animals and the serum was analyzed
using the virus neutralization reaction (FAVN). In accordance with the WHO requirements for
anti-rabies vaccines, the level of virus neutralizing antibodies in the blood should be greater
than or equal to 0.5 IU/ml not later than two weeks after vaccination.

It was shown that levels of virus neutralizing antibodies in the serum of immunized
rabbits amounted to 29.8+10.19 IU/ml on day 14, peaked on day 42 (150.14+21.28 IU/ml),
and were at 32.12+8.92 IU/ml 12 months after immunization.

Therefore, the preparation based on recombinant adenovirus serotype 5, carrying the
gene of rabies glycoprotein (G), leads to the formation of a high level of anti-rabies
neutralizing antibodies for 14 days and persists for at least 12 months after immunization.

References:
1. Sedova E.S., Shmarov M.M. New recombinant rabies vaccines. BIOpreparations.
Prevention, Diagnosis, Treatment. 2016;16(4):219-228. (In Russ.)
2. Tims T., Briggs D.J., Davis R.D., Moore S.M., Xiang Z., Ertl H.C., Fu Z.F. 2000. Adult
dogs receiving a rabies booster dose with a recombinant adenovirus expressing rabies
virus glycoprotein develop high titers of neutralizing antibodies. Vaccine. 18, 2804-2807.
3. Metlin A, Paulin L, Suomalainen S, Neuvonen E, Rybakov S, Mikhalishin V, Huovilainen
A. Characterization of Russian rabies virus vaccine strain RV-97. Virus Research. 2008
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JIEKAPCTBEHHbIX NMPENAPATOB
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ObpasoBaHue akTuBHbIX opM kucnopoga (ADPK) cBs3aHO C WMHAyKUMEN anomTo3a.
M3yyeHne BHYTPUKIIETOUHOM KOHUEHTpauuu A®K MoXeT npeacTaBnsTs CO60W oaHy U3
BO3MOXHOCTE ANsl  U3yuyeHUsl BO3AEUCTBUS JeKapCTB Ha pakoBble KieTku. AdK,
BblCBOOOXAaeMble 13 K/IETOK BO BPEMS anonTo3a, UrpatoT peLuatoLlyto posib B pa3BUTUM paka
W HelpopereHepaTuBHbIX 3aboneBaHuil. B HacTosiwee Bpems cyuwecTByeT npobnema
pa3paboTkM METOAOB JIEYEHWs] PAKOBbIX OMyXOJel, U MepBOOYEpPESHON 3adayel sBnsieTcs
6bicTpass oueHka 3hdeKTMBHOCTM MPOTMBOOMYXONEBbIX npenapatoB. OnpepeneHve AGK B
€AMHWYHbIX KNEeTKax npuenekaeT Bce 6Oonbliee BHUMaHWe. OpHako TpaAULMOHHbIE
yopecUeHTHble KpacuTenn UMET psA HeAoCTaTKoB. M3BECTHO, YTO 3TV KpacuTenu no
CBOeli Npupoae SBASIOTCS LUTOTOKCUYHBIMU 1, TaKUM 06pa3oM, MOMYT 3HAUUTENIbHO U3MEHSITb
KNETOYHbIA METabonmsMm.

Takum 06pa3oM, Mbl pa3paboTany 31eKTPOXUMMYeckuii MeTog onpegenenus AOK BHyTpu
KneTok. Mcnonb3ys 3TOT MeToA, MOXHO OLUEHUTb BAMSiHME pa3paboTaHHbIX MpenapaToB Ha
KneTkn. Mol oueHunM BAMSHWE AOUETaKkcens, MOHOMeTwunaypuctatuHa E, a Takke
abupaTtepoHa, KoTopble 6blIn NpeaBapuTebHO KOHBIOrMPOBaHbl C BEKTOPOM, CreumduyHbIM
k MCMA-peuenTopy. MccneaoBaHns NpoBoAMAM Ha KNETOYHbIX NnHKsX 22RV1( NMCMA +) n PC-
3 (NCMA -). Bbino nokasaHo yBenuyeHne ADK npu MCNOMb30BaHWM KOHbBIOraToB MO
CpaBHeHWIO C NpenapaTtamu 6e3 BekTopa.

Takxke 6b110 M3y4eHO BAUSHME MpenapaToB Ha OCHOBE KOMMIEKCOB MeAM Ha KNETOYHYIO
nunHuo MCF-7, 6b110 NoKasaHo, YTO KOMIMJEKChl C MEALIO MPU Pa3fIMYHON CTEMEHW OKUCTIEHMS,
B 3aBMCMMOCTW OT JIMraHAOB, MOMyT OKasblBaTb Pa3/IMYHOE BUSIHWE HA OMyXOsieBblE KNETKU.
KoMnnekcbl ¢ Meablo B pasnnyHON CTENEHU OKUCNIEHWS], B 3aBUCUMOCTM OT NIMraHAoB, MOryT
no-pa3HoOMy BNMATb Ha OnyxoneBble KneTku. B 6yayuwiem 3TOT MeToA MOMOXET OUEHWUTb
3PeKTUBHOCTb NekapCTB /n Vitro € nocneaylowmMm BbIGOPOM COEAVMHEHWI NMAepoB ANst
AOKMHUYECKUX UCTIBITAHMA.

PaboTta BbinosHeHa npu (pMHAHCOBOM noaaepXkke MuHMUCTEpCTBa 06pa3oBaHUs U Hayku
Poccuiickon ®epepaummn B pamkax MporpaMMbl MOBLILLEHUS KOHKYpeHTOcnocobHocTn HUTY
«MUCUC», peanusyemon MNOCTAHOBIEHWEM MNpaBuTeNbCTBa OT 16 Mapta 2013 r. N2 211
(rpaHT N2 B100-H1-n22).
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NEW APPROACH FOR TESTING EFFICIENCY OF NOVEL ANTICANCER DRUGS
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Reactive oxygen species (ROS) is associated with induction of apoptosis. The study of
intracellular ROS levels may represent one possibility to research the effects of drugs in
inflammatory cells. ROS are released from cells during apoptosis, play a crucial role in the
development of cancer and neurodegenerative diseases. Nowadays, there is the problem of
developing methods for treating cancer tumors, and quickly evaluation of the anticancer drugs
efficiency is the priority. The ROS determination using nanosensors in single cells has gained
increasing attention. However, traditional fluorescent dyes have a number of disadvantages.
These dyes are known to be intrinsically cytotoxic and thus can significantly alter cellular
metabolism.

Here, we have developed an electrochemical method for determining the ROS inside the
cells. Using this method, it is possible to evaluate the effect of the developed drugs on the
cells. We evaluated the effect of PSMA (Prostate-Specific Membrane Antigen) - specific carrier
equipped by docetaxel, monomethyl auristatin E or Abiraterone on cell lines with (22RV1) and
without (PC-3) PSMA receptors. Our data obtained by using carbon-filled quartz nanopipettes
with platinum tips showed a ROS increase using conjugates compared with native drugs. We
also studied the effect of drugs based on copper complexes on the cell line MCF-7 and
demonstrated that complexes with copper in various degrees of oxidation, depending on the
ligands, can have different effects on tumor cells. Complexes with copper in various degrees
of oxidation, depending on the ligands, can have different effects on tumor cells. In the
future, this method may allow evaluating the effect of drugs in vitro and to help validate drug
candidates for preclinical evaluation.

The work was carried out with financial support from the Ministry of Education and
Science of the Russian Federation in the framework of increase Competitiveness Program of
NUST “MISIS”, implemented by a governmental decree dated 16th of March 2013, No 211.
(grant No. B100-H1-n22).
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WHULUMALNA TPAHCIALUWUN MPHK SHTEPOBPYCOB KAK MMULUEHDb ANA
PA3PABOTKU NMPOTUBOBUPYCHbDIX NMPEMAPATOB

HukoHoBa E.H0., BuHorpaposa E.C., HeBckas H.A., Fap6ep M.B., HukoHos C.B.,
HukoHos O.C.
UHcTuTyT 6enka PAH, 142290, MockoBckas o6nacrb, r. MywmuHo, yi.
UHcTuTyTCKan, 4, PO

E-mail: katya nik@vega.protres.ru

DHTEPOBMPYChI MOPaXatoT BbICIUMX MO3BOHOYHbLIX, SIBNSISICb MPUYMHOMN LIMpOYaMLLero
cnekTpa 3abonieBaHuii. Bbi3biBaeMble MMM MHMEKUMOHHbIE 3aboneBaHus MOryT NpUBOAUTbL K
HEU3MIEYNMBIM U3MEHEHUSIM B 3apPaXXEHHOM OpraHW3Me, MOPaXKeHUsIM LEHTpanbHOW HEepBHOM
CUCTEeMbl, NapanuyamM, oTekaM W faxe K netanbHoMy ucxogy. OHM nerko nepegaroTcst ot
peunnmeHTa K peuuvnueHTy BO3AyLUHO-KanenbHbIM M/unu gekanbHo-opanbHbIM cnocobamu.
Mpyn >3TOM [0 CMX NOpP HET MEeAWUMHCKUX MpenapaTtoB  [JOKa3aHHOro  MpsiMoro
MPOTUBOSHTEPOBUPYCHOrO  [EHCTBUS, U  JIEYEHWE SHTEPOBUPYCHBIX MWHGEKUMI  HOCUT
CUMNTOMaTUYECKUI, NOAAEPXKMBAIOWMIA XapaKTep, 4Yero B psiAe CiyyaeB ObiBaeT SIBHO
HeoCTaTouHO.

IRES, KaK BaXKHEWLWWI perynsiTopHbI 3MEMEHT CUHTE3a BUPYCHbIX GENKOB, SBNSETCS
MHOroo6ellaloLLeli MULIEHbIO ANsl MPOTMBOBUPYCHBIX MpenapaTtoB. [ CO3AaHWsl TakKux
npenapaToB HeobXxoaMMO YeTKoe MOHMMaHMe MexaHu3Ma paboTbl kak camoro IRES, Tak u
LOMONHUTESNbHBIX (hakTOPOB, BOBIEYEHHbLIX B MHULIMALMIO TPaHCISILUMK BUPYCHOW MPHK.

Hamn nokasaHo, uto rmumn-TPHK cuHTeTasa yenoBeka cneunduyeckn CBA3biBAET
¢parmeHTol IRES I BUpYCOB, TakCOHOMWMYECKM YAANEHHbIX Apyr OT Apyra, C 6auskumm
KOHCTaHTaMu. 3TO YKa3blBaeT Ha YHMBEPCASIbHOCTb MEeXaHu3Ma Pperyasumm  vHuumMaumm
TpaHCAAUMM npu noMowy rAMumn-TPHK cuMHTETasbl Ans TakuMx BUPYCOB M Ha CXOXeCTb
NPOCTPaHCTBEHHbIX CTPYKTYP COOTBETCTBYHOLUMX Y4aCTKOB nx MPHK.

M3yyeHne MexaHusMa perynsuumM MHUUMAUMK TPaHCASIUMKM  SHTEPOBMPYCHbIX MPHK
rAMumn-TPHK  cuMHTeTa3ol YenoBeka [AacT BO3MOXHOCTb  pa3paboTaTb  MeaMUMHCKUE
rpenapaTsl C IPOrpaMMUpYEMbIM MPSIMbIM NPOTUBOBUPYCHBLIM AEUCTBUEM.

PaboTa BbinonHeHa npu noaaepxxke rpaHTa POOU N9 19-34-90135

ENTEROVIRAL mRNA TRANSLATION INITIATION AS A TARGET FOR ANTIVIRAL
DRUG GESIGN

Nikonova E., Vinogradova E., Nevskaya N., Garber M., Nikonov S., Nikonov O.
Institute of protein research, 142290, Moscow region, Pushchino, Institutskaya
str., 4
E-mail: katya nik@vega.protres.ru

Enteroviruses infect higher vertebrates, causing a wide range of diseases from ordinary
cold to central nervous system damage, paralysis, edema and even death. They are easily
transmited from the recipient to the recipient by air and / or fecal-oral methods. So far there
are no proven medicine with direct anti-enterovirus action, and the treatment of enteroviral
infections is still only symptomatic and sustaining, which in some cases is clearly not enough.
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IRES is an important regulator of synthesis of viral proteins. Thus, it is a promising target
for antivirus drugs. It actualizes studies on designing and finding antivirus drugs directed
against IRES. Designing such preparations requires clear understanding of mechanisms
underlying function of IRES as such and additional factors involved in initiation of viral mMRNA
translation.

We have shown that human glycyl-tRNA synthetase binds specifically to the viral IRES I
taxonomically distant from each other with similar constants. This indicates the universality of
the mechanism of initiation translation regulation conducted by human glycyl-tRNA synthetase
and the similarity of the IRES structures.

The study of the mechanism of regulation of enteroviral mRNA translation initiation by
human glycyl-tRNA synthetase will make it possible to develop drugs with programmable
direct antiviral action.

This work was supported by RFBR N2 19-34-90135

MPMMEHEHME KPACHOIO ®JIYOPECLIEHTHOI'O BEJIKA KillerRed /151 OLIEHKW
BAKTEPMUMAHOIO AENCTBA AHTUMUKPOBHbIX NMPEMNAPATOB

Hazapos MN.A.!, Kapakososa M.B.2
1HUM dusnko-xmMnueckoii 6uonorumn um. A.H. Benosepckoro Mry,
MockBa, Poccus
2CKONKOBCKMI1 MUHCTUTYT HayKu M TexHosnoruii, Mockea, Poccus

E-mail: nazarovpa@gmail.com, M.Karakozova@skoltech.ru

AHTMBMOTVKM HaueneHbl Ha npouecchl buocnHTe3a, HeobxoanMble ANst pocTa KETOK,
TakuM 06pa3oM, TOPMOXKEHUE CUHTE3a HYKIIEUHOBOWN KWUC/IOTbI, 6enka Unn KNeTOUYHOW CTEHKU
NpUBOAMT K NPEeKpaLleHuto pocTa M 4acTo K rubenn knetok. OgHaKo He WM3BECTHO, noyemy
HekoTopble nekapcrsa ABNSIOTCS 6akTepuLMaHbIMK, Torga Kak Apyrue
6aKTepnocTaTyecKMmMn.

BakTeprocTaTMyeckMM HasblBaeTCs MpenapaTt, KOTopbli NpefoTBpallaeT pocT W
pa3MHOXeHWe 6GakTepuii, HO He 06s3aTenbHO y6uBaeT ux. Korga aHTUEMOTWK yaaneH u3
OKpy>XXatowel cpeapbl, 6akTepuy HAUMHAOT pacTM CHOBa. bBaKTepuuMAHbIM - Ha3biBaeTcs
npenapat, KOTopblll ybuBaeT GakTepun. BakTepuumaHble areHTbl 06bIMHO HE B COCTOSHUM
youth kaxaylo 6akTeputo B TeueHue 18-24 uyacoB, OCOBEHHO, €CM MHOKYNST GakTepui
6onblioi. Toraa Kak HekoTopble 6akTepuocTaTUyeckne areHTbl yousaloT 90%-99%
nonynsiuMmM HekoTopbiXx GakTepuit B TeveHue 18-24 vacoB nocie TecTa, OAHaKO He B
COCTOSIHUM  yOuTb BCce OakTepun, 4TOObl HasbiBaTbCA 6GakTepuungaHbiMU. W3BECTHO, 4TO
nonynsiums 6akTepuii HeogHopoaHa hEHOTUNMYECKM, U YacTb 6akTepuii, He obnaaas reHamu
YCTOMUMBOCTU K @HTMBMOTMKAM, BbDKMBAET Mpu aHTUGMOTUKOTEpanuu. Mpu 3TOM He SICHO,
SIBASIOTCS NN BbDKMBLUME KNETKM YacTblo McCneayeMon monynsuum 6aktepuid, 4to TpebyeT
npoBeaeHust 60 AONOMHUTENbHBLIX MCCNeAoBaHWIM, MO0 MapKUPOBKK KIIETOK.

KillerRed, = auMepHblii  dnyopecueHTHbI  6enok,  obragaloWwmnii  KpacHoM
¢nyopecueHUmMe C MakCUMyMoOM BO36YxaeHWst 585 HM U MakcUMyMoM 3Muccun 610 HM. OH
He MposiBASiET TOKCUYECKMX CBOMCTB A0 aKTMBaLMM CBETOM C AJIMHON BOSHbI 540-590 HM u
TeopeTNYeCcKn NPUroAeH Anst OLEHKW KNETOYHON NOMynsaumm.

Mbl MCMONb30BaNM CUCTEMY MpPOKapUOTUYECKoW 3kcripeccun Genka KillerRed (nonyyeHa us
nabopatopum 6nocdoToHNKM MHCTUTYTa BrioopraHuyeckoit xummm PAH) 1 TpaHcdopmmpoBanu
el0 AeneunoHHbIt MyTaHT Escherichia coli K-12 MG1655 no reHy acrB. TeH acrB koaupyet
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6enok nomnbl ACrAB-TolC, 1 AeneuUnoHHbIN MyTaHT, TakuM 06pa3oM, He CrocobeH OTKaunBaTb
cybcTpaThl TpaHcrnopTepa AcrAB-TolC 13 6akTepuanbHOM KNeTku. MonyyYeHHbI AeneLmMOoHHbIN
MyTaHT AAcrB (KillerRed) vcnonb3oBancs Anst oUeHKM 6aKTEPULMAHOMO AENCTBUS HECKOMBbKUX
aHTnbakTepuanbHblX npenapatoB — TeTpaumknvHa, SkQ1l, DNP (2,4-dinitrophenol), CCCP
(carbonyl cyanide m-chlorophenyl hydrazone) n HamMu 6bI710 YCTaHOBIEHO, YTO TETPALMKIIMH,
DNP u SkQ1 o6bnapatoT 6aKTepuuUMaHbIM AENCTBUEM B OTHOLLEHUW AENELUMOHHBLIX MYTaHTOB
AAcrB  (KillerRed) Escherichia coli K-12 MG1655. Mbl cpaBHWIM  aHTMOaKTepuanbHyto
AKTUBHOCTb AeneumoHHoro MytaHTa AAcrB  Escherichia coli K-12 MG1655 ¢ atum xe
[eneuUmoHHbIM MyTaHTOM, 3Kcnpeccupytolwmm 6enok KillerRed, B OTHOLEHWN NePCNeKTUBHOIO
aHTMbmotnuka SkQ1, cybctpata nomnbl AcrB-TolC u He 06Hapyxwunm pasHuubl B
aHTMbaKkTepuanbHOM AeNCTBUMW. TakMM 06pa3oM, HaMW NPEeAnoXeH HOBbI CMoCo6 OLEHKM
6aKTEPULUMAHOrO AEUCTBUS  @HTUMMKPOGHbLIX MNpenapaToB, MO3BOSMSIOWMIA  KAUYECTBEHHO
OLEeHMBaTb BbDKUBLLYIO MOMYMSUMIO KIETOK.

APPLICATION OF KillerRed RED FLUORESCENT PROTEIN FOR EVALUATION OF
THE BACTERICIDAL ACTION OF ANTIMICROBIAL DRUGS

Nazarov P.!, Karakozova M.?
!Belozersky Institute, Lomonosov Moscow State University, Moscow, Russia
2skolkovo Institute of Science and Technology, Moscow, Russia
E-mail: nazarovpa@gmail.com, M.Karakozova@skoltech.ru

Antibiotics target biosynthesis processes necessary for cell growth, thus inhibiting the
synthesis of nucleic acid, protein or cell wall leads to cessation of growth and often cell death.
However, it is not known why some drugs are bactericidal, while others are bacteriostatic.

Bacteriostatic is a drug that prevents the growth and reproduction of bacteria, but
does not necessarily kill them. When the antibiotic is removed from the environment, the
bacteria begin to grow again. A bactericidal drug is a drug that kills bacteria. Bactericidal
agents are usually not able to kill every bacterium within 18-24 hours, especially if the
bacteria inoculum is large. While some bacteriostatic agents kill 90% -99% of the population
of certain bacteria within 18-24 hours after the test, they are not able to kill all bacteria to be
called bactericidal. It is known that the bacterial population is phenotypically heterogeneous,
and some bacteria, lacking antibiotic resistance genes, survive with antibiotic therapy.
However, it is not clear whether the surviving cells are part of the studied bacterial population,
which requires either additional studies or cell labeling.

KillerRed, is a dimeric fluorescent protein with red fluorescence with a maximum
excitation of 585 nm and a maximum emission of 610 nm. It does not exhibit toxic properties
until activated by light with a wavelength of 540-590 nm, and is theoretically suitable for
assessing the cell population.

We used the KillerRed prokaryotic protein expression system (obtained from the
biophotonics laboratory of the Institute of Bioorganic Chemistry, Russian Academy of
Sciences) and transformed it the acrB gene-deletion mutant of Escherichia coli K-12 MG1655.
The acrB gene encodes an AcrAB-TolC pump protein, and the deletion mutant is thus not able
to pump out the AcrAB-TolC transporter’s substrates from the bacterial cell. The obtained
deletion mutant AAcrB (KillerRed) was used to evaluate the bactericidal effect of several
antibacterial drugs - tetracycline, SkQ1, DNP (2,4-dinitrophenol), CCCP (carbonyl cyanide m-
chlorophenyl hydrazone) and we found that tetracycline, DNP and SkQ1 possess bactericidal
action against deletion mutants AAcrB (KillerRed) Escherichia coli K-12 MG1655. We compared
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the antibacterial activity of the AAcrB deletion mutant Escherichia coli K-12 MG1655 with the
same deletion mutant expressing the KillerRed protein against the promising antibiotic SkQ1,
the substrate of the AcrB-TolC pump, and did not find a difference in the antibacterial effect.
Thus, we proposed a new method for evaluating the bactericidal action of antimicrobial
agents, which allows a qualitative assessment of the surviving cell population.

FMIMEHNYECKAS OLLEHKA MUKPOKJIMMATUYECKUX YCJIOBUIA HA
®APMALIEBTUMECKOM NPEANPUATUN

Hukonaesa H.WM., Jlyknuesa T.A., ®unuH A.C.
rBOY BIMO Mepsbiit MFTMY uM. U.M. CeueHoBa Munsgpasa Poccuum, r. Mocksa.
®rboy AANo PMAHNO MuH3pgpaBa Poccun, r. MockBa
https://www.sechenov.ru/ , https://rmapo.ru/

B HacTosiee BpeMs Ha dapMaueBTUYECKMX MPeanpusTUSaX YCNOBUS Tpyda CroCO6HbI
OKaszaTb HeraTMBHOE BAWSHWE Ha 3A40poBbe paboTaloWwmx, YTO, MOXET 6biTb, 06YyCnoBlEeHO
HECOOTBETCTBMEM YPOBHSI MPOU3BOACTBEHHLIX (HAaKTOPOB COBPEMEHHBIM  FUMMEHWUYECKUM
HopMaTuBaM. CkasaHHOe, Mo 6oNblueil Mepe, MOXXHO OTHECTU K (hapMaLEBTUYECKUM CKIaaaM,
rae B hopMUpOBaHUM He6GMaronpusiTHOrO BO3AEMCTBUS Ha 30POBbE COTPYAHWKOB, YYaCTBYHOT
Takue (hakTopbl, Kak HEGNAronpusTHLIA MAKPOKIMMAT U dhusnyeckas paboTa.

Llenblo HacTosIMX WCCNeAoBaHUM sIBUNacb TUIMEHMYeckas oOueHka MapamMeTpoB
MWKPOK/IMMaTa OCHOBHbIX CKIAACKMX MOMELLEHUI U NoMelleHuid hapMaLeBTUYecKoro cknaaa c
0CO6bIMM YCTIOBUSIMU XPAHEHUSI U KITMHWUYECKOW NOMUCTUKW, B KaYecTBe KOTOPOro 6bin BbiGpaH
cKnaa  MexayHapoaHoi  dapmaueBTMUeckor koMmnanuu  (FepMaHus), Haxoaswmics B
MockoBckol obnacTu.

OueHka MWKpOKIMMaTa MpOBOAMSIAC Ha OCHOBE W3MepeHWi ero napameTpoB WU
COMOCTaBNEHNS MOMYYEHHbIX [AaHHbIX C CAHMTApHbIMM MpaBuIamMM U HOPMaMu, Takxke
UCMONb30BaHO  «PyKOBOACTBa MO TUrMEHMYECKoW oueHke (akTopoB pabouei cpeabl U
TpyAoBoro npouecca. Kputepumn u knaccudumkaums ycnosuii Tpyaa» P 2.2.2006-05.

OCHOBHbIMM NpodeccusMK, 3aHATbIMM B TEXHOMOTMYECKOM Npouecce, SBASIOTCA:
rPy344KuM, NMPOBM30PbI, ONepaTopbl.

KaTteropvsi paboT pabouvx CKMaAcKMX MOMELLEHUN MO WMHTEHCMBHOCTM 3HEproTpar
opraHusma oTtHocuTcst Kk Ila m 1I6.

Mpn aHanu3e pe3ynbTaTos, NOSYYEHHbIX NMPU U3MEPEHWUM MapaMeTpoB MUKPOKIMMaTa B
NPUEMHO-OTIPY304HOM OTAENEHUM, BblIO0 YCTAHOBMEHO, YTO TemnepaTypa BO34yXa MOXET
BbIXOAWTb 3@ paMKU AOMYCTUMbIX MapaMeTpoB U BbiTb 60nblie Ha 3°C (TénnbIM nepuoa roaa)
n Hwke Ha 3°C (xonomHbi nepuog roga). TakuMm 06pa3oM YCnoBWS Tpyda rpy3umMKoOB
COOTBETCTBYIOT BpeAHOMY 3.2 Knaccy.

Ha pabouvx MecTax CKIaACKoOro MOMELLEHMSI YPOBHWM TemnepaTypbl BO3dyxa Bble
ONTMMasbHbIX MapaMeTpoB MUKpokAMMaTa Ha 1°C (Ténnbli nepuoa roga) u Huxe Ha 3°C
(xonopHbIl Nepvoa roga). TakuM 06pa3oM, yCnoBust Tpyaa COOTBETCTBYIOT BpeaHbiM 3.1 1 3.2
Knaccam.

B nomelleHnsx crneuuanbHOro XpaHeHus TemnepaTypa BO3AyXa NOALEPXWBAETCS B
noboe BpeMsi roga Ha yposHe (-40°C), To ecTb /iloan paboTaloT B YCOBUSX SKCTPEManbHO
HU3KMX TemnepaTyp.

AHanu3 AaHHbIX MEAULIMHCKMX OCMOTPOB CBUAETENLCTBYIOT, YTO HaUGOMbLUMIA YAENbHbIN
BEC uucfia CyyaeB MPOCTYAHbIX 3ab0neBaHWii C BPEMEHHOW yTpaToi TpyAoCrnoCO6HOCTH
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NpUXOAMTCA Ha pabounx NMPUEMHO-OTIPY304HOTO OTAENEHWSI MO CPAaBHEHWIO C COTPYAHUKAMU
ApYrux oTAENoB.

TakvM 06pasoM, MpoBeAeHHasi OLEeHKa MMKPOKIMMaTa OCHOBHbIX pabouMx MecT u
OCHOBHbIX CKNAZICKMX MOMELLEHW A U MOMELUEHW C O0COBbIMA  YCIIOBUSIMU  XpaHeHUs
(apMaLIeBTUYECKOrO CK/IaAa KIMHUYECKOW NOTUCTUKU MeXAyHapoaHOW (apMaLeBTUYecKoi
komnauun (FepMaHusl) CBUAETENbCTBYET, UTO YCNOBUS TpyAa paboTalolmx OTHOCATCS: K
BpeaHbIM (knacc 3.2) — MnoMelleHne MPUEMHO-OTIPY304YHOrO OTAENEHUs U CKNaj; OMacHbIM
(knacc 4) — noMeLLeHns Co cneumanbHbIMM YCIIOBUSMU XpaHEHUs.

HYGIENIC EXPERT MICROCLIMATICS ON THE PHARMACEUTICAL ENTERPRISE

Nikolaeva N., Lukicheva T., Filin A.
HBOU VPO First MGMU im. I.M. Sechenov of the Russian Ministry of Health,
Moscow.
FSBU DPO RMANPO of the Russian Ministry of Health, Moscow
https:/ /www.sechenov.ru/ , https://rmapo.ru/

Currently, in pharmaceutical enterprises, working conditions can have a negative
impact on the health of workers, which may be due to the inconsistency of the level of
production factors with modern hygiene standards. This can be attributed to pharmaceutical
warehouses, where factors such as adverse microclimate and physical work are involved in the
formation of adverse health effects on employees.

The aim of these studies was to hygienic assessment of the microclimate parameters
of the main warehouses and premises of the pharmaceutical warehouse with special storage
conditions and clinical logistics, which was chosen as an international warehouse
pharmaceutical company (Germany), located in the Moscow region.

The microclimate assessment was based on measurements of its parameters and
comparison of the data obtained with sanitary regulations and regulations, and the "Guide to
Hygiene Assessment of The Working Environment and Work Process Factors. Criteria and
classification of working conditions" P 2.2.2006-05.

The main professions engaged in the process are: movers, pharmacists, operators.

The category of work of working warehouses by the intensity of the body's energy
expenditure belongs to the IIa u IIb.

When analyzing the results obtained when measuring the parameters of the
microclimate in the receiving and shipping compartment, it was found that the air temperature
can go beyond the acceptable parameters and be more by 3°C (warm period of the year) and
lower by 3°C ( coldest period of the year). Thus, the working conditions of the movers
correspond to the harmful 3.2 class.

In warehouse workplaces, air temperature levels are higher than the optimal
parameters of the microclimate by 1°C (warm period of the year) and lower by 3°C (cold period
of the year). Thus, working conditions correspond to harmful 3.1 and 3.2 classes.

In special storage facilities, the air temperature is maintained at any time of the year
at the level (-40°C), that is, people work in extremely low temperatures.

Analysis of medical examinations shows that the largest proportion of cases of colds
with temporary disability is in the work of the receiving and shipping department compared to
employees of other departments.

Thus, the assessment of the microclimate of the main jobs and basic warehouses and
premises with special storage conditions of the pharmaceutical warehouse of clinical logistics of
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the international pharmaceutical company (Germany) shows that the working conditions of the
workers include: harmful (class 3.2) - the room of the reception and shipping department and
the warehouse; Dangerous (class 4) - rooms with special storage conditions.

M3MEPEHME JIOKAJIbHbIX MEXAHU4ECKUX CBOWACTB ONYXOJIEBbIX KJNETOK
noa AEMCTBMEM TEPANMEBTUYECKWUX NPEMAPATOB METOAIOM CKAHUPYIOLLIEN
WOH-NPOBOAALLEN MUKPOCKOMUN

Konmoropos B.C."*3, CauH H.A.3, fikoenes A.N.3, Anosa A.B.>?, lOauHa A.C.},
FapanuHa A.C.3, Epodees A.C.V*3, Flopenkun M.B.2*%, Knsauko H.J1.},Kupees U.N.},
Maxyra A.I.'*7, 9paBapac K.>%, Kopues 10.E.>5¢, Hosak .35%
MockoBckmit FocyaapcTBeHHbli YHuBepcuteT uM. JlomoHocosa, Mockea, Poccus
2000 “HaHonpodaitnmHr’, UHHOBaUMOHHbII LeHTp Ckonkoso, MockBa, Poccus
3HauuoHanbHbIl UccnepnosaTenbckmii YHnsepcuter "MUCUC”, Mocksa, Poccus
4000 “"MeamumHckne HaHOTexHonornn”, Mockea, Poccusi
5VIMﬂepcmi7| konnemx JIoHaoHa, JlonaoH, Benuko6putanuus
SWPI Nano Life Science Institute (WPI-NanoLSI), YuuBepcuter KaHa3zasbl,
KaHazaBa, sinoHus
’PoccMiiCKNii XMMNKO-TEXHONOrMUYECKuii yHuBepcuTeT uM. MeHpeneesa, Mocksa,
Poccus
SICAPPIC Limited, llongoH, Bennko6putanuns

E-mail: vskolmogorov@gmail.com

CkaHvpytowasl MoH-MpoBoasiuas  Mukpockorms  (SICM) - 3To HOBbIM  MeToA
CKaHupytoLe 30HAOBOM MWKPOCKOMWM C HaHopasMepHbiM 6GOKOBbIM M BEPTUKaSIbHbIM
paspeweHnvem [Korchev et al.,, 2009], koTopbli1 Mo3BosseT o06ecneunTb HEMHBA3MBHOE
uccnefoBaHue in Vitro OTAeNbHOW KNETKU B YCIIOBUSIX MPUBIMIKEHHBIX K (DU3MONOTUYECKUM.
3a cyeT HebOMbWOro AasfieHUsi, BO3HWKAMOWEro 3@ CYET MEXMOJIEKYNSPHbIX  CUi
OTTasfkKMBaHUS MeXay KIEeTOYHON MeM6paHOi M OCTPMEM HaHOMMUMETKM, MOXHO obecneuunTb
6eCcKOHTaKTHOe M3MepeHue xecTkocTu ¢ nomoubio SICM [Clarke et al., 2016]. XectkocTb
MOXeT OblTb M3MepeHa NTOKanbHO Ha Pa3HbIX YYACTKax KNeTKM, M3-3a Manoro pasmepa ocTpus
HaHonuneTku, B oTnmumne ot ACM, rae ncnonb3ytotcst 6onblume cchepryeckne 30Hab.

B paHHoONM paboTe M3MepeHa XXeCTKoCTb kneTok PC3 paka npeacTtaTeNnbHOM Xenesbl
yenoseka u HT1080 uyenoBeueckoi ¢ubpocapkoMbl MOA AEUCTBUEM MNaKAuTakcena w
MOHOMETUN aypucTaTvHa Ana crabwnvMsaumm W AenonvMepusaumm  MUKpOTpybouek
COOTBETCTBEHHO, @ TakXKe UuTOXanasuHa-a Ans AenonvMepu3aummn akTMHOBbIX (punaMeHToB.
Pe3ynbTaThl paboTbl MOKasanu 3HAUMTENIbHYIO pa3HMLY B 3HAYEHMSIX XXECTKOCTU B Cryyae
u3mepeHusi B 06nactu sapa u nepudepumn KNETKM B 06enx KNETOYHbIX NIMHUAX. M3MepeHHas
XKECTKOCTb nocne 06paboTkM MakIUTaKCeNIoM MOKa3blBAET 3HAYUTENbHOE MOBbILEHNE
XKeCTKoCTn B obnactu Haa sapoM n B obnactn nepudepun, Toraa kak obpaboTka MOHOMETUN
aypucTaTMHOM npuBoauna K obpaTHOMy 3ddekTy. AHanornyHoe nafgeHue XeCTKOCTU
Habnoganock nocne BO3AENCTBUS LMTOXaNasuHa-4 Ans 06enx KNeToUHbIX IMHUIA.

DKCnepuMeHTbl ¢ GFP-nporeprHoM 6bli NPOBEAEHbI B FETEPOreHHOM MOMyNsLMK
HT1080 ¢ KOHTponbHbIMM U GFP-nporepnHoOBbIMM KneTkaMu. KOHTPONbHOE u3MepeHue
XKECTKOCTM nokasbiBaeT ~ 1,7 klMa n ~ 0,7 kMa, koraa kneTtku, obpaboTaHHble GFP-
NpOrepuHOM, YBENNYMBANWN 3Ha4YeHVe TONbKO B 061acTu Hag sapom (~ 2 kMa).

Kak Mbl BMAWMM, M3MepeHMe >XecTKoCTM Ha ocHoee SICM nokasbiBaeT passfiMyHble
addeKTbl NakaMTakcena, MOHOMETMN aypcuTaTuHa, LUMTOXanasuHa-A W nporepuHa Ha
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KOMMapTMEHTbl PaKOBbIX KETOK, BK/IOYas aKTWH, MWUKPOTY6ynMH u MeMmbpaHy sapa,
COOTBETCTBEHHO.

Pabota nogaepxaHa MMHUCTEPCTBOM HayKu W BbiCLiero obpasoBaHuns PO B pamkax
MporpaMMbl NOBLILIEHNUS KOHKYPEHTOCNOco6HOCTM HUTY “MUCUC”, peanu3yemoi
NocTaHoB/IEHNEM npaBuTenbCTBa oT 16 mMapta 2013 roga, rpaHT N2 B100-H1-n22

LOCAL MECHANICAL PROPERTIES MEASURED BY SCANNING ION-CONDUCTANCE
MICROSCOPY FOR TUMOR CELL EXPOSED TO THERAPEUTIC DRUGS

Kolmogorov V.23, Savin N.3, Iakovlev A.5, Alova A.'?, Yudina A.}, Garanina A.,
Erofeev A.'*3, Gorelkin P.>*8, Klyachko N.!, Kireev 1.}, Majouga A.'*7, Edwards
C.58, Korchev Y.>>5, Novak P.>*8
! Lomonosov Moscow State University, Moscow, Russia
2 NanoProfiling LLC, Skolkovo Innovation Centre, Moscow, Russia
% National University of Science and Technology «MISiS», Moscow, Russia
4 Medical Nanotechnology LLC, Skolkovo Innovation Centre, Moscow, Russia *
Imperial College London, London, United Kingdom
5 WPI Nano Life Science Institute (WPI-NanoLSI), Kanazawa University, Kakuma-
machi, Kanazawa, Japan
7 D. Mendeleev University of Chemical Technology of Russia, Moscow, Russia
SICAPPIC Limited, London, United Kingdom
E-mail: vskolmogorov@gmail.com

Stiffness measurement of single cell via Scanning Ion-conductance Microscopy (SICM) is
a novel method of studying cell mechanical properties. Due to the work principle of SICM
[Korchev et al., 2009], which is allow to topography mapping with lateral and vertical
nanoscale resolution. Also, it's possible to provide simultaneously stiffness mapping, due to
applying low stress on cell surface [Clarke et al., 2016], whose nature is intrinsic colloidal
pressure between nanopipette tip and cell membrane. Nanoscale diameter of nanopipette tip
allows to obtain cell stiffness distribution on different parts of single cell.

We report cell stiffness measurement of drug-induced alterations in cancer cell
compartments studied by SICM, specifically, we measured fibrosarcoma cells (HT1080)
transfectioned with Progerin, which is integrate in protein structure of nucleus membrane.
Progerin was modified with GFP fluorescence dye (GFP-Progerin). Also, we provided stiffness
measurement on PC3 cells and HT1080 human fibrosarcoma exposed to paclitaxel and
monomethyl auristatin for stabilization and depolymerization of microtubules, respectively, as
well as cytochalazin-d for depolymerization of actin filaments.

Experiments with GFP-Progerin were provided in heterogeneous population of HT1080
with control and GFP-Progerin transfectioned cells. Control cell stiffness measurement shows
~1.7kPa and ~0.7kPa, when GFP-Progerin treated cells increased value only on nucleus area.
In control and treated PC3 and HT1080 cells we measured cell stiffness upon the nucleus area
and cytoplasm area, which are show two different values in control cells. Measured stiffness
after Paclitaxel treatment shows significantly increased stiffness value on nucleus area and
cytoplasm area, whereas monomethyl auristatin shows reverse effect for both cell lines, as
well as after cytochalasin-d treatment

As we can see, SICM-base measurement of stiffness shows different effects Paclitaxel,
Monomethyl auristatin, Cytochalasin-D and Progerin on cancer cell compartments, including
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actin, microtubulin and nucleus membrane, respectively. Drug-induced disruptions of these
cell compartments lead to cell mechanical properties alteration, depending on inhibition
mechanism.

The work was carried out with financial support from the Ministry of Education and
Science of the Russian Federation in the framework of increase Competitiveness Program of
NUST “MISIS”, implemented by a governmental decree dated 16th of March 2013, No B100-
H1-n22.

HOBbIE NOXOAbl B TEPANUU NALUMEHTOB C XPOHUYECKUMWU HAPYLUEHUSIMWU
CO3HAHUSAA METOAOM TPAHCKPAHWAJIbHOU MATHUTHOU CTUMYNIALIUN

YconbueBa H.WU., Nop6elwko I'.A., Bopoanh M.M.
®depnepanbHblil HAY4YHbI KIMHUYECKUA LIEHTP peaHMMaToIorMmn U peabunuronory,
Poccus, 107031, r. Mocksa, yn. lMeTpoBka, A. 25, cTp.2.
E-mail: neurolabfnc@yandex.ru

Tepanus MauUMEHTOB, MEpPeHeCIUMX TsXKenble TpaBMaTUYecKMe W HeTpaBMaThyeckue
MOBPEXAEHUS1 TONIOBHOrO MO3ra - OfHA M3 CJIOXKHbIX 3afla4 COBPEMEHHOW MeaWUMHbI.
MocneacTBust MOPaXXEHW TFOMNOBHOFO MO3ra MPOSIBASIOTCS BbIP@KEHHBIMU  CTPYKTYPHBIMU
NOBPEeXAEHWSMX, MPUBOAALMMM K Pa3BUTMIO 6ecco3HaTeNbHOro COCTOSHUS W APYrUM
Cepbe3HbIM  HapylleHusiM.  [IpUMeHeHWe HEeWMHBAa3WBHbLIX METOLOB  HeMpOCTUMYNSUMK
OTKPbIBAET HOBblE BO3MOXHOCTM B peabunuTaummy AaHHOW KOropThbl NMalMeHTOB.

Lenb wuccnepoBaHusi: nogbop nepcoHuUUMpoBaHHOro anroputMa pTMC y
NauMeHTOB C XPOHNYECKUMUN HApPYLLUEHUSMU CO3HAHWS NMyTEM NpoBeAeHUst TEpMOKapTUPOBaHUS
KOpbI rOfIOBHOr0 Mo3ra 1 HaBuraumoHHol TMC.

Martepuan n meToabl:

B wuccnepoBaHve 6binn BkIOYEHbl 5 MmauMeHToB B ANnUTENbHOM 6ecco3HaTenbHOM
COCTOSHUM  (NEepCUCTUPYIOLLEM BEreTaTMBHOM COCTOSIHUM W COCTOSIHUM  MUHMMAnbHOro
CO3HaHMWs) MOCne NepeHeCeHHbIX TSHKEbIX NOBPEXAEHWUI rONIOBHOrO Mo3ra B Bo3pacTe oT 32
a0 49 neT, cpepHuit Bo3pacT coctaBun 38,8+6,4 net. [puumHOM 6ECCO3HATENLHOrO
COCTOSIHUSI  MOC/YXMWMIO TUMOKCMYECKOe MOBPeXAeHWe rOMOBHOMO MO3ra, MepeHeceHHas
Tskenas UMT, OHMK.

TepMokapTUpOBaHWE TrOfIOBHOrO Mo3ra nposoaunoce Metogom PTM npu nomolm
annapata «PTM-01», onpeneneHue NOKycoB AN CTUMYNSILMK - NyTEM HaBuraumoHHon TMC
Ha annapaTe Nexstim eXimia NBS.

PesynbraTbl: [loka3aHo, 4TO npoBegeHne pTMC COMpOBOXAAETCS W3MEHEHMEM
TepMobanaHca rofoBHOrO Mo3ra B 30He CTUMynsiumu. [locne comnocTaBneHust AaHHbIX
TEPMOKapTUPOBaHMS U aHAaTOMUYECKUX OPUEHTMPOB 30H rOSIOBHOrO Mo3ra 6biin onpeaeneHsbl
NOKYCbl Ans nposefeHus ceaHcos pTMC. BceM nauueHTam nposoaunock 10 ceaHcos pTMC.
Bbinn nonyyeHbl NONOXUTENbHbIE PE3yNbTaTbl, YTO MPOSBASANOCh KIMHUYECKUM YryyLleHneM
COCTOSIHUS MauMeHTOB, ornpeaensemMbiM no wkanam CRS-R, FOUR, noBbileHWEM YpOBHS
CO3HaHus.

Takum 06pa3oM, NpuUMeHeHVWe nepcoHndUUMPOBAHHOrO noaxoda K  noabopy
nHaMBUAyanbHoro anropvtMa pTMC C NOMOLbLIO TEPMOKApPTUPOBAHWA TOJIOBHOrO Mo3ra u
COMOCTaBNIeHNsl faHHbIX TepMobanaHca C HaBurauuoHHo TMC  OTKpbIBAaeT HOBble
BO3MOXHOCTU B peabunutaumm naumeHToB C XPOHUYECKUMM HapYLUEHUSIMWA CO3HAHWSI.
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NEW APPROACHES IN THE TREATMENT OF PATIENTS WITH CHRONIC IMPAIRED
CONSCIOUSNESS BY TRANSCRANIAL MAGNETIC STIMULATION

Usoltseva N., Gorbeshko G., Borodin M.
Federal Research and Clinical Center of Intensive Care Medicine and Rehabilitology
25 Petrovka str., Build. 2, Moscow 107031, Russia.

E-mail: neurolabfnc@yandex.ru

The treatment of patients who have suffered severe traumatic and non-traumatic brain
injuries is one of the challenges of modern medicine. The consequences of brain damage are
manifested by severe structural damage, leading to the development of an unconscious state
and other serious disorders. The use of non-invasive methods of neurostimulation opens up
new possibilities in the rehabilitation of this cohort of patients.

Objective: to select a personalized rTMS algorithm in patients with chronic impaired
consciousness by conducting thermal mapping of the cerebral cortex and navigation TMS.

Material and methods:

The study included 5 patients in a prolonged unconscious state (a persistent vegetative
state and a state of minimal consciousness) after suffering severe brain injuries aged 32 to 49
years, the average age was 38.8 £ 6.4 years. The cause of the unconscious state was hypoxic
damage to the brain, suffered a severe head injury, stroke.

The brain was thermo-mapped using the RTM method using the RTM-01 apparatus, loci
for stimulation were determined using the navigation TMS using the Nexstim eXimia NBS
apparatus.

Results: It was shown that rTMS is accompanied by a change in the thermal balance of
the brain in the stimulation zone. After comparing the thermal mapping data and the
anatomical landmarks of the brain zones, loci were determined for conducting rTMS sessions.
All patients underwent 10 rTMS sessions. Positive results were obtained, which was
manifested by a clinical improvement in the condition of patients, determined by the CRS-R,
FOUR scales, and an increase in the level of consciousness.

Thus, the application of a personalized approach to the selection of an individual rTMS
algorithm using thermal imaging of the brain and comparison of thermal balance data with
navigation TMS opens up new possibilities in the rehabilitation of patients with chronic
impaired consciousness.

NEW MATERIALS FOR BATTERIES AND LED DIODES

Mile Ivanda?!, Mirsad Pipic', Kukushkin S.2
'Ruder Boskovic Institute, Zagreb, Croatia
Institute for Problems in Mechanical Engineering of Russian Academy of
Sciences, St. Petersburg, Russia

E-mail: neurolabfnc@yandex.ru

The success of Li-ion batteries in the early 1960s took years of research and contribution
of many scientists and engineers. Since then there are several electronic revolutions and still
lithium-ion (Li-ion) cells are the most widely used as rechargeable battery system for portable
electronic devices and electrical vehicles. It has many advantages like high energy density,
long storage life, small volume, light weight, low self-discharge efficiency and non-memory
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effect. The most widely used anode is graphite whose lithiated compounds have stable phases
up to the LiC6 stoichiometry corresponding to a theoretical specific capacity of 372 mAh /
g[1]. In contrast, silicon possesses a very high theoretical capacity of 4200 mAh / g and can
intercalate 4.4 Li into Si at high temperature to form Li15Si4[2]. Silicon also features a
working potential around 0.4 V vs. Li+/Li which is safer than operating potential of graphite
(0.05 V vs. Li+/Li). Although silicon possesses all of these advantages, silicon based anodes
suffer from huge volume expansion upon cycling (2400%) causing electrode fracture and
electrical isolation during repeated cycling [3]. Continuous volume changes cause the
breaking-reformation of the solid electrolyte interphase (SEI) film which leads to consumption
of lithium-ions and electrolyte. Exhaustion of the electrolyte causes the degradation of
conductivity and induces fast capacity loss [4]. The porous structure can provide a large space
to accommodate volume expansion and provide a large surface area for lithium-ion transport
from electrolyte to silicon [5]. In this work we present silicon microparticles as anode material
for lithium-ion battery.

The growth of SiC epitaxial layers due to the chemical interaction of CO gas with the
monocrystalline silicon matrix was discovered by the research group of prof. S. A. Kukushkin
[6-10]. They proposed an absolutely new method for the growing of thin films of silicon
carbide on silicon substrates. The growth of SiC is implemented not on the substrate surface
(that is, usually accompanied by a huge elastic stresses) but on the inside of substrate bulk
due to involving the silicon substrate into a chemical reaction. In order to test the samples of
SiC layers on silicon substrates as a LED or laser substrates, the Croatian group has purchased
the the costly metal-organic chemical vapor deposition system (MOCVD) of a value of 1.7
million euros for GaN and ZnO deposits on the SiC interlayer. The proposed activities in
development of new type of LED diodes will be presented.
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®OPUPOBAHWE NOBEPXHOCTU TUTAHOBLIX NMPOTE30B XUMUYECKOMN
OBPABOTKOM

locresa E.A.}, lHknH B.A.}, Ctapkos B.A.2
'HaumoHanbHbIi1 MccnepoBaTeNbCKMii TeXHoNorndyeckuii yumsepcuter (HUTY)
MUCUC,119049, Poccusi, MockBa, JIeHUHCKUIA npocnekT, A.4.
MIHCTMTYT NPO6IEM TEXHONOMMN MUKPO3/IEKTPOHNKM U 0CO60UNCTBIX MaTepnanos
PAH (UNNTM PAH), 142432, Poccus, YepHoronoBka, MockoBcko# 061., npocnekT
Akagemuka OcunbsiHa, A.6.

E-mail: gos-3@mail.ru

MpuMeHeHne TUTaHa 1 ero CryiaBoB MMEET LUMPOKOE pPacrpoCTpaHeHne npu NpoTe3npoBaHnm
Pa3fINYHbLIX KOCTHbIX TKaHeW. CTeneHb OCTEOMHTErpaLmnm TUTAHOBLIX UMMIAHTATOB 3aBUCUT OT
coctaBa M MopdonorMM  MOBEPXHOCTU. [M3allH  MOBEPXHOCTM MMMaHTaTa MOXET
perynnpoBaTtb Me3eHXuMasnbHylo AnddepeHunpoBky cTBonosbix knetok (CK), a Takke umx
co3peBaHMe. B HacToswen paboTe npeacTaBneHbl pe3ynbTaThl  HAHOCTPYKTYypU3aLmm
NMOBEPXHOCTU [AEHTOMOPTE30B Ha OCHOBE cCrnasoB TuTaHa BT-6 u BT-1 xumuuyeckum
TpaBfieHMEeM W  aHOAMPOBaHWEM. XUMUYeCcKoe TpaB/ieHWe MOBEpPXHOCTM  06pa3uoBs
npou3BOAMSIOCE B  pacTBOpax pas3/IMYHOrO WHIPEAMEHTHOrO COCTaBa M pas3fiMuHbIX
TemMnepaTypHbIX peXxuMax. YacTb NpPUroToBEHHbIX TakMM 06pa3oM 06pa3LoB AOMOHUTENBHO
nogeBepranacb aHOAHOMY TpaBfeHuo. B kayecTBe npuMepa Ha puc.l npeacTtasneHbl
n306paXkeHnsi MOBEPXHOCTM 06pa3LoB MoC/ie PpasfIMYHOM  XMMUYecko obpaboTku. Ha
MOBEPXHOCTM BCex 06pa3uoB B WMAEHTUYHBIX YCMOBWSX BbIPalUMBANUChL Me3eHXMMalsbHble

CTBOJIOBbIE KNETKU, CHOPMUPOBAHHBIE U3 XKMPOBOMN TKAHMU.

30KU  X1,800  18um 12 48 SE1 38kU  X1.808  1Brm

Puc.1. COM uzobpaxeHune noBepxHocTu BT-6 nocne: a) kunsueHns B pactsope HCl :
H,SO4: H,0=2:1:1 n b) Bbigepxku B pactsope HF : DMF=1:10.

Mocne cospeBaHus npoussoauncs noacyeT CK Ha oaMHaKoBOM nowaan o6pasuos.
Metoauka KynbTuBMpoBaHusi M noacdeta CK wum3noxeHa B pabore Banuxosa M.I.
«KynbTYBMpOBaHME ME3EHXMMaNbHbIX CTBOJMOBLIX K/METOK HA  HAHOCTPYKTYPUPOBAHHOM
MOBEPXHOCTU TUTAHOBbLIX CM/1ABOB» (CM. MaTepuasibl HAaCTOSLLEN KOH(EPEHLMM).

CpaBHUTENbHLIM  @HaNU3  MOMYYEHHbIX Pe3ynbTaToB CBUAETENLCTBYET O TOM, 4TO
Hambonbliee konuuectBo CK  HabniopgaeTcss Ha  MOBEPXHOCTM  TUTAHOBLIX — AWMCKOB,
noABeprHyTbIX TpaBneHuto B cMecn HF : DMF=1:10 n nocneagyowero aHoanposaHus. Ons
naHopambl nsobpaxxeHns 1024 Ha 1024 nukcens y obpasuos BT-6 konnyectso CK coctaBuio
6260 wT, a ang BT-1 — 6157wT. [ina ogHocTaaumiiHoi 06paboTkm B pactBope HF : DMF=1:10
konuuectso CK ans BT-6 — 3800 wr. n ana BT-1 4797 wr.
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FORMATION OF TITANIUM PROSTHESIS SURFACE BY CHEMICAL TREATMENT

Gosteva E.}, Yankin V.%, Starkov V.2
! National University of Science and Technology “MISiS”, 4 Leninsky Prospekt,
Moscow, Russia 119049
2 Institute of Microelectronics Technology and High Purity Materials Russian
Academy of Sciences, 6 Academician Ossipyan str., Chernogolovka, Moscow,
Russia 142432

E-mail: gos-3@mail.ru

The use of titanium and its alloys is widespread in the prosthetics of various bone
tissues. The degree of osseointegration of titanium implants depends on the composition and
morphology of the surface. The implant surface design can regulate mesenchymal
differentiation of stem cells (SC) as well as their maturation. This paper presents the results of
nanostructuring of the surface of dental prostheses based on titanium alloys Grade 5 and
Grade 2 by chemical etching and anodizing. Chemical etching of the surface of the samples
was carried out in solutions of different ingredient composition and different temperature
conditions. Some of the samples prepared in this way were additionally subjected to anodic
etching. As an example, Fig.1 images of the surface of the samples after various chemical
treatments are presented. Mesenchymal stem cells formed from adipose tissue were grown on
the surface of all samples under identical conditions.

30KU  X1,800  18nm 12 48 SE1 3BkU  X1,808  1Bum 12 40 SEI

a)

Fig.1. SEM image of Grade 5 surface after: a) boiling in solution HCI : H2S04:H20=2:1:1
and b) exposure in solution HF:DF=1: 10.

After maturation, SC was calculated on the same sample area. The method of
cultivation and calculation of SC is described by Valikhov et al. (see the conference materials).

A comparative analysis of the results indicates that the greatest number of SC is
observed on the surface of titanium disks subjected to etching in a mixture of HF:DMF=1:10
and subsequent anodizing. For a panorama image of 1024 by 1024 pixels in samples of Grade
5, the number of SK amounted to 6260 pieces, and Grade 2 — 6157 pieces. For a one-step
processing in solution HF : DF=1:10 number of SK for Grade 5 — 3800 pieces and Grade 2
4797 pieces.
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HAHOKPUCTAJIJTUMECKUE CJTOU FPA®EHA HA NMOBEPXHOCTU AEHTONPOTE30B

locresa E.A. !, Cepnosey [1.M.%, Crapkos B.B.2
!HauymoHanbHblit UCCenoBaTeNIbCKMIA TEXHONOrnYeckmii ynusepcutet (HUTY)
MUWCUNC,119049, Poccusi, MockBa, JIeHUHCKMIA NpocnekT, A.4.
MHCTMTYT NPO6aIEeM TEXHONOrMN MMKPO3/IEKTPOHUKN M 0COGOUNCTbIX MaTepnanos
PAH (UNTM PAH), 142432, Poccus, YepHorosnioBka, MockoBcko# 06J1., npocnexkt
Akagemuka OcunbsiHa, A.6.

E-mail: gos-3@mail.ru

B uucne Havbonee pacnpoCTpaHEHHbIX WCCNEAO0BaHMIA MO MPUMEHEHWIO HAHOYacTUL B
MeanumnHe u 6uonormu cnegyetr OTMETUTb: [AOCTaBKy JIEKapCTBEHHbIX CPEACTB U TEHOB,
yopecueHTHY0 B1ONOMMYECKYI0 MapKMpOBKY, 6MonorMyeckoe ObBHapy)XeHWe NaToreHoB,
paspyLeHMe OMyXonau Mpu HarpeBaHuu (FMNepTepMus), BLIAENEHWE U OUUCTKY OMyXOnu
bronornyeckmx MONneKyn W KAETOK, Tepanuio paka, WCNoJsib30BaHME B Ka4yecTtBe
aHTUbaKTepManbHOro CPeAcTBa, a TakXkKe TKAHEBYID WHXeHepuio. B paboTe npeanoxeHo
UCNONb30BaTb  HaHOKPUCTa/IMYECKME CloM  rpadeHa Ha  MOBEPXHOCTM  TUTAHOBbIX
[EeHTONpoTe30B. HaHOKpWCTanmThbl rpacdeHa Ha MoBEpXHOCTU ChfiaBa TUTaH-BaHaaui (BT-6)
cuHTe3npoBannce B CVD npouecce npu Temnepatype 950°C MeTogoM nmponvsa napos
BOAHO-CNMUPTOBbLIX cmecei/'l npu MOHMXXEHHOM AaBNEHUN.

Puc. 1. COM un3obpaxeHus nosepxHocTn BT-6 nocne cuHTe3a rpadeHa. B npaBoM BepxHeM
Yriy KaXaoro u3obpaxeHusi npuBeseHbl COOTBETCTBYIOLME CNEKTPbl KOMBMHALMOHHOIO
paccesiHust (KP). Bennunna N cooTBeTcTByeT KonmuecTBy MCK, KynbTMBMPOBAHHBIX Ha
COOTBETCTBYIOLLEN NMOBEPXHOCTY.

O6pa3subl, n306paxeHHble Ha puc. 1a, 1b, cuHTe3npoBanu B TeyeHun 35 MUHYT npu
KOHLEHTpaumu 3TaHona 50% u 75%, cootBeTcTBEHHO. ObpaseL, M306paXKeHHbIl Ha puc.1c —
B TedeHun 120 MUHYT npu KoHueHTpauun 25%. Cnektpbl KP MMEIOT WMHTEHCMBHbIE MWKM,
XapaKTepHble Ans HaHokpuctannmMToB rpadeHa (D, G, 2D). B 10 xe Bpems, Habntopaetcs
npucytcTeune TiO, (nonockl Ao 700 cm™) B Buae HaHourn (puc. 1a, 1b) 1 KOPOTKUX CTEPXKHEN
(puc. 1c).

Ha noeepxHocTM BCex 06pa3uoB B  WAEHTUYHBIX  YCMOBWSX  BblpallMBaInCL
Me3eHXMMarbHble cTBOMOBblE kneTku (MCK), copMMpoBaHHbIe U3 XXMPOBOM TKaHW. MeToauka
KynbTMBMPOBaHus n noacyeta MCK usnoxeHa B pabote Banuxosa M.M. «KynbTuBMpoBaHue
ME3EHXMMasbHbIX CTBOJIOBbIX K/ETOK Ha HAaHOCTPYKTYpUPOBAHHOW MOBEPXHOCTM TUTAHOBbIX
cnnasoB» (CM. MaTepuanbl HacTosien KoHdepeHuwn). Kak cnegyeT w3 npuBeAeHHbIX
AaHHbIX, Hanbonblee uncno MCK KynbTVBMPOBAHO Ha MOBEPXHOCTM, U30OPaXXEHHON Ha pwC.
la.
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NANOCRYSTALLINE GRAPHENE LAYERS ON THE DENTAL PROSTHESIS SURFACE

Gosteva E.%, Sedlovets D.? Starkov V.2
INational University of Science and Technology “MISiS”, 4 Leninsky Prospekt,
Moscow, Russia 119049
ZInstitute of Microelectronics Technology and High Purity Materials Russian
Academy of Sciences, 6 Academician Ossipyan str., Chernogolovka, Moscow,
Russia 142432

E-mail: gos-3@mail.ru

The most interesting applications of nanoparticles in medicine and biology should be
emphasized: drug and gene transport, fluorescence biological labeling, biological detection of
pathogens, thermal destruction of the tumor (hyperthermia), tumor isolation and purification
in biological molecules and cells, cancer therapy, antibacterial agents, as well as tissue
engineering. In this work it is proposed to cover the surface of titanium dentures by
nanocrystalline graphene layers.

Graphene nanocrystallites on the surface of a titanium-vanadium alloy (VT-6) were
synthesized in a CVD setup at 950°C through the low-pressure pyrolysis of ethanol-water
vapors. The samples imaged in fig. 1a, 1b, were synthesized for 35 minutes from ethanol-
water mixtures with C,HsOH concentrations of 50% and 75%, respectively. The sample shown
in Fig. 1c was deposited for 120 minutes at ethanol concentration of 25%. Mesenchymal stem
cells (MSCs) formed from adipose tissue were subsequently grown on the surface of all
samples. The method of cultivation and calculation of MSCs was described by Valikhov et al.
(see the conference materials).

; .
5 e P Ae -
S 9Pe g1 \.'_ e go &1

Fig. 1. SEM images of VT-6 surface after graphene synthesis. In the upper right corner of
each image are the corresponding Raman spectra. The value of N is equal to the number of
MSCs cultured on the corresponding surface.

Raman spectra demonstrate intense D, G and 2D peaks which are characteristic of
graphene nanocrystallites. At the same time, the presence of TiO, (bands up to 700 cm™) is
observed in the form of nanoneedles (Fig. 1a, 1b) and short rods (Fig. 1c).

As follows from the presented data, the largest number of MSCs is cultivated on the
surface shown in Fig. 1a.
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MONYYEHUE KPEMHWEBbIX MEMEPAH ONMTUMAJIbHO NOPUCTOCTH AJISA
NCNoJib30BAHUA B METOAUKE HAMNPABJIEHHOIO KOCTHOIO POCTA

MaTtkoBa M.W.}, Muraues A.C.%, linuuep U.M.?, loctesa E.A.}, Waiixanues A.N.2
'HaumoHanbHbIit MccnepoBaTeNbCKMii TEXHONOrn4Yeckuii ynusepcuter (HUTY)
MWUCUC,119049, Poccus, MockBa, JIeHUHCKMIA npocnekT, A4.4.

Meps.biii MOCKOBCKMIA rocyAapCTBEHHbI MEANLIMHCKMIA yHUBEpCUTET nMeHn U. M.,
CeueHoBa (CeueHOBCKMi1 yHuBepcuTtet), 119991, Poccus, r. Mocksa, yin.
Tpy6eukasn, a. 8, cT. 2
E-mail: astemirsh@yandex.ru, gos-3@mail.ru, matkova044@mail.ru,
docmig@mail.ru, schpiczeriwan@yandex.ru

MopucTbiii kKpeMHuii (MK) sBNSETCS NepcrnekTUBHLIM MaTepuanoM Anst NpUMEHEHUS B
CaMblX PasfMuHbIX 06nacTsx Haykun. OOHUM M3 LIMPOKO W3yyaeMblX HamnpaeneHWi B
npumeHennn MK aBnsetca 6uomeanumHa. [opaaepXusaiollme Kapkachl, UCMONb3yeMble B
6MONHXKEHEPUM  KOCTHOM  TKaHM  HeobxoauMMbl Ans  pocta U AuddepeHUMpoBKu
ME3EeHXMManbHbIX CTBOMOBbIX KIETOK. [Mpexae Bcero, nobol kapkac AN TKaHeBOW
WHXeHepun [AomkeH obecneuvBaTb MOBEPXHOCTb, Ha KOTOPOM KNEeTKUM aaresvpyroTcs,
AnddepeHumpytoTcs M nponudepupyioT. B To e BpeMsi uaeanbHblli OCTEOKOHAYKTUBHBIN
MaTepuan  JO/KEH  6blTb  HETOKCWM4YHbIM,  6uocoBMecTUMbIM,  Buope3opbupyembiM,
Crnoco6CcTBOBaTbL  pereHepauuy  TkaHel, obnafaTb ONTUMaNbHBIMU  MEXaHUYEeCKUMU U
ur3mnyeckuMm cBOWCTBaMU. [MOPUCTBIM KPEeMHUWI 0b6najaeT BCEMW BbILLENEepPeUYUCIEHHBIMU
CBOWCTBaMM [N pelueHnss npobneM TKaHeBOM WHXEHepUM W B MepcrnekTuse Ans
KJIMHUYECKOro NPUMEHEHUS B METOAMKAX Harpas/ieHHOro KOCTHOrO pocTa.

MembpaHbl kapkaca Anst BblpalUMBaHWSA KIETOK NOSyYeHbl MyTEM aHOAHOro TpaBleHus
MOHOKpUCTananueckoro p-Si ¢ opueHTaumeit (100) u (111) B ABYyX pacTBopax Ha OCHOBE
nnasukoBoi kucnotbl (HF) (HF n CHsCH(OH)CHs - 6:1 un : HF n C;HsOH- 6:1). [1Ba pasHbIX
pacTBopa TpaBfieHWs MO3BOAMAM MONYYUTb pasHylo Mopdonormio nop. Ha puc. 1
npeacTtasneHbl COM nsobpaxeHns CTpyKTypbl 06pasLoB B CEHEHUN.

Puc.1 COM unzobpaxeHns CTpyKTypbl MOPUCTOrO KPEMHUS MPY CEAYIOLMX PeXUMax
TpasneHus: a) (100) npu j=5MA/cM? B pactBope HF n C;HsOH- 6:1 B TeueHue 2 y, 6) (100)
npu j=5MA/cm? B pactBope HF u CH3CH(OH)CHs - 6:1 B TeyeHue 10 u.

Llenbto paboThl SBASETCS MONyYeHne MeMbpaH C ONTUMasbHbIMKU pa3Mepamm 1 ry6uHoM
nop, CKOPOCTbio Buoaerpagaumnn 1 KNeTouHon nponudepaumy Ans NPUMEHEHUs B KadecTse
OCTEOKOHAYKTUBHOIO MaTepuana.
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PRODUCTION OF SILICON MEMBRANES OF OPTIMAL POROSITY FOR USE IN
GUIDED BONE GROWTH METHOD

Matkova M.%, Migachev A.2, Schpitzer 1.2, Gosteva E.!, Shaihaliev A.2
! National University of Science and Technology "MISIS", Moscow, Leninskiy
prospekt 4
2 1.M. Sechenov First Moscow State Medical University (Sechenov University),
Moscow, Trubetskaya str. 8
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docmig@mail.ru, schpiczeriwan@yandex.ru

Porous silicon (PS) is a promising material for use in various fields of science. One of
the widely studied areas in the use of PS is biomedicine. Supporting scaffolds used in bone
tissue bioengineering are necessary for the growth and differentiation of mesenchymal stem
cells. First of all, any framework for tissue engineering should provide a surface on which cells
adhere, differentiate and proliferate. At the same time, the ideal osteoconductive material
should be non-toxic, biocompatible, bioresorbable, promote tissue regeneration, and have
optimal mechanical and physical properties. Porous silicon has all of the above properties for
solving tissue-engineering problems and, in the future, for clinical use in guided bone growth
techniques.

Scaffold membranes for cell growth were obtained by anodic etching of single-crystal p-
Si with the (100) and (111) orientations in two solutions based on hydrofluoric acid (HF) (HF
and CHsCH (OH) CHs - 6: 1 and HF and C2H50H- 6: 1). Two different etching solutions made
it possible to obtain different pore morphology. In fig. 1 shows SEM images of the structure of
samples in cross section.

Fig. 1 SEM image of the structure of porous silicon under the following etching
conditions: a) (100) at j = 5mA / cm? in a solution of HF and C;HsOH-6: 1 for 2 h, b) (100) at
j = 5mA / cm? in solution of HF and CH3CH (OH) CHs - 6: 1 for 10 hours.

In the experiment of study the rate of biodegradation of PS in simulated body fluid by
Kokubo 6 samples with different etching modes and time periods (1 day, 1 week, 1 month, 3
months) will be taken. At the next stage of the study, mesenchymal stem cells will be planted
on the membranes. The speed and direction of cell proliferation, adhesion strength and cell
size will be evaluated and compared.

The aim of the work is to obtain membranes with optimal pore size and depth, rate of
biodegradation and cell proliferation for use as osteoconductive material.
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KYJIbTUBUPOBAHWE MESEHXVUMAJIbHbIX CTBOJIOBbIX KJTIETOK HA
HAHOCTPYKTYPUPOBAHHOWU NOBEPXHOCTU TUTAHOBbIX CIJIABOB

Banuxos M.MN.!, BuwHesckuii [.A."2, YexonuH B.MN.Y2, I'pbiayHos C.A.3, bIMHNKOB
A.B.%, TonosaHoBa A.A.*, TymansiH IA.*
1 ®rbY "HaumoHanbHbIii MEANLIMHCKNIT NCCNEeAoBaTENbCKNI LLEHTP NCUXNATPUN U
Hapkonorum nmenm B.M.Cep6ckoro" Munsapasa Poccun
2¢rs0y BO PHUMY um. H.U. Nuporosa Munaapasa Poccun
*Meps.blii MOCKOBCKMI rocyAapCTBEHHbI1 MEANLMHCKMNIA YHUBEpCUTET MMeHn U. M.
CeueHoBa (CeueHOBCKMi1 yHuBepcuTeT), 119991, Poccus, r. MockBsa, yn.
Tpy6eukas, a. 8, c1. 2
“®rA0Y BO «Poccmiicknii yausepcuteT apy»6bl Hapoaos>

E-mail: mousebiofan@gmail.ru

Me3eHxuMarbHble CTBOMOBbIE KNETKM, MOMYYEHHbIE M3 XXMPOBOW TKaHW MO MPOTOKOY
P.A. Zuk et al (2001) BbicaxxvBanMCb Ha TUTaHOBbIE MOBEPXHOCTU, NOMELUEHHbIE Ha AHO 48-
NYHOYHOrO nnaHwerta. KneTku KynbTueBmMposanu 4 aHs, aanee dukcuposanu npy nomowm 4%
pacteopa cdopManbaernaa u okpalmsanu saepHbiM kpacutenem DAPI. Busyanusaums KNeTok
Ha TWTaHOBbLIX MOBEPXHOCTSX MNPOBOAMIACL C MOMOLLBI  KOH(OKaNbHOrO  Na3epHOro
ckaHvpytowero mukpockona Nikon A1R MP, ¢ ucnonb3oBaHuem obbektvBa Nikon Plan Apo
20%/0.75 DIC N2 /0.17 WD 1.0. [ns nonHOM BW3yanv3auMu TUTAHOBOM MOBEPXHOCTU
MPOBOAMSM MAHOPaMHYK CbEMKY, COCTOSILUY0 W3 CEpUM CHWMKOB TONEW 3peHust ¢
paspelleHneM Kaxaoro kagpa 1024x1024 nukcensi. W3obpaxeHusi obpabaTbiBanunce ¢
nomoublo nporpamMmHoro obecnieyeHuns NIS-Elements (Nikon). lMocne obcueta kneTok u
XapakTepa WX pacrnpeaeneHvs Ha TUTaHOBbIX MOBEPXHOCTSX, Hauydliune pesynbTaTtbl 6biu
nokasaHbl A/ ANCKOB C Homepamu 2, 3, 4, 6, 7, 9, 11, 12. Ha paHHbIX AWCKaxX KIETKK
paBHOMEPHO pacrnpeensnucb no MoBepXHOCTU U (OPMUPOBANIN OCTPOBKM, YTO KOCBEHHO
yKa3blBaeT Ha npouecchl nponudepaummn M murpaumn. KnetoyHas agresvst Ha AucKax ¢
Homepamn 5, 8 n 10 HeygoeneTBopuTenbHas. CpefgHue nokasaTenu KOMYecTBa KIETOK
npeacraeneHbl B Tabnuue 1.

Konuyectso KAETOK Ha PasANYHbIX TUMAX TUTAHOBbIX I'IOE-E'p)(HOCTE‘H
8000
6000

4000
- | |
. _ [ ] [ |
1 2 3 4 5 6 7 8 9

10 11 12

(=]

Homep aucka

Tabnuua 1. Konnuecteo knetok (N) Ha pasinyHbIX TUMAxX TUTAHOBbIX MOBEPXHOCTEN:
NO1: N=3800; NO2: N = 6260; N93: N = 4421; N04: N = 5868; No5: N=158;
N26 N = 5855; NO7: N = 5739; N8: N = 1514; N29: N = 4797; N210: N = 1551;
No11: N = 4902; N212: N=6157
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CULTIVATION OF MESENCHYMAL STEM CELLS ON NANOSTRUCTURED SURFACE OF
TITANIUM ALLOYS
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Golovanova A.%, Tumanyan G.*

Federal State Budgetary Institution "V. Serbsky National Medical Research Center
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2 Pirogov Medical University
3 1.M. Sechenov First Moscow State Medical University (Sechenov University)

4 RUDN University, Department of Maxillo-facial Surgery and oral surgery
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Mesenchymal stem cells derived from adipose tissue according to P.A. protocol Zuk et al
(2001) landed on titanium surfaces placed on the bottom of a 48-well plate. Cells were
cultured for 4 days, then fixed using a 4% formaldehyde solution and stained with nuclear dye
DAPI. Cells were visualized on titanium surfaces using a Nikon A1R MP confocal laser scanning
microscope using a Nikon Plan Apo 20x / 0.75 DIC N2 oo / 0.17 WD 1.0 objective. For a
complete visualization of the titanium surface, a panoramic survey was carried out, consisting
of a series of pictures of the field of view with a resolution of each frame of 1024 x 1024
pixels. Images were processed using NIS-Elements (Nikon) software. After counting the cells
and the nature of their distribution on titanium surfaces, the best results were shown for disks
numbered 2, 3, 4, 6, 7, 9, 11, 12. On these disks, the cells were evenly distributed over the
surface and formed islands, which indirectly indicates on proliferation and migration
processes. Cell adhesion on discs with numbers 5, 8 and 10 is unsatisfactory. Average cell
numbers are shown in Table 1.

The number of cells on various types of titanium surfaces
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1000 I I
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1 2 3 4 5 6 7 8 9 10 11 12

Homep gucka

Table 1. The number of cells on various types of titanium surfaces
N21: N=3800; N22: N = 6260; N23: N = 4421; N24: N = 5868; N25: N=158;
N26: N = 5855; N27: N = 5739; No8: N = 1514; N99: N = 4797; N°10: N = 1551;
NO11:N = 4902; N212: N=6157
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OLIEHKA YCTOAYMBOCTM NOJTYMPOHULIAEMbIX KPEMHUEBbBIX MEMBPAH AJ151
MPOLIECCOB FrEMOAWNAJIU3A

CunuHa M.[., Py6uoBa K.MU., NocreBa E.A.
HUTY «MUCnC», MockBa, Poccus

E-mail: rubcova.karina@gmail.com, theinnercrow@yandex.ru

B HacTtosiee Bpemsi B Poccuiicko ®epepaumy reMoavanu3Hoe feyeHue sBIsSeTCs
[OPOrocTOSILUMM M TPYAHOLOCTYMHBLIM MPOLIECCOM ANs JII0Ael, cTpajatolmnx 3abonesaHusMu
noyek. Ha 1 MUANMOH HaceneHust NpUxoanTcs 245 MeCT 3aMeCTUTENbHOW NOYEeYHO Tepanuu,
Torda Kak nokasatenu B EBpone coctaensitor 1000, a B AnoHum — 2400. Paspabotka
MOPTaTMBHbLIX WAN  WUMMNIAHTUPYEMbIX CUCTEM, KOTOpble CMOryT 3aMeHUTb MpoBeAeHue
ambynaTopHOro remoavanvsa, NoMOryT YAy4llUTb KAYeCTBO XM3HU MaLUMEHTOB C pa3nyHbIMU
BUAAMM TSKENbIX M XPOHUYECKMX 3a60neBaHuii noyek.

Obs3aTeNbHbIM YCOBMEM ANS BO3MOXHOCTM UCNOMb30BAHWUS TakKUX AMANWU3HbLIX CUCTEM
ABNseTcs pa3paboTka BbICOKOI(MEKTUBHBIX MOMYNPOHMLAEMbIX MeMbpaH, KOoTopble MOryT
obecneuntb  HeobXOAMMYKD  CKOPOCTb  (PUNbTPauUMM  TOKCMHOB AN HOPMasibHOro
(YHKUMOHMPOBaHMS opraHuMaMa. OaHUM M3 CcaMblX MEPCreKTUBHLIX MaTepuanos Ans
U3roToBfIEHNST MeMbpaH SIBNSIETCS MOPUCTbI KPEMHUI, YTO MOATBEPXKAAETCS LUMPOKUM
CMEeKTPOM WCMOsb30BaHUs 3TOr0 MaTepuana B MeauumHe. TexHonorus riybokoro aHoaHOro
TPaBneHns ANns COo3[4aHus MOPUCTBIX KPEMHWEBBLIX CTPYKTYp MO3BONseT (popMMpoBaTh
MeM6paHbl C TaKUMU 3aAiaHHBIMU CBOMCTBAM kak MOpdonorvst U pasmepbl Nop, NOPUCTOCTb U
TonwmHa nopuctoro cnosi [1]. Mo pfaHHBIM UMcCnefoBaHU KOMMepyeckue MeM6paHbl
AvianusaTtopa, ucnonb3yemble Ha AaHHbIM MOMeHT, B 1000 pa3 Tonwwe dunbTpyembix Monekyn,
YTO MPUBOAUT K HU3KMM CKOPOCTSIM KIIMPEHCA U yAEpXKaHUIO pacTBOPEHHbIX BELLECTB B NOpax.
TakvM 06pa3oM, CO3AaHWe YNbTPAaTOHKOW HAHOCTPYKTYPUPOBaHHOW MeMEpaHbl Croco6HO
pewunTb 3Ty npobnemy.

MeTtogoM rnybokoro aHoOAHOro TpaBfeHMSt MNOSlyYeHa Cepusi PaavEHTHO-MOPUCTbIX
BapyaTMBHbIX  CTPYKTYp Ha  MOHOKPWUCTA/NIMYECKOM  KPEMHWEBOW  MOANOXKE  C
kpuctannorpacpuyeckummn opueHTaumsamn 100 n 111. C nomouwpto WnnMdoBKKU U3 CTPYKTYp
6blIM M3roTOBNEHbI MeMBpaHbl Ansi MOCAeAyoLlelt OLEHKU UX MEXaHWUYeCKOoM U XMMUYECKOM
yCTOAUMBOCTU. BBMAY AOKa3aHHOrO B3aUMOAENCTBUSI MOPUCTOTO KPEMHWUS C  BOAHLIMU
pacTteBopamu [2], B nepByl ouvepeab HEO6XOAMMO OLIEHWTb CTENeHb WMX YCTOMUMBOCTU C
pacTBOpaMu, IMY/IMPYIOLLMMUN pearnbHble Cpefbl YETOBEYECKOro OpraH13Ma.

M3roToBneHa cepusi pacTBOPOB C pa3HbIMU 3HayeHusMKU pH, B ToM uncne SBF-pacTBsop,
KOHLIEHTpaLus MOHOB KOTOPOro NpuGAM3NUTENbHO paBHa TakoBOW B Ma3Me YesioBeYecKou
kpoBu. O6pasubl MembBpaH TMOMeLleHbl B pacTBOPbl ASISi OLUEHKM WX YCTOWYMBOCTU W
BbISIBNIEHMS1 3aBUCUMOCTU B3aMMOAENCTBUSI C BOAHOW Cpefol, B 4acTHOCTU, Gbinu NnonyyeHbl
KpuBble n3MeHeHnsi pH pacTBOpPOB OT BPEMeHM BblAepXKKin 06pa3LoB.

Mpon3BeaeHo oLeHOYHOe CpaBHeHWe 06pasLoB C MOMOLLBIO UCCEA0BAHNS Ha NONEBOM
3MUCCMOHHOM 3/1EKTPOHHOM MMKpockone JSM-6700F. TMonyyeHbl pacToBble M306paxkeHus
MOBEPXHOCTM 06pasLoB M CKOMOB, OMnpeaeneHbl rybuHbl NOpUCTbIX Cnoes, Mopdonorus
pa3mepbl Mop MeMbpaH.

1. Starkov V.V., Gosteva E.A., Sedlovets D.M., Kah M.O. Silicon Structures with
Variable Morphology of Pores Methods of Obtaining Physical and Optical
Properties. // Journal of The Electrochemical Society — 2018 — V. 165 — N2. 11
— P. E534-E539.

2. TytoB E.A. F'eTepodaszHble NpoLecchl Npu B3aMMOAEWCTBUM NMOPUCTOrO
KpeMHusi ¢ Bogo. — 2009. — T.9. — N21. — C.13.
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ASSESSMENT OF STABILITY OF SEMIPERMEABLE SILICON MEMBRANES FOR
HEMODIALYSIS PROCESSES

Silina M., Rubtsova K., Gosteva E.
NUST “MISiS”, Moscow, Russia
E-mail: rubcova.karina@gmail.com, theinnercrow@yandex.ru

In the Russian Federation currently hemodialysis treatment is underdeveloped,
expensive and hardly accessible for people suffering from kidney diseases. There are only 245
renal replacement therapy clinics per 1 million population, while in Europe there are 1,000 and
2,400 in Japan. Development of portable or implantable systems that could replace
ambulatory hemodialysis will help to improve the life quality of patients with various types of
severe and chronic kidney diseases.

A prerequisite for the possibility of use such dialysis systems is the development of
highly efficient semi-permeable membranes that can provide the necessary filtration rate of
toxins for the normal body functioning. One of the most promising materials for the
membranes manufacturing is porous silicon, as evidenced by the wide range of use of this
material in medicine. Technology of deep anodic etching allows to create membranes with
such specified properties as morphology and pore sizes, porosity and thickness of the porous
layer thickness [1]. According to a study, dialyzer commercial membranes are 1000 times
thicker than the size of molecules that will be filtered, which leads to low clearance rates and
retention of solutes in the pores. Thus, the creation of an ultrathin nanostructured membrane
can solve this problem.

The series of gradient-porous variable structures on a monocrystalline silicon substrate
with crystallographic orientations 100 and 111 was obtained by deep anodic etching. With the
help of grinding, membranes were made from the structures for subsequent evaluation of
their mechanical and chemical resistance. In view of the proven interaction of porous silicon
with water solutions [2], it is first necessary to assess the degree of their stability with
solutions that emulate the real environment of the human body.

A series of solutions with different pH values, including SBF-solution with ion
concentrations nearly equal to those of human blood plasma, was made. Membrane samples
were placed in solutions to assess their stability and determine the dependence of the
interaction with the water medium, in particular, the pH curves of solutions were obtained
from the sample holding time.

Produced evaluative comparison of samples through the research on field emission
electron microscope JSM-6700F. Trust obtained images of the surface samples and chips,
determined the depth of the porous layers, the morphology of the membrane pore sizes.

1. Starkov V.V., Gosteva E.A., Sedlovets D.M., Kah M.O. Silicon Structures with
Variable Morphology of Pores Methods of Obtaining Physical and Optical
Properties. // Journal of The Electrochemical Society — 2018 — V. 165 — N9. 11
— P. E534-E539.

2. Tyvos E.A. leTepocasHble NpoLecchl Npy B3auMOAENCTBUN NOPUCTOro
KPeMHus ¢ Bogon. — 2009. — T.9. — N21. — C.13.

121


mailto:rubcova.karina@gmail.com
mailto:theinnercrow@yandex.ru

BbICOKOOPUEHTUPOBAHHbIA 3/IEKTPOCNIUHHWUHI MATEPMAJIOB HA OCHOBE
NONTUNAKTUAA N NOJIMKANMPOJIAKTOHA

KawwuH A.B.*?
ldusnuecknii pakynbter MY nmenn M.B.JlomoHocoBa, Mocksa, Poccus
MHCcTUTYT anekTpodmn3nkm n anektTpoaHepretnkn PAH, Cankr-lMerep6ypr, Poccus

E-mail: artem-benz@mail.ru

B Hactosiwee Bpems BCe 60nbLUyIO aKTyanbHOCTb npuobpetaloT 6uonoaobHble
TKaHeBble KNETOYHblE CUCTEMbI. [IpM AaHHOM MOAXOAE aKUEHT AENaeTcs Ha apXUTEKTypy
MONMMEPHOro Kapkaca W npupoponofobve 6GuomMexaHWM4Yeckoro noBeAeHUs MaTepuana B
npouecce aedopMaumn. M3BeCTHO, UTO MOPONOrMsl HAaTUBHBLIX TKAHEM, TaKMX Kak CTEHKM
COCY/IOB, MbILLEYHbIE BOSIOKHA U MHOTME [ApYrne UMEKT BOSIOKOHHYIO opueHTaumio. Mpu 3Tom
MbILIEYHbIE C/IOM YacTO YKIaAblBAlOTCA B pa3HblX HanpasfeHus, obecneunBas Tpebyemble
(pu13MKO-MexaHNyeckne CBOMCTBA.

B paborte paspaboTaH noaxoa M CO3AaH MaTepuan Ha OCHOBE OGUOCOBMECTUMBIX W
6rope30pbrpyeMbIX CMHTETUYECKMX MONMMEPOB: NOAWNAKTUAE W MonvkanponakToHe. Boibop
NonMMepHoii KOMMo3numm obycnosneH pasMyHbIMK PU3MKO-MEXaHNYECKUMU
XapaKTepucTukamy MonvMepoB, TaKUMWM Kak YMpYroctb M 31aCTUYHOCTb. BOMOKOHHBIN
MaTepuan nonyyeH METOAOM 3/1eKTPOdPOPMOBaHNS YNOPSAOYEHHBIX NMOIMMEPHBIX CNOEB Npu
peBepce HampshkeHU Ha mpueMHoM Kosnnektope [1, 2]. CucTeMa ¢hopMOBaHUS COCTOUT U3
CEepUM BbICOKOBOJBTHBIX KJTIOUEH CMOCOBHBIX KOMMYTUPOBATL HANPsKeHWst co caBUroM das [3-
6]. lMonyyeHHble BbICOKOOPUEHTUPOBaAHHbIE MaTepuanbl uMenn pasmepbl 40x70 MM, npwu
TonwmHe 0,4+0,05 MM 1 BbIIM OxapaKTepn3oBaHbl MO pa3MepaM BOMOKOH, Yy OpUeHTauuu,
NIOTHOCTY YNaKOBKM.

WccnepoBaHus U3NKO-MEXaHNYECKNX XapaKTepucTuk OCYLLEeCTBASAMN Ha
YHVBEpCanbHOM paspbiBHOM MalumHe Instron 3400. YcTaHoBReHo, 4To Mozynb HOHra u
NMPOYHOCTb MaTepuanos, AedOPMUPOBAHHBIX B NMOMEPEYHOM HAMPAaBIEHNN CYLLECTBEHHO HWKe
5-10 Mla OpWEHTVMPOBAHHOrO BAOMb M XaOTUYHOW YKIAOKU BOJIOKOH. [epBoHauanbHoe
ynpyroe conpoTvBneHne 06ycnoBieHo nepensieTeHneM psiAOM PacronoKeHHbIX BOTOKOH M UX
3MEKTPOCTAaTUYECKUM MPUTArMBaHWEM. HeopueHTUpOBaHHbIE MaTepuasnbl UMEelT cpeaHee
3HayeHWe MNPOYHOCTHBIX XxapakTepuctuk 220 MMa. Ha HavanbHOM 3Tane aedopmaumnn
nepenneTeHHble BOMIOKHA COMPOTUBSIOTCA NMPUKIAAbIBAEMON Harpyske, Aanee npoucXoauT
NepeopueHTaUmMsl BOMIOKOH BAOMb HArpy3ku W MOCTEMEHHBI paspblB, CHayana OTAENbHbIX
BOJIOKOH, BM/I0Tb A0 /laBMHOOOPa3HOro paspylueHns cuctembl. lMpu 3TOM MaTepuanbl Ha
OCHOBE MOSIMKANpOsiakToHa 06/M1aAatloT MOBbILLEHHOW 3MaCTUYHOCTLIO M gocTuraT 400%
OTHOCUTENbHOM  AecdopMaumM. YeM Bbille OpMEHTAUMOHHbIE 3ddekTbl B MOMMMEPHOM
MaTepuane, TeM Bbiwe Moaynu KOHra M MpoYyHOCTU. TakuM 06pa3oM, ANs MakCMMasbHOW
opueHTaummn B 5-10° NpoYHOCTHbIE XapaKTEPUCTUKN BAONb NPUKIaAbIBAEMON Harpysku B 3-4
pasa Bbllle N0 CPaBHEHUIO C TPAAWULIMOHHBIM HEOPUEHTMPOBAHHLIM MaTepuanom 1 AOCTUralT
700 MMa.

Pa6oTa BbINoNHeHa Npu uHaHcoBo noaaepxke PO®U 18-29-17066 Mk.

JNiutepaTtypa

1. Kashin A.V., Rebrov I.E., Khomich V.Yu. // Applied physics. 2018. 3. 85-89.

2. Rebrov L.E. et al. // Applied physics. 2019. N2 3. 98—-104.

3. Moshkunov S.I. et. al. Instruments and Experimental Techniques. 2018. 61 (6), 821-
826.

4. Khomich V.Y. et. al. // SPEEDAM 2016. Capri, Italy: IEEE, 2016. P. 918-922.
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HIGHLY ORIENTED ELECTROSPINING OF POLYLACTIDE AND POLICAPROLACTON
MATERIALS

Kashin A.12
1 Physical faculty of Moscow State University named after M.V. Lomonosov,
Moscow, Russia
2 Institute of Electrophysics and Electric Power of the RAS, Saint-Petersburg,
Russia
E-mail: artem-benz@mail.ru

Currently, biomimetic tissue cell systems are becoming increasingly relevant. This
approach focuses on the architecture of polymer scaffold and nature like biomechanical
behavior of material during deformation. It is known that the morphology of native tissues,
such as vascular walls, muscle fibers and many others have a fiber orientation. At the same
time, the muscle layers often fit in different directions, providing the required physical and
mechanical properties.

We have developed the unique approach and new material on the basis of biocompatible
and bioresorbable synthetic polymers: polylactide and polycaprolactone. The choice of
polymer composition is due to various physical and mechanical characteristics of polymers,
such as elasticity. Fiber material was obtained by researched electrospinning of ordered
polymer layers with voltage reversal of receiving collector [1, 2]. The electrospinning system
consists of a series of high-voltage commutators capable of switching voltage with phase shift
[3-6]. The obtained highly oriented materials had dimensions of 40x70 mm, with a thickness
of 0.4 £ 0.05 mm and were characterized by fiber sizes, orientation angle and packing
density.

The studies of physical and mechanical characteristics were carried out on Instron 3400
universal tensile testing machine. A comparative analysis of the deformation dependences for
an undirected material and applied along the fibers load and in the transverse direction was
carried out.It was found that Young's modulus and strength of materials deformed in the
transverse direction are significantly lower than oriented along and randomly stacked fibers
and equals to 5-10 MPa. The initial elastic resistance is due to interweaving of adjacent fibers
and their electrostatic attraction. Non-oriented materials have an average value of strength
characteristics of 220 MPa. At the initial stage of deformation, the interwoven fibers resist the
applied load, then fibers are reoriented along the load and gradually break, first of the
individual fibers up to the avalanche-like destruction of the whole system. Moreover, materials
based on polycaprolactone have increased elasticity and reach 400% relative deformation.
The higher the orientation effect in polymer material is - the higher the Young's modulus and
strength are. Thus, for a maximum orientation of 5-10 ° the strength characteristics along the
applied load are 3-4 times higher compared to traditional non-oriented material and reach up
to 700 MPa.

This work was supported by the Russian Foundation for Basic Research, 18-29-17066
mKk.
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MCTOYHMK XONOAHOI NJIA3MbI AJ11 BUOMEAVNLIMHCKUX MPUMEHEHWIA

LllepwyHoBa E.A.
®depnepanbHoe rocyfapcTseHHoe 6ropKkeTHOE yupexaeHme Haykn <«UHCTUTyT
anekTpodhunsnkm n anekTpoaHepreTtukn PAH», r. Cankt-lNMetepbypr, Poccus
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3a nocnegHue 15-20 neT BLIPOCNO HOBOE HarpasfieHWe B MeauumHe, CBA3aHHOe C
HU3KOTEMMepaTypHON Mna3Moi. XonoaHble nnasMeHHble CTpyw MpuBekalT k cebe ocoboe
BHMMaHME 33 CYeT reHepauum B HUX XUMUYECKM aKTMBHbIX a30TCOAEpXaWwmX W
KMCIOPOACOAEPXKALUMX PAAMKaoB NpyU KOMHATHOW TeMnepaType U aTMOChEpHOM AaBneHu,
YTO MO3BONISET M3bexaTb 60MbLIMX SKOHOMUYECKMX 3aTpaT, @ TakKe Npou3BOAUTL TOUEYHYIO
06paboTky 6MOTKaHel, OCOBEHHO 4YyBCTBUTENbHLIX K TemnepaType. Bo MHorux pa6otax
nokasaHa 3M@EeKTMBHOCTb NNAasMbl AN WMHAKTUMBALMW PaMM-MONOXUTENbHBIX WM FpamMM-
OTpULATENbHbIX GAKTEPUIA, MOPOM PE3UCTEHTHBIX K aHTWbMotukam [1]. CoBpeMeHHble
HayuHble WCCNefoBaHWsl TakKe MOoKasblBaloT GOMbLION MOTEHUMan MCronb30BaHUs MiasMbl
ANS YHUUTOXEHWS PaKOBbIX KNeTok [2].

Ha cerogHsiiHWA MOMEHT B Mupe pa3paboTaHbl pasHble KOHCTPYKUMM WCTOYHWMKOB.
O6LwmMM SBNSETCA TO, YTO CTPYM FEHEPUPYIOTCS B MHEPTHBIX ra3ax Mpy noAadve Ha 31eKTpoabl
MNa3MEHHOr0 peakTopa BbICOKOrO HampshkeHus. HanpsbkeHue nuTaHUs MOXET WMETb
pasnnyHylo opMy M 4acTOTy MOBTOPEHWS, UTO B/MSIET KaK Ha MEeXaHW3M pa3BUTUS
MMa3MeHHbIX CTPYW, TOK CTPyM U ee CreKTpanbHbIA COCTaB, Tak U Ha rabapuTHble pa3mepsbl
BCEro MCTOYHMKA M1a3Mmbl.

B paboTe onucaH MepeHOCHON BbICOKOBOJIbTHbLIA WMMYsbCHBIN WMCTOYHMK Ha OCHOBE
TBEPAOTESbHLIX KOMMYTaTOpoB [3] C MUTaHMEM OT 6bITOBOW ceT. KOHCTpykums npubopa
MO3BOJISIET PerynvpoBaTb YacTOTy MOBTOPEHUS MMMNYNbLCOB W aMMAUTYAY HanpsbKeHus, 4To
BfieYeT 3a coboii M3MEHEHWs 3HeproBknaZa B paspsf, BAMSIOWEro Ha ASIMHY CTpyu U ee
KOHLEHTPaLUMIO PEeaKTVBHbIX KOMMOHEHTOB. 3a CYET nodayv KOPOTKUX HaHOCEKYHAHbIX
UMMyNbCOB HAa 3MEKTPOAbl peakTopa Npu HanpsbkeHuM nutaHus o 6 kB u yvactorte
noBTOpeHns Ao 3 kIl Npu NpokKayke N1asMeHHOro peakTopa aproHOM CO CKOPOCTbIO eANHMLbI
NUTPOB B MWHYTY peanu3yeTcs nna3MeHHasi BO34yllHas CTpys C TemnepaTypow, He
npesbilwatoweri 40°C annHon Ao 2 cM. Kpome Toro, xonoaHas niasma MOXeT 6biTb nonyyeHa
W Ha JOCTaTOYHOM PacCTOSHUM OT NNa3MeHHOro peakTopa 6naroaaps UCMoNb30BaHWIO rMBKO
AVSNEKTpUYEcKon TpyBKu ANnst MPUMEHEHHS in Vivo.

Pabota BbinonHeHa npu nogaepxke [Mporpammbl lNpesmamyma PAH N2 7 "Hosble
pa3paboTKn B NEPCNEKTUBHBIX HAaNPaBNEHUSX SHEPreTUKU, MEXaHUKN U POBOTOTEXHUKN».
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COLD PLASMA SOURCE FOR BIOMEDICAL APPLICATIONS

Shershunova E.
Institute for Electrophysics and Electric Power RAS, Saint-Petersburg, Russia
E-mail: eshershunova@ieeras.ru

Over the past 15-20 years, a new direction in medicine associated with low-temperature
plasma has grown. Cold plasma jets attract special attention due to their ability to generate
chemically active nitrogen-containing and oxygen-containing radicals at room temperature and
atmospheric pressure. This allows avoiding high economic costs, as well as producing the
targeted treatment of biological tissues, especially temperature-sensitive. Many studies have
shown the effectiveness of plasma for the inactivation of gram-positive and gram-negative
bacteria, sometimes resistant to antibiotics. Modern scientific studies also show great potential
for using plasma to kill cancer cells.

To date various source designs have been developed in the world. It is common that
jets are generated in inert gases when high voltage applies to electrodes of the plasma
reactor. The supply voltage can have a different shape and repetition rate. The power source
affects both the mechanism of plasma jets propagation, the jet current and its spectral
composition, as well as the overall dimensions of the entire plasma source.

A portable high-voltage pulse source based on solid-state switches [3] and powered by a
household network 220 V, 50 Hz is described in the paper. The knobs located on the front
panel of the device allow adjusting the pulse repetition rate and the voltage amplitude, i.e. the
energy input into the discharge and, thus, the length of the jet and the concentration of active
chemical species. With a supply voltage of up to 6 kV and a repetition rate of up to 3 kHz,
when the plasma reactor is pumped with argon at a rate of units liters per minute, a plasma
air jet up to 2 cm long is realized with a temperature not exceeding 40 ° C. In addition, cold
plasma can be obtained at a sufficient distance from the plasma reactor nozzle through the
use of a flexible dielectric tube.

This work was supported by the Program of the Presidium of the Russian Academy of
Sciences No. 7 "New developments in promising areas of energy, mechanics, and robotics."
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MHOIOKAHAJIbHbIA BbICOKOBOHIiTHbIVI MMMYJIbCHbIA FEEHEPATOP ANl
OPUEHTUPOBAHHOM YKJIAAKWN BOJIOKOH
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2pusnueckmit pakynbtetr MY nmenn M.B.JlomoHocoBa, MockBa, Poccus
3UHCcTNTYT anekTpodm3nkm u anekTposHepretnkn PAH, Cankr-lMerep6ypr, Poccus

E-mail: da.volkov@physics.msu.ru

Ana  nonyyeHns pas3nnuHbIX 6MoMaTepuanoB B HacTosllee BpeMs  aKTMBHO
UCMONb3YeTCS METOA 3M1EeKTPOCTIMHHWHIA, 6naroaaps BO3MOXHOCTU (POPMUPOBAHNS MUKPO- U
HaHOBOJSIOKHUCTbIX ~ BbICOKOMOPUCTLIX  CTPYKTYP C  33afaHHbIMKM  (DU3MKOMEXaHUYECKUMU
xapaktepuctukam. OfHVUM M3 BaXKHEWLIMX MapamMeTpoB, OMpeaensitowmnx dyHKUMOHANbHbIE
CBOWCTBa MaTepuanoB, SIBNSIETCS OpUEHTaLMs BOMIOKOH MPU OCaXAEHWM Ha KOJIEKTOPHOM
cucteme. CyllecTBytolWwMe MeTOAbl MONYYEHWUs! OPUEHTUPOBAHHBIX BOJSIOKOHHbBIX MOKPbITUI
UMEIOT CYLLECTBEHHbIE TEXHONOMMYECKMe OrpaHuyeHusl, B GONbLUMHCTBE CBOEM CBSA3aHHblE
NMB0 C HEBbIPAXXEHHOCTLIO OPUEHTALIMOHHbBIX 3deKTOB, MO0 CO CNOXHOCTLIO MoAMDUKaLMK
noj KOHKPETHyto 3agdady. Ans ctabunusaumm cTpym B npouecce 31ekTpoopMOBaHNS HaHO- U
MWKPOBOJIOKHUCTbLIX MOIMMEPHBIX MaTepuanoB Hamu bbina MoauduuUMpoBaHa Kiaccuyeckas
MeToaMKa 3NEKTPOCNUHHUHIA " MCMonb30BaH meToA ynpasfieHus
3NEKTPOrMAPOANHAMUYECKON cTpyeii NoCpeAcTBoM N3MeHeHus KOHUrypaumm
HanpsKeHHOCTU  3MeKTpuYeckoro rnons B obnactu  gpelida MOAMMEPHOrO  BOJIOKHA,
NO3BONSIOLLMIA NOJTyHaTh NPOLIECC KOHTPOIMPOBAHHONO 351ekTpodopMoBaHus [1-4].

YCTaHOBKa COCTOMT M3: MCTOYHMKA BbICOKOrO HampsbKeHus; 3ajalolero reHepartopa
WCTOYHMKOB NUTaHUs; fpaiiBepa yrnpaB/ieHUs BbICOKOBOMbTHbIMM (BB) kntoyamu; nsit nap BB
KIOYeid; CUCTeMbl MPUEMHBIX W OTKIIOHSIOWMX  3MIEKTPOAOB;  Kanwiisipa; CUCTEMbI
perynmpoBaHusi pacxoAa pacTsopa.

BaXkHbIX acrekToM pelleHust 3aadn KOHTPOIMPYEMOW YKaaku 3neKTpodOpPMOBaHHbIX
BOJIOKOH SIB/ISIETCS  CO3aHWE BbICOKOBOJIBTHBIX  K/IloYen (KOMMYTaTopoB) C  CUCTEMOIA
umdpoBoro ynpasneHns [5]. MpoekTupyemble noa 3Ty Uenb TBEPAOTENbHbIE KIOYA UMET
MOAY/IbHYIO KOHCTPYKUMIO, YMpaB/isieMoe OTKPbITUE W 3aKpblTUEe, U COCTOST M3  Lenu
nocnefoBaTenbHO  coeanHeHHbIX (32 WTykM) HUM3KOBOMLTHBIX (1200 B) 6unonspHbix
TPaH3UCTOPOB C M30/MpOBaHHbIM 3aTBOpoM (BTU3). Kaxpas napa BB knouelt umeer
HE3aBMCMMOE YynpaBfeHWe 1 No3BONSET HE3aBMCMMO KOMMYTMPOBATb BbICOKOE HanpshkeHue
Ha 3/1eKTPOA KOSINEKTOPHON cucTeMbl, hopMupyst 4 kaHana. MsTblil KaHan No3BONSET MEHNTb
NOMSIPHOCTb Ha Kanwunasipe ¥ HeWTpanM3oBaTb CKOMMBLLMICS Ha NonvMepe 3apsa B npouecce
YKNaAKN BOSTOKOH.

Pa6oTa BbiNoNHeHa Npu uHaHcoBo noaaepxke PO®U 18-29-17066 Mk.
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MULTI-CHANNEL HIGH VOLTAGE PULSE GENERATOR FOR ORIENTED FIBER
LAYING

Volkov D.!?, Kashin A.>3
1 NRC «Kurchatov Institute», Moscow, Russia
2 Faculty physics of M.V. Lomonosov Moscow State University, Moscow, Russia
3 Institute of Electrophysics and Electric Power of the RAS, Saint-Petersburg,

E-mail: da.volkov@physics.msu.ru

To obtain various biomaterials, the electrospinning method is currently being actively
used, due to the possibility of forming micro- and nanofibrous highly porous structures with
specified physicomechanical characteristics. One of the most important parameters that
determine the functional properties of materials is the orientation of the fibers during
deposition on the collector system. Existing methods for producing oriented fiber coatings
have significant technological limitations, most of which are associated either with the lack of
orientation effects, or with the complexity of modifications for a specific task. To stabilize the
jet during the electroforming of nano- and microfiber polymeric materials, we modified the
classical electrospinning technique and used the electrohydrodynamic jet control method by
changing the configuration of the electric field strength in the drift region of the polymer fiber,
which allows one to obtain a controlled electroforming process [1-3].

The installation consists of: a high voltage source; master generator of power sources;
drivers for managing high voltage (BB) switches; five pairs of BB switches; receiving and
deflecting electrode systems; capillary; solution flow control systems.

An important aspect of solving the problem of controlled laying of electroformed fibers is
the creation of high-voltage switches (switches) with a digital control system. SSDs designed
for this purpose have a modular design, controlled opening and closing, and consist of a chain
of series-connected (32 pieces) low-voltage (1200 V) insulated-gate bipolar transistors
(IGBTs). Each pair of switches (4 channels) has independent control and allows you to
independently commutate a high voltage to the electrode of the collector system. The fifth
channel allows you to change the polarity on the capillary and neutralize the charge
accumulated on the polymer in the process of laying the fibers.

This work was supported by the RFBR 18-29-17066 mk.
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POJ1b JIECHBIX BUOTEXHOJIOMUii B PELLEHMW COBPEMEHHbIX NMPOBJIEM
JIECHOI'O XO3AUCTBA

CeméHoB M.A.
®depepanbHoe rocyfaapcrseHHoe 6romkeTHOe yupexaeHme Becepoccuiickui
Hay4YHO-UCC/Ie0BaTe/IbCKUA MHCTUTYT JIECHOW FrEHETUKK, CEeNTIEKLIUU U
6uorexHonornun

E-mail: otbio-vniilgis@yandex.ru

PacnopsieHuemM lMNpasutenbctea PO ot 28 dhespansa 2018 r. N2 337-p O6 yTBepxaeHun
MnaHa MeponpusTMi  («[OPOXHOM KapTbl») «Pa3BUTME 6MOTEXHONMOTM W FeHHOW
nHxeHepun» Ha 2018 - 2020 r.r. ocoboe MecTo yheneHo necHoMmy cektopy. Cpeau
NEPCMEKTUBHBIX HanpaBneHwWit — «lpuUMeHeHVWe GUOTEXHONOrMI  [ANs  COXPaHeHust W
BOCMPOW3BOACTBA SIECHbIX PECYPCOB».

STV HanpasfeHus pa3BuBaloTCca B Poccum B pamkax peanusaumv 3agad Focnporpammbl
«BUO 2020», MeponpusiTuii  [IOpOXKHOW KapTbl «Pa3BUTME OGUOTEXHONMOMMI W FEeHHOW
nHxeHepumn» (N2337-p ot 28 despans 2018 r.), co3gaHusa ceteBoro LleHTpa necHbIX
61OTEXHOSOMU.

Hanbonee wmMpokoe NpUMEHEHWE HALM METOAbl K/IOHANbHOrO0 MWUKPOPa3MHOXEHUS
pacTeHuit (BKIOYasi COMaTMYeCKUA 3SMOpUOreHe3) Ans YCKOPEHHOTO  WCMOJb30BaHuWs
CeNEKUMOHHBIX JOCTVDKEHUN Ha OCHOBE MPOM3BOACTBA BbICOKOKAUYECTBEHHOIO MOCaZOYHOro
MaTepuana NS CO34aHUSt  JIECOCHIPbEBbLIX  MJIaHTaLUMNA. [ns  nnaHTauMoHHOro
NecoBbIPALLMBAHMS  UCMOMb3YIOT TOMbKO OTCENeKTUPOBaHHble opMbl (rMbpuabl, KIOHbI)
ApeBECHbIX pacTeHuii — BbICTPOPacTyLUMeE, NPOAYKTUBHbIE, C BLICOKUM KaueCTBOM ApPEeBECHHbI,
yCToiumMBble K 60NE3HAM U BpeauTensM, HebnaronpusTHbIM (akTopam cpeabl (B TOM uncie K
N3MEHSIIOLLIMMCS MOroAHO-KIMMAaTUYECKUM YCTOBUSIM) TEXHOFEHHOMY CTpeccy.

Orey «BHUMITTUCOUMOTEX» BKMOUYEH B <«AOPOXHYK KapTy» MporpaMmbl pasBUTUS
BMOTEXHOMOMMIA U FEHHOW MHXeHepuW. B cBsisn ¢ 3TuM B aBrycte 2014 roga Ha ero 6ase
co3aaH LIeHTp JecHbIX GMOTEXHOMOMMIA, B KOTOPOM MpOBOAATCA  (byHAAMEHTasIbHbIE U
Npo61eMHO-OPUEHTUPOBAHHbIE  MPWKIAAHbIE  HAy4yHO-UCcnepoBaTenbckme  pabotel €
MepcreKkTUBHLIMW  NIeCHbIMM  MopoAaMu.  [pUOpPUTETHBIMKM B AEATENBHOCTM  HAY4HOro
yUpexXaeHUsl MOXXHO Ha3BaTb HECKONbKO HanpasneHuit. B nepByto ouepeab, 3To paspaboTka u
KOOpAMHALMSA HAYYHO-TEXHUYECKUX MNpOrpaMM M MPOEKTOB MO BOMpocaMm 6uoTexHonoruu
NECHbIX PacTeHWn U GUONOTMYECKMX CPEACTB  3aliMTbl  Jleca, TFEeHETUKW, Cenekumu,
CEeMEHOBOLCTBA, MeHHON WMHXEHEepUU.

Ha ocHoBe paspaboTaHHbIX TexHonorui in vitro 8 BHUMITUCGMoTeX co3aaHbl OMNbITHbIE
NMaHTaUMOHHbIE KynbTypbl 6epesbl MOBUCION M y30p4aTbiX hOpPM Kapenbckoin 6epesbl,
rmbpnaos 1 nonunaougos Tonons 6enoro u ceperowero, NPOAYKTUBHBIX KTOHOB OCUHBI. WX
BO3pacT B HacTosilee Bpemsi 17- 26 net. B Poccum HeT aHanoroB nnaHTauui AaHHOro
BO3pacTa, CO3[aHHbIX Pa3MHOXEHHbIM /7 Vifro NocagoyHblM MaTtepuanoM. PesynbTathl
MHOrOMIETHMX  MONEBbIX  WCMbITaHWi  noaTBepannn  3cdeKTUBHOCTL  pa3paboTaHHbIX
TEXHOMOMUM.

OpHa m3 nepsbix B Poccyn KonNnekumsi KNOHOB LIEHHbIX FEHOTUMOB NECHbIX ApPeBECHbIX
pacTeHwii 6bina co3aaHa B HaleM MHCTUTyTe B 1991 rogy. OHa yHMKanbHa Nno CBOEMY COCTaBY
M Npoao/mKuUTENbHOCTM  (CBblle 26 NeT) XpaHeHus uBbiX 06pa3uoB. Konnekums
UCNONb3yeTcs ANS COXPaHeHUst N Vitro LEeHHbIX eHOTWNOB, a Mpu HeobxoaMmocTn —
TUPaXVPOBaHWUS  OMpPeAenieHHbIX KAOHOB W MONYYEHUS  BbICOKOLIEHHOr0  MOCail0MHOMo
mMartepvana.
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THE ROLE OF FOREST BIOTECHNOLOGIES IN SOLVING MODERN PROBLEMS OF
FORESTRY

Semenov M.
All-Russian Research Institute of Forest Genetics, Breeding and Biotechnology

E-mail: otbio-vniilgis@yandex.ru

By order of the Government of the Russian Federation of February 28, 2018 No. 337-r
On approval of the Action Plan (“Roadmap”) “Development of biotechnologies and genetic
engineering” for 2018 - 2020, a special place is given to the forest sector. Promising areas
include - "Application of biotechnology for the preservation and reproduction of forest
resources."

These areas are developing in Russia as part of the implementation of the tasks of the
State Program “BI02020", the activities of the Roadmap “Development of Biotechnologies and
Genetic Engineering” (No. 337-r dated February 28, 2018), the creation of a network Center
for Forest Biotechnologies.

The most widely used methods of clonal micropropagation of plants (including somatic
embryogenesis) for the accelerated use of selection achievements based on the production of
high-quality planting material for the creation of forest plantations. For plantation growing,
only selected forms (hybrids, clones) of woody plants are used - fast-growing, productive,
with high quality wood, resistant to diseases and pests, adverse environmental factors
(including changing weather and climatic conditions), and technogenic stress.

All-Russian Research Institute of Forest Genetics, Breeding and Biotechnology is included
in the "road map" of the program for the development of biotechnology and genetic
engineering. In this regard, in August 2014, the Center for Forest Biotechnologies was created
on its basis, in which fundamental and problem-oriented applied research works with
promising forest species are carried out. Priority in the activities of a scientific institution can
be called several areas. First of all, it is the development and coordination of scientific and
technical programs and projects on the biotechnology of forest plants and biological forest
protection products, genetics, breeding, seed production, genetic engineering.

On the basis of the developed in vitro technologies, VNIILGISbiotech created
experimental plantation crops of Betula pendula R. and patterned forms of Betula
pendula var. carelica, hybrids and polyploids of Pdpulus alba and Populus xcanescens,
productive clones of aspen. Their age is currently 17 to 26 years. In Russia, there are no
analogues of plantations of this age created by propagated in vitro planting material. The
results of many years of field tests have confirmed the effectiveness of the developed
technologies.

One of the first in Russia a collection of clones of valuable genotypes of forest woody
plants was created at our institute in 1991. It is unique in its composition and duration (over
26 years) of storage of live samples. The collection is used to preserve in vitro valuable
genotypes, and, if necessary, replicate certain clones and obtain high-value planting material.
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nonynssuMoOHHOE N NEPCOHAZIM3UPOBAHHOE KOMINbIOTEPHOE
MOAEJ/INPOBAHME ANA NUCCNIEAOBAHUN SNTIEKTPODU3NOSIOMNN CEPALIA

YwenuH K.C.
WUHcTuTyT nMMyHoOnorum u comsnonorun, EkatepnH6ypr, Poccus

E-mail: k.ushenin@gmail.com

MaTeMaTMUeCcKoe M KOMMbIOTEPHOE MOAE/IMPOBAHUE 3M1EKTPODU3NONOrMUECKUX ABSIEHMIA
SABNSETCS  MOLWHbIM  MOAXOAOM K  WUCCNefoBaHusM, MO3BOMSAIOWMM  ONTUMM3NPOBATb
npoeefeHvie 6uonornyeckoro M 6uModU3NYecKoro 3KCMEpPUMMEHTOB, a Takxke ObbACHATb
Habnopaemble  pe3ynbTathl. CTaHAApTHbIM  CMOCO6OM  MaTeEMaTMYecKoro  OnucaHus
3N1eKTPOU3MONOrMN  U30/IMPOBaHHbIX  KapAMOMMOLIMTOB — SIBAISIETC  CUCTEMA  OBbIYHbIX
anddepeHUmManbHbiX ypaBHEHUM. MUOKapa OMUCLIBAETCS C MOMOLLbO MOHOAOMEHHOIO WM
6MAOMEHHOr0 YpaBHEHMS B YaCTHbIX MPOU3BOAHbIX.

OOHMM U3 paclMpeHWiA NoaxoAa K MaTeMaTUYeckoMy MOAEMPOBaHUIO OAMHOYHOMO
KapavoMuoumTa SBASIETCS MONYNSUMOHHOE MOAENVpOBaHME. STOT MOAXOA MCMONb3yeT He
ofiHY Mogenb, a Habop u3 10 000 wnM MUAIMOHA MOAENEN C HEMHOrO OT/IMYAOLWMMUCA
napameTpamu. Takol Habop Moaeneir MOXeT ObiTb aHanM3upoBaH CTaTUCTUYECKUMU
MEeTOAaMU WM METOAAMM MaLUMHHOIO 0byyeHus 6e3 yuntens.

[lpyroi CTOpPOHOM pacluMpeHusi noaxoAa K MaTeMaTUYECKOMY MOAENMPOBAHMUIO
MUOKapa SBNSETCS NepCcoHaIN3NPOBAHHOE MOJENMPOBAHWE HA OCHOBE AQHHbIX MeANLIMHCKOM
BU3yanu3auuu. B pamMkax 3TOro noaxoaa Ha OCHOBAHUM AQHHbIX KOMMbIOTEPHONM ToMorpaduu,
MarHWTHO-PE30HAHCHOW TOMorpachum WM sxokapamorpacmm CTPOMTCS  FeoMeTpuyeckast
mMozesnb Kamep cepaua. [lanee B Mogenu 3a4aeTcst aHM30TPONUS U BBOAATCS HEOAHOPOAHOCTM
Nno TpPaHCMEMEPAHHBIM TOKOM. PacuyeT 6MOOMEHHOM MOAEnuU MO3BOSSIET CMOAENMPOBaTb
3/1EKTPOKapANOrpaMMy Ha NMOBEPXHOCTM Topca.

B Hawem o0630pHOM poknage 6yayT npeactaBneHbl  pe3ynbTaTbl  nabopaTtopum
MaTteMaTuyeckomn husnonorMm, NosyYeHHbIe C UCTONb30BaHMEM MOAXOAOB MOMYASLUMOHHOIO U
nepcoHan3MpoOBaHHOrO MOAENMpPOBaHMS. B pamMkax nepBoro moaxofa BbIMOMHSETCS paboTa
MO MOCTPOEHMIO MOZENN BO3PACTHbIX U3MEHEHWI MUOKapAa Npeacepani cepaua Yenoseka. B
paMKax BTOpPOro MoaxoAa BbiMOSIHEHbI paboTa MO MOCTPOEHMIO MOAENN Topca YesioBeka,
Nno3BoSISAIOLLAs MNoyyaTb PeanucTU4YHble 3MeKTpokapavorpaduyeckve curHanel. Mopenb
BepudMLMpPOBaHa OTHOCUTENTBHO AAHHBIX peasibHbIX MAUMEHTOB U MOXET ObITb MCMONb30BaHa
ANs pa3paboTKy HOBbIX MEAULIMHCKUX YCTPOMCTB.

MpurnawaemM K COTPYAHMYECTBY C HaMu fitobble Hay4yHble Tpynnbl, 3aHMMaroLmecs
KIIMHUYECKMMU  UCCNEeAOBaHUSAMA B KapAMONOrMM WKW UCCNeaylowme KapavoMUOLUMTBl 1
MUOKapANanbHYH0 TkaHb B BMOMOrMYECKOM KCEPUMEHTE.

POPULATION AND PERSONALIZED SIMULATION FOR STUDIES OF CARDIAC
ELECTROPHYSIOLOGY

Ushenin K.
Institute of Immunology and Physiology of the UrB RAS, Ekaterinburg, Russia
E-mail: k.ushenin@gmail.com

Mathematical and computer simulation of electrophysiological phenomena allows a
researcher to optimize the experimental design of biological and biophysical experiments, as
well as explain the observed results. The standard way to describe the electrophysiology of an
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isolated cardiomyocyte in mathematical terms is a system of ordinary differential equations.
The myocardium is described using a monodomain or bidomain equations that are a partial
differential equation of the reaction-diffusion type.

One of the extensions of these approaches is population modeling. This approach uses
not one model, but a set of 10,000 or a million models with slightly different parameters.
Solutions of such a set of models are analyzed with statistical methods or unsupervised
learning approaches. The population of models is a suitable tool for model parameter fitting
and prediction of the drugs arrhythmogenicity.

Another aspect of expanding the approach to mathematical modeling of the myocardium
is personalized modeling based on medical imaging data. Within the framework of this
approach, a geometric model of heart chambers is built based on computed tomography,
magnetic resonance imaging, or echocardiography. Further, anisotropy is specified in the
model and inhomogeneities concerning the transmembrane current are introduced. The
calculation of the bidomain model allows us to simulate an electrocardiogram on the surface
of the torso. This type of model may be suitable in the design of new biomedical devices.

Our report will present the results of the laboratory using population and personalized
modeling approaches. As part of the first approach, we are building a series of models that
represent the normal aging process of the human atrial myocardium. As part of the second
approach, we have created a model of human torso electrophysiological model that is based
on computed tomography data. The model is verified against real patient data.

We invite to joined research with us any scientific groups involved in clinical research in
cardiology or studying cardiomyocytes and myocardial tissue in ex-vivo experiments. Also, we
ready to help you to build software for processing the result of the biological experiments
using machine learning and statistical approaches.

KJIMHNKO-3NMAEMNOJIONMYECKAS U TEHETUYECKAA XAPAKTEPUCTUKA
MUWENOANCNNIACTUYECKOIo CMHAPOMA

LWaToxuH HO.B., Jiununkwux MN.B.
®rboy BO [loHckoii FocyaapcTBeHHbIW TexHnueckuit YHuBepcuteTr MMHUCTEpCTBa
Hayku 1 Bbicwiero obpasoBaHusa P®, PocroB-Ha-[loHy, Poccus.

E-mail: leeletter@ro.ru

CyllecTByeT NpeanosiokeHWe, YTO MyTauMM B FeHax SMUreHETUYECKOW perynsaumm
UMeloT (YHKUMOHANBbHOE BAMSIHME Ha FreMOMOo3TUYECKMe CTBOJMOBblE KNeTkW. Tak Kak Takue
reHbl Hambonee NoABEPXKEHbI MyTaLMsM, 3TO NPEACTABAET KITHOUYEBOW MHTEPEC ANSt U3YUeHUs
natoreHesa  Mwuenogucnnactuyeckoro  cuHgpoma  (MAC) [1,2].  dOnureHeTnyeckoe
npodunmpoBaHve nauveHtoB ¢ M/[AC okasanum 3HauMTeNnbHOE BAMSIHUE HA MOHUMaHue
MOMEKYNSPHBIX OCHOB 3TWOMOMMKM, MaToreHesa M 3aKOHOMEPHOCTEW MpOrpeccupoBaHus
60ne3HN B OCTpbIi Neiko3 (OJ1), HO elle HEW3BECTHO, Kakue reHbl SBNSOTCA Havbonee
KIMHUYeCKM 3HauuMbiMK [3,4,5]. CunTaetcs, uto B naTtoreHe3e MAC 3afeliCTBOBAHO nopsiaka
50 reHoB, cpeau HWX - y4acTBylOLLME B aNUreHeTUYeckon perynsumm: TET2, ASXL1, DNMT3A,
EZH2, BCOR (koskcnpeccop BCL-6), IDH1/2. OpHako HEKOTOpble MyTaLMU [eHOB
3MUreHeTUYECKOW perynsauum onpesensitoTcsl Ha YPOBHE NOMYSISILMOHHOM YacToThl U He Bceraa
cneumdunyHbl  (BCTpEYaloTCa  Mpu MUENoMAHbIX U IMMAOMAHBIX  OMNYXOnsiX), XOTsa WU
XapakTepusytoT puck nepexoga MAC B OJ1 [6]. MNosiBneHne B Knaccudmkaumm BO3 onyxonei
reMonosTMYeckoid M numdonaHon TkaHu 2017r. MONEKynsipHO-reHETUYECKMX AAHHbIX O
MyTaumsx npv MAC MMeeT Lenbio co3aaHne NPOrHOCTUHECKUX MHAEKCOB ANs NaumeHTos [7].
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Hanpumep, B wuccnepoBaHun Cargo C.A. et al. [8] wu3yyancs anureHeTnyeckun
npodwnib B KOropTe MauUMEHTOB C K/IOHANbHbLIM MEMOMO0330M HeonpeaeneHHOro noteHumana
(CHIP), »n aBTopbl 3aKMO4YMIM, 4YTOo MyTaumm B IDH2 6binn cBSi3aHbl C  OGbICTPbIM
nporpeccupoBanveMm  MAC, npu  3TOM  NOAYEPKMBAS HEOMPEAENEHHYI0  KIIMHUYECKYHO
3HAQUMMOCTU PE3yY/IbTAaTOB UCCIEA0BaHMS BBUAY OTCYTCTBUSI KOHTPOJIbHOM Fpynnbl NALMEHTOB.

Takxe B nccneaoBaHun Malcovati L. et al. [9] npoBenu cTpaTuduKaumio pUCKOB U
YacTOTy BCTPEYAEMOCTM MyTaUMI B reHax anureHeTnyeckon perynsumm CHIP B monynsumm,
roe Haubornee 4acTo MyTauuu perucTpupoBanuck B reHax TET2, DNMT3a, ANSXL1, Ho
Haubonee 3HauMMon B Bepudukaumm pucka 6bina MyTtaums SF3B1.

Mpn peTpoCcneKkTMBHOM aHanu3e fAaHHbIX 75 nauneHToB C AuarHosom MAC: 35
XKeHWMH, 40 MyXuMH CO CpefHMM BO3pacTOM MOCTAHOBKM AuarHosa 47 wn 57 net
COOTBETCTBEHHO. MMWHUManbHbIM BO3pacT >eHwuH ¢ MAC 27 net, a MyxuuH 50 ner.
MakcuManbHbIi Bo3pacT MAC y »xeHWwwuH 82 roaa, y MyxumH 81. MpopomkutensHocTs MAC
no ON B cpeaHeM cocTaBnseT 1 roa. MNpu oueHke pucka no wkane IPSS oyeHb HU3KMIN\HU3KUIA
73,3%, NpoMexXyTouHbli 18,7%, Bbicokuit 1,3%, no wkane WPSS oueHb HU3KWIA\HWU3KMIA
72%, NPOMEXYTOYHbIN 16%, BbICOKUIA 2,7%, o4YeHb Bbicokui 1,3%, no wkane IPSS-R oyeHb
HU3KUN\HWU3KUIA Y 57,4%, NpoMEXYTOUHbIM 32%, BbICOKMIA 1,3%, no wkane MDS-CI HM3KWi
puck 54,5%, NpoMexyTouHbli1 34,6%), YTO rOBOPUT O PAaBHO3HAYHOCTM MPUMEHEHUS LUKan y
[aHHoI Bbi6opkM. MonekynsipHas reHeTuyeckasi Harpyska 6bina caenaHa fuwb 4 nauneHTaMm.

TakuM  06pa3oM, reHbl, Yy4yacTBylOWME B  3SMUFEHETUYECKON  perynsumm w
onpepensiolme natoreHes MAC, He SBNAIOTCA AOCTAaTOMHO M3Y4YEHHbIMU [NS  A0SHKHOW
[l0Ka3aTesNbHOM, HO NMEPCMEKTMBA 1A UCTIOSIb30BAHNS B CKPUHMHIE MOJIEKYNSIPHBIX AedEKTOB,
KOMMEKCHOM AMAarHOCTVKE OCTa&TCs M UMEET HayyHbIM MHTepec [10,11,12].
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CLINICAL, EPIDEMIOLOGICAL AND GENETIC CHARACTERISTICS OF
MYELODYSPLASTIC SYNDROME
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There is an assumption that mutations in epigenetic regulation genes have a functional
effect on hematopoietic stem cells. Since such genes are most susceptible to mutations, this is
of key interest in studying the pathogenesis of myelodysplastic syndrome (MDS) [1,2].
Epigenetic profiling of patients with MDS had a significant impact on the understanding of the
molecular basis of the etiology, pathogenesis, and patterns of disease progression to acute
leukemia (AL), but it is not yet known which genes are the most clinically significant [3,4,5]. It
is believed that about 50 genes are involved in the pathogenesis of MDS, among them those
participating in epigenetic regulation: TET2, ASXL1, DNMT3A, EZH2, BCOR (BCL-6
coexpressor), IDH1 / 2. However, some mutations of epigenetic regulation genes are
determined at the level of population frequency and are not always specific (they are found in
myeloid and lymphoid tumors), although they characterize the risk of MDS transition to OL.
The appearance in the WHO Classification of tumors of hematopoietic and lymphoid tissue in
2017. molecular genetic data on mutations in MDS is aimed at creating prognostic indices for
patients [6].

For example, in the study Cargo C.A. et al. [7] studied the epigenetic profile in a cohort
of patients with clonal hematopoiesis of uncertain potential (CHIP), and the authors concluded
that mutations in IDH2 were associated with rapid progression of MDS, while emphasizing the
uncertain clinical significance of the study results due to the lack of a control group of
patients.

Also in a study by Malcovati L. et al. [8] performed a risk stratification and the frequency
of mutations in the CHIP epigenetic regulation genes in the population, where mutations were
most often recorded in the TET2, DNMT3a, ANSXL1 genes, but the SF3B1 mutation was most
significant in risk verification.

In a retrospective analysis of data from 75 patients diagnosed with MDS: 35 women, 40
men with an average age of diagnosis of 47 and 57 years, respectively. The minimum age of
women with MDS is 27 years old, and men are 50 years old. The maximum age of MDS in
women is 82 years old and in men is 81. The duration of MDS before OL is on average 1 year.
When assessing risk on the IPSS scale, very low / low 73.3%, intermediate 18.7%, high
1.3%, on the WPSS scale, very low / low 72%, intermediate 16%, high 2.7%, very high 1,
3%, on the IPSS-R scale, very low / low at 57.4%, intermediate 32%, high 1.3%, on the
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MDS-CI scale, low risk 54.5%, intermediate 34.6%, which indicates the equivalence of the use
of scales for this sample. Molecular genetic loading was done on only 4 patients.

Thus, the genes involved in epigenetic regulation and determining the pathogenesis of
MDS are not sufficiently studied for proper evidence, but the prospect for use in the screening
of molecular defects, complex diagnostics remains and has a scientific interest [9,10,11].
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Muwesas NPOMbILNEHHOCTb NPOM3BOAUT 6OJbLIOE KOMMYECTBO MOGOYHBLIX MPOAYKTOB,
KOTOpble CTAHOBSATCS OTXOAAMW, €C/IM He HaxoAsT LeneBoro HasHauveHus. TakuMu oTxoaamm
SABNAIOTCS OKapa, Tody, CbiIBOPOTKA, COeBas Menacca, NuBHas ApobuHa, oTpaboTaHHble
KodeliHble 3epHa, OTpaboTaHHas MsIKOTb (PYKTOB W OBOWeEW. Bce oHM MoryT 6biTb
rnpeBpaLleHbl B MPOAYKTbI MUTaHWS C YyYdlleHHbIMU (yHKLMOHAbHLIMU CBOMCTBaMM, MOMb30W
ANs 300pOBbS U/ WM XOPOLWMMWU OpraHoNenTUYeCKMMU XapakTepucTUkaMmu, WUCNosb3ys
GdepMeHTbl M MMKPOOpraHusmbl. [lpyMepaMu TakuMx MpPOAYKTOB MOryT 6biTb  TOdy,
CbIBOPOTOYHOE BWHO, GMOTpaHC(OPMMPOBaHHas COeBasi MysbMa C Y/yudleHHbIM MULLEBLIMU
cBoiicTBaMu U apomaToM. C Apyroil CTOPOHbI, CyLLeCTBYET pacTUTENbHOE Cbipbe W NULLEBbIE
mMaTepuasbl, KOTOpble MOryT 6biTb MCMOb30BaHbl ANs BblAENEHUS NULLEBLIX UHIPEAUEHTOB U
61onorMYeckn akTMBHbIX BELECTB MNyTeM KX (MCXOAHOro cCbipbs) GuoTpaHchopmaumun. B
HacToslllee BpeMs KOMIJIEKCHble epMeHTHble MpenapaThl, CoAaepXaliMe pasnuyHble
EepPMEHTLI C NPOTEOSIUTUYECKON, aMUONIMTUYECKON, BeTa-rNiokaHasHOM, LENOIUTUYECKON,
KCMNaHa3HOM W T. A. aKTUBHOCTSIMU., CTanM OYeHb NOMYASpHLIMK B ONpeaeneHHbIX npoLeccax
MULLEBOM WHAYCTPUM, TakMX Kak Bbineyka xneba, 3aTvpaHuWe conoja B NWBOBApPEHHOM
NPOMBILLNIEHHOCTH, @ TakXXe B M3rOTOBMIEHWUM BMHA U NMPOU3BOACTBE CUPONOB.

[aHHOe uWccrenoBaHMe HaMpaBleHO Ha  M3ydeHne MeTodoB  Guomoandukaumm
0TPaboTaHHOM NWBHOM APOGUHBI, COEBON MYKWM M BOAOPOC/EN X/Openna C LeNbio U3MEHEHMS
CBOWCTB CbIpbsl, NOSTyYEHUS WU BbIAENEHNSI HEKOTOPbIX LIEHHbIX BELWECTB U UHIPEANEHTOB.

C uenbio pasMsryeHms NMBHOM APO6WHbBI A1t €8 UCTIONB30BaHMS B KAUYECTBE OCHOBbI AN
KOHAUTEPCKMX WM3AENWIA, TakuxX Kak 6aTOHUMKU-MIOCIIM U MeYeHbe, Mbl HaLM ONTUMaIbHble
ycnoBust ana ux epMeHTaTvBHOW 06paboTkM C MOMOLLbIO KOMMJIEKCHOrO Mpenapata
Cellolux® A (OO0 Cub6uodapMm, Poccusi), copgepxallero Lennonosy, KcunaHasy u berta-
rmiokaHasy. [ns  rMaponMTMYECKOrO  PasfIOKEHUs MUBHOM  APOGMHBI  UCMONb30BaNu
ruapomoaynb 1:10; posy depmeHTa 23 eauHWUbI aKTUBHOCTW Le/toniasbl Ha 1 T nUBHOM
OpobuHbI; BpeMs ruaponusa 2 uvaca; TemnepaTtypy 50°C; pH 5. B atux ycnoBusix Mbl
Habnoganu MaKkcuManbHOe KONMYECTBO BbICBOOOXAAEMbIX BOCCTAHOBJ/IEHHBIX CaxapoB W3
10% knetyatku., npumenss DNS metoa [1] Jiusuc knetouHoi cteHku Chlorella vulgaris B
ANCTUNIMPOBaHHOW BoZe W AanbHelilwas obpaboTka cycneHsun ¢ nomolbto Cellolux® A u
npenapata Distizim Protacid Extra® (Erbsléh Geisenheim, [epmaHusl), copepxalliero
KWCNOTHYIO NpoTeasy, B ONTUMaNbHbIX YCII0BUSIX MO3BOMUAN BbIAENUTb U MOMYYUTb BbICOKMIA
cdakTop pocta xnopennbl (CGF), KOTOpblii yKkasbiBan Ha comepxaHue cbiporo CGF wu
M3BEYEHNE TBEPAOro BELLECTBA, paBHbIX 15 1 35% COOTBETCTBEHHO. [MAPONM3 COEBOIN MyKK
C ucnonb3oBaHueM Distizim Protacid Extra® B onTuManbHbIX YCNoBUsIX (COOTHOLUEHUM COEBOM
Mykn u Boabl (rugpomoayne) 1:6, BpemeHnn rugponmsza 2 u; Temnepatype 25° C) paer
MaKcMManbHOe KOIMYECTBO apruHuHa, BanvHa U usuHa. Maponusat MoxeT 6biTb AobaBneH
B Xxneb BMecTo BoOAbl, 4TOObI 06OraTUTb €ro BbIWEYNOMSHYTHIMA  HE3aMEHUMbIMU
AMUHOKMCIOTaMK [1si NMOMyYeHUsl NPOAYKTOB NMUTaHUS ANs AETEN U MOXWUMbIX NH0AeN.
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3T0 nccneaosaHune 6110 YacTUYHO NOAAEPXKaHO rpaHToM bnaroTBopuTensbHOro doHAa
MoTaHvHa Ans npenofasaTeneil, KoTopble 3aHUMaloTCs NPenoAaBaHNEM U UCCIEA0BAHUSIMM
Ana maructpaHtos (2017-2018).

[1] Miller, G.L., Use of dinitrosalicylic acid reagent for determination of reducing sugar,
Anal. Chem. (1959) 31(3)426-428.

BIO-TRANSFORMATION OF FOOD MATERIALS WITH COMPLEX ENZYMATIC
PREPARATIONS

Kovaleva E.!, Konovalova A.!, Roschipko T.!, Barakova N.2
Ural Federal University, Yekaterinburg, Russia
2saint-Petersburg Research National University of Information Technologies,
Mechanics and Optics, Saint-Petersburg, Russia

E-mail: e.g.kovaleva@urfu.ru

The food industry generates large amounts of by-products, which become wastes if not
properly utilized. Examples of food processing wastes include okara, tofu whey, soya
molasses, brewer’s spent grains, spent coffee grounds, fruits and vegetables pulps. All of
them can be transformed into the food stuffs with enhanced functionalities, health benefits
and/or sensory attributes using enzymes and microorganisms, e.g. tofu, whey wine,
biotransformed okara with improved nutrition and flavour. On the other side, there are some
raw plant and food materials, which can be applicable for isolation of food ingredients and
biologically active substances by their (initial raw materials) bio-transformation. Nowadays,
complex enzymatic preparations with contain different enzymes with proteolytic, amylolitic,
beta-glucanase, cellulose, xylanase etc. functionalities have become very popular for specific
food processes, such as baking bread, malt pretreatment in beer brewery industries, as well
as in wine and syrups production.

This research is aimed to review the methods of bio-modification of brewer’s spent
grains, soya flour, carrot and chlorella algae with a purpose of changing properties of raw
materials, producing or isolation some valuable substances and ingredients

With a purpose of brewer’s spent grains softening in order to apply it as a base
for confectionery such as grainy sweets and biscuits, we found the optimal conditions for
enzymatic treatment them with Cello/ux® A (LLC Sibbiopharm, Russia) containing cellulose,
xylanase and beta-glucanase, namely, grains-to-water ratio 1:10; enzyme dose 23 units of
cellulase activity per 1 g brewer’s spent grains; hydrolysis time 2h; temperature 50°C; pH 5.
At these conditions we observed the maximum amount of reduced sugars released by DNS
method [1] from 10 % of natural fibers breakdown. Lysis of Chilorella vulgaris cell wall in
distilled water and further treatment the suspension with Cellolux® A and proteolytic
enzymatic preparation Distizim Protacid Extra® (Erbsloh Geisenheim, Germany) containing
acidic protease at optimal conditions allowed to isolate and to obtain high chlorella growth
factor (CGF) index, which indicated crude CGF content and solid recovery equal to 15 and 35
%, respectively. The hydrolysis of soy flour with Distizim Protacid Extra® at optimal
conditions (soy flour-to-water ratio 1:6, hydrolysis time 2h; temperature 25 °C) yielded the
maximum amount of arginine, valine and lysine. The hydrolysate can be added to bread
substituting water to enrich it with the above-mentioned essential amino acids to produce a
food for children as well as the nutrition products for the elderly people.
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YpoauHamuyeckoe (Y[) wvccnepoBaHue SBASETCS  LEHTPanbHbIM U €AMHCTBEHHBIM
06BLEKTUBHBIM  (DYHKLMOHA/IbHBIM  METOZIOM  UCCNIEA0BAHMSI HApPYLIEHUA MOYEUCNYCKaHMs.
/I3BECTHO, YTO OTAENbHbLI CUMMTOM AUCHYHKLMM HUXKHMX MOYEBLIX MyTEH MOXET WUMETb
pasfMuHyl0 MpUpoay M OOBSACHATHCS PasfUYHbIMKM, MOPOM MPSIMO  MPOTUBOMONOXHBLIMU
¢akTopamm. OcHOBHOM 3agavelt Y/ nccnenoBaHus SIBNSIETCS NaToreHeTMyeckoe 060CHOBaHMe
CYMMTOMOB. DTa 3ajaya peanusyeTcs Ha OCHOBaHWUM rpadmyueckoii U UMb poBoON perncrpaumm
MHOTOUYMCNEHHBIX (PU3NYECKUX MAPaMETPOB LMKIA MOYENCNYCKaHWs B peasibHOM BpEMEHMU.
TpagMUMOHHO HarpaBneHWe <«ypoauHaMuKa» 6blno CBS3aHO C AMArHOCTMKOMN HeWporeHHoM
ANChyHKUMM MoYencnyckaHus. POKyCHbIMM rpynnamMu 6binm naumeHTbl AETCKOro Bo3pacta ¢
BPOXZAEHHBIMA aHOManUsMM Pa3BUTUS HEPBHOW CUCTEMbI (MUENOAMCIa3nsl) U B3poC/ble C
TakMMM 3a60NEBaHUAMM KaK, pacCesHHbI CKnepo3, 6onesHb [lapKMHCOHA, a Takxke
nepeHeclune HapylleHne MO3roBoro KpoBooOpalleHMst U TpaBMy CMKMHHOMO Mo3sra. B 3Tux
rpynnax AnarHocTMka OCHOBHOro 3aboneBaHns He CNOXHA, a onpeaeneHne Thna AMChyHKLMK
HUXKHWX MOYEBbIX MyTel TpebyeT 06bEKTUBM3ALIMMN U HE MOXKET 6bITb AOCTOBEPHO OMNpeaeneHo
Ha OCHOBaHWM OBLUEKMHUYECKUX AaHHbIX. ITO M SBASNOCL 3aaayei Y/ TeCTMpoBaHus.

Ha coBpeMeHHOM 3Tarne CylecTBEHHO pacwmpuncs Kpyr 3aboneBaHui, Tpebytowmx
yyacTvsi CneumanucToB-HelpoyponoroB. Mpu HeaepXXaHUM MOYM Y DKEHLMH MepBUYHOE
obcnegoBaHWe NO3BOMSIET TOYHO ONPEAENUTb TOMBKO MPU «MPOCTbIX» ero opMax — «YUCTOM
CTPECCOBOM» HeAep)XaHUN U «YUCTOM>» UMMEPaTUBHOM. B peanbHOM KIMHWUYECKOW MpaKkTuke
Takux Gopm - He Bonee 20-25%. B oCTanbHbIX Cryvasix HeaepXXaHWe MOuu npeacraBnsier
coboli couyeTaHune pasfnuHbiX hakTopoB. O6bLEKTUBHOE hYHKLMOHANBHOE MCCNefoBaHWE
NO3BONSIET HE TONbKO MAEHTUPUUMPOBATL KaXAbIA U3 HUX, HO U YCTAHOBWUTb NPUOPUTETHOCTb
n BblpaboTaTb MpaBWnbHYIO NeyebHylo cTpaTeruto. lNpu MPUHSATUM pelleHus B NoMb3y
XUPYPrUYECKOA TaKTUKM  NeYeHus, ypoaMHaMuMKa KOHCTaTUpyeT (akT HeaepxkaHus,
OMUCLIBAET €ro XapaKTepUCTUKU W CAYXKUT OpUAMYECKON 3aluMToii Bpaya B Clyyae
BO3SHUKHOBEHWSI  MPETEH3MA. 3agepXkax ModeucnyckaHus. Muorme cybknMHMYeckue
HeMpOreHHble HapyLUEHUS MOYEUCTYCKaHWUsl Y JKEHWWH MOryT ObiTb BbISIBEHbI TOBKO
ypOAMHAMMYECKW, a Haunyylwune pesynbTaTbl ONEPaTUBHOMO NeyveHns HabntopalTes y Tex
NauMeHTOK, KOTOPLIM Mepea onepauyeit BbIMOHSN0Ch YPOAMHAMUYECKOe UCCIIeA0BaHME.
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Mpn yHKUMOHANbHOW 3aAepXKke MOYeuCrnyckaHus Yy >KeHWwuH Y[l uccneposaHve
No3BoNsieT MPOBeCTV AUddepeHUManbHyl0 AMarHoCTUKY WHdpaBe3nkanbHON 0B6CTpyKUMK U
HapyleHns  COKPaTUMOCTM  MOYEBOro  Ny3bips. 3aAepXKa MOYEUCTYCKaHUsi  MOXET
HabnoaaTbCs Y JKEHLWMH, NepeHeCLUMX OHKOMOorMYeckue onepaumMn Ha opraHax Tasa. B aTtom
cnyyvae Y[ vccnefoBaHMe CTaHOBUTCS 06si3aTeNbHOM YacTblO MPOrpaMMbl YpOSIOrUYecKoi
peabunuTaumm OHKONOTMYECKUX MauUMEeHTOB. BbICOKMI 3ampoc Ha peabunuTaumio NO3BOAWS
BK/IOYATb B YPOAMHAMUYECKUWA AWMArHOCTUYECKWIA KOMMNEKC psia nevebHbIX TeXHOMOorui:
nevyebHyto Pu3KynbTYpy, annapaTHble TPEHMPOBOYHbIE METOAMKK, B1oNOrnyeckyto obpaTHyo
CBSI3b, 3MIEKTPO-MArHUTHYO TEpanuio, HelpoMoaynsauuio, 60TyNIMHOTEPaNMIO W.T.M.

Yponornyeckas peabunutaums TpebyeTcs U MyXuumHaM, Y KOTOPbIX AMarHOCTUPYHOTCS
HapylweHns Ha ¢oHe WAM nocie JfieYeHus, MpOBEAEHHOrO MO MOBOAY OHKONOMMYECKOro
3abonesanus. Y[ Bepudukaums HapylleHusi, pa3paboTka peabunuTaLuMoHHON Ypoornyeckon
nporpaMMbl W ee peanu3aums NpoBOAATCA B MOApa3fdeneHun  «ypoavHaMuka U
Helpoyponorus». OueHka pe3ynbTaToB JleYeHUs U AuHaMuyeckoe HabnioAeHue Takke
NPOBOASTCS C MOMOLLBIO YPOAUHAMUYECKOW 06BbEKTUBU3ALMN AaHHbIX.

B HacTosilee BpeMsi pa3BuTME HaMpaBieHUs UAET MO MyTU AaNbHENLEro TEXHUYECKOro
YCOBEpLUEHCTBOBaHWS. BHeapeHbl coyeTaHHble METOAMKM, MO3BOSIOWME OAHOMOMEHTHO
perncTpvpoBaTtb NapamMeTpbl AaBfeHUs 1 06bEMOB HaMOSHEHUS CTPYKTYP HUXHUX MOYEBbIX
nyTel W BU3yanu3MpoBaTb COCTOSIHWE BEPXHUX MOYEBbIX NyTel nNpu  PasMyHbIX
YPOAMHAMUYECKUX «COBBbITUSX» B HWXHWUX. DTO MNO3BONSIET BLISBNATL W MpeaynpexaaTb
BTOPUYHbIE XW3HEYrPOXKAIOLWME U3MEHEHNS B MOYKAX.

Y[ MeToAbl UCCNefoBaHWst U COMPSDKEHHbIE TEXHOMOMMM NeYeHNst BXoasaT B Poccuiickue
KnuHuyeckme pekoMeHzaumMn no GOMbLIOMY KOMMYECTBY ypornoruyeckux 3aboneBaHwii u B
MporpamMmbl peabunuTaumm HEBPOMOrMYECKUX U OHKONOMMYECKMX naumeHTos. MoapasaeneHve
«YpPOAVHAMUKM U  HEWpOYyponorum»  SIBMISIETCA  Takke HAyYHO-METOAMYECKUM  LIEHTPOM,
KOTOpGI B MOCTOSIHHOM PEXVME BHEAPSIET HAKOMJIEHHbIV OMbIT B PErMOHBI, TAe UAET NpoLecc
¢opMm1poBaHUS ypoanHaMMUecKkol ciyx6bl. Toukamm pocta ctanu CaHkT-MeTepbypr, PocToB
Ha [oHy, KpacHopap, EkatepuHbypr, bBapHayn, Yda, KasaHb, CapatoB, benropos,
Hosocnbupck.

THE DEVELOPMENT OF «URODYNAMICS AND NEUROUROLOGY>» IN THE RUSSIAN
FEDERATION: FROM OFFICE UROLOGY TO THE MULTIDISCIPLINARY CENTRE

Romikh V.
Institute of Urology and Interventional
radiology them. ON. Lopatkina
- branch of the Federal State Budgetary Establishment of the
National Medical Research Center of Radiology "of the
Ministry of Health of the Russian Federation, Moscow

E-mail: vromikh@yandex.ru

Urodynamics (UDs) investigation is the central and the only one objective functional
method in voiding dysfunction evaluation. It is known, that single symptom of voiding
dysfunction can be pathogenetically various and can have controversial explanations. The
basic aim of UDs investigation is to provide symptoms pathogenetic interpretation. This aim
realizes by curves and report registration of physical parameters of voiding cycle in real time.

Traditionally, the term “urodynamics” has been associated with neurogenic voiding
dysfunction. The focus groups were pediatric patients with myelodysplasia, adults with
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neurological diseases such as multiple sclerosis, Parkinson's disease, spinal cord injury and
stroke. In these groups, the diagnosis of the primary disease is not complicated, but definition
of the type of voiding dysfunction requires objectification and cannot be determined during
basic clinical assessment. This is the aim of UDs investigation.

Currently, the range of diseases that require neurourologist’s participation has expanded
significantly. For example, in case of urinary incontinence in women general clinical
examination determines the type of incontinence only in “simple” forms (“pure stress
incontinence” and “pure urgency incontinence”. In real clinical practice not more than 20-25%
of incontinent females have its simple forms. In other cases, urinary incontinence is a
combination of various factors. Objective functional examination allows to identify each of
them, to find leading problem and to define treatment. When planning surgical treatment,
UDs investigation defines incontinence type, describes its characteristics and provides doctor’s
legal protection in case of patient claims.

Many subclinical neurogenic voiding dysfunction in women can be detected only by
UDs. The best surgical results are achieved in patient groups investigated by UDs before
surgery. In case of functional urinary retention UDs investigation allows to differentiate
bladder outlet obstruction and bladder underactivity. Urinary retention can occur in women
who have undergo pelvic surgery because of oncology diseases. In this case, UDs
investigation becomes an important part of the urological rehabilitation program.

The high request for rehabilitation made it possible to include treatment technologies
into the urodynamic diagnostic complex: physiotherapy, exercises, computer training
techniques, biofeedback, electro-magnetic therapy, neuromodulation, botulinum toxin
therapy, etc.

Urological rehabilitation is required for men complaining of voiding disorders after cancer
treatment. UDs verification of voiding dysfunction, the development of urological rehabilitation
program and its realization are carried out in the urodynamics and neurourology department.
Evaluation of treatment results and dynamic observation are also conducted using UDs.

At the moment, this brunch is being technically improvement. Combined techniques of
simultaneous recording of pressure parameters, filling volumes and visualization of upper
urinary tract during various urodynamic "events" have been introduced. This allows to identify
and prevent secondary life-threatening changes in kidneys.

UDs investigation and associated treatment technologies are included in Russian Clinical
Guidlines for the most of urological diseases and in Rehabilitation Programs for neurology and
oncology. Department of urodynamics and neurourology is also a scientific and
methodological Centre, which is constantly translating accumulated experience to the regions
where the process of formation of the urodynamic service is ongoing. Growth points are St.
Petersburg, Rostov-on-Don, Krasnodar, Yekaterinburg, Barnaul, Ufa, Kazan, Saratov,
Belgorod, Novosibirsk.
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AHTUANABETUYECKUIA MOTEHLUMAN N30DIABOHOB SKCTPAKTA KOPHEA
KyA3Y B JIEMEHWUM KPbIC, BOJIbHbIX AUABETOM

Oypy K.C.}, Kosanesa E.I'.}, flanunosa W.I'.}?
lypanbckuii hegepanbHbiii yHMBepcuTeT uMeHu nepsoro MNpesngenta Poccun B.H.
EnbuuHa, EkatepnH6ypr, Poccus
ZMHCTUTYT MMMYHONOrMM 1 (bU3NONOrMKM YpanbCcKoro oTaesieHns Poccuiickoit
Akapemun Hayk, EkaTtepuH6ypr, Poccus

E-mail: e.g.kovaleva@urfu.ru

M30cbnaBoHbl, @ UMEHHO My3papWH, FEHUCTEMH U AalA3enH, Bbiin 3KCTparvpoBaHbl K3
KopHelt kya3y (Pueraria lobata), ¢ Mcnonb3oBaHWEM MPUPOAHLIX TYGOKUX PacTBOpUTENEi B
kauecTBe pactBoputens. KonuuecTBeHHOe onpeaeneHne CcoaepxaHns n30(hnaBoHOB B
3KCTPaKTe Nokasaso, YTo oH coaepxuT 3,69 £ 0,02% nyspapuHa, 0,27 + 0,005% paiiasenHa
n 0,037 £ 0,001% reHucTenHa. bbina npoBeaeHa oueHKa aHTMAMAGETUYECKOro noTeHuMana
3KCTPpaKTa M30(IaBOHOB Y ansioKCAHOBLIX KpbIC, 60bHbIX AnabeTom, B o3e 100 n 200 mr / kr
BE€CA XXMBOTHOrO. bBblO OOHapyXXeHO, 4YTO Y >XMBOTHbIX, KOTOPbIE MOJyYann 3KCTPaKT,
Habnaanocb CHWXKEHWE YPOBHS [JIOKO3bl B KPOBM HATOWaAK W [IMKO3MIMPOBAHHOMO
reMornobuHa, a TakkKe CHWKEHMEe HeMepeHOCUMOCTU  [J/IOKO3bl MO  CPaBHEHWUIO C
HeobpaboTaHHbIMM  AMabeTnyeckMMU  Kkpbicamn. Cpesbl  MOMKENYAOYHOW Kenesbl  KpbiC,
NMPUHMMABLLMX 3KCTPAKT, MOKa3aan yBe/IMYeHMe KONMYECTBA MMMYHOOKPALLIEHHOTO WHCYMHA
N Ki67-NosUTUBHbIX KIETOK W BOCCTAHOB/IEHWE CTPYKTYpbl OCTPOBKOB MOAXKENYAOUHOM
Xenesbl MO CPaBHEHWIO C OpraHamy avabeTnyeckuMx KpbiC, He MPUHUMABLUMX 3KCTPaKT.
AHanormyHo, cpesbl MOYeK Y Kpbic C AvabeToM, MOoMy4YaBLIMX 3KCTPaKT, roKasanu
MOHVIKEHHYIO TMNepUEeIONSPHOCTL KITyOOUKOB MO CPaBHEHMIO C KpbicaMK, 60MbHbIMU
AMabeToM U He MPUHMMABLUMX 3KCTPAKT. OUEeHKa MeYeHOYHbIX M MOYEeYHbIX BUOXUMUYECKUX
napaMeTpoB MOKa3asa 3HAYMTESIbHYD pasHULy MeXay CbiIBOPOTOYHbIMM  YPOBHSIMM
anaHnHamMuHoTpaHcdepasbl (ALT), acnaptataMmHoTpaHcdepasbl (AST) M MOYEBUHbBI Y KPbIC C
AvabeToM, MOMyyaBLIMX 3KCTpakT, 6oraTbli U30ognraBoHamMW, MO CPABHEHUID C rPyMMou
AvabeTMyecKkUX KpbiC, He MPUHMMABLUMX MpenapaT, OAHAKO YPOBEHb LWenoyHol docdarasb
(ALP) y AMabeTUyecknx XMBOTHbIX, NOJTyYaBLUMX SKCTPAKT, oboralleHHbIn M3ohnaBoHaMm, He
OT/IMYasCA MO CPABHEHUIO C KOHTPOJILHOM FPynMol TabopaToOpHbLIX XUBOTHbIX.

Pabota 6bina nogaepxaHa PoccuiickuM HayuHbiM ®oHaoM (MpaHT 16-15-000390-1).

ANTI-DIABETIC POTENTIAL OF ISOFLAVONE RICH KUDZU ROOT EXTRACT IN
TREATMENT OF DIABETIC RATS

Duru K.}, Kovaleva E.!, Danilova 1.2
Ural Federal University named after the first President of Russia B. N. Yeltsin,
Yekaterinburg, Russia
ZInstitute of Inmunology and Physiology of the Ural Branch of the Russia Academy
of Science, Yekaterinburg, Russia

E-mail: e.g.kovaleva@urfu.ru

Isoflavones namely puerarin, genistein, and daidzein were identified from the extract
obtained from Pueraria lobata natural deep solvents as an extracting solvent. The
quantification of the isoflavone content of the extract showed that it contained 3.69+0.02%
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puerarin, 0.27+0.005% daidzein, and 0.037+0.001% genistein, respectively. The antidiabetic
potential of the isoflavones-rich extract at a dose of 100 and 200mg/kg of animal weight was
evaluated in alloxan-induced diabetic rats, and it was found that diabetic rats treated with the
extract showed decreased levels of fasting blood glucose and glycosylated haemoglobin, and
decreased glucose intolerance as compared to untreated diabetic rats. Pancreas sections of
diabetic rats treated with the extract showed an increased number of immunostained insulin
and Ki67 positive cells, and restoration of the pancreatic islet structure compared with
untreated diabetic rats. Similarly, kidney sections of diabetic rats treated with the extract
showed reduced hypercellularity of the glomerulus compared with untreated diabetic rats.
Evaluation of hepatic and renal biochemical parameters revealed a significant difference
between the serum levels of alanine aminotransferase (ALT), aspartate aminotransferase
(AST), and urea in diabetic rats treated with the isoflavone-rich extract compared with
untreated diabetic group (p<0.05), however, alkaline phosphatase (ALP) level of the diabetic
animals treated with isoflavone rich extract did not differ compared with diabetic group
(p=0.05).

This work was supported by the Russian Science Foundation RSF (Grant
16-15-000390-).

COBPEMEHHOE COCTOSIHVE U BYAYLUME TEHAEHLIMWN B UCCNTEAOBAHNN MSICA
M 1L AOMALLHEA NTULIbI

Xenbra Meauy, 3crenna MNMpykHep PagoBuny
3arpebckuii yHuBepcutet, 3arpe6, Xopsatus
E-mail: hmedic@pbf.hr , prukner@vef.hr

B TeuyeHMe nocnegHuX AecSTM NeT MsSCo M sifiua AOMallHeid MTvubl U3yyYanucb B
XopBaTuM NO pasnMuHbIM  acrnekTaM, TaKMM Kak B/UsIHUE KOPMOBbIX A06aBOK C
UCMONb30BaHUEM PA3/IMYHBIX PACTUTENbHBIX MPOAYKTOB Ha KayeCTBO MSICA U sUL [AOMALUHEN
MTUUbI, NPUMEHEHWE HOBbLIX TEXHOMOMUA, TakMX KakK 3aMOpaXWBaHWE C  BbICOKUM
rMApOCTaTUYECKUM [aBNeHWEM, BaKyyMHOE 3aMOpaXXMBaHWE W MpUMEHEHWe YNbTpasByka
BbICOKOM MHTEHCWMBHOCTYW, M WX BIMSIHWE Ha KAuyecTBO M 6e30MacHOCTb Msica NMTUUbI, @ TakkKe
Ha neHoobpa3oBaHMe U U3NYecKMe CBOWCTBA SMYHOrO 6enka, BAWSHWE aHTUOKCUAAHTHOMO
noTeHuMana rmbpmuaa Kykypy3bl Ha OKUC/TUTENBHYIO CTabWUIbHOCTb SIMYHOO XKeNTKa, BAnsiHMe
[06aBNeHNS  NIMMOHHOM  KUC/IOTBI  Ha  (YHKUMOHaNbHble U U3MYecKMe CBOWCTBA
NacTep130BaHHbIX XUAKUX auL, U oboralieHne cTonoBbix suy n-3 PUFA 1 noTemHoM. B 3Tux
UCCNeOoBaHMSX  UCTONb30BaZMCb  Pas3fiMyHble  MEeTOAbl, OT  CEHCOPHOM  OUEHKM A0
WMHHOBaUMOHHbIX MeToaoB LC-MC n GC-MS. Kpome TOro, u3-3a MOBbILEHHOr0 WHTepeca
notpebutenen k Gonee 3a0poBOM Nuile, 60MbLIOE BHUMaHWE ObINO yaeneHo paspaboTke
NMpoayKTOB W3 [OMallHen nNTuubl C  (yHKUMOHANbHBIMKM CBOMCTBAaMM, KOTOpble MOryT
YKpennsTb 340POBbe W MpeaoTBpallaTh puUcK 3aboneBaHwid. [ns AOCTWXEHWUS STOW uenu
6bi710  pa3paboTaHO MHOXECTBO CTpaTerui, HauuHasi C MPaKTUK JKMBOTHOBOACTBA WU
3aKkaH4MBasi ynpaBfiEHNEM MUTAHUEM WU KOPMSIEHUEM, MAHWUMYTMPOBAHUEM MSICHBIM CbIPbEM U
npeobpa3oBaHNEM MSACHBIX MPOAYKTOB 3a@ CYET COKPALLEHWUS BPEAHbIX KOMMOHEHTOB W/wWin
no6aBneHuns OyHKUMOHANbHbIX MHIPeaneHToB BO BpeMs 06paboTku. Bo3HWKHOBEHWE MOPOKOB
KauyecTBa MsiCa TaKuMX Kak CMHAPOMbl «MSICO CrareTTu», «AepeBsiHHasi rpyap» wunu «benas
MonocaTtocTb» W UX B/AMSHUE HA KAuyecTBO Msica  UbINIST-6poinepoB, a Takxke
YHKUMOHANbHBIX MPOAYKTOB M3 Msica MTULbl LUMPOKO M3y4yatoTcss M 6yayT ocTaBaTbes
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BaXkHbiMM B 6yayleM. COBOKYMHOCTb TEXHOMOMUM, METOAOB W anropuTMOB, C MOMOLLbIO
KOTOpbIX KOMMbIOTEP MOXeT o06pabaTbiBaTb M3006paXxeHnss M BUAEO-NMOTOK W Apyrue
MHHOBALUMOHHbIE Hepa3pylualowme u bbicTpble MeToabl, Takne kak NIR-aHanusaTop Msca,
OOMKHbI ObITb YNyYllEeHbl M BHEAPEHbl AN aHanu3a KadyecTBa Msica NTuubl. NpuMeHeHue
HAHOTEXHOJOrUI Ha NTULEenepepabaTbiBalOWEM 3aBOAE MO3BOMUT MOBLICUTL H6€30MacHOCTb U
KayecTBO NPOAYKUNN.

CURRENT STATUS AND FUTURE TRENDS IN THE RESEARCH OF POULTRY MEAT
AND EGGS

Helga Medi¢, Estella Prukner Radovci¢
University of Zagreb, Zagreb, Croatia
E-mail: hmedic@pbf.hr , prukner@vef.hr

During last ten years poultry meat and eggs have been studied in Croatia from various
aspects such as influence of feeding supplementation with different plant products on the
quality of poultry meat and eggs, application of novel technologies like high hydrostatic
pressure freezing, vacuum freezing and high-intensity ultrasound and their influence on
quality and safety of poultry meat as well as on foaming and physical properties of egg white,
effect of maize hybrid antioxidant potential on egg yolk oxidative stability, effect of citric acid
addition on functional and physical properties of pasteurized liquid eggs and enriching table
eggs with n-3 PUFA and lutein. Different methods have been used in these researches from
sensory evaluation to innovative LC-MC and GC-MS methods. Also, due to increased interest
of consumers for healthier food, much attention has been paid to development of poultry
products with functional properties, which may promote health and prevent the risk of
diseases. Many strategies have been developed to achieve this goal from animal production
practises through nutrition and feeding management, manipulation of meat raw materials and
reformulation of meat products through reduction of unhealthy components and/or addition of
functional ingredients during processing. Occurrence of white striping, wooden breast and
spaghetti meat myopathies and their influence on quality of broiler chicken breast meat as
well as functional poultry meat products are widely investigated and will remain important in
the future. Computer vision and other innovative non-destructive and fast methods like NIR
have to be improved and implemented in analysing poultry meat quality. Application of
nanotechnologies in the poultry processing plant will enhance the safety and quality of
products.

YACTOTA BO3HUKHOBEHMWSI NOBPEXXAEHWI MPYAHbIX KOCTEW ¥ KYP -
HECYLLUEK NPU AIbTEPHATUBHOM PA3BEAEHMU U B KNIETKAX C OBOrALLLEHUEM
CPElbl OBUTAHUA

fiHeunu 3., Kpanuk 3., beaexkosnu [.
3arpe6ckuii yHuBepcuTeT, (paKysibTeT Ce/IbCKOro X035icTBa, 3arpe6, XopsaTtus

E-mail: zjanjecic@agr.hr

B koHue 1980-x n Hadane 1990-x rogoB MpOLUIOro BeKa BO3HWUKM MbICAIM O nepexoae
Ha HOBble CMUCTEMbl Pa3MELLEHNS Kyp-HeCyLLeK, LieSblo KOTOpbIX SIBNS/OCh cbanaHcMpoBaHue
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notTpebHOCTEM NTWL B MOBbILEHUM WX 6narononyyvsi M MNpodo/keHne obecrneyeHns
NpuObINBHOCTM NMPOM3BOACTBA KypuHbIX siuu. AunpektnBa Coeta EC 1999/74/EU Bbigensiet
TPU TUMa CUCTEM pa3BefeHus Kyp-Hecywek. KneTtouHble cuctembl 6e3 oboralieHusi cpepl
obutaHna 6binu 3anpeweHsl ¢ 1 aHBaps 2012 roga. CucTeMbl, KOTOpblE OCTalOTCS B
UCMONb30BaHUK - 3TO KNETKM € obecneyeHneM oboralleHns cpeabl 06UTaHNs, B KOTOPbIX AJist
Kyp npeaHasHayeHo He MeHee 750 cM2 nnowiaan NoBepxXHOCTU, U anbTepHATMBHbIE CUCTEMDI,
B KOTOPbIX B pacyeTe Ha 9 Kyp-Hecyluek npeaocTaB/ieHa nosesHas niowaib He MeHee O4HOro
KBafpaTHOro MeTpa, MO KpalHel Mepe C OAHUM [HE3AOM ANns KaxablXx 7 Kyp U C
COOTBETCTBYIOLLIMMM NMOMOCTKaMW. He3aBMCMMO OT TOro, Kakasi cMucteMa UCMonb3yeTcs, Y BeexX
KYp AO/MKHO 6bITb FHE30, MeCTa AJ1st NMOCaAKM, YHACTOK C MOACTUIIKOM, YTOBbI HECYLLKM MOrn
YAOBNETBOPUTL CBOM BMAOBble MOTPEOHOCTM, B YaCTHOCTM, K/eBaTb, FPecTM W KynaTbCs B
MblIM, @ TalKKe HEeOrpaHWYEHHbIM AOCTYN K KOpMylukaM. Haubonee pacnpocTpaHeHHow
anbTepHaTMBHOW CUCTEMOM COAEPXaHWsI ANl Kyp-HECYLLeK SIBNISIETCS CUCTEMa MapasnienbHo
MOyWMX MOMOCTKOB C HECKONbKUMW OTCeKaMU WKW  OTAeNeHusMKn, HeobxoaMMbiMu B
cooTBeTCTBUM € aupekTuBo EC 98/58/EU 0 3aWwmTe CebCKOXO3AWCTBEHHBIX >XMBOTHBIX,
KOTOpas He paspeluaeT cogepxatb 6onee 6000 Kyp-Hecylek B OAHOM noMmelleHun 6e3 ero
NPOCTPaHCTBEHHOrO pasaeneHus.

OaHo M3 camblx 60MbluMX Npo6sieM, € KOTOPLIMK CTasfIkKMBAKOTCS MPOWM3BOAUTENN
KYPUHbIX ML, SIBASIETCS BEPOSITHOCTb MOBPEXAEHUSI TPYyAHbIX KOCTEW. B nocneaHee
[EeCcaTUNeTne MHOrOYUCIIEHHbIE WCCEAOBaHWsl, B OCHOBHOM MNpoBOoAUMblE B cTpaHax EC,
CO06LLAI0T 06 OTK/IOHEHMSIX U NMEPENOMax KOCTel B npeaenax oT 5% Ao 97%, B 3aBUCMMOCTYU
OT OCaHKM M Bo3pacTa Kyp. DaKTUUECKU AManasoH KOMMYECTBA MOCTPaAaBLUMX Kyp CUBHO
BapbMpYyeTCs M, BEPOSTHO, 3aBUCUT OT psga ¢akTopoB, B TOM uucC/le BKKOYas: BO3pacT,
cpefly pa3BefeHusi, KOpM/IeHNe, reHeTUYeCKoe NPOMCXOXAEHNE U CUCTEMY pasMeLLeHns. XoTs
NTWL C NepesioMaMu Uin 6e3 HUX CJIOKHO pacno3HaTb U 0COBbIX OTNIMUUI HE 3aMeYaeTcs B UX
noseaeHun (€cn TONbKO He MCMONb3YHOTCS CreuuanbHble MeToAbl HabnoaeHns), nepenoml
06bIYHO MOXHO NIErko onpeaenuTb nyTeMm nanbnaumun. CynTaeTcs, YTO NepenoMbl, 0CO6EHHO
CBEXENOyYeHHbIE, U B COCTOSIHWUM, KOrAa KOCTU He 06e3ABWKEHbI, @ HaXoaaTCs B OTAENbHbIX
4aCTsX, BbI3bIBAIOT 60Mb Y KYP U CHUXKAIOT MX XXM3HECNOCOBHOCTb M MPOAYKTUBHOCTbL. MNoxoxe,
YTO A@HHOE B/IMSIHWE HA NPON3BOAUTENbHOCTb OCOH6EHHO BENWKO Y Kyp cTapie 50 Hepenb.

BO3MOXXHOCTM CHMXKEHWS YacTOTbl MOBPEXAEHWSI TPYAHLIX KOCTEN COCPEeAOTOYEHbI Ha
[esTeNbHOCTM BO BPEMSI pa3BeAeHNUs LbINA[T, B Nepuoabl OTKNAAKKU SuL, NpyU 3TOM OCHOBHOE
BHVMMaHWe yAenseTcs KopmieHuo. Korga 3TOo BO3MOXHO, YCNOBUS AN pa3BedeHus U1
OTKNaAKM AWMU AO/MKHbI ObITb Kak MOXHO 605ee CXOXUMKM, OCOGEHHO B KIETOYHOM U
BHEK/IETOYHOW CUCTEMAX TMpoOM3BOACTBA sUL. Bo BpeMs pasBeaeHus [AOMOSHUTENbHbIE
YCTPOWCTBa AOSKHbI BBOAMTLCS MOCTEMEHHO, YTOObLI Kypbl MOMIM HayYUTbCSt MPaBUIbHO WX
MCNONb30BaTb, YTO NPUBOAWUT K YCBOEHWIO 60siee TOUHbIX ABWMKEHMIA. OBLLEN3BECTHO, YTO
MOBbILLEHHAs AKTUBHOCTb BEAET K Y/yullEeHWIO 340poBbsi KOCTeW. Mpov3BOAUTENWN AOSMKHBI
TakKe PpaccMOTPETb KOHKPETHbIE Mepbl, BK/IOYasi paHHWA AO0CTYNn K MOMOCTKaM W/wim
naHaycam. Kypbl, kak M3BECTHO, HE MOMyT XOpOLIO fIeTaTb, @ Jydlle XOAST WM NOACKaKuBatoT
Ha Hebonblioe paccTosHue, 4ToObl ABWraTbCs BepTMKanbHO. B nepuoa Knagku  Kypel
CTanKMBalOTCs C YCTPOMCTBaMM B OKPYXKaKOLLEN cpefie, YTO NPMBOAMT K nepenomaM. Mpouecc
KOPM/IEHUSI OYeHb OTBETCTBEHEH M TpebyeT BbIpaboTKM COOTBETCTBYIOLMX PEKOMEHAALMIA,
TaK Kak MOTPEOHOCTM Kyp-HeCcylleK 3HauMTeNbHO W3MEHWSIUCb C TEeYEHWEM BpEMEHW, a
NPOM3BOACTBO SNL, M MPOAO/DKUTENbHOCTE UMKAA OTKNAAKN 3HAUMTENbHO YBEMYMIUCD.
Obwme pekoMeHAaUMK, OCHOBaHHbIE Ha MPOBEAEHHbIX WUCCNeAOBaHWSX, MOKa3biBAlOT, YTO B
nepuoa pasBedeHus UpInnsTaMm cnegyeT AaBaTb MMHUMYM 9 r/kr B Bo3pacte ot 0 go 14
Hefenb BO BpeMs pocTa C Noc/eayowmM yBenmyeHreM o 35 r/kr kanbums B eae, a aobaska
BuTamMmnHa K (12 Mr/kr) npuBoamT K yBENUYEHMIO O6bEMa KOCTM, YTO CMOCOBCTBYET nydliemy
XpaHeHUo Kanbums. Bo Bpemsi 3aknagku kKopma, cMmecb, copepxawas ot 0,11 go 0,26%
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HecbuUTMHOBOrO (hocopa ¢ AobaBneHneM hUTasbl, MOXKET CAYXUTb SIS SULIErO YAepKaHUs
Ka/lbUMsi, a KOpM/eHue 6ofee KpyrHbIMW rpaHyfaMy Kaibums 33 2-3 4aca A0 TOro, Kak
MOracHEeT CBET, MPMBOAMT K 60/IbLLIEMY MOMIOWEHNIO KaNlbLNS.

THE PREVELENCE OF KEEL BONE DAMAGE IN LAYING HENS IN ALTERNATIVE AND
ENRICHED CAGES REARING

Janjeci¢ Z., Kralik Z., Bedekovi¢ D.
University of Zagreb Faculty of Agriculture, Zagreb, Croatia
E-mail: zjanjecic@agr.hr

In the late 1980s and early 1990s, the transition to new laying systems of laying hens
began to be considered, in order to balance the needs of increasing animal well-being and
continue to ensure the profitability of chicken egg production. Council Directive 1999/74/EC
(July 1999) made a distinction between 3 types of rearing systems for laying hens. Of these
three, the non-enriched cage systems have been prohibited since the 1% of January 2012. The
systems which remain in use are enriched cages where laying hens have at least 750 cm?2 of
cage area per hen and alternative systems where the stocking density does not exceed 9
laying hens per m2 of usable area, with at least one nest for every 7 hens and adequate
perches. Whichever system is used, all hens must have a nest, perching space, litter to allow
pecking and scratching and unrestricted access to a feeder. The most common alternative
system for laying hens is a barn system with a number of compartments or aviary required by
EU Directive 98/58 / EC on the protection of farm animals, which permits a maximum of 6 000
laying hens per compartment.

One of the biggest challenges faced by producers of hen eggs is the incidence of keel
bone damage. In the last decade, numerous studies, mainly conducted in EU countries, have
reported deviations and fractures of the bones ranging from 5% to as high as 97%,
depending on the keeping system and the age of the hens. The actual range of the number of
hens affected varies greatly and probably depends on a number of factors, including, but not
limited to: age, breeding environment, feeding, genetic lineage and accommodation system.
Although birds with or without fractures may act similarly (unless using special observation
methods), fractures can usually be easily identified by palpation. Fractures, especially when
fresh and in a state where the bones are not immobilized but are in separate pieces, are
believed to cause pain in the hens and reduce liveliness and productivity. Performance effects
appear to be particularly large in hens over 50 weeks of age.

Possibilities of reducing the incidence of keel bone damage are focused on activities
during pullet breeding, egg laying periods, with the main focus on feeding. Whenever
possible, the environment for breeding and laying eggs should be as similar as possible,
especially in a cage and non-cage egg production system. During breeding, additional
equipment should be introduced gradually so that the hens can learn how to use them
appropriately, leading to more precise movements. It is generally known that increased
activity leads to better bone health. Manufacturers should also consider specific interventions
including early access to perches and / or ramps. Hens are not known to be good flyers and
are better at walking and taking short jumps to move vertically. During laying, hens collide
with equipment in their environment, leading to fractures. Feeding is very demanding in terms
of giving recommendations, as the needs of hybrid laying hens have changed significantly
over time, as egg production and the length of the laying cycle have increased dramatically.
General recommendations based on studies indicate that hens should be given a minimum of
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9g / kg between 0 and 14 weeks of age while growing, followed by an increase of up to 35g /
kg of calcium in the meal, with vitamin K supplementation (12 mg / kg) increasing bone
volume which benefits better calcium storage. During laying, a feed containing 0.11 to 0.26%
of non-phytin phosphorus supplemented with phytase can serve to retain better calcium, and
feeding larger granules of calcium 2 to 3 hours before the light is extinguished leads to
greater calcium absorption.

MWKOTOKCUHbI B NMULLEEBbIX MPOAYKTAX - KAK NPEAOTBPATUTb U YTO
AENATb, EC/ZIN AENA NOLLWIN NJ1I0X0

Sarkanj Bojan?, ShamtsyanMark?
1Kadpeapa nuwyeBbIx TeXHONMOrMiA, yuneepcutet Hopc, Konpueunua, Xopsatus
2CankT-lMeTep6yprckmii rocyAapCTBEHHbIN TEXHONIOrMYECKMIA MHCTUTYT
(TexHuuecknii ynnsepcuret), CaHkT-lMeTep6ypr, Poccus

E-mail: bsarkanj@unin.hr, mark.shamtsyan@yandex.ru

MWKOTOKCUHBI - 3TO TOKCUYHbIE BTOPUYHbIE METABONNUTLI NIIECEHEN, KOTOpbIE SBASIOTCS
HEN36EXHbIMU 3arpsA3HUTENSMU Hawel nuwm. OHK 3arpsisHsatoT 6onee 90% Hawel nuwm B
Pa3fNYHbIX KOHLUEHTPaUMsX, HO B OCHOBHOM HWXe HOpMaTuBHbIX Mpepenos. Wx
BO3HMKHOBEHWE TECHO CBS3aHO C MOroAHLIMU YCIOBUSMM BO BpeMst pocTa Ky/bTyp, BPEMeHeM
cbopa ypoxas v yCroBMSMM XpaHeHust. [1ns BO3MOXHOCTU KOHTPOMPOBAHUS MUKOTOKCUHOB B
Halen nuule, BbILEYNOMSIHYTHIM NMEepuoA MMEET pelualollee 3HauyeHue Ans MUHMMK3aLMK
3arpssHeHns. B nonsx HeobxoaMM  CeBOOBOPOT B  COYETaHUM C  HaANexXalmmm
CeNbCKOXO3SMCTBEHHbIMY METOAAMM, AN MWUHWMM3ALMKU 3apaXkeHUsi MecHeBbIMK rpubamu,
0COBEHHO B YCNOBUAX W3MEHEHUs KIuMaTa, Korga TakkKe M3MEHSIETCS W eCcTeCTBeHHas
MUKPOBMOTa, M MNECHeBble rpubbl MPOABUralOTCS K MOOCaM NPUGIU3UTENBHOM CO CKOPOCTHIO
30 kM B rog. B 3TOM MpuumHa TOro, YTO HEKOTOPbIE M3 HALWMUX KyNbTYp 3arpsi3HeHbl paHee He
HabntoaaeMbIMM MUKOTOKCUHAMKM B pernoHe. B noneBbiX yCnoBMUsSX MOroAHble YCI0oBUS UMELOT
peliaiollee 3HayeHe 1 BO BPeEMs LBETEHUSI CENbCKOXO3SAWCTBEHHBIX KY/IbTYp, U Ha 3TO Mbl
OKa3blBaeM HauMeHbllee BusiHMe. Korga BO BpeMsl LIBETEHWSI UMEKT MECTO 4Ype3BblyaiiHO
BIAXHbIE WM OYEHb CyXWe YC/IOBUS, PacTeHUs OYeHb YaCTO 3arpsi3HATCA NECEHbI, YTO
MPVBOAMT K BbICOKOMY 3arpsi3HEHWIO ypoxXasi MUKOTOKCMHaMK. Heobxoammo nposoanTb c60op
ypoXasi B CyXuX YC/IOBUSIX, YTO6bI U36exaTb BO3AENCTBUS Baru, KOTopasi SBNSIETCS OAHWUM U3
HeobXoAMMbIX YCNOBUW Ansi MpopacTaHus Crop rpubkoB. W HakoHel, YCnoBWs XpaHeHWs
AOMKHBI BbITb CYXMMU U YUCTbIMUM, U 06ecrneunBaTh Haanexawmin MOHUTOPUHE 3TUX YCIOBUIA.
Ecnu 3arpssHeHvMe BCe >xe NpoMCXOAMUT, CYLECTBYeT HECKOMbKO AOCTYMHbIX METOA0B
obe33apaxunBaHusi:  pasnnyHble  MeToabl  06paboTkM -  OT  (DU3MKO-XUMUYECKMX A0
BMOXMMNYECKUX METOAOB, KaXXAblii U3 KOTOPbLIX 6oree mMoaxoauT ANs TOro WM MHOro Tvna
MULLEBOro MW KOPMOBOMO NPOAYKTA.
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MYCOTOXINS IN FOOD — HOW TO PREVENT AND WHAT TO DO WHEN THINGS GO
BAD

Sarkanj Bojan!, ShamtsyanMark?
! Department of Food Technology, University North, Koprivnica, Croatia
2 st. Petersburg State Institute of Technology (Technical University), St.
Petersburg, Russia

E-mail: bsarkanj@unin.hr, mark.shamtsyan@yandex.ru

Mycotoxins are toxic secondary metabolites of moulds that are unavoidable
contaminants of our food. They are contaminating more than 90 % of our food at various
concentrations, but mostly below regulatory limits. Their occurrence is highly linked to the
weather conditions during crops growth, harvesting time and storage conditions. To be able to
control the mycotoxins in our food, the above-mentioned period are crucial for minimising of
the contamination. At the field, crop rotation, combined with proper agricultural techniques
are necessary for minimization of mould contamination, especially during climate changing
environment, where the naturally occurring microbiota is also changing, and the moulds are
moving towards poles at approximate speed of 30 km / year. This is the reason why some of
our crops are contaminated with yet unexpected mycotoxins in the region. In the field, also,
the weather conditions are crucial during flowering of the crops, and to those we have the
least effect. When extremely wet or extremely dry conditions are present during flowering,
plants are very often contaminated with moulds, following high mycotoxins contamination of
the crop. Harvest has to be adapted to be done during dry conditions to avoid exposure to the
moisture that is one of requirements for fungal spores germination. At the end, the storage
conditions have to be dry and clean, and ensure proper monitoring of those conditions. If
contamination still occurs there are still several decontamination techniques available:
different processing techniques — form physical chemical to biochemical methods, each more
appropriate for one type of food or feed.

KOMMNbIOTEPHASAA MOAEJ1Ib CEPAOLA

Upena Nanuy, XpBoe JleBeHTny, Mapusa XabuaH, Kpecumup Pomuu
®daKyNbTET 3/IEKTPOTEXHUKMN, KOMMbIOTEPHbIX HAYK U UH(POPMALIMOHHbIX
TexHonorunii Ocuek, XopsaTus
E-mail: irena.galic@ferit.hr, hrvoje.leventic@ferit.hr, marija.habijan@ferit.hr,
kresimir.romic@ferit.hr

CepaeyHo-cocyauctble 3aboneBaHus (CC3) npeacTaBnsioT coboit ofHYy W3  CcaMbIX
onacHblX Yyrpo3 Ans 300poBbsi 4enoBevecTBa. PaspaboTka METOAMKM HEUHBA3WUBHOM
BM3yanM3aumm cepaua no3sonsieT obcnefoBaTb OpraHM3M 4enoBeka 6e3 HeobxoaMmocTu
XUPYPru4ecKoro  BMellaTenbCTBa.  [1ofobHbI  MeToA  BM3yanu3auuMm  COBMECTHO C
KOMMbIOTEPHLIM MEAULIMHCKMM MPOrpaMMHbIM 06ecneyeHneM BbICOKON CNOXHOCTU MO3BONSIOT
MOMyYuTb MHOTOMEpHble W306paxeHusi cepala B TeYeHWE EAUHUYHOrO KapAvouuKna.
BHegpeHue nogobHOrO MEeAMLMHCKOro MporpamMMHOro obecriedeHust npeacTtaBnsieT cobou
CNOXHbIV MpoLecc, rnaBHbIM 06pa3oM NOTOMy, YTO OH mpeanonaraeT o6paboTky 6onbLuMX
06bEMOB MHOrOMEPHBIX AaHHbIX. [iNsi NpeofoneHus 3TUX MNPensiTCTBUN HayanbHbIM LLaroM
npv paspaboTke NOAOOHOrO NPOrpaMMHOrO obecrneyeHust SBNSIETCS  pasrpaHuyYeHve
KapOMOCTPYKTYpP W OKPYXaloLMX OpraHoB M TKaHel, TO €eCTb YyAaneHue W3fULLHeN
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nHdopmaumn. O6bIMHO 3Ta 3ajadva BbIMOMHAETCS NPU MOMOLWM METOAMKU WU anropuTMOB
cerMeHTaumMmn un306paxkeHns, KOTOpble NpeTeprneny 3HauuTenbHYyl OMTUMM3auMIo  3a
nocneaHue HeCKOMbKO AECATUNETUIA.

Hawe npeablgywee uccnegoBaHve B 3Tod  obnacTu  Bkatovano — paspaboTky
WHHOBALMOHHBIX MOSlyaBTOMaTUYECKMX METOAOB CerMeHTauuMM W aHanus3a Yylka JeBoro
npeacepavst (YJIN), npeaHasHauyeHHbIX ANs MNaHMPOBaHUSI Mpoueaypbl 3akpbitns Y.
3akpbiTvie YJIM npeactaBnsieT coboll OTHOCMTENbHO HOBYK MEpPKyTaHHyl npoueaypy ans
NpoduNakTUKM WHCYMbTa Y MAUMEHTOB, CTpajalolux MepuaTenbHOM apuTMuei. [JaHHast
METOAMKa BK/OYaeT cermeHTuposaHue YJIM ¢ nokasaTensMu coBnageHus KoadpduumeHTta
[alica, paBHbIMK 92,52% 1 91,63%), OTHOCMTENBHO 3KCMEPUMEHTANIBHO NOMYYEHHbIX AaHHbIX
cermeHTaumn. [locne BbINOMHEHMs cerMeHTaumn Y/ fgaHHas MeToauka npegnaraet
BapuaHTbl pacrnonoXxeHuuss 61okatopa W BLIMOMHSET U3MEpeHWsl, HeobxoauMble Ans
nnaHMpoBaHWs Npoueaypbl 3aKkpbiTUs. KpoMe TOro, Halwe TeKkyluee MUCCrefoBaHue BKIOYaeT
METOAMKY MHOMOMETOYHOW CEerMeHTauMu Lenoro cepaua, Kotopas obecrieuvBaeT o6Limi
CpeaHuit MokasaTeslb CerMeHTauMM BCEro cepiua npu cosnafeHun koscduumeHTa [aiica,
paBHOM 89% OTHOCUTENbHO 3KCMNEPUMEHTANbHO MOMYYEHHbIX AAHHbIX. Mocne AOCTUXKEHUS
YAOBNETBOPUTENbBHBIX Pe3ynbTaToOB CerMeHTauuu CneaylowmM LWaroM, HeobxoauMbiM Ans
MONyYEeHUs MOSIHOW KapTWHbI COCTOSIHUS cepAaua, SBASIETCS pacyeT OCHOBHbLIX MOKasaTenei
CepAeYHoN AesTeNbHOCTM, a Takke onpeaeneHne ero reoMeTpum. MosHbIM aHanm3 CoCTOsSHMS
CEepAEYHO-COCYANCTON CUCTEMbl  06ECMeYMBAETCA MYTEM  OMNPEAENEHNS  MHOXECTBEHHbIX
KOJIMYECTBEHHBbIX MoKasaTenel paboTbl KaMep cepaua B COYETAHUMM C KOJIMYECTBEHHBIM
aHanM3oM (YHKUMIA OCHOBHbLIX apTepwii (aopTbl, KOPOHApPHbLIX apTepuii, COHHOW apTepuu).
XOTS METOAMKM MHAMBMAYANbHOMO KOIMYECTBEHHOMO aHanM3a yxe CyLLeCTBYHOT, Hawa uenb
COCTOUT B TOM, YTODOblI YyNyuyluMTb AMATHOCTMKY M JIEYEHUe MauuMeHTOB NyTeM pa3paboTku
CaMbIX MepeaoBblX MeToAoB, KoTopble 6yayT crnocobCcTBoBaTb ONTUMM3ALMKM  MPOLECCOB
AVArHOCTUKN U NeYEHNs UCXOAS M3 MPOABMHYTbIX MEeToAMK, obecneumsarowmx Havbonee
BbICOKME MOKasaTenM KOMIMYECTBEHHOrO aHanM3a CepaeyHoW AesTeNlbHOCTM Ha OCHOBE
€AMHWUYHbIX MEAMUMHCKMX U306paXkeHWin. KOHEeYHbI pe3ynbTaT Hawel AesaTeNbHOCTM
HamnpaBneH Ha To, YTO6bl COAECTBOBaTb MEAMUMHCKMM paboTHWKaM B 06/1acTy MOBbILLEHHUS
kauectBa amarHoctukn CC3, a Takke obecneuntb ANS HayyHbIX OTPYAHWUKOB pasnuyHble
BapuaHTbl anpobupoBaHnsa 1 oNTUMMU3aUmMK paspabaTbiBaeMblX METOAMK.

ST1a paboTta 6bina YacTMYHO noaaepxaHa XopBaTCKMM HayyHbiM (DOHAOM B paMKax
npoekta UIP-2017-05-4968.

IMAGINE HEART

Irena Gali¢, Hrvoje Leventi¢, Marija Habijan, Kresimir Romi¢
Faculty of Electrical Engineering, Computer Science and Information Technology
Osijek, Osijek, Croatia
E-mail: irena.galic@ferit.hr, hrvoje.leventic@ferit.hr, marija.habijan@ferit.hr,
kresimir.romic@ferit.hr

Cardiovascular diseases (CVDs) are one of the most dangerous threats to human health.
According to the last available statistics from European Heart Network, CVDs are responsible
for 45% of all deaths in Europe, while around 85 million (11.2% of the European population)
are still living with CVDs. The evolution of noninvasive cardiac imaging enables the inspection
of a human body without the need for surgical interventions. Such imaging, in collaboration
with sophisticated computer-aided medical software, can provide multi-dimensional cardiac
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images through-out a single cardiac cycle. The implementation of such medical software is a
complex task, mostly because it involves the processing of a massive amount of highly-
dimensional data. To overcome this obstacle, an initial step in the development of such
software is the isolation of the cardiac structures from surrounding tissues and organs, i.e.,
removal of unnecessary information. Usually, this task is performed by the segmentation
methods and algorithms, which have tremendously improved throughout the last few
decades.

Our previous research on this subject involves the development of novel semi-automatic
left atrial appendage (LAA) segmentation and analysis methods, used for the planning of the
LAA closure procedure. LAA closure is a relatively novel percutaneous procedure for stroke
prevention in patients suffering from atrial fibrillation. The method segments LAA with dice
coefficient overlap of 92.52% and 91.63% against the ground truth segmentations. After LAA
segmentation, the method proposes the location for the occluder placement and calculates
measurements needed for closure procedure planning. While in this case the necessary
measurements can be determined from the segmentation, in other medical procedures, such
as cerebral arteriovenous malformation (AVM) embolization, the segmentation alone is not
sufficient. Through the combination of AVM localization and vessel delineation methods, our
proposed solution allows the decomposition of the AVM into veins, arteries, and the nidus,
thus helping with the planning of the procedure. Moreover, our current research involves
multi-labeled whole heart segmentation method that obtained an overall average score for the
entire heart segmentation with the dice coefficient overlap of 89% against the ground truth.
After receiving satisfying segmentation, the next necessary step for obtaining full cardiac
health overview is the calculation of the essential cardiac indicators, as well as the
determination of its geometry. The process of determination of these indicators is referred to
as cardiac quantification. Therefore, our focus is also aimed at automatic determination of the
hearts’ functional parameters such as ejection fraction, chamber volumes, cardiac output,
stroke volume, myocardial mass, wall thickness, and thickening. The complete cardiovascular
health analysis can be provided by the determination of multiple cardiovascular quantifications
of heart chambers, combined with the quantification of essential arteries (aorta, coronary
arteries, carotid). Although the methods for individual quantifications already exist, our aim is
to improve the diagnostics and patient treatment through the development of advanced
methods, which will be able to provide diagnostics and patient treatment with the
development of advanced methods that will provide the highest number of heart
quantifications from one medical image. The final result will be able to assist medical
professionals with CVD diagnosis, as well as provide researchers with options for testing and
improving developed methods.

This work has been supported in part by Croatian Science Foundation under the project
UIP-2017-05-4968.
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INTEGRATION OF RENEWABLES INTO SHORT-SEA AND INLAND SHIPPING
SECTORS: TECHNO-ECONOMIC AND ENVIRONMENTAL ASPECTS

Vladimir N., Perci¢, M., Anci¢ 1.
University of Zagreb, Faculty of Mechanical Engineering and Naval Architecture,
Zagreb, Croatia

E-mail: nikola.vladimir@fsb.hr

Exhaust gases due to combustion of fuel in internal combustion engines can be
considered as one of the major causes of marine environment pollution, where the most
pernicious emissions are carbon monoxide (CO), carbon dioxide (CO2), sulphur oxides (SOX),
nitrogen oxides (NOX) and particulate matter (PM10). The presence of these gases has
negative effect both on the environment and on human health causing respiratory diseases.
Furthermore, greenhouse gases (GHGs) in the atmosphere cause the greenhouse effect,
which leads to the Earth’s surface warming and influences climate changes. In order to control
GHG emissions at global level there are different regulations like the Kyoto Protocol from 1997
as well as the most recent climate agreement, i.e. the Paris Agreement, adopted in 2015, with
an aim to keep the global temperature rise this century well below 2 °C above pre-industrial
levels and to limit the temperature increase even further to 1.5 °C. It is fair to say that
research into emissions from shipping and the wider impact on air quality as well as climate
changes has been mainly directed to ocean-going vessels, and less to short-sea and inland
waterway ships and their emissions. The reason for this is mainly the general opinion that
these emissions have a small contribution to total transport emissions. However, it is
important to mention that short-sea and inland waterway transportations are regularly
realized within highly populated areas, and therefore their effects should not be ignored. So,
these sectors become oriented to use of cleaner fuels and/or renewable energy sources. This
work discusses techno-economic and environmental aspects of integration of renewable
energy sources into short-sea and inland shipping sectors. The investigation includes analysis
of existing short-sea and inland waterway fleets, where Croatia is taken as a test case. Beside
assessment of ship power systems and their operative profiles, detailed analysis of Croatian
energy system with particular emphasis to electricity production is needed, in order to offer
acceptable options to reduce carbon footprint and operational costs of these transportation
modes. For two ships (one engaged in short-sea shipping and another engaged in river
transportation) detailed life cycle cost assessments (LCCAs) were done assuming different
configurations of their power systems and several carbon allowance scenarios. For this
purpose a kind of analytical model for simulation of the energy use and emission output
incorporated in GREET 2018 software is combined with unit energy prices for different energy
sources. The results indicate that electrification of short-sea and inland waterway
transportation is promising option to reduce their environmental effects and to achieve
significant financial savings during the fleet lifetime. It should be mentioned that electrification
of marine and inland waterway sector is rather case- and location-specific. Therefore, there
are no general conclusions for some other fleets. However, the used methodology can be
applied to investigate viability of integration of renewable energy sources in any other
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transportation mode at some other geographical location. This research was supported by the
Croatian Science Foundation under the project Green Modular Passenger Vessel for
Mediterranean (GRiMM), (Project No. UIP-2017-05-1253).

KOPPO3US1 OBOPYJOBAHUSA NPY IKCM/TYATALIMM NAPOBOI KOTE/IbHOM r.
OMCKA

FonosaHoBa O. A., CemeHoB A. [1.
OMCKMi1 rocyaapcTBeHHbIi yHuBepcutet uM. ®. M. floctoeBckoro, Poccus

E-mail: golovanoa2000@mail.ru

C noMOLWbi0 YCTAHOBOK BOAOMOATOTOBKM MOAAEPXXUBAETCS OMNpeAeneHHbI  BOAHO-
XUMUUecKuiA pexxum paboTbl 0bopyanoBaHus TIC, KOTEMbHBIX U B TEMOBLIX CETSX. HapyLeHus
BBOAHO-XMMWYECKOr0 peXuMa BCerfa nNpuBOAAT K YXYAWEHWIO 3KCMAyaTauMOHHbIX WU
3KOHOMMYECKUX MOKA3aTenell SHEPreTUYECKUX YCTAaHOBOK WM BedyT K Mepepacxody TOr/vBa,
BbIXOAY M3 CTpos 060pyAOBaHNA U T. 4.

Takvm 06pa3oM, Lienblo AaHHOW paboTbl SBASIETCS M3yYeHWe NPOLEeCccoB KOPPO3UK CTanu
BCt3cn B BOAHBLIX Cpeaax Tenso3HepreTMyeckMX YCTaHOBOK M YCTaHOBMEHWE OMTUManbHbIX
PEeXMMOB 3KCrTyaTauum obopyaoBaHus.

B xoae skcnepumeHTa 6bln 3aroToBMIEHbl CTanbHbIE MeTannMyeckne npobbl-NaacTuHbI
(BCt3cn), B3BELLEHbI U MOMELLEHbI B BOAY-TEM/IOHOCUTESNb Ha pa3Hble CPOKWU SKCrepUMeHTa.

Mpu npoBeAeHUM WcCnefoBaHW 6Gbina UCMoONb3oBaHa METOAMKA MO onpeaeneHuo
ckopoctn  kopposun  PL  153-34.1-17.465-00 «MeToamnyeckne ykasaHuUs MO OLEHKe
WHTEHCMBHOCTM MPOLECCOB BHYTPEHHEN KOPPO3UM B TEMMOBbIX CETAX».

Mpn n3yyeHnn BAUSHUS BPEMEHW SKCMEPUMEHTa Ha CKOPOCTb KOPPO3UW YCTaHOB/EHO,
YTO NpK YBENNYEHNW ero NPOAOKUTENBHOCTM CKOPOCTb KOPPO3uK Bo3pacTaeT. 3a nepuoa 15
CYTOK CKOPOCTb KOppo3uu cocTaBuna B cpeaHem 0.113 Mm/roa, a Ha 57 cyTku akcnepumeHTa
CKOPOCTb KOPpO3WM yBenuuuniace NOYTU B ABa pasa. Ho CTOMT OTMETUTb, 4YTO CKOPOCTb
KOpPPO3u1KM He MPEBbLICUIIA 3HAUYEHUS1 COOTBETCTBYHIOLLME aBapUIHOCTM CETEBOW BOAbI.

Ha cnepylowem 3Tane, B KayecTBe BOAbI-TEMIOHOCUTENs 6bina MCMonb3oBaHa BOAA,
npoweawas  npeaBapuTenbHylo  06paboTky. MoagroToBka  BOAbI  3aK/OYanach:
HeobpaboTaHHasi Boga nocTyrnana Ha GunbTpbl Na-kaTMOHMPOBaHWS, OCHOBHOM cyHKLMeEN
KOTOpbIX SIBNSIETCS yAaseHne coneil Kanbuus M MarHus, fJanee BoAa Hanpasnsercs Ha
YCTaHOBKY A3aspaTopa, OCHOBHOM (hyHKLMEN KOTOPOI SBNSIETCS yaaneHue rasos 13 Bogbl (02
n CO). AHanu3 MOMyYeHHbIX AaHHbIX MOKasasn, YTo npeasapuTenbHas obpaboTka Boabl He
YMeHbLUMMIA CKOPOCTb KOPPO3uK.

M3BECTHO, YTO ANS CHUXXEHUSI CKOPOCTM KOPPO3WUM MCMONb3YIOTCS MHIMOMTOPLI. Hamu B
3KCnepuMeHTe 6bi1 UCMONL30BaH WHIMOMTOP KOPPO3uKM  «IKTOCKeWN-820», aKTUBHbLIMM
COCTaBASIOWMMM KOTOPOro SBASOTCS nonndocdatsl. bbinv noctasneHbl Tpu KCrepuMeHTa ¢
BapbMpOBaHWEM KOHLEeHTpaumn uHrmbutopa (ot 0.1 po 0.3mr/n) npy ogHOM M TOM Xe
BPEMEHW 3KCrepUMeHTa.

MonyyeHo, 4To 3(PdEKTUBHOCTb UCMONb30BaHWS peareHTa npu ero KoHueHTpauuu 0,1
Mr/N1 CKOPOCTb KOPPO3UK YMeHbLUMMack Ha 35%, HO AanbHeNLee yBeNMYEHNE KOHLEHTpaLmMm
MHrMBUTOpa NPUBENO K POCTY CKOPOCTb KOPPO3WK.

Takvm 06pasoM, o npogenaHHon paboTe MOXHO cAenaTb BbIBOAbI:

1. CkopocTb Koppo3umn ctanu BCt3cn B HeobpaboTaHHOM BOAE C TEYEHMEM BPEMEHU
yBENM4MBaeTcs
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2. ObpaboTka BoAb! (yAaneHue conel KanbLmsi U MarHus U Aeaspaumsi) He NoBausna Ha
YMeHbLLUEHME CKOPOCTU KOppPO3um

3. Wcnonb3oBaHne WMHrMbUTOpa «IKTOCKENN-820» sBNseTcs 3(@EKTUBHLIM CrOCO60OM
MOHWMXKEHNS CKOPOCTW KOppo3un ctanu BCT3cn.

CORROSION OF EQUIPMENT DURING OPERATION OF A STEAM BOILER HOUSE,
OMSK

Golovanova O., Semenov A.
Omsk State University. F. M. Dostoevsky, Russia
E-mail: golovanoa2000@mail.ru

With the help of water treatment plants, a certain water-chemical mode of operation of
TPP equipment, boiler houses and heat networks is maintained. Violations of the introductory
chemical regime always lead to a deterioration in the operational and economic indicators of
power plants and lead to excessive consumption of fuel, equipment failure, etc.

Thus, the aim of this work is to study the corrosion processes of steel VSt3sp in aqueous
media of heat power plants and establish optimal operating conditions for equipment.

During the experiment, steel metal plate samples (VSt3sp) were prepared, weighed and
placed in heat-transfer water for different periods of the experiment.

During the research, a methodology was used to determine the corrosion rate RD 153-
34.1-17.465-00 “Methodological guidelines for assessing the intensity of internal corrosion
processes in heating networks”.

When studying the effect of experimental time on the corrosion rate, it was found that with
an increase in its duration, the corrosion rate increases. Over a period of 15 days, the corrosion
rate averaged 0.113 mm / year, and on the 57th day of the experiment, the corrosion rate
almost doubled. But it is worth noting that the corrosion rate did not exceed the values
corresponding to the accident rate of network water.

At the next stage, pre-treated water was used as heat carrier water. The water preparation
consisted of: untreated water was supplied to Na-cation filters, the main function of which is the
removal of calcium and magnesium salts, then the water is sent to the installation of a
deaerator, the main function of which is to remove gases from the water (02 and CO). Analysis
of the data showed that pre-treatment of water did not reduce the corrosion rate.

It is known that inhibitors are used to reduce the corrosion rate. In our experiment, we
used the «Ectoscale-820» corrosion inhibitor, the active components of which are
polyphosphates. Three experiments were performed with varying inhibitor concentrations (from
0.1 to 0.3 mg/l) at the same experiment time.

It was found that the efficiency of using the reagent at its concentration of 0.1 mg/I, the
corrosion rate decreased by 35%, but a further increase in the concentration of the inhibitor led
to an increase in the corrosion rate.

Thus, according to the work done, we can conclude:

1. The corrosion rate of steel VSt3sp in untreated water increases over time

2. Water treatment (removal of calcium and magnesium salts and deaeration) did not
affect the decrease in corrosion rate

3. The use of the «Ectoscale-820» inhibitor is an effective way to reduce the corrosion rate
of VSt3sp steel.
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TENJIOBASA CXEMA NCTOYHUKA SJIEKTPOCHABXXEHUA HN3 HA BA3E NAPOBbIX
POTOPHbIX OB bEMHbIX MALLWH (NMPOM)

MpakuH A.H., BooseHko U.A.
CapaToBCKMiA rocyAapCTBEHHbIA TEXHUYECKU yHuBepcutTeT uMenm MarapuHa H0.A,,
r. CapartoB, Poccuiickaa ®epepaums
E-mail: anton1987.87 @mail.ru

MpeanpusTus  HedTenepepabaTbiBalOWeEro KOMIeKca XapakTepusyloTcs  60nblmnM
notpebneHneM Tennosoii 3HeprM B Buae napa (ao 1,5 T Ha mM> Hedptn). Ha OAO
«CapaToBckuii HIM3» TexHomorus npegycMaTpuBaeT MPUMEHeHVWe napa ABYX YPOBHEN C
fasnenuem 1,3 MMa un 0,45 MMa.

B Toxe Bpemsa Ans obecneuveHuss COBCTBEHHBLIX HYXA B 3/1EKTPOIHEPrMN TaKUMU
npeanpusTUaAMM 1 NOAAEPXaHWS 33[@HHOr0 YPOBHSI HAAEXHOCTU 3HeproobecrneyeHus
COOpYXalTCs ABYX- W TpexuenHble JI3M, Kak npaBwWno, OT pPa3fIMuHbIX HE3aBUCUMbIX
WCTOYHWUKOB, @ B HEKOTOPbIX C/ly4Yasix U cob6cTBeHHble TIC. Tak no npoekTy TyancuHckuidi HMN3
ocHalaeTcst ITY-TIC Ha 6ase 6 TypbuH Tuna SGT-800 ¢mpMbl Siemens 1 1 napoBol Typ6UHbI
P-12-3,4/1,3 npousBoactBa OAO «KanyXckuit TypbuHHbIM 3aBoA», a Takke MpPOeKTOM
npefycMaTpUBAETCs pe3epB MO 3MEKTPUYECKOl MolHOCTM Ha ypoeHe 0,7-1,0%. Eciu
UCXOAMUTL M3 TaKOro YPOBHSI pe3epBa U MaKCUMasibHOW 3NEKTPUYECKON Harpysku, ANs YCIOBUI
OAO «CapaTtoBckoro HIM3» enatenbHo MMEeTb onepaTuBHbIM pe3epB B npeaenax 500-600
KBT.

ViMeloTca [OBe CWUCTEMbl BHYTPM3aBOACKMX MApOMpPOBOAOB Ha MepeMblike, Mexay
KOTOPbIMM BO3MOXHO YCT@HOBUTbL TEMoBoW Asuratens - MPOM, wvcnonb3yowmii nepenag
[aBNeHnst MeXay HUMKU. ANbTEpPHATMBHLIM MCTOYHMKOM MOXET ObiTb MCMONb30BaHWE napa
BbICOKOrO JaBneHusi nocTtynatowero ot TOU-2. Ha puc. 1 npeacrtaBneHa npuHUMNManbHas
cXeMa npeasiaraeMomn yCTaHOBKM.

ITapompoBoz OT cOOCTBEHHBIX

TETTOYTHITH3ATOPOB
> »
TTaponpoBoj ,
oT TOII-2 o DTEKTpO3HEpIHS
p=1.3 MIla POV [IPOM B 38BOJICKYIO CETb

I | »

Brytpu3asoackoit maponposoa p=0,45 MlIa

Puc. 1. MpuHUMNManbHas cxema yCTaHOBKM pe3epBHOro aHeproobecneveHusl.

B 3aBMCMMOCTM OT Cnpoca Ha 3MEKTPOIHEPTUI0 BO3MOXHO M3MEHEHWE Mponycka napa
yepe3 MPOM. OTpaboTaBLUMit Nap HANPaBNSIETCA B CETb HWU3KOMO AABMIEHUS NpeanpusTus, a
3/IEKTPO3HEPTUS B 3aBOACKYIO CETb MM NMPU BO3HUKHOBEHWW aBapUMHbIX CUTyauMii BbiaaeTcs
Ha Hambonee OTBETCTBEHHbIE Y3/1bl U arperaThbl, obecneunBatolme cpabaTbiBaHWe anropuTMoB
6/TOKMPOBKM U 3aLLUUTHI.

HavanbHasi/KoHeYHasi TeMnepaTypa rnapa B MPOLEcCe paclUMpEHNUs B MPOTOYHOM YacTu
MNMPOM coctaBuna 192/148 °C; ypenbHasi pabota pacumpeHus — 97,9 k[DK/Kr; BNaXXHOCTb
napa B KOHeYHoW Touke — 2,53%; pacxoa napa — 6,13 kr/c.
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MpeaBapuTenbHas 3KOHOMMYECKas OLeHKa nokasana, YTo CTOMMOCTb YCTaHOBKM Ha 6ase
arperata MPOM-600/1500-3 coctaBnsieT 7,5 mMnH. py6. Mpyn CTOMMOCTM 31€KTPO3Heprum 5
py6./KBT'4 1 BpEMEHM WUCMOMb30BaHMS YCTAHOBMIEHHOM MolHocT 8000 u/roa NpocToit Cpok
OKYMaeMoCTU HaxoAaMTCs Ha ypoBHe 4 Mecsaues (Npu ycnoBum notpebneHus napa TonbKo OT
BHYTPU3aBOACKUX TENNOYTUIN3aTOPOB).

THERMAL DIAGRAM OF A POWER SUPPLY SOURCE FOR OIL REFINERIES BASED
ON STEAM ROTARY VOLUMETRIC MACHINES (SRVM)

Mrakin A., Vdovenko I.
Saratov State Technical University named after Gagarin Yu.A.,
Saratov, Russian Federation

E-mail: anton1987.87 @mail.ru

Oil refining complex enterprises are characterized by high consumption of thermal
energy in the form of steam (up to 1.5 tons per m3 of oil). At OJSC "Saratov Oil Refinery", the
technology provides for the use of two levels of steam with a pressure of 1.3 MPa and 0.45
MPa.

At the same time, to ensure their own needs for electricity by such enterprises and
maintain a given level of reliability of energy supply, two- and three-circuit power lines are
constructed, as a rule, from various independent sources, and in some cases, their own
thermal power plants. So, according to the project, the Tuapse refinery is equipped with GTU-
TPP based on 6 turbines of type SGT-800 from Siemens and 1 steam turbine P-12-3.4/1.3
produced by OJSC "Kaluga Turbine Plant", and the project also provides for a reserve for
electric power at the level of 0.7-1.0%. Based on such a reserve level and maximum electric
load, it is desirable to have an operational reserve in the range of 500-600 kW for the
conditions of OJSC "Saratov Oil Refinery".

There are two systems of in-plant steam pipelines on the bridge, between which it is
possible to install a heat engine - SRVM, using a pressure differential between them. An
alternative source may be the use of high-pressure steam from Cogeneration Plant N22. In
Fig. 1 shows a schematic diagram of the proposed installation.

Steam pipe from own

heat exchangers
Steam line from
Cogeneration Plant Ne2 ceduction Electricity to the
p=1.3 MIIa cooling unit SEVM factory network

In-house steam line p=0.45 MIIa

Fig. 1. Schematic diagram of the installation of backup power supply

Depending on the demand for electricity, it is possible to change the steam pass through
SRVM. Exhaust steam is sent to the enterprise’s low pressure network, and electricity is
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supplied to the factory network or in the event of an emergency to the most critical
components and assemblies that ensure the operation of blocking and protection algorithms.

The initial/final temperature of the steam during expansion in the flow part of the SRVM
was 192/148 °C; specific work of expansion - 97.9 kJ/kg; steam humidity at the end point -
2.53%; steam consumption - 6.13 kg/s.

A preliminary economic assessment showed that the cost of installation on the basis of
the SRVM-600/1500-E unit is 7.5 million rubles. At an electric power cost of 5 rubles/kW*h and
an installed power use time of 8000 h/year, a simple payback period is at the level of 4
months (provided that steam is consumed only from in-plant heat exchangers).

PA3BUTUE PACNPELQENEHHOW SHEPTETUKW. MEPCMEKTUBbI U HAMPABJIEHUS

3aiueHko B.M.
061bearHEHM MHCTUTYT BbICOKMX TeMnepaTyp Poccuiickon akagemumn Hayk (OUBT
PAH), MockBa, Poccuiickas denepauuns

E-mail: zaitch@oivtran.ru

PacnpepenéHHas reHepaums B HacToslliee BpeMs SBNSeTCA Havbonee nepcrnekTUBHbLIM
HamnpaBneHVeM pa3BUTUSI CyLLECTBYOLIEN cuCTeMbl 3HeproobecriedeHnst. C 3KOHOMMYECKOW
TOYKM 3peHus pacnpefenéHHas reHepauusi C  WUCMONb30BaHWEM MECTHbIX  TOMMBHO-
3HEpreTMYEeCKUX pecypcoB sIBAseTCs 6onee BbIFOAHON MO OTHOWEHWIO C TPaAWULMOHHBIMU
CXeMaMM CTaLUMOHaPHbIX 3NIEKTPOCTAHLMI Ha MCKOMAeMbIX BuAax Tormea. C 3KOMOrMyeckomn
TOYKM 3pEHUSI WCMONb30BAaHUE MECTHbIX 3HEpPreTUYEeCKUX PEeCypCoB, TaKMX KaK pasfMyHbie
Buabl 6uoMacchl, TOpd, ApEBECHble U CEbCKOXO3SWCTBEHHbIE  OTXOAbl,  OTXOAb
XKU3HEAEATENTbHOCTU Pas/IMYHbLIX BUAOB COMPOBOX/AAETCS ropasfo MeHbLUMM OTpULATESbHbLIM
BO3AEMCTBUEM Ha NMPUPOAHOE PABHOBECME MO OTHOLIEHMIO K SHEPTETUKE Ha MCKOMaeMbiX
TonAMBax. 3aKOHOMEPHOCTM Pa3BUTUSI MHAYCTPUANbHOMO MUpa AenalT HEOOXOANMBIM 3aMeHy
TEPMUHA «OTXOAbl XWU3HEAEATENbHOCTU» Ha MOHATUE «MECTHblE TOMNJIMBHO-3HEpPreTnyeckne
pecypcbl».  OTXOAbl  XU3HEAEATENIbHOCTM  Pas/iMyHbIX  BWAOB,  BKIOYas  TBEpAble
KOMMyHanbHble otxoabl (TKO), AOMKHbI paccMaTpuBaTLCA Kak TOMAMBO ANS1 SHEPreTUYecKuX
YCTaHOBOK. Ha CErofHsIlHWUIA AeHb 3TO - €AMHCTBEHHBIN MyTb YMEHbLIEHUS] @HTPOMNOreHHOro
BIMSHWUSA AeATENbHOCTU YerioBeka Ha OKPYXKatoLLyto cpeay.

B poknage npu  pacCMOTPEHUM  MEPCrEeKTUBHbIX —TEXHOMOMW  pacnpenenéHHomn
3HepreTMkn He ByfeT paccMaTpuBaTbCS MCMOMb30BaHWE COMHEYHOW M BETPOBOM 3Hepruu. B
EBpone pesepBrnpoBaHne AaHHOrO BMAA SHEPreTUHecKUX NCTOYHMKOB OCYLLECTBASIETCS CEThIO.
[ns Poccum Takas cxema He MOXeT ObiITb MCNonb3oBaHa, Nockonbky 6onee 70% TeppuTopun
Poccuu, Ha KoTopbIX NpoXxuBaeT Gonee 20 MSH. YeNIOBEK, HAXOAWTCS BHe ceTeil. B OMBT PAH
BbIMOMHEH LMK/ UCCNEAOBaHUI MO CO3AaHWI0 HOBOFO TWUMA CUCTEM pe3epBMpOBaHWS Ha 6ase
BOAOPOAA, CO3AaHbl HOBblE 06pa3Lbl NEPCNEKTUBHBIX CUCTEM Pe3epBUPOBAHNS SHEPTUM.

Ons  Poccum  Havbonee  MEepCneKTUBHLIM - HanpaBfEHWEM  CO3AaHUSt  CUCTEMbI
pacnpegeneHHON reHepauuy SIBSIETCS UCMOMb30BaHWE MECTHbIX TOMIMBHO-SHEPreTUUECKUX
pecypcoB. B Halel cTpaHe cocpeaoTodeHo nopsiaka 50% MMpOoBbIX 3anacoB Topda v 23-24
% [ApeBecuHbI.

B aoknaje usnoxeHsl pe3ynbTaThl, nonyyeHHsle B OMBT PAH, npyMeHUTENBHO K HOBbIM
MeToAaM MOofyYeHUs! TOMIUB MPU SHEPreTUUECKOW YTUAM3aLUMU Pas3fMyHbIX BUAOB 61MOMAcChI.
MpeacraBneHa uHdopMaums o paspabatoiBaeMbix B OWBT PAH HOBbIX TEXHOMOrUsIX
MOMyYeHUs1 3SHEPreTUYeCKoro rasa M3 pas/MyHbIX BWAOB 6uomacchl. OTnnume AaHHOW
TEXHOMOMMN OT CYLLECTBYIOWMX B HacTosiLLee BpeMs NpoLeccoB rasudukaumm u nuponunsa
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COCTOMT B TOM, YTO TONyYyaeMblii SHEpPreTU4eckuin ras MoxeT O6biTb HenocpeACTBEHHO
MCMoNb30BaH B BWAE TONMBA AN 3NMeKTponposoaswero obopyaosaHus. [okasaHo, 4TO
Ucnonb3oBaHue paspabaTbiBaeMol TEXHOOMMU NMPUMEHWUTENBHO K UIOBbIM OCaAKaM CTOYHbIX
BOJ, C NOJTyYEHUEM XMAKOro TOMNnea SABNSETCH 3PPEeKTUBHLIM METOAOM YTUAMU3ALMKU AAHHOMO
BMAa OTXOAOB.

PaccMOTpeHbl TEXHUYECKME peLleHns NonyyYeHns KBanmbuumpoBaHHbIX TBEPAbIX TONAWB
M3 pasfnyHbIX BUAOB BMOMacchl Mpu HU3KOTEMMEepaTypHOM Muponuse 6uomaccel, npouecc
ToppeduKaumm.

PaspabaTbiBaemble B OVMIBT PAH npouecchl MMeloT psa NPeMMyLLECTB N0 OTHOLIEHUIO K
CYLLECTBYIOLUMM B HacTosiLee BPEMSI METOZlaM SHepreTUYeckoi yTuIm3aumum pasnmyHbiX BUAOB
6romaccel.

WccnenoBaHue BhINOHEHO NpyY GYHAHCOBOM noanepxke PODU B paMmkax Hay4HOro
npoekta N2 18-08-00865..

DEVELOPMENT OF DISTRIBUTED ENERGY. PROSPECTS AND DIRECTIONS.

Zaichenko V.
Joint Institute for High Temperatures of the Russian Academy of Sciences (JIHT
RAS), Moscow, Russian Federation

E-mail: zaitch@oivtran.ru

Distributed generation is currently the most promising direction for the development of
the existing energy supply system. From an economical point of view, distributed generation
using local fuel and energy resources is more advantageous in comparison with traditional
schemes of stationary power plants with fossil fuels using. From an environmental point of
view, the use of local energy resources, such as a peat, wood and agricultural waste and life
activity waste of various types is also accompanied by a smaller negative impact on the
natural balance compared with an energy produced with fossil fuels using. The patterns of the
industrial world development make it necessary to replace the term “waste products” with the
concept of “local fuel and energy resources”. Vital waste of various types, including municipal
solid waste (MSW), should be considered as fuel for power plants. Today it is the only way to
reduce the anthropogenic impact of human activities on the environment.

The using of solar and wind energy for distributed energy will not be considered in this
report. In Europe, the reservation of this type of energy sources is carried out by the network.
For Russia, such scheme cannot be used because more than 70% of the Russian territory,
there more than 20 million people live, is located outside the networks. A cycle of studies on
the creation of a new type of hydrogen-based redundancy systems has been carried out at
the JIHT RAS, new examples of promising energy-reserve systems have been created.

For Russia, the most promising direction of creating a distributed generation system is
the use of local fuel and energy resources. About 50% of the world's peat reserves and 23-
24% of timber are concentrated in our country.

The results obtained at the JIHT RAS during the investigation of new methods for
producing fuels during the processing of various types of biomass are presented in the report.
Descriptions of a new technology for producing energy gas from various types of biomass that
are being developed at the Institute are shown. The difference between this technology and
gasification and pyrolysis processes currently existing is that the resulting energy gas can be
directly used as fuel for electrically conductive equipment. It is shown that the use of the
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developed technology in relation to sewage sludge with the production of liquid fuel is an
effective method of disposal of this type of waste.

The technical solutions of obtaining qualified solid fuels from various types of biomass
during low-temperature pyrolysis of biomass, the torrefaction process are considered.

The processes developed at the JIHT RAS have a number of advantages over the
currently existing methods of various types of biomass energy utilization.

The reported study was funded by RFBR, project number 18-08-00865.

NCCNEROBAHMA OAO «BTU» B OBOCHOBAHUE NCMNOJZIb3OBAHNA BUOMACChHI
ansa NUPOJZIN3A C NONTYYEHMEM SNIEKTPOSHEPIUN, TENMJIA U NOJIE3HbIX
MPOAYKTOB

Ps6os I'.A., JiutyH [1.C., ®onomeeB 0.M., CmupHoBa O.A., LLlopuHa E.A.
OAO “Bcepoccuiickuii aBa)kabl opaeHa Tpyaosoro KpacHoro 3HaMeHu
TenJIOTEXHUYECKNI Hay4yHO-UccneaoBaTeNbCkuii MHCTUTYT, Poccus, 115280,
MockBa, ABTO3aBoACKas, 14

E-mail: vti@vti.ru

Mcnonb3oBaHne OTXOAOB MPOM3BOACTBA, MPEXAe BCEro pasfMyHbiX BUAOB 6uomaccsl, C
BbIPAabOTKOM Tensa W 3MEeKTPOSHEpruM SIBASIETC BaXHOM 3ajayen sHeprocbepexxeHus.
Bromacca sBnsieTcs BO306HOB/SEMBIM UCTOYHUKOM 3Heprimn, a Bbibpockl CO, Npu OKUraHum
61oMacchl He Y4YWUTbIBAOTCA AN Uenel peanu3aumu KMOTCKOrO MpOTOKONA K PaMOYHOM
koHBeHUun OOH 06 n3MeHeHun knumata. Mpu OkuraHum 61uomacchbl B KpYMHbIX YCTaHOBKax
Hanbonee 3cdeKTMBHO MCNONb30BaHWe TOMok ¢ KUNAWMM (KC) 1 UMPKYNMPYIOWMM KUNSLMM
cnoeM (LIKC). HoBbiM HampaBfieHWeM MpUMEHEHUSI TEXHONOMMM KUMSLEro Cros sBAseTcs
MCMNONb30BaHME CBA3aHHbIX Mexay coboli peakTopoB ¢ KC 1 LIKC. Tu TEXHUYECKME peLLEHs!
HanpasneHbl Ha ynasamBaHve CO, M MMpoONM3 M rasudukaumio TOMNIMB C TBEpAbiM
TennoHocuTteneM. B peakTope ¢ KC npoucxoauT naposas rasudukaums TBepabiX TOMAMB C
Nony4yeHeM reHepaToOpHOro rasa C TensoTol cropaHus okono 4000 kkan/M3 unm nuponus ¢
MCNONMb30BaHVMEM PeLMPKYNSUMM FeHepaTopHOro rasa. Tenno Ans npouecca noaBOAUTCS
TBEpAbIM TennoHocuTeneM M3 peaktopa ¢ LIKC, B KOTOPOM AOXWUraeTcs KOKC. OYMLIEHHBIN
reHepaTopHbIM ras NocTynaeT B ra3oropLUHEBO arperat. [eHEPATOPHbIN ra3 MOXET TaKxe
UCMONb30BaTbCA ANS MOMYyYEHUS MOTOPHbIX Tonnme (mpouecc ®uiwepaTponwa), Tak Kak
OTHOLLEHME KOHLIEHTPpaLMii BOAOPOAa U MOHOKCKAA yrnepoaa 6am3ko k ontumanbHomy (1,5 =
2,5).

OueHb BaXHbIM [N CUCTEM CBSI3aHHBLIX PEaKTOPOB SIBNSIETCS noaaepXxaHue 60MbLIoi
KpaTHOCTWU LMpKyNnsuMM MaTepuana v obecrieyeHne HadexHon paboTbl 3aTBOPOB U BCEX
CUCTEM MepeToka 4acTul Mexay peaktopamu. [puBeaeHbl pe3ynbTaTbl MHOMOUYUCIEHHBIX
uccnegosanuii OAO «BTW», koTopble MO3BONWMAM AaTb PEKOMEHAAUMWU MO FMAPOAMHAMUKE
annapatoB ¢ KC n LIKC, ycnoBusiM OXwXeHWss B CUCTEMax BO3BpaTa M MHEBMO3aTBOpaXx,
cenapaumm 4acTuL Npu BbICOKOW KOHLIEHTpaumy NoTokoB. Pa3paboTaHa Mogenb Ans pacyeta
AaBNEHWI 1 NepeToKOB B CUCTEME CBSI3aHHbIX Mexay Co60l peakTopoB.

CyliectBeHHbIMM  npobneMamn  OkuraHusi  6vomaccel, npexae BCero  OTXOA0B
CeNbCKOXO3SMCTBEHHBIX U HEKOTOPbIX MPOMBILEHHBIX NPEeAnpUSTUA, B KWMsLWEM croe
ABNAIOTCS  parMeHTaumsl TOMAMBHBIX 4YacTUL W arnoMepauus cnosi. ®dparmeHTaums
YBENIMUMBAET YHOC FOPHOUMX M3 CNOSi U MeXaHUYeCKui HefoXor, a arfioMepauus MOXeT
NpUBOANTL K YKPYMHEHWIO YacTUL, MaTepuana Crosi, UX ChneKaHuio, YXYAWEHWI0 1 aaxe
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npekpaLLeHnto oxmkenuns. ViccnenosaHus nocneaHero BpeMeHn, nposefeHHble B OAO «BTU»
MO3BOSIMSIN BCKPbITb HEKOTOPbIE MEXaHW3Mbl hparMeHTauMn APEeBECHbIX YacTWL, pasnvyHOM
OpMbI, M3yyeHa MUKPOCTPYKTYPbl U 3/IEMEHTHbI COCTaBa KOKCOBbLIX YacTUL, C MPUMEHEHNEM
3NMEKTPOHHOMO CKaHMPYHIOLLEro MUKPOCKONA, OCHALLEHHOrO CUCTEMOMN SHEProACcrnepcOHHOMO
MUKpOaHanusa.

Pabota  BbinonHeHa npu  (uHaHCOBOM  noanepxke  Poccuitckoro  ¢oHaa
(yHAaMeHTanbHbIX UCCefOBaHU B pamMkax HayyHoro npoekta N 18-08-00758.

RESEARCH OF JSC "VTI" TO JUSTIFY THE USE OF BIOMASS FOR PYROLYSIS TO
PRODUCE ELECTRICITY, HEAT AND USEFUL PRODUCTS

Ryabov G., Litun D., Folomeev O., Smirnova O., Shorina E.
All-Russia Thermal Engineering Institute, Russia, 115280, Moscow,

Avtozavodskay14
E-mail: vti@vti.ru

The use of waste products, especially different types of biomass, with the production
of heat and electricity is an important task of energy saving. Biomass is a renewable energy
source and CO, emissions from biomass combustion are not taken into account for the
implementation of the Kyoto Protocol to the UN framework Convention on climate
change. When burning biomass in utility plants, the most effective use of fluidized bed
(FB) and circulating fluidized bed (CFB) boilers. A new area of application of fluidized
bed technology is the use of interconnected reactors with FB and CFB. These technical
solutions are aimed at CO, capture and pyrolysis and gasification of solid fuels. Steam
gasification of solid fuels produced of generation gas with a low heat value of about 4000
kcal/m3 or pyrolysis using generator gas recirculation takes place in the FB reactor. Heat
for the process is supplied by solid carriers from the CFB reactor, in which semi coke is
burned. The purified generator gas enters the gas piston unit. Generator gas can also be
used to produce motor fuels (Fischer-Tropsch process), as the ratio of hydrogen and carbon
monoxide concentrations is close to optimal (1.5 = 2.5).

It is very important for coupled reactor systems to maintain a large solid circulation
rate and to ensure reliable operation of pneumatic valves and all particle flow systems
between reactors. The results of numerous studies of JSC "VTI", which allowed to give
recommendations on the hydrodynamics of FB and CFB, fluidization behavior in return
systems and pneumatic valves, particle separation at high solid concentrations. A model for
calculating pressures profiles and flows in a system of interconnected reactors has been
developed.

Fragmentation of fuel particles and agglomeration of the fluidized bed materials are
significant problems of biomass combustion, especially of agricultural and some industrial
wastes. Fragmentation increases the entrainment of the combustible particles from the bed
and the mechanical unburning, and agglomeration may lead to aggregation of particles in
the bed, their agglomeration, degradation or even stoppage of fluidization. Recent studies
carried out in JSC "VTI" allowed to reveal some mechanisms of fragmentation of wood
particles of different shapes, studied microstructures and elemental composition of coke
particles using an electronic scanning microscope equipped with a system of energy
dispersive microanalysis.

The reported study was funded by RFBR, project number 18-08-00758.
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MOBbILUEHNE SHEPTO3®®EKTUBHOCTU TENJIOOBMEHHOIO O6OPYIOBAHNA C
NCNOJIb30OBAHUEM NOPUCTbIX MATEPUAJIOB

CrenaHoB O.A., PoipanvHa H.B.
TIOMEHCKUIA MHAYCTPUanbHbI YHUBepcuTeT, r. TiomeHb, Poccus

E-mail: rydalinanv@tyuiu.ru

YBeNMYeHe MHTEHCUBHOCTM TernnoobMeHa SIBASIETCS OAHOM M3 rNaBHbIX 3adad mpu
U3roTOBJ/IEHNM COBPEMEHHOTO TEMNOOB6MEHHOro 060pyaoBaHusl. OOHUM U3 MEepPCreKTUBHLIX
Crnoco6oB yBenuueHus TennoobMeHa sIBSETCS UCMOMb30BaHWE B TEMIOOOMEHHbIX annapaTax
MOPUCTbIX METaNOB.

Llenb paboTbl — NPOBECTU 3KCMEPUMEHTANIbHOE M3y4eHWe TemnI006MeHHOro annapara ¢
MOPUCTLIMM MaTepuanaMm, COCTaBUTb MATEMATUYeCKyl0 MOAESb, MO3BOMSIOLLYIO MPOBOAUTHL
aHanWTUYecKMe pacyeTbl TakuMX TeMnoOBMeHHbIX annapaToB, MOATBEPAWTb NPaBWUNbHOCTb
COCTaB/IEHHOW MOAENN 3KCNepUMeHTaNbHO.

Co3aaH 3KCMepUMEeHTanbHbIA CTeHA, MO3BOMSIOWMI U3YUnTb TEnI006MeHHbIN annapart,
B KOTOPOM WCMOJIb3YETCS MOPUCTLIN anioMUHWIA. [opsumMii TENOHOCUTENb - Tennas BoAa,
KoTopasi TeyeT Mo TpybkaM, NPOXOAsLMM CKBO3b MOPUCTLI MeTann. CkBO3b MOpbl NpoTekaeT
XOMOAHbIN  TemnoHocuTenb — (PeoH, KOTOpbIM  oxnaxaaeT  Bogy. [lpuBoauTCs
MpUMHUMNManNbHas cxema W oOnucaHue cTeHpa. [poBeseH UMKN WcnbiTaHuid. MpoBeaeHo
CpaBHEHWE MHTEHCUBHOCTM TEMI006MEHa Asi MaTepyasioB pasfiMiHoW NMOPUCTOCTY.

MpUMeHeHVe CTaHAAPTHLIX METOAOB pacyeTa Tenj006MEHHbIX annapaToB B AaHHOM
C/ly4ae HEeBO3MOXHO, Tak Kak HeU3BECTHa BHYTPEHHSISl MOBEPXHOCTb Mop. B xoae BbinonHeHus
paboTbl CTaHAApTHOE YpaBHEHME OMUCHIBAlOLEEe OX/AaXAeHWe MNopucToro Tena 6bino
NPEAnoXeHO AOMOMHUTL (YHKUMEN pacrpefeneHHbIX WCTOYHUKOB Tersa. B pesynbTate
COCTaBfieHa yrnpouleHHass MaTeMatudeckass Mopenb (1) co3gaHHOro TennoobMeHHuKa,
no3BonsitoLasi MofyunTb pelleHne B YAOOGHOM Al MHXEHEPHbIX pacyeToB aHasMTUYECKOM
BUZE.

2 —_ .
d—ﬁ— cﬂ+—a =05 _, (1)
dx dx AV,

roe Vs — 06beM NOPUCTLIX BCTABOK, A — KOI(PGHULMEHT TENOOTAAYM OT MEAHOWN CTEHKU
K Boae, ts — TeMnepaTypa BoAbl NP AaHHOM 3HAYEHWUU X.

MpoBedeHHblIe HA OCHOBE 3TOW MOAENM UMCNEHHbIE pacyeTbl COMOCTaBASNIUCE C
3KCNEPUMEHTaNbHBIMU AaHHbIMU. [10Ny4eHO COBMAAEHWE OMbITHLIX U PacyETHbIX 3HaYeHWU B
npeaenax norpeLuHoOCTM SKCnepuMeHTa.

Pe3ynbTaTbl NPOBEAEHHbIX OMbITOB CBUAETENLCTBYIOT O LIeNecoobpasHOCTU NPUMEHEHMS
MOPUCTLIX METanoB B TemnI006MeHHOM 060pyAoBaHuM. TMofyYeHHbIN aHanNMTUYECKUn MeToZ,
Mo3BOJISIET MPOBOANUTL pacyeTbl B TOM C/lyyae, KOrAaa niowaib MOBEPXHOCTU TennoobMeHa
HEM3BEeCTHa M MO3BOJISIET OAHOBPEMEHHO YYMTbIBaTb TEMMOEMKOCTb U TensoTy ¢hasoBoro
nepexofa cbpeoHa, ecnim TakoBOWM MMeeT MeCTo.
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ON ENHANCING ENERGY EFFICIENCY OF HEAT EXCHANGE EQUIPMENT WITH
POROUS MATERIALS

Stepanov O., Rydalina N.
Industrial University of Tyumen, Tyumen, Russia

E-mail: rydalinanv@tyuiu.ru

An increase in heat transfer intensity is one of the main tasks in manufacturing modern
heat transfer equipment. One of the advanced ways to increase heat transfer is the use of
porous metals in heat exchangers.

The purpose of the research is to study and test a heat exchanger with porous
materials, to make a mathematical model for analytical calculations of such heat exchangers,
to prove the validity of the model.

An experimental bench has been created to study a heat exchanger with porous
aluminum. Hot fluid is warm water that flows through pipes passing through a porous metal.
Cold coolant — freon - flows through the pores. It cools the water. A schematic diagram was
drawn. The stand was described. Several tests were carried out. Materials of different porosity
were compared regarding the heat transfer rate.

Standard methods for calculating heat exchangers cannot be applied in this case since
the inner surface of the pores is unknown. Thus, it was proposed to supplement the standard
equation describing the cooling of a porous body with the function of distributed heat sources.
As a result, a simplified mathematical model (1) of the created heat exchanger was compiled.
The model makes it possible to obtain a solution in an analytical form convenient for
engineering calculations.

2 —_— .
d_';_ C$+a(t8 '[)S:O "
dx dx A, -V,

Where V,; —volume of porous inserts, a —heat transfer coefficient from copper wall to
water, t; —water temperature at a given value of x.

Numerical calculations based on this model were compared with experimental data. The
agreement between the experimental and calculated values within the experimental error was
obtained.

The results of the experiments justify the use of porous metals in heat exchange
equipment. The obtained analytical method is applied for calculations when the heat exchange
surface area is unknown. Besides, it takes into account the heat capacity and heat of phase
transition of freon.
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rmaPOANHAMUKA U SHEPTETUKA UMINAKTA KAIJIN

YaweukuH 10.A4.
WHctuTyT Nnpo6nem mexaHmku uMm. A.HO. MuunuHckoro PAH, MockBa, Poccus

E-mail: yulidch@gmail.com

MHTepec K M3yYeHWUI0 TEeYEHUN U aKyCTUYECKMX MaKeTOB, BO3HMKAIOLWMX B pesynbTaTte
NageHust Kanenb B >XWMAKOCTb, OBYCNOBMEH Hay4yHOW BaXKHOCTBIO TEMbl M POCTOM 4ducna
NMpakTUYecKMx  npunoxeHuid.  CornacoBaHHOE — TeopeTuyeckoe M NlabopaTopHoe
MOAEeNMpoBaHve MpOLECCOB Ha KOHTAKTHOW rpaHuLe OCYLIeCTBNSIETCS Ha OCHOBE CUCTEMbI
(pyHAaMeHTanbHbIX YpaBHEHUIA Anst MepeHoca NIOTHOCTM, KOHLEHTpaUMK BELLECTB, UMMy/bCca
W TMOSHOW 3HepruM, BKIIIOYAMOLLEN 3aMblKaloWwMe YpaBHEHWS COCTOSIHUS, C  bU3MYECKM
060CHOBAHHLIMY  TPAHUYHBIMU UM HadvanbHbIMM  ycroBusimm  [1]. CucteMa ypaBHeHWi
aHanM3npyeTcs C YYeTOM YC/IOBMS COBMECTHOCTW, KOTOPOE OMpefenseT ee paHr, CTeneHb
NMHeapu30BaHHOW BEpPCMM U MOPSIAOK XapaKTepUCTUYECKOro (AMCMEPCUOHHOIO) YpaBHEHMSI.
MpuBeaeHa MaclwTabHO-MHBApUAHTHasH KnaccuduKaums CTPYKTYPHBIX KOMMOHEHTOB TEYEHWH,
BK/THOYAIOLLASA BOJIHbI, JIMFAMeHTbl — TOHKWE MOBEPXHOCTU pa3fena Win HUTW, 1 BUXpU (AaHbl
onpeaeneHns). KCrepuMeHTasnbHble METOAMKM W pacyeTHble Koabl 6biin paspaboTaHbl C
yyeToM cOBCTBEHHbIX MaclTaboB 3ajauu, onpeaensowmx pasmepbl obnact HabnogeHus
(pacyeta), mopor 4yBCTBMTENBHOCTM, pa3pelleHne npubopoB W KOAOB. IKCMEPUMEHTHI
MPOBOAMSINCL HA CTeHAAX rMApohU3NYECKOrO KOMIIEKCA ASt U3YUYEHWUs] AMHAMUKU U TOHKOW
CTPYKTYPbI 6bICTpbIX NpoLeccos [2].

B kauecTBe unnocTpaumu npuBeaeHbl pesynbTaThl CPaBHEHUS pacyeToB W HabnoaeHui
AVHaMUKU U FeOMETPUM TeYeHWsl Npu OTpbiBe Kanniu, konebaHuii OTOpBaBLUENCS Kanau B
nonete, reoMeTpUM pasneTa MeNKMX BTOPUYHLIX Kanesnek, B TOM 4ucie Majalomx Ha
MOBEPXHOCTb MOTpyXatoleicss kannu. [eTanbHO Bu3yanvM3vpoBaHa KapTWHA nNepeHoca
BellecTBa Kanniu, KOTopoe cobupaeTcs B TOHKMX BOJIOKHAX, 06pasytomx npaBusibHYIO
AMCKPETHYIO CTPYKTYPYy Ha NOBEPXHOCTW KaBepHbl U BeHua [3]. Kannu, napaiowwme B BOAy,
BbI3bIBAKOT reHepauuio 3BYKOBbIX MAKETOB, KaK BbICOKOYACTOTHbIX Ha HayaslbHOM KOHTaKTe,
TaK M B aKyCTM4YECKOM AMana3oHe 4acToT, BCieacTBuMe obpa3oBaHWs My3blpbkoB rasza [4].
AKyCTUYECKME U3MEPEHUS UCMONb3YIOTCA A1 OLEHKN AMHAMMKM COCTOSIHUS! U UHTEHCUBHOCTM
AoXael B OTAANEHHbIX pavioHax MupoBoro okeaHa. HabniogeHusi pekyppeHUmy CBEPXTOHKOM
CTPYKTYpbl MOBEPXHOCTM WMMMAKTa Kaniu MOoKasbiBaloT, YTO BaXHY po/ib B AMHaMUKe
TEYEHWUs UrpaeT TOHKWI ABOWHOW COM, COCTOSILUMIA M3 KOHTaKTMPYHOLIMX MOBEPXHOCTEN
XKNOKOCTEN, KaK HEeCMelUMBalolMXCs, Tak M HecMewwsalowmxcs [5].  O6cyxpaatotcs
TEXHUYECKUE NPUNOXKEHNS NONYYEHHbIX Pe3yNbTaToB.
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HYDRODYNAMICS AND ENERGETICS OF DROP IMPACT

Chashechkin Yu.
Ishlinsky Institute for Problems in Mechanics RAS, Moscow, Russia

E-mail: yulidch@gmail.com

The interest in the study of flows and acoustic packets arising as a result of drop impact
into a liquid is due to the scientific importance of the topic and the growing number of
practical applications. Compatible theoretical and laboratory modeling of processes at the
contact boundary is carried out on the basis of a system of fundamental equations for the
transport of density, concentration of substances, momentum and total energy, including
equations of state, with physically justified boundary and initial conditions [1]. The system of
equations is analyzed taking into account the compatibility condition, which determines its
rank, degree of the linearized version, and the order of the characteristic (dispersion)
equation. A scale-invariant classification of the structural components of flows is presented,
including waves, ligaments — thin interfaces or filaments, and vortices (definitions are given).
Experimental methods and calculation codes were developed taking into account the intrinsic
scales of the problem, which determine the size of the area of observation (calculation), the
sensor sensitivity threshold, the resolution of instruments and codes. The experiments were
carried out at the stands of the Hydrophysical complex to study the dynamics and fine
structure of fast processes [2].

By way of illustration, the results of comparing calculations and laboratory investigations
of dynamics and flow geometry during the drop pinch-off, oscillations of a detached droplet in
flight, and the geometry of the propagations of small secondary droplets, including those
incidents on the surface of an immersed droplet, are presented. The pattern of the transfer of
the droplet substance, which is collected in thin filaments that form the regular discrete
structure on the surface of the cavity and the crown, is visualized in detail [3]. Drops falling
into water generate sound packets, both high-frequency at the initial contact, and in the
acoustic frequency range due to the formation of gas bubbles [4]. Acoustic measurements are
used to assess the dynamics of the state and intensity of rain in remote areas of the oceans.
Observations of the recurrence of the hyperfine structure of the impact drop surface show
that an important role in the dynamics of the flow is played by a thin double layer consisting
of contacting surfaces of liquids, both immiscible and immiscible [5]. Technical applications of
the obtained results are discussed.

This work was supported by the Russian Science Foundation (grant 19-19-00598).
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JIABOPATOPHAS! OLIEHKA S3HEPTETUYECKNX N TEXHOJTOTMYECKNX
MOKASATEJIEN ABYXOTBAJIbHbIX PABOYUX OPFAHOB K/IMH-NMJIAHNPOBLLMKA

Haconos C.10.
Poccuiickuii rocyaapCcTBeHHbIN arpapHblii yHuBepcutetr — MCXA nmennm K. A.
TumupsaseBa, MockBa, Poccusi

E-mail: sergei.nasonow@mail.ru

B nocneagHwe rofpl, B CBSA3M C HEOHXOAMMOCTBIO MHTEHCUbMKaLMN NPON3BOACTBa pUca B
Poccun, TpebyloTcs HOBble NEPCNeKTUBHbIE KOMMMEKChl MalMH, MNPUMEHEHUE KOTOPbIX
noBbICMT  3dEKTUBHOCTL MpoLecca MAaHUMPOBKM C MOBbIEHWMEM KayecTBa paboT wu
Npoun3BOANTENBHOCTU.

[ina NonyyeHWs BLICOKUX YPOXKaeB puca MpU MUHUMAasbHBIX 3aTpaTax SHepreTUYecKux,
MaTepuanbHbIX W BPEMEHHbIX PecypcoB, aKTyaslbHblMU B HaCcTosiee BpeMsi, CTaHOBATCS
MOMCKM HOBbIX KOHCTPYKTUBHBIX peLIeHUi B 061acTy TEXHUYECKUX CPEACTB AN1S BbIMOMHEHSI
paboT No BblpaBHWMBAHWUIO CEMbCKOXO3SWCTBEHHbIX Mosei. MepcrnekTUBHLIMU - SBASKOTCA TaK
Ha3blBaeMble KIMH-NNAHUPOBLLMKA, MNPUMEHEHUE KOTOPbIX MO3BOMSET CHU3UTL TSAroBble
conpoTueBneHnss npu  pabote WU MOBLICUTb MPOV3BOAUTENBHOCTb.  OMbIT  NpOBEAeHUs
KanuTanbHbIX MNAAHMPOBOK C MCMOMb30BAHMEM 3TUX MalIMH MOKasan WX AO0CTaTOYHYIO
3cbeKTUBHOCTL NpU paboTe W paLMOHasbHYIO CBSI3b C APYrMMU MaluMHaMU B NPUMEHSIEMOM
TEXHOMOrMN MAAaHMPOBKN. OAHAKO HESCHBIMU SBASIOTCA A0 cux nop obocHoBaHue Bbibopa
OCHOBHbIX MapaMeTpoB 3TUX MalWH (Yrnbl U WIMPUHA 3axBaTa, opma oTBana v ap.), a Takke
onpeaeneHve BeNYMHbI CONPOTUBEHNS KOMaHMIO.

[Na KAMH-NAAHWUPOBLUMKA HET AOCTOBEPHBIX AAHHbLIX O BINSHAM OCHOBHbIX MapaMeTpoB
pabouero opraHa, peXwWMoB paboTbl M U3MYECKMX CBOMCTB TPyHTa Ha TSroBoe ycunve
MawuHbl. C Lenblo OnpeaeneHnsi TAroBOro yCUMst U TEXHONIOTMYECKUX MOKasaTenei npu
paboTe KAMH-MNAHUPOBLUMKA C ABYXOTBaNbHbIMKM  pabouMMn  opraHamm BbINOSTHEHbI
3KCNEPUMEHTaNbHbIE  UCCnefoBaHus Mogenei. [Ans 3Toro 6biAM  CNpPOeKTUPOBaHbl U
U3roToBMEHbl TPU MOAENU C yriamu Mexay oTeanamu pasHbiMu 100°, 90° wu 55°. Mpu
UCCNefoBaHWM  U3MepSIocb TArOBOE YCU/IME MbE3OMETPUYECKMM METOAOM C  3arucbio
pe3ynbTaToB B MaMaTb KOMMbIOTEPA 4epe3 cneuuanbHylo nporpammy. Kpome 3TOro
n3MepsnnMcb 06bEMBI FPYHTa Cpe3aemMoro oTBanamu, 1 nepeMelLaemMoro B 60KoBble Bannku.

Mo pe3ynbTaTtaM 3KCNEpUMEHTOB OblM MOMYyYeHbl 3aBUCMMOCTU TArOBOrO yCUnus B
QYHKUMM OT TOMWMHbI CTPYXKKKM, @ TakKe OT BENNYMHbI yrnia mexay oTBanamu. OnbiTHble
TOYKM OblNM anNMPOKCMMMPOBAHbI 3MMNMPUYECKMMU ypaBHEHMsSIMU. [0 pe3yfnbTaTaM OnbITOB
YAanocb YCTaHOBUTb COOTHOLIEHUS O6BLEMOB Cpe3aeMoro rpyHta M MepemellaeMoro B
GoKOBble BanWKM Ans TPEX Mogenei mpu pasHblX TOMWMHAX CTPYXKU. Kpome 3Toro, no
pe3ynbTaTaM 3KCMEPUMEHTOB 6bliv  MOMyYeHbl 3HAYEHUS! YAENbHOr0  COMpPOTUBEHMS
KOMaHWIo, @ TakXKe 3HaYeHUs yAeNnbHOW 3HeproéMKOCTM KOnaHusl ABYXOTBasbHbIMK pabouvmu
opraHamn KnuH-n1aHnpoBLUMKa.

Tarosble CONPOTUBIEHWNS, MOLUHOCTb, YAENbHas 3HEProéMKOCTb C YBENMYEHWeM yrna
MeXay OTBajlaMuM U TOJMLUMHOMN CTPYXKM yBenuuMBaeTcs. bonee MHTEHCMBHOE YyBenuyeHve
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Habntogaetcs npy yrne mexay otBanamm 100°. Ha oCHOBaHWMM 3TOrO Yron mMexay oTBanamu
6onbLue 90° NpUHMMaTb HE PEKOMEHAYETCS.

C yBenuyeHveMm yrna wMexzay oOTBafaMuM U YBEINYEHUEM TOMWMHBI  CTPYXKKM
YBEIMUMBAETCSH O6BEM MpPWU3Mbl BOSMIOYEHWSI U YMEHBLUAETCA CMELLEHWE TFPyHTa B Ba/INKM.
Mony4yeHHble pe3ynbTaTbl MOMYT CIYXWTb OCHOBAHWEM ANS MPAKTUYECKMX PEKOMEHAAUMI MO
BbI6OpY NapaMeTpoB ABYXOTBasIbHbIX pabounx OpraHoB KAVMH-NAAHUPOBLUMKA.

LABORATORY ASSESSMENT OF ENERGY AND TECHNOLOGICAL PARAMETERS OF
TWO-SHAFT WORKING BODIES WEDGE-SCHEDULER

Nasonov S.
Russian state agrarian University — MTAA named after K. A. Timiryazev, Moscow,
Russia

E-mail: sergei.nasonow@mail.ru

In recent years, due to the need to intensify rice production in Russia, new promising
complexes of machines are required, the use of which will increase the efficiency of the planning
process with an increase in the quality of work and productivity.

To obtain high yields of rice with minimal energy, material and time resources, the search
for new design solutions in the field of technical means for the implementation of works on the
alignment of agricultural fields is becoming relevant at the present time. Promising are the so-
called wedge-planners, the use of which allows you to reduce traction resistance during
operation and increase productivity. The experience of capital planning with the use of these
machines has shown their sufficient efficiency in operation and rational connection with other
machines in the applied planning technology. However, it is still unclear the rationale for the
choice of the main parameters of these machines (angles and width, shape of the blade, etc.),
as well as the determination of the resistance to digging.

For the wedge-planner there is no reliable data on the influence of the main parameters of
the working body, operating modes and physical properties of the soil on the traction force of
the machine. To determine traction force and technological parameters in operation, the wedge-
scheduler with dvuhdvernyj working bodies of experimental research models. For this purpose,
three models were designed and manufactured with angles between the dumps equal to 100°,
90° and 55°. In the study, the traction force was measured by a piezometric method with the
results recorded in the computer memory through a special program. In addition, the volume of
soil cut by dumps and moved to the side rollers was measured.

According to the results of the experiments, the dependence of the traction force in the
function on the chip thickness, as well as on the angle between the piles. Experimental points
were approximated by empirical equations. Experiments have managed to set the volume ratio
of the shear of the soil and move the side bolsters for the three models with different
thicknesses of chips. In addition, the results of the experiments were obtained values of the
specific resistance to digging, as well as the specific energy intensity of digging two-shaft
working bodies wedge-planner.

Traction resistance, power, specific energy with increasing angle between the blades and
chip thickness increases. A more intense increase is observed at an angle between the piles of
100°. On the basis of this angle between the blades more than 90° is not recommended.

With an increase in the angle between the dumps and an increase in chip thickness, the
volume of the drawing prism increases and the displacement of the soil into the rollers
decreases. The results obtained can serve as a basis for practical recommendations on the
choice of parameters of the two-shaft working bodies of the wedge-planner.
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NCCJIEJOBAHVE BO3MO)XHOCTW NOBbILUEHUA MOLLLHOCTU
®OTOIJIEKTPUHECKNX NPEOBPASOBATEJIEN MOAN®UKALIMEN NX
MOBEPXHOCTEN HAHOKJIACTEPAMU CEPEBPA

Kput B.J1., ®epotukosa M.B., Cnenuos B.B., KykywkuH [1.10., KyBwuHos B.B.,
Mopo3osa H.B.
MoCKOBCKMiT1 aBUaLIMOHHbIM MHCTUTYT (HaUMOHaNbHbIA UCCNeaoBaTeNbCKUIA
yHuBepcuTeT), r. Mocksa, Poccus
CeBacTonosIbCKMi rocyaapcTBeHHbIA YHUBepcuTeT, r. CeBacronosb, Poccus

E-mail: marie.rommy@yandex.ru

C KaxablM rofoM 3Hepro3aTpaTtbl YenoBeyecTBa YBENWUMBAKOTCS, YTO NPUBOAWUT K
HeobxoanMOoCTM BbipabaTbiBaTb ee B KONMYECTBE, NPONOpLMOHanbHOM noTpebnexunto. Bonbluas
YaCTb MPOWM3BOACTBA 3/IEKTPOIHEPrM B COBPEMEHHOM MWMpE OCHOBaHa Ha nepepabaTbiBaHWM
npupoaHbIX pecypcoB. OAHAKO 3TO MPUBOAUT K WX WCTOLLEHMIO, @ Takoke 3arpsi3HEHUIO
OKpYy)XatoLeil cpefibl, OAHUM U3 MOCNEACTBUN KOTOPOrO SIBSIETCS U3MEHEHWE KIIMMATUHECKuUX
YCNOBW.

B cBA3M C 3TMM nosBWnacb HeobXOAMMOCTb B MOUCKE HOBbIX, @ TalKKe pasBUTUM
CyLLECTBYIOLLMX CUCTEM, paboTaroLmMX Ha BO306HOBSEMbIX MCTOYHMKOB 3Heprumn (BUD).

OOHMM M3 HanpaBneHUM WUCMONb3oBaHWs BUI sABnseTca npeobpasoBaHWe COMHEYHOM
SHEPrM B 3NEKTPUYECKYID, /1S Yero MCnonb3yloTcs (OTo3NeKTpuyeckne npeobpasosaTten
(®3M), KoTOpble B HacTosiee BPpeMs LUMPOKO MPUMEHSIOTCA AN 3nekTpoobecrneyeHus
KOCMMYECKVX CTaHUWI, HaceneHWsi M OOGBLEKTOB MPOM3BOACTBA B HEKOTOPbIX 3apybeXHbIX
CTpaHax, a Takke pervoHax Poccuu.

[MaBHbIM HeJOCTaTKOM CoBpeMeHHbiX @3 sBnseTcs Manas MAOTHOCTb  MOLLHOCTH,
XapaKTepu3ylowwas KOMMYECTBO 3HEpruu, KOTOPYID MOXHO MONy4YWTb C €AuHULbl Nowaan
doTornpueMHoii MnaHennM. B cBA3M C 3TMUM Ans  MNOMyYEHWs [LOCTaTOYHOro KO/IMYecTsa
3NIEKTPO3HEPrMM  OBblMHO — TpeByeTcsl  3HauuTeNbHas MolWaAb  CONMHEYHbIX  MaHenen
reIMoCcTaHUMMI.

OOHUM M3 MEpCreKTUBHBIX HaMpaBleHUn yBENWUEHWUSI MOMyYaeMor mnpu nomowm O3r
3HEPrUK SBNISIETCS MOAMDULMPOBAHUE NMPUEMHON NMOBEPXHOCTU (HOTOINIEKTPUYECKMX IEMEHTOB
MOKPbITUEM M1A3MOHHBIMKW HaHOYaCTULAMK, KOTOpble 06MafaloT YHWMKaSbHbIMU OMTUYECKUMU
CBOMCTBaMM, 06YCIIOBNIEHHBIMU 3(HEKTOM MOBEPXHOCTHOIO MIa3MOHHOTO PE30HAHCA.

Llenb Hactosiwen paboTbl COCTOMT B WCCNEA0BAaHWM BO3MOXHOCTM MOSYYEHUS| HOBbIX
[aHHbIX 0 MeToAax (hOPMMPOBAHMS U BANSIHUM MNA3MOHHOrO NOMJIOLLAIOLLEro NOKPbLITUS B BUAE
HaHoKacTepoB cepebpa Ha MOLLHOCTHbIE XapaKTEPUCTUKN CEPUMHO BbIMYCKaeMbIX 3/1EMEHTOB
®31.

INVESTIGATION OF THE POSSIBILITY OF INCREASING THE POWER OF
PHOTOELECTRIC CONVERTERS BY MODIFYING THEIR SURFACES WITH SILVER
NANOCLUSTERS

Krit B., Fedotikova M., Sleptsov V., Kukushkin D., Kuvshinov V., Morozova N.
Moscow Aviation Institute (National Research University), Moscow, Russia
Sevastopol State University, Sevastopol, Russia

E-mail: marie.rommy@yandex.ru

Every year the consumption of energy by humankind increases, which leads to the need to
produce it in an amount proportional to consumption. Most of the electricity production in the
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modern world is based on the processing of natural resources. However, this leads to their
depletion, as well as pollution, one of the consequences of which is climate change.

In this regard, there was a need to search for new, as well as the development of existing
systems running on renewable energy sources (RES).

One of the uses of renewable energy is the conversion of solar energy into electric energy,
for which photovoltaic converters (FEPs) are used, which are now widely used for electrical
supply of space stations, population and production facilities in some foreign countries, as well as
regions of Russia.

The main drawback of modern FEP is the low power density characterizing the amount of
energy that can be obtained from a unit area of the photodetector panel. Therefore, a large area
of solar panels of solar stations is usually required to obtain sufficient electricity.

One promising direction of increasing the energy obtained by FEP is to modify the receiving
surface of photovoltaic cells with plasmon nanoparticles, which have unique optical properties
due to the effect of surface plasmon resonance.

The purpose of the present work is to study the possibility of obtaining new data on
methods of formation and influence of plasmon absorbing coating in the form of silver
nanoclusters on power characteristics of commercially produced FEP elements.

COBPEMEHHbIE TEXHOJIOT'MA B OCBETUTEJIbHOM KOMMNJIEKCE

Canpbika A.B.,Pouwy6kuH MN.B., CuHratynux P.C., Canpbika B.A.
Benropoackuii rocyaapcTBeHHbI TEXHOOrM4Yeckuii yuusepcutet umM.B.I.lLyxoBa

E-mail: a_sapryka@mail.ru

Cpeay MHOTMX 3afi@ad OCOBEHHO aKTyanbHOM A1l KOMMYyHarlbHbIX MPeAnpusTUiA ropoaa
SIBNSETCS 3afaya CO3M4aHUsl BeYepHel CBETOBOM cpeadbl, KOTopasi CrocoBCTBYET CHUXKEHMIO
NPOSIBNEHUI KPUMUHOMEHHOTO XapaKTepa W [eNaeT XMU3Hb YerioBeka HaMHOro koMcopTHee. B
YCNOBUSIX WMHTEHCU(MKALMM  UCMONb30BaHWUS M YCUNMBAOLLENCS  MHOrOMYHKLMOHAIbHOCTM
ropoAcKoro MpOCTPaHCTBA 3HayeHUe CBETOLBETOBOM Cpedbl ANsl JKWTENEW  CyLEeCTBEHHO
BO3paCcTaeT, TaK KakK OCBELEHMe MrpaeT 3HAuYWUTENbHYI0 pofib B BOCMPUSTAM 3CTETUYECKOrOo
obnvka nnowagei, ropoackuX ynuu, Maructpaneid. CrydyalHbii  XapakTep WM3MEHEeHMs
HanpsbkeHust B ceTax C 6OMblMM yaernbHbIM BECOM Harpy3oK AMKTyeT ocobble TpeboBaHus K
KauyecTBy HaMpsXKEHWs! B CETSX HAPY>KHOrO OCBELLEHUS.

Ha cerogHswHWiA AeHb noTpebnsieMasi MOLHOCTb HA MCKYCCTBEHHOE OCBELLEeHUE
COCTaBNSIET MWMOHBI KBT.4., CMCTEMa apXMTEKTYPHOIO M HapY>XHOro OCBELLEHWS BKIIOYAET B
cebsi COTHM ThiCSY CBETOBLIX MPUEOPOB, THICAYM KWUIOMETPOB 3MIEKTPUYECKUX CETEN, 4UTO
06ycnosnvBaeT TpeboBaHUS K KaUYeCTBY 3MEKTPOSHEPTUN COTNIACHO AENCTBYIOLMM HOpMaTUBaM.
CerogHst npobnemMa KayecTBa 3M1EKTPO3IHEPrMN B SNEKTPUYECKMX CETSX HAPYXXHOTO OCBELLEeHUs
npuobpeTaloT 0cobylo aKTyaNnbHOCTb, T. K. OHA SIBNSIETCS OAHWM M3 BaXKHEWLUMX YCIIOBMIA
3KOHOMWYHOM W ANMTENBHOW 3KCrlyaTauuy CBETOTEXHUYECKOro obopyzoBaHWs B ropoax.
COBpEMEHHbIM ~ MHCTPYMEHTOM,  CMOCODCTBYIOLUMM  MOBLILEHUIO  YPOBHSI 3 heKTUBHOCTU
UCMONb30BaHWSI  3NEKTPOIHEPrMKN,  SIBISIETCS  CUCTEMA  SHEPreTMYeckoro W CBETOBOMO
MOHWTOPMHIa. Tak Kak OHa CO3A4AEeT peasibHYl OCHOBY ANl CHUXKEHWS 3aTpaT NEKTPO3HEPrMn
npwv YCII0BUM peanu3aummn NPOEKTOB MO SHEProcoepexeHuio.

Pe3ynbTaTbl MCCNeNOBaHWIA MoOKasanu, Y4TO Ha BCEX MCCieayeMblX oBbekTax 3HaueHue
YCTaHOBMBLUErOCSt OTK/TIOHEHWS! HaMNpPsXKEHUS! SIBNISIETCS NMOSIOXXUTENbHBIM M B CETAX COCTaBWIIO 3a
BpeMsl NpoBeaeHusi U3MepeHuii oT 6% (B Yacbl MakcMManbHoM Harpysku) ao 10,5% (B HouHoe
BpeMsl). MonoXuUTeNbHblE OTKIIOHEHWSI HANPSDKEHUSI 3HAUUTENBHO MPEBLILLAT HOMUHAMbHbIE B
OCHOBHOM MoC/e 22 4acoB, YTO OTPULIATENbHO CKa3blBAeTCS Ha CPOKe CNyGbl aMn BbICOKOM
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WHTEHCMBHOCTW. [N OLIEHKW OCBELLEHHOCTU 6bln MPOBEAEH SKCMEPUMEHT MO  BbISBIEHUIO
3aBUCYMOCTV OCBELLEHHOCTM OT (hasHOro HampsbkeHusi. B Hawem cyyae uMeeT MecTo
3HAUMTENBHOE MpEBbILLEHNE FEHEPUPOBAHMSI CBETOBON SHEPTUM, YEM 3TO NMPeaycMOTPEHO Ans
OCBELLEHUS MarucTpasbHOW ynuubl OBLIErOPOACKOrO 3HauYeHusl. BbisiBNeHHble 0CO6EHHOCTM
PEXMMOB B CETSX HApPYXXHOrO OCBELUEHUS MO3BOMST B AaibHEWLIEM OMTUMaribHbIM 06pasoM
KOPPEKTUPOBaTb 3aKOH €ro PerysMpoBaHus Ansi MoBbllleHUs 3(dEKTUBHOCTM SKCMTyaTaLmm
TaKWX CETEN U MOBbICUTb CPOK CITY6bl UCTOYHUKOB CBETA.

AHanu3 3neKTponoTpebneHns UccreayeMblX CeTell MoKasbiBaeT, YTO B OTpacu eCTb
3HauUUTENbHbIE Pe3epBbl 3KOHOMUM 3MIEKTPOSHEPIUM B YCIIOBUSIX AEMCTBYIOLUMX TEXHOMOTWNA.
MOHUTOPUHI  KAUecTBa  3/IEKTPOSHEPTMM  MO3BOMUT  3aMyCTUTb  MEXaHW3M  OMTUMM3aumK
UCMONb30BaHUS CBETOBOW 3HEpruM. [pu OLEHKE 3KOHOMUYECKOro Yyluepba OCBETUTELHOMO
KOMMJIEKCA OT CHUXKEHWSI KaYecTBa 3EKTPUYECKON SHEPTMM HEOBXOAMMO YUMTbIBaTb FOOBOV
pacxof Ha 3aMeHy UCTOYHWMKOB CBETQ, TaK KakK OH COCTaB/SIET 3HAUYUTENIbHYIO YacTb PacxofoB
npeanpusiTui.

JinutepaTtypa

1. FOCT 32144-2013. JnekTpnyeckas sHeprusi. COBMECTUMOCTb TEXHUYECKUX CPEACTB
3NEKTPOMarHUTHasi. HopMbl KauecTBa 3MeKTPUYECKON SHEPrMM B CUCTEMAX 31EKTPOCHaBXeHMs
06LLUero Ha3HayeHus.

2. Canpbika A.B. CoBpeMeHHble TEXHOMOrMKN B OCBETUTENIbHOM KoMnnekce ropoga / A.B.
Canpebika, A.B. Benoycos, P.C. CuHratynuH v gp. — benropog, BI'TY um. B.I'. LLyxosa, 2017. —
254 c.

MODERN TECHNOLOGIES IN THE LIGHTING COMPLEX

Saprica A., Roschshubkin P., Singatulin R., Saprika V.
The Federal State Budget Educational institution of Higher Education
«Belgorod State Technological University named after V.G. Shukhov»

E-mail: a_sapryka@mail.ru

Among many tasks, especially relevant for municipal enterprises of the city is the task of
creating an evening light environment, which helps to reduce the manifestations of criminogenic
nature and makes human life much more comfortable. In the conditions of intensification of use
and increasing multifunctionality of urban space, the value of light-color environment for
residents increases significantly, since lighting plays a significant role in the perception of the
aesthetic appearance of squares, city streets, highways. The random nature of voltage changes
in networks with a large specific weight of loads dictates special requirements for the quality of
voltage in outdoor lighting networks.

Today, the power consumption for artificial lighting is millions of kW.for example, the
system of architectural and outdoor lighting includes hundreds of thousands of lighting devices,
thousands of kilometers of electrical networks, which determines the requirements for the quality
of electricity in accordance with current standards. Today, the problem of electricity quality in the
electrical networks of outdoor lighting is of particular relevance, because it is one of the most
important conditions for economical and long-term operation of lighting equipment in cities. The
system of energy and light monitoring is a modern tool that helps to increase the level of
efficiency of electricity use. Since it creates a real basis for reducing the cost of electricity,
subject to the implementation of energy saving projects.

The results of the studies showed that at all investigated objects the value of the steady
voltage deviation is positive and in the networks during the measurements was from 6% (at
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maximum load hours) to 10.5% (at night). Positive voltage deviations are significantly higher
than the nominal ones, mainly after 22 hours, which negatively affects the service life of high
intensity lamps. To assess the illumination, an experiment was conducted to identify the
dependence of illumination on phase voltage. In our case, there is a significant excess of light
energy generation than is provided for the illumination of the main street of citywide importance.
The revealed features of modes in outdoor lighting networks will allow to adjust the law of its
regulation in the future in an optimal way to increase the efficiency of operation of such
networks and to increase the service life of light sources.

Analysis of the power consumption of the studied networks shows that the industry has
significant reserves of energy savings in terms of existing technologies. Monitoring the quality of
electricity will launch a mechanism to optimize the use of light energy. When assessing the
economic damage of the lighting complex from the decrease in the quality of electric energy, it is
necessary to take into account the annual cost of replacing light sources, since it accounts for a
significant part of the costs of enterprises.

YTUWIN3AUNOHHbBIE TEMNJIOOHEPTETUYECKUE KOMIMJIEKCbI

Mwunbman 0.0., WindpwmH B.A.
3A0 HNBN «Typ6okoH>», Poccuiickas ®enepaums, 248010, r. Kanyra,
yn. Komcomonbckas pouwa, 43

E-mail: turbocon@kaluga.ru

Ha rasonepekauky 3aTpauMBaeTcsl OrpoOMHasl 3Heprus, coctasnsiowas 8+9% 3sHeprum
TpaHCrnopTupyemMoro Tonnunea. Npu 3ToM TennoBble BbIGpOCHl B aTMOChepy COCTaBnsioT ee
HanbonbLUYO YacTb.

Peanuzaumsa npoekToB BbIpabOTKM 3M1EKTPO3HEPrMM 3a cHeT Tenna yxoaswmx rasos (YIN)
razotypbunHoro npusoga (I'TM) raszonepekaumnBatowero arperata (I'MA) HaTankuMBaeTcs Ha
TPYAHOCTW, CBSI3aHHblE C HEOBXOAMMOCTBIO CEPbE3HbIX TEXHONMOTMYECKUX W3MEHEHWNA,
BHOCUMbIX B WH(PACTPYKTypy YXKe 3KCMIyaTUPYHOLWMXCS MOLLHOCTEN, C HEOBXOAMMOCTbIO
BbIBEAEHUS UX U3 KCMyaTauMn Ha Nepuoa peannsaumv npoekToB. B cBs3u € 3TMM MHTepec
NpUOBPETAIOT YCTAHOBKU YMEHBILEHHOW MOLUHOCTM, NpeaHa3HadeHHble ANs BblpaboTku
3MEKTPO3HEPTUM B O6BEME COBCTBEHHBIX HYXA 3TUX MpeanpuaTui. OXuaaetcs, 4To
BHEApPEHWE TaKuMX YCTAaHOBOK 6narofapsi KOMMAaKTHOCTM M MOGWSbHOW MOCTaBKe MOHON
3aBOACKOW FOTOBHOCTM 6yAET CONMPOBOXAATLCS 3HAUYUTENbHBIM YNPOLLEHWMEM peanusaumm no
CpaBHEHUIO C YCTAHOBKaMM, OPUEHTMPOBAHHBIMU Ha MaKCUMasbHYH MOLLHOCTb.

TennoyTuam3aumoHHble YCTaHOBKM, UCMONb3ytolme opraHnyeckue paboune tena (OPT),
UMEIOLLME HU3KME TEeMrepaTypbl 3aMep3aHusi, UCKIIIOYaloT MOSIBNEHME Cepbe3HbIX npobnem
Kak B mpouecce paboTbl, Tak U B MpoLecce Nnycka WU OCTaHOBa MpW HU3KUX aTMO-CHEPHbIX
TeMmnepaTypax Bo3ayxa.

B kauecTBe KpUTEpPUS ONTUMU3ALMMN KOHCTPYKLMWN MpeasioXkeHa CTOMMOCTb XU3HEHHOMO
uvkna. B paHHOW paboTe npednoXeHbl TEXHUYECKME peLleHUst MPUMEHUTENbHO K
TENNOYyTUNM3ALMOHHON YCTaHOBKE MEraBaTTHOrO Knacca Ha 6ase ucnonb3oBaHus Tenna YI
TN rNA:

- paboyee TENO 3aMKHYTOFO KOHTypa — H-MEHTaH, WMelowWmin BGnaronpusiTHble
TepMoAVHaMUYeCcKMe CBOMCTBA M MUHWUMAsIbHYHO CTOMMOCT;

- noaBoA Tenna yxoaswmx rasos [Tl B uMkn - C MCMOMBL30BaHWEM MPOMEXYTOHHOrO
TennoHOCUTENs — TEpMOMacsa, NO3BOMSOLWEro BbIBECTU OCHOBHbIE arperaTbl YCTaHOBKM 3@
npesesbl TEXHONOrMYECKOW 30HbI Fra3onepeKayku;

167


mailto:turbocon@kaluga.ru

- TENNoyTUIM3aTop C OTK/YaeMbIM HalinacHbIM ra3zoBoAOM, 06ecneunBaloLLMM BbIBOA
TENNOyTUNMN3aLMOHHON YCTAHOBKM M3 paboTbl 6€3 0CTaHOBKW Nepekayku rasa;

- MaporeHepaTop BEPTUKaNbHOro TMNa;

- npsiMoli (6e3 peaykTopa) MPUBOZL reHepaTopa C 4acToToi BpaleHus 3000 06/MuH 5-
CTyneHYaTol 0ceBo TypOGUHOIA;

- peKynepaTtop C TrOPU30HTaNbHO pPacnoNOXEeHHbIMU TemnnoobMeHHbIMM  Tpybamu,
UMeloLMMK NpoAonbHOe opebpeHue;

- aTMocepHbI BO3AYLUHbIA KOHAEHCAaTOP CEKLMOHHOrO TUMa C LUECTbIO BEHTUNSTOPaMU
1 anameTpoM paboudero koneca 2.5 M.

TennoyTunmnsaumMoHHas yCTaHoBKa MOLWHOCTbIO 1 MBT umeeT KM Hetto 14% M
obflagaeT CBOMCTBOM ajanTaumMmn K MOe3HOMY WMCMOMb30BaHUIO Tenna aKcryaTupyemblx MM
W APYrMX UCTOYHMKOB.

HayuHble uccneaoBaHus NpoBoasTCs Npy h1HAHCOBOW NoAAepXKKe rocyaapcTea B ivue
MuHOGpHayKkn Poccum; yHWUKanbHbIA MAEHTUHMKATOP NPUKNAAHBIX HayYHbIX UCCIIEA0BaHUIA U
3KCrepyMeHTanbHbIX paspaboTtok (npoekta) RFMEFI57917X0148.

HEAT RECOVERY POWER COMPLEXES

Milman O., Shifrin B.
SPC «Turbocon», 248010 Russian Federation, Kaluga, Komsomolskaya Rosha, 43

E-mail: turbocon@kaluga.ru

Huge energy is spent on gas pumping, comprising 8-9% of the energy of the
transported fuel. In this thermal emissions constitute a most part.

Implementation of electricity generation projects by the heat of the exhaust gases (EG)
of a gas turbine drive (GTD) of a gas pumping unit (GPU) encounters difficulties associated
with the need for serious technological changes to be made to the infrastructure of existing
facilities, with the need to remove them out of operation for the period of project
implementation. In this regard, plants of reduced power, designed to generate electricity in
the volume of their own needs of these enterprises, are gaining interest. It is expected that
the application of such installations, due to their compactness and mobile delivery of full
factory readiness, will be accompanied by a significant simplification of implementa-tion
compared to installations oriented at maximum capacity.

Heat recovery plants using organic working fluids (OWF) with low freezing temperatures
eliminate serious problems both during operation and during start-up and shutdown at low
atmospheric air temperatures.

As a criterion for design optimization, the cost of the life cycle is proposed. In this paper,
technical solutions are proposed in relation to a heat recovery installation of a megawatt class
based on the use of heat from the GTD GPU exhaust gases:

- a closed loop working fluid - n-pentane, which has favorable thermodynamic properties
and minimal cost;

- supply of heat of the exhaust gases of the gas turbine engine to the cycle - using an
intermediate heat carrier - thermal oil, which allows to move the main units of the installation
outside the technological zone of gas pumping;

- a heat exchanger with a turn-off bypass gas duct, which ensures that the heat
recovery unit is put out of operation without stopping of gas pumping process;

- vertical type steam generator;
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- direct (without reduction gear) generator drive with a rotation speed of 3000 rpm by a
5-stage axial turbine;

- a recuperator with horizontally arranged heat exchange tubes having longitudinal fins;

- sectional type atmospheric air condenser with six fans and impeller diameter 2.5 m.

A heat recovery unit with a capacity of 1 MW has a net efficiency of 14% and has the
property of adapting to the beneficial use of the heat of the operated gas turbines and other
sources.

Financial support was provided by the Russian Ministry of Education and Science, unique
identifier of applied scientific research and experimental development (project):
RFMEFI57917X0148.

WCCNEAROBAHUE ANTUODOCDATA LIMHKA B KAYECTBE YCKOPUTENA
BYJIKAHN3ALWUN PE3VNH HA OCHOBE BYTAAUEH-HUTPUJ1IbHbIX KAYYYKOB

Lllakup3sHoBa P.P., lOnoBckas B.[l., KanaysoBa A.A.
MUPIA-PTY, MockBa, Poccus

E-mail: rozalyal@mail.ru

Pa3paboTka MHHOBALMOHHbIX MPOAYKTOB W U3AENWiA NPeAbsABSET HOBble TPeGOBaHMS K
3/1aCTOMEPHBIM MaTepuanaM, PeLNTb KOTOpble MOXET NO3BONWUTb CO3[aHNE HOBbIX CUCTEM
yckopuTeneid. MepcnekTUBHBIM U Manou3y4YeHHbIM KJTacCoM YCKOpUTENel sIBNSIoTCS
anTtuodocdatsl. AntrodocdaTsl 06n1agaroT NonndyYHKUMOHANbHEIM AECTBMEM U CNOCOGHDI
OAHOBPEMEHHO MPOSIBNSATL CBOWCTBA YCKOPUTENS CEPHOMN BYNIKAHW3aLMK, 3aMefSIuTenu
noaBynKaHu3aLmm, NpoTUBOCTapUTeNns 1 npoTusoyTomMuTens [1, 2].

3apayein paboThbl 66110 U3yUeHWe BAMSIHUS AvankunautmodocdaTta LMHKa npu
YaCTUYHOM MW MOMHOW 3aMeHe TPaAMLIMOHHBIX yckopuTenei, a umeHHo CynbdeHamuaa L, Ha
KMHETUKY BYNKaHU3aLUMM KaydyKOB, @ TaKKe Ha TEXHOOMMYECKUE M SKCTyaTauMOHHbIe
CBOWACTBa pe3vHbl. B paboTe nccnenoBany KOHUEHTPALMOHHbIE 3aBUCMMOCTY YNpyro-
MPOYHOCTHbIX MOKa3aTesnei pe3unHbl, @ Takke UX BYNKaHU3aLMOHHbIE XapaKTepPUCTUKM.

MapameTpbl By/KaHU3aLUMM Pe3VHOBbLIX CMECer, coaepXallmx MHAMBUAYaTbHbIE
YCKOPUTENN UMM CMECh YCKOPUTENEN, 3aMETHO OT/IMYAIOTCS, B 06/1aCTU KOHLIEHTpaLMi
OT®:CAL (ot 0,25:0,75 po 0,75:0,25) HabnogaeTcs yMeHbLUEHWE BpEMEHWN Havana
BY/IKQHM3aLMW W BPEMEHWN AOCTVXXEHUS ONTUMYMa ByJIKaHU3aLMK, CKOPOCTb ByfKaHW3aLmm
yBenuumeaetcsi. CyLLeCTBEHHOrO BUSIHUSI HA CBOWCTBA BY/IKAHWU3ATOB, MOYyYeHHbIX B
ONTUMANbHOM peXxuMe ByJfikaHW3aunm He Habntoganock (Tabnuua 1).
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Copep:xanne CALITO 1/0 0,75/0,25 | 0,5/0.5 | 0,25/0,75 | 0/1
‘VcIoBHAA IPOYHOCTE IPH
pacTmxenns, MITa 19.5 19,0 19,1 18.6 18,1
OTHOCHTeIBHOE YATHHEHHE IIPH 350 360 370 390 430
paspsiee, %o
Treprmocts, enIllop A 71 69 68 67 68
‘VciIoBHOE HalpsDKeHHE TIPH 16.9 15.8 155 15.9 135
yanaaeHHH 300% ’ i i i i
I3menenne Maccel obpasna B 25 238 239 224 nn
Mace AMI-10 opr 100°C, 24 @ - - - - -

Tabnvua 1. BnmsiHue COOTHOLLIEHUS YCKOpl/ITeJ'Ief/II BYyNKaHW3aunn Ha CBOWCTBa BY/IKaHU3aTOB

B pesynbTaTe 3KCMEpUMEHTanbHOW paboTbl MOMyYeHbl 3/acTOMEpHbIE MaTepuarsbi,
BY/IKQHW30BaHHbIE AMANKUAAMTMOPOCHATOM LMHKA, W3YYeHbl WX BYIKAHW3ALMOHHbIE W
PU3MKO-MEXAHNYECKME XAPaKTEPUCTUKN. M3 MOMYYEHHbIX [AaHHBIX MOXHO CKasaTb, 4TO
Aavankmnautnodocdat LyHKa NepernekTUBHBIA MHIPEAUEHT U MOXET SBAATLCS 3 dEKTUBHBIM
crnoco6oM MoanUKaLmMn Pe3VHOBLIX CMECEN Ha OCHOBE ByTaAneH-HUTPUIbHBIX KaydyKOB.

JiutepaTtypa

1 MyxyTanHoB A.A. SKonornyeckme acnekTbl MOANMUKALMKN MHIPEANEHTOB 1
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2 Kabnos B.®. UccnepoBaHve NepcrekTUBHBIX YCKOPUTENEN BY/IKaHMU3aLMN.

INVESTIGATION OF ZINC DITHIOPHOSPHATE AS AN ACCELERATOR FOR
VULCANIZATION OF RUBBERS BASED ON BUTADIENE-NITRILE RUBBERS

Shakirzyanova R., Yulovskaya V., Kanauzova A.
MIREA-RTU, Moscow, Russia
E-mail: rozalyal@mail.ru

Development of innovative products and products imposes new requirements for
elastomeric materials, which can be solved by the creation of new accelerator systems. A
promising and poorly studied class of accelerators are dithiophosphates. Dithiophosphates
have a multifunctional effect and are capable of simultaneously exhibiting the properties of an
accelerator of sulfuric vulcanization, retarders of premature vulcanization and an
antioxidant [1,2].

The objective of the work was to study the effect of zinc dialkyldithiophosphate (ZP)
during the partial or complete replacement of traditional accelerators, namely
Sulfenamide C (CBS), on the kinetics of rubber vulcanization, as well as on the technological
and operational properties of rubber. In this work, we studied the concentration dependences
of the elastic strength parameters of rubber, as well as their vulcanization characteristics.

The vulcanization parameters of rubber mixtures containing individual accelerators or a
mixture of accelerators differ markedly, in the range of ZP:CBS concentrations
(from 0.25:0.75 to 0.75:0.25) there is a decrease in the time of vulcanization onset and the time to
reach the optimum wvulcanization, vulcanization rate increases. No significant effect on the
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properties of the vulcanizates obtained in the optimal vulcanization regime was
observed (Table 1).

The contents ZP:CBS 10 | 0.75/0.25 | 0.5/0,5 | 0,25/0,75 | 0/1
Tensile strength value, MPa 19.5 19.0 19.1 18.6 18.1
Breaking extension, % 350 360 370 390 430
Shore A hardness 71 69 68 67 68
Conditional stress at elongation of .
300%, MPa 16.9 15.8 15.5 15.9 13.5
Change in the mass of the sample
in the oil AMG-10 at 100°C, 25.2 23.8 23,9 224 22,2

24 hours. %

Table 1. The effect of the ratio of vulcanization accelerators on the properties of vulcanizates

As a result of experimental work, elastomeric materials vulcanized by ZP were obtained,
their vulcanization and physico-mechanical characteristics were studied. From the data
obtained, it can be said that ZP is a promising ingredient and can be an effective way to
modify rubber mixtures based on butadiene-nitrile rubbers.
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BbICOKO3HEPIETMHECKOE BO3AEMCTBUE YNbTPA®HWOJIETOBOIO JIASEPA HA
MOJINPOBAHHYHO NOBEPXHOCTb BECKMC/TIOPOAHON MEOMU

ManuHckmii T.B., Mukonyukwuii C.W., PoranuH B.E., Xomuu 10.B., iMmwmkoB B.A.
®depnepanbHoe rocyaapcTBeHHoe 6ropxeTHOE yupexaeHme Haykn MHCTUTyT
anexkTpochusnku n snekrposHepretuku PAH, Cankr-lNerep6ypr, Poccus.

E-mail: v-rogalin@mail.ru

BoszaelcTBMEe HAHOCEKYHAHbIX MMMYbLCOB flazepHoro BY® u YO uznyueHus crnocobHo
MoAMdUUMPOBATL MOBEPXHOCTb METasNa, CyLWEeCTBEHHO M3MEHsIsl MOBEPXHOCTHLIE CBOMCTBA
[1]. B paboTe nccnenoBanocb BO3AEMCTBME Ha NMOBEPXHOCTbL MOSIMPOBaHHOWM 6ECKMUCIOpOAHOMN
Mean XECTKO CHOKYCMPOBAHHBLIM OAUHOYHBIM Na3epHbIM MyYKoM (AnMHa BOMHbI 355 HM, 3-4
rapMoHvka uMnynbcHo-nepuoandeckoro NdYaG nasepa ¢ AnuTenbHOCTbIO uMnynbca 10 HC n
3Hepruen Ao 8 MIpk) MeToAOM NPSIMOro S1a3ePHOr0 HAHOCTPYKTYPUPOBaHUS [2]. M3MeHsuCh:
3Heprus, ANMUTENBHOCTb U YMCIIO UMMYSILCOB.

NazepHbiii nyy cokycupoBancs B NSTHO AvaMeTpoM okono 200 MkM. O6nyyeHue
06pa3LoB NPOBOAMIOCH B ABYX pexumax: 1) npu PpUKCMpOBaHHOM KOSIMYECTBE UMMYSILCOB U
M3MEHEHWN 3SHEPrUM Na3epHOro WMNynbCca COOTBETCTBYIOLWAS NAOTHOCTL 3Heprum  (E)
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Bapbuposanack ot 0,2 A0 6,8 [hx/cM%; 2) Npu M3MEHEHMM KONMYECTBA Na3epHbIX UMMY/LCOB C
ukcnpoBaHHoii aHeprueli (1, 5, 20, 50, 100, 200, 500, 1000).

MpoBeneHo nccnenosaHne MoANMPULMPOBAHHOMO penbeda NOBEPXHOCTU Ha ONTUYECKOM
TpéxMepHoM npodunomeTpe - Zygo NewView 7300, OCHOBAaHHOM Ha MPUHLMME KOrepEHTHOM
ckaHupyowen uHTepdepometpun (CSI). Mpu E > 1,0 [k/cM?, Npoucxoomn OnTAYecKuii
npoboi,  ConpoBOXAaBLUMICS  KpaTepoobpasoBaHveM. HabntopaBumecs npu  3TOM
HaHOCTPYKTYpbl 6bIMM MAEHTUYHBI ONMUCaHHbIM paHee B [1]. B To e BpeMs, B pe3y/bTaTte
0bnyyeHnst Ha NpeanoporosbiX 3Heprusx (npu E ~ 0,6 [bk/cM?), Npy OTCYTCTBUM 3aMETHBIX
cnepos abnsaumm, 3adyKCMpoBaHO HeobpaTWMOe MOAHATME MOBEPXHOCTU MEeTanna B 30He
o0bnyyeHuss (puc. 1). BbisBneHo HakonneHne 3ddekTa, BblpaXeHHOE B POCTE BbICOTbI
noabéma Mpu yBEIMYEHUM YMCTa UMMYSILCOB B TOYKE BO3AeCTBUSA. ECnv NnpeanonoxuTs, 4To
MOAMMUKALMA MPOM30LLSIA B TEYEHWE Na3epHOro MMMYbca, TO CKOPOCTb NpoLecca MOXHO
oueHnTb ~ 1 M/c. BoaMoXHO, Kak n B pabote [3], npom3owuna nepeagada SHeEpPrM nasepHoro
UMMy/bCa B KPUCTA//IMYECKYIO PELLETKY MeTanna.

um

20 40 60 80 100 120
pm
Puc. 1 Mpodunnb NOBEPXHOCTU B 30He BO3AEHCTBUA. MATb UMNYbeos; E ~ 0.6 [x/cm?
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HIGH ENERGY UV LASER IMPACT ON THE POLISHED SURFACE OF THE OXYGEN-
FREE COPPER

Khomich Yu., Malinskiy T., Mikolutskiy S., Rogalin V., Yamshchikov V.
Institute for Electrophysics and Electric Power of Russian Academy of Sciences, 18,
Dvortsovaya nab., 191186 Saint Petersburg, Russia.

E-mail: v-rogalin@mail.ru

The impact of nanosecond pulses of laser VUV and UV radiation can modify the surface
of the metal and significantly change the surface properties [1]. In this work, we studied the
impact of a rigidly focused single laser beam (wavelength 355 nm, 3rd harmonic of a pulsed-
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periodic NdYaG laser with a pulse duration of 10 ns and an energy of up to 8 mJ) on the
surface of polished oxygen-free copper at direct laser nanostructuring [2]. Pulse energy and
number of pulses were changed during the experiment.

The laser beam was focused into a spot with a diameter of about 200 pm. The samples
were irradiated in two modes: 1) for a fixed number of pulses the pulse energy density (E)
varied from 0.2 to 6.8 J / cm2; 2) for a fixed energy density the number of laser pulses was
changed (1, 5, 20, 50, 100, 200, 500, 1000).

An analysis of the modified surface topography was made by optical three-dimensional
profilometer Zygo NewView 7300 based on the principle of coherent scanning interferometry
(CSI). At E > 1.0 J/cm? an optical breakdown accompanied by crater formation was occurred.
The nanostructures observed in this case were identical to those described previously in [1].
At the same time, as a result of irradiation at pre-threshold energies (at E ~ 0.6 J/cm?), in the
absence of noticeable traces of ablation, an irreversible elevation of the metal surface in the
irradiation zone was recorded (Fig. 1). The accumulation of the effect expressed as an
increase in the height of the rise with an increase in the number of pulses at the point of
exposure was revealed. If we assume that the modification occurred during the laser pulse,
then the speed of the process can be estimated nearly 1 m / s. Perhaps, as in [3] the laser
pulse energy was transferred to the crystal lattice of the metal.

pm

20 40 60 80 100 120
um
Fig. 1 Surface profile of laser spot. 5 pulses; E ~ 0.6 J/cm?
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HAKOMJIEHUE DHEPIMW C MOMOLLbIO U3IMMBHbIX KOJIEBAHWIA
MATHUTO3NIEKTPOYNPYINX NNIACTUH

Conosbes A.H.?, Knpnnnosa E.B.3, Matpocos A.A.}, Ye6aHeHko B.A.3, 1o TxaHb
Bunb!
1loHCKoOM rocyapCTBEHHbI TeXHUYECKMNii yHuBepcutet, PoctoB-Ha-[loHy, Poccus
2LOxkHbIi1 hepepanbHbiil yHuBepcuTeT, PocTtoB-Ha-[loHy, Poccus
3RheinMain University of Applied Sciences, Wiesbaden, Germany

*HO>KHbI HayuHbIl LeHTp, PocToB-Ha-[loHy, Poccus
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MepcrneKkTVBHLIM HanpaBleHWEM HaKOMIEHUS SHEPrUK SIBNISIETCS CO3faHue YCTPOWCTB,
OCHOBaHHbIX Ha MWCMOMb30BAHUM  MbE303/IEKTPUYECKNX EeHEepaTopoB,  MOABEPXEHHBIX
MeXaHW4eckuM BO3AEUCTBUSM. PabounM 371EMEHTOM 3TUX YCTPOUCTB SIBASIETCS MbE303/IEMEHT,
KOTOpGbI/i NMpeoBpasyeT SHEPTUI0 MEXAHWUYECKMUX KonebaHuii B 3NEKTPUYECKYO SHepruto. Ecin
YCTPOWCTBO HaxXoAMTCs B MEPEMEHHOM MarHWUTHOM MONE, B YaCTHOCTW, MPU pa3MeLleHun
MOCTOSIHHBIX MarHWTOB Ha BPALLAIOLMXCA 3N1eMEHTaX MallWH, TO B 3TOM C/lyyae Aedopmaums
Mbe303/1ETPUYECKOrO 3NEMEHTa W reHepaLms 311eKTPUYECKOrO TOKa MOXET BO3HWKHYTb Npu
AedOpMMPOBaHNM  MbE3OMAarHUTHOrO 3/IEMEHTA, COBMELLEHHOMO C  MbE303/1EKTPUYECKUM
3/1EMEHTOM.

B paboTte paccmaTpuBaloTCA nonepeyHble konebaHusi nbe3oakTueBHoro oGumopda ¢
Mbe303/1EKTPUYECKMM N MbE30OMArHUTHLIMKU CI0SIMU, HaKNEEHHLIMX Ha MAaCCUBHYIO MOASIOXKY C
ABYX pPa3HbiX CTOPOH.

3apauM  paccMaTpuBaeTCsl B paMKax JIMHEMHOM Teopuu  3eKTpOympyroctv
MarHUTOYMNpyrocTu, B KOTOPbIX 3/IEKTPUYECKOE W MarHWTHOE Mons MNpeAcTaBnsioTCs 4epes
CKansipHble MoTeHuuansl. JIMueBble MOBEPXHOCTW MbE30C/0S 3/1EKTPOAMPOBAHbI, HAa OAHOM
3NeKTpoAe 3ajaH MoTeHuuarn, BTOPOW 3/1eKTpoa CBOGOAEH WM MOAKIOYEH K BHELUHeN
3NEKTPUYECKON LIEMU, CBA3AHHOMN C HAKOM/IEHWEM 3Hepruu. Mbe30MarHUTHBIN CIOK HaxoamTcs
B MEpeMeHHOM MarHUTHOM rnone. B pe3ynbrate 6umMopd coBepluaeT nonepeyHbie M3rmbHble
konebaHus.

B pabore Ha ocHOBE BapMaUMOHHOrO MpuHUMNA W runoTe3 Kupxroda-fiasa ans
rnonepeyHoro wu3rmba nnacTMH O pacnpefeneHnn MEeXaHUYeckoro, 3MEKTPUYECKOro U
MarHUTHOTO MOMEl, MosydyeHa CUCTEMA YPaBHEHUM OMMUCbIBAKOWAS LMNUHAPUYECKUN U3rvb
6umopda.

BbINOSIHEHbI pacyeTbl COBCTBEHHLIX KonebaHuii 6uMopda B MPOrpaMMHOM KOMIeKkce
KOHEYHO-3/1EMEHTHOrO aHaim3a ANSYS. [pu 3TOM MbE3OMArHWTHbLIA C/IOKM MOAENUpYETCS
KOHeYHbIM 3nemMeHTOM PLANE13, B KOTOPOM MNbe303NEKTPUYECKME CBOMCTBA MaTepvana
3aMeHeHbl Ha Nbe30MarHUTHbIE.

B pabore nonydyeHbl 4aCTOTbl pe30HaHCa W a@HTMpe30HaHCa,  MOCTPOEHbI
cooTBeTCTBYytoWME OpMbl konebaHuii. AHanu3 HamnpsXKeEHHO AechOPMMUPOBAHHOIO COCTOSIHMS,
3MIEKTPUYECKOTO WM MarHWTHOTO MOMel MOKa3blBAET, YTO AN HM3LWMX M3MMBHLIX MOA,
NpuHATbIE rMnoTe3bl 06 MX pacnpeaeneHuy aaekBaTHO OMMUCHIBAIOT 3TU COCTOSIHUSA. Tak xe
uccneayeTcs 3aBUCMMOCTb YacTOT pe30HaHCa M aHTUPE30HaHCa, BbIXOAHOTO NOTeHuMana B
3aBUCMMOCTM OT rEOMETPUYECKMX MapaMeTPoB M CoYeTaHus MaTepuanos Gumopda.

MocTpoeHHass mogenb 6umopda MoxeT ObiTb MpUMeHeHa Ans ONTUMM3auuM  ero
napaMeTpoB B COCTaBe YCTPOMCTBA HAKOMMEHWUSI 3NEKTPUYECKON 3HepruM, €ecnm OHO
HaxoAMTCS B NEPEMEHHOM MarHUTHOM none.
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ENERGY HARVESTING USING BENDING OSCILLATIONS OF
MAGNETOELECTROELASTIC PLATES

Soloviev A.'? Kirillova E.3, Matrosov A.!, Chebanenko V.3, Do Thanh Binh !
1pon State Technical University, Rostov on Don, Russia
2Southern Scientific Center, Rostov on Don, Russia
3RheinMain University of Applied Sciences, Wiesbaden, Germany
“Southern Scientific Center, Rostov on Don, Russia

E-mail: solovievarc@gmail.com

A promising direction of energy harvesting is the creation of devices based on the use of
piezoelectric generators subject to mechanical stress. The working element of these devices is
a piezoelectric element, which converts the energy of mechanical vibrations into electrical
energy. If the device is in an alternating magnetic field, in particular, when the permanent
magnets are placed on rotating elements of machines, then in this case, deformation of the
piezoelectric element and generation of electric current can occur when the piezomagnetic
element is combined with the piezoelectric element.

The transverse oscillations of a piezoelectric bimorph with piezoelectric and

piezomagnetic layers glued to a passive substrate from two different sides are considered in
this work.
The problems are considered in the framework of the linear theory of electroelasticity and
magnetoelasticity, in which the electric and magnetic fields are represented through scalar
potentials. The front surfaces of the piezoelectric layer are electrodated, a potential is set on
one electrode, the second electrode is free or connected to an external electric circuit
connected with energy storage. The piezomagnetic layer is in an alternating magnetic field. As
a result, the bimorph performs transverse bending vibrations.

In the work on the basis of the variational principle and Kirchhoff-Love hypotheses for
the transverse bending of plates on the distribution of mechanical, electric and magnetic
fields, a system of equations describing the cylindrical bimorph bending is obtained.

The eigenmodes of the bimorph were calculated in the ANSYS finite element analysis software
package. In this case, the piezomagnetic layer is modeled by the finite element PLANE13, in
which the piezoelectric properties of the material are replaced by piezomagnetic.

In this work, the resonance and antiresonance frequencies are obtained, and the
corresponding vibration forms are constructed. Analysis of the stress-strain state, electric and
magnetic fields shows that for lower bending modes, the accepted hypotheses about their
distribution adequately describe these states. We also study the dependence of the resonance
and antiresonance frequencies, the output potential, depending on the geometric parameters
and the combination of bimorph materials.

The constructed bimorph model can be applied to optimize its parameters as part of an
electric energy storage device if it is in an alternating magnetic field.
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TEMNOBBIE CNEKTPAJIbHBIE ®UJIbTPbI 11 9O GEKTUBHBIX TEXHOJ10MMIA
SHEPrOCBEPEXXEHUA

BonbnsH O.A., JinteuHos B.B., Kongpartbes C.A.
000 «Hay4Ho-Npon3BOACTBEHHbIA KOMMIeKC ®OTPOH-ABTO»

E-mail: Litvinov-v@mail.ru

B HacTosilee BpeMs nOBbilEHWE 3HeprocbepexeHnss B CUCTEMaxX MOJyYeHus,
TPaHCMOPTUPOBKU, pacnpeaeneHns U NoTpebneHns Tenna v 3NeKTPOSHEPruyM — BaXKHeWLwas 1
HEOT/IOXXHAA 3afia4ya 3HEPreTVKW W [PYrux OTpacnen OTEYeCTBEHHOW MPOMBILLIEHHOCTU.
MonoxeHne Takoro, YTO CO3AaThb HOBbLIN KWIOBATT CErofiHs HaMHOrO A0poXe, YeM cbepeub
ero 3a CYeT BHeApeHWs 3HeproaddEKTUBHLIX  TEXHONOrWiA.  PelueHne  3apauu
3HeprocbepexeHus 6yaeT Crnocob6CTBOBaTb Talkke pELUEHWIO [PYroli  BaXkKHeWweid wu
HEOTNOXHOW 3ajaun — Y/y4leHUIo OXpaHbl OKpYXatolel cpefbl, Tak KakK YMeHblueHue
3HepronoTpebneHus BneyeT 3a coboN COOTBETCTBYHOLLEE YMEHbLUEHWE BbIGPOCOB YrieKUcoro
rasa B atMoccdepy v ocnabneHne napHuMkosoro addekTa.

OCHOBHbIM 3BEHOM 3HEPreTUYECKUX MOTepb B Hallel CTpaHe SIBNSIOTCS XXUIble U
MpoMbIWSEHHbIE 3A4aHMsa. Ha ux otonneHue pacxogyetcs 6onee 50% Bcex TOMAMBHO-
3HepreTMyecKnx pecypcos cTpaHbl. OCHOBHAs YacCTb XXWAWLLHOMO U NPOMbILIAEHHOrO (POHA0B
6bina nocTtpoeHa ele Bo BpeMeHa CCCP, koraa 0cob6o HWMKTO He Hecrokomnca o HepexHoM
OTHOLLEHMN K 3HepreTnyeckum pecypcam. OO6Len3BeCTHO, YTO OCHOBHblE KOHCTPYKTMBHbIE
aneMeHTbl okono 90 % 3KcriyaTMpyeMblx B POCCMM 3[aHWI  SIBMSIOTCA  UCTOYHMKAMU
HeornpaBAaHHbIX SHEpreTuyeckmx notepb. Cpean HUX Ha NEPBOM MecTe MO TakMM MOTepsM —
CTEK/ISIHHbIE OrpaXkaeHus, okHa. o oueHkaMm cneunanucToB B cpeaHeM okonio 50% Tenna,
UOYLWEro Ha OTOMJIEHNE 34aHUI B 3MMHEE BPEMs B HALUEM XXWUJIOM Y MPOMBILLIEHHOM (oHAe
3[aHUI, TEPSETCS Yepe3 WX Mpo3payHble OrpaXKaeHusi. ITo 06yCnoBneHo TeM, 4To B 99 %
KOHCTPYKUMIA CTEK/ISIHHbIX OrpaXXaeHUn MpUMeHsieTcsl 0bbluHOe CTeko. A uepe3 Hero anst
TeMnepaTypHbIX PEXWMOB, XapaKTEPHbIX AN  CPeAHWUX LKMPOT, B KOTOPbIX HAaxoauTcs
6onbluasi YacTb Poccuu, yAenbHbIi MOTOK Tensa uYepe3 ofHOKaMepHoe (ABYXCIIOKHOe)
OCTEKNIEHNE COCTABNSIET OKOMO 3 BaTT/M2'rpad. TakuM 06pa3oM, eXEroAHO «BblbpackiBaloTCA
B OKHa» MMraHTCK1e 3HauyeHus Tenna (3MMoN) 1 3NEeKTPOIHEPrum (11ETOM).

Hamn paspaboTaHbl TOHKOMMEHOYHble Tennosble GuabTpbl (TT®). OHWM nNpeacTaBnAlOT
Co60M TOHKOMIEHOUHbIE MHTEP(DEPEHLIMOHHBIE CUCTEMBI, KOTOpbIE (DOPMUPYIOT MHTErpasbHbIe
CMEKTPbl OTPAXXEHMUS!, MPOMYCKaHUs W MOMOWEHUST BHELWHMX MOBEPXHOCTEN TN, U TakuM
obpasoM, obecneunBaloT MX 3aJaHHYIO M3NydaTeNbHYI0 W NOrfowaTtesbHylo CrocobHOCTU.
OCHOBbI TEXHOOMMKN NONYYEHUS| TaKWUX MJIEHOYHbIX CUCTEM Takke pa3paboTaHbl aBTOpaM.
TT® 6nokupytoT nHdpakpacHoe nsnyyerue (420,8 MKM) 1 MpoNycKaloT U3nyYeHne BUAMMOrO
AvanasoHa, obecneuvBas ero KoMgopTHoe BOCMpUATUE (BbICOKME axpOMaTUYHOCTb W
pPaBHOMEPHOCTb YF/IOBOM CMEKTPasibHOW XapakTepuctuku u T. 4.). Kpome Toro 6narogaps
CrneumanbHoMy Crolo, BK/OYEHHOMY B TT® 06ecneunBaeTcs W3MEHEHWE CrieKTpasibHOM
XapakTtepuctuku TT® B cBSA3M C pa3HbiMK ycnoBusaMu pabotbl TTP B 3MMHee 1 neTHee BpeMsi.
B koHcTpykumio TT® Bxogar nneHkn ITO (90% In,Os — 10% SnO,), KOTOpble coyeTaloT
NMpO3payHOCTb B BUAMMOW 061acTV CMEKTPa M BbICOKYH 3MEKTPONPOBOAHOCTb. MNeHKN umMetoT
HaHOrpaguMeHT MO TOMWMHE roKasaTens npesnoMeHns W FpagueHT no  TOMWMHe
Ko3chduLMEHTa 31eKTPONPOBOAHOCTY.

PaspaboTaHHble aBTopamun npoekta TT®P MO3BONAT MOHU3UTL YAENbHYIO MPOMYCKHYIO
CMocobHOCTb Yepe3 CTeKNO TEMOBOrO W3NyvyeHWss B 3MMHee BpeMs A0 3Havenuns 1,4
BaTT/M*'rpaj. M3 cpaBHEHMs C 06bIUHBIM CTEKIOOrPaXaeHNEM, 3TO 03HAUAET, UTO SKOHOMMS
3Heprum Ha 1 M?> MoxeT cocTauTb 1,6 BaTT/rpag.M’. COBEpLUEHHO OYEBMAHO, YTO 3TU
TMraHTCKME 3HAYeHWUs 3HeprocbeperkeHnss W ynyylWeHUs 3KOMOrMYECKMX XapaKTepucTuK
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fenaloT 3afadvy npou3BoACTBA IPPEKTMBHbIX TTD Ans «yMHbIX OKOH» Ype3Bbl4alHO
aKTyanbHOM W HEOTNOXHOW. 3HayeHwe 3TOW 3afjayM MOCTOSIHHO BO3pacTaeT. HecnyuaiHo
MpaKkTM4eckn BO Bcex CTpaHax EBponbl, AMepuku, A3nM, WMEOWUX 3MMHME CE30HHble
nepuoabl, W3MEHUIMCb apXUTEKTYPHblE KOHLENUMW, 3aKOHOAATENbCTBO W CTPOUTENbHbIE
HOpMbl. OHU HanpaBfieHbl Ha pelleHue 3Toi 3agaun. B Mockse u CaHkT-MeTepbypre Toxe
MPUHSATbI CTPOUTENbHbIE HOPMbl ANS1 TPaXAAHCKUX W MPOMbIWEHHBIX 3[aHWUI, KOTopble
NpeAnonaratT UCMOSb30BaHNE «YMHbIX OKOH» C TT®.
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THERMAL SPECTRAL FILTERS FOR THE EFFICIENT ENERGY SAVING
TECHNOLOGIES

Volpyan 0., Litvinov V., Kondratyev S.
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Currently improving the energy savings in the energy production, transportation, and
distribution systems is the priority and urgent task for Russian domestic industry. It is often
cheaper to save one extra kilowatt of energy due to energy-efficient technologies than to
produce it. Progress in the field of energy saving will also serve another purpose — it will
lessen environmental impact of our activities due to lowering carbon dioxide emission to the
atmosphere and hence reducing the greenhouse effect.

Residential and industrial buildings are the main source of energy losses in Russia.
Heating the buildings consumes about 50% of all energy produced in our country. The
majority of the existing buildings were built in the USSR era when energy savings were not
the priority. It is well known that about 90% of the basic construction elements of those
buildings are the sources of unjustifiable heat losses. And in the first place among such leaky
elements are windows, or glass barriers in general. It is estimated that up to 50% of all heat
losses from buildings during winter time in Russia are due to transparent barriers. The reason
is that the common untreated glass is used in the construction of the 99% of such barriers.
Even in the temperate climate, typical winter time losses through such glass, installed as a
double layer package, are about 3 W/m?:°C. Thus through the windows gigantic flow of heat
is literally “thrown away” during the winter time.

We have developed thin film thermal filters (TFTF), which constitute thin film
interference systems to form the desired transmission and reflection spectra for the outer
surfaces of transparent barriers, thus modifying their radiance and absorbance. We also
developed the basics of the production technology for such thin film systems. The TFTF are
blocking infrared part of the spectrum (wavelength > 0.8 mm) and transmitting visible light,
providing conditions for its comfortable perception by human eyes (high achromaticity,
angular stability of the spectra, etc.). Moreover, design of our TFTF includes a special layer to
modify the transmission/reflection spectra according to the current season (winter or
summer).

The TFTF contain layers consisting of the special material (90% In,0; — 10% Sn0,)
which possesses high electric conductivity while being transparent in the visible part of the
spectrum. Such layers may have nanoscale gradients of their thickness and electric
conductivity.

Thin film thermal filters of our design allow to lower the heat losses through the
windows to 1.4 W/m?*°C. Compared to common windows, the TFTF allow to save 1.6
W/m*°C. Thus huge possible energy savings apparently demonstrate the relevance and
urgency of the task of TFTF-based “smart windows” production. And the importance of this
task constantly grows. In the most countries of Europe, America and Asia that have seasonal
temperature variations similar to those in Russia, the architectural concepts, legal norms, and
building protocols have already been changed to reflect the necessity of energy savings.
Similar changes occur in the construction protocols for industrial and residential buildings in
Moscow and St. Petersburg, assuming wider use of TFTF-based “smart windows".

178


mailto:Litvinov-v@mail.ru

= Tennee 3uMoii
il
11_€= |
s :L:I.'Q Ha 0% Erlwe
) '\."-\."-\.. EEEN " e TennoKM2anAL A
s S . B
S By s By
S S e A
& [l S [
w30 ||| e +30C ] Tl
| il i
-1 L1 -0 1
L300 L300
. Ml X
3. w2 || MpoxnapHee
1% vy | NETOM
S R
- =
' nn . Ha 309 BLwe
+300C - 3 % +300C R TENNOHIOAALHA
= =
-0 -0
-30C .30C

Schematic view of the TFTF-based “smart window” (right) compared to a common window
(left).
Upper panel — winter conditions, lower panel — summer conditions.

MHOIOKOH®UIYPALIMOHHASI KBAHTOBASI XMMUS1 B OPFAHUYECKOIA
NNIEKTPOHUKE

®peiasoH A. 1.
Lentp dotoxumun PAH, PHUL| «Kpucrannorpadus n poronnka» PAH, Mocksa,
Poccus
E-mail: Freidzon.sanya@gmail.com

BbluMCUTENbHBIE 33AauM, OBbIMHO BO3HUKAKILME B OPraHUMYECKOW 3SNEKTPOHUKE,
BK/IOYAOT B cebs MOAENMPOBAHME TOIJIOWEHUS W UCTYCKaHUs CBETa, pasfeneHne w
pEeKOMOMHALMIO 3apsidoB, M 3apsdoBbii  TpaHcmopT. O6blYHO 3TM  3afaun  pewatoT
OTHOCUTENIbHO AEWeEBbIM U BbICTPbIM METOAOM (hyHKUMOHANa MIOTHOCTW, MO3BOJSIOWMM
paccunThiBaTh 60MbluMe cuCTEMbl. OAHAKO 3TOT MOAXOA MMEET CYLLECTBEHHbIE HEAOCTATKM,
NpVBOAALLIME K KQYECTBEHHO HEBEPHBLIM pe3y/bTaTaM, Takue Kak MepeoLieHka AenoKkanmu3aumm
3apsiga B MPOTSXKEHHBIX MOJMEKYISIPHBIX CUCTEMAX, 3aHWDKEHWE 3HEPTUM COCTOSIHUIA C
NMepeHOCOM 3apsiaa, a TAKKe pas/fiMuHasl BEMMYMHA NMOMPELIHOCTY AN SHEPTUM CUHIJIETHBIX U
TPUMNETHLIX  COCTOSIHWM,  YTO  [JaeT  HEMpaBWbHO  PACCYMTaHHble  BEPOSITHOCTU
6e3bl31yyaTenbHbIX NPOLECCOoB.
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MHOrOKOH(UrypauMoHHble MeToabl, Takme kak CASSCF/XMCQDPT, obecneuvBatoT
KauyeCTBEHHO npaBW/IbHOE M AO0CTAaTOMHO TOYHOE OMnuCaHue W3y4daeMblX npoueccos. B
YaCTHOCTW, OHW MPaBWUMIbHO MEpeaaloT JIoKanM3aumio 3apsfa M 3KCUTOHA B MPOTSHXKEHHbIX
CUCTEMAX 3@ CYET BKJIIOYEHWUS COCTOSIHUI C PasfMYHOM JIOKanu3auueil C paBHbIMK BECAMM.
Taioke oHM obecneunBaloT cbanaHCcMpoBaHHOE OMNMcaHUe COCTOSIHUIA Pa3HOM MyNbTUMIETHOC U
pa3Hon opbuTanbHOM mpupoabl. TakuM 06pa3oM, MHOMOKOH(UIypaUMOHHblE MeToabl AaloT
bonee rnybokoe MOHMMaHWe NpUPOAbl M3y4aeMblX CUCTEM W  MEXaHU3MOB W3y4yaeMblX
NpoLEeCcCcoB. TO MOMOXET HAX0oAUTb ANS ONWUCAHWUSA AaHHLIX CUCTEM OTHOCWUTENbHO MPOCTbie
[ECKPUNTOPbI, MPUroAHbIE /11 MAacCOBbIX PAacYETOB AeLIEBLIMU METOAAMM.

Bynyr  obpucoBaHbl  33ajauM, B KOTOpbIX  HEobXoAMMO  MCMONb30BaHWe
MHOMOKOH(MUIypaUMOHHbIX MeToAoB; JAaHbl 0ocHoBbl MeTogoB CASSCF n XMCQDPT, u
npuBeaeHbl NpUMEPbl MX YCMELWHOrO MPUMEHEHMsI B 3ajayax M3/yyeHusi CBeTa, nepeHoca
3apsaa M 3HEpPrMM U XUMUMYECKOM CTabUIbHOCTM TUMWUYHBLIX MaTepUanoB ANs OpraHUYecKux
CBETOM3/YYaloLWMX YCTPOMCTB.

MULTIREFERENCE QUANTUM CHEMISTRY IN ORGANIC ELECTRONICS

Freidzon A.
Photochemistry Centre RAS, FSRC «Crystallography and Photonics» RAS, Moscow,
Russia

E-mail: Freidzon.sanya@gmail.com

The computational problems that typically arise in organic electronics are the problems
of light absorption and emission, charge separation and recombination, and charge transport.
These problems are usually addressed with the relatively cheap and fast density functional
theory, which allows for large-scale calculations. However, this approach has intrinsic
deficiencies that lead to qualitatively wrong results. Among these are overestimation of charge
delocalization in extended molecular systems, underestimation of the energy of charge-
transfer states, and different errors in the energies of singlet and triplet states, which lead to
wrong transition probabilities of nonradiative processes.

Multireference methods, such as CASSCF/XMCQDPT, provide qualitatively correct and
accurate description of the processes of interest. In particular, they correctly describe charge
and exciton localization in extended systems through including the states with different
localization with equal weights. They also provide balanced treatment of states of different
multiplicity and different orbital character. Therefore, multireference methods give deeper
insight into the nature of the systems under study. Understanding the mechanism of the
target process will help one to find simple molecular descriptors that can be calculated by
cheap methods in large scale.

We outline the problems in which multireference treatment is necessary, give some
basics of the CASSCF and XMCQDPT methods, and demonstrate the application of
multireference computational methods to the problems of light emission, charge and energy
transfer, and chemical stability of typical OLED materials.
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MNOBbIWEHME KNA COJTHEYHbIX 3JIEMEHTOB HA OCHOBE KPEMHUA

CarutoBa J1.P., FocteBa E.A., MopropHbiii [.A.
HauuoHanbHbIf ccnenoBaTeNnbCKUii TexHonornueckuii yumsepeutet (HUTY)
MUCUC, 119049, Poccus, MockBa, JIeHMHCKWIA NpocnekxT, A.4

E-mail: lady.louisa@mail.ru

ConHeuHble  6GaTapeM Ha  OCHOBE  MOJYNPOBOAHMKOBbLIX  (DOTOINEKTPUYECKUX
npeobpa3zoBaTeneii — OCHOBHOM UCTOYHUK SHEPTOMUTaHUS KOCMUYECKUX annapaToB CErofHs,
n B Bavdkanume AeCATUNETUS «OKOIOCOSTHEYHas» KOCMMYecKkas SHepreTuka 6yaeT ocHOBaHa
NMpenMyLLIeCTBEHHO Ha  MOMYMPOBOAHUKOBLIX  (POTOINEKTPUYECKMX  MpeobpasoBaTensix.
OCHOBHOE Ha3Ha4YeHWe COSIHEYHOTO 3MIEMEHTa COCTOMT B NpeobpasoBaHUM OMTUYECKOW
SHEPrum B 3HEPruio 3N1EeKTPUYECKOro ToKa.

Ha cerogHsilUHWIN AeHb OCHOBHOW NPOGIEMOI MPU U3rOTOBNEHWM CONTHEYHbIX 3N1EMEHTOB
Ha npeanpusatum «AO <«HIM»KBAHT>» sBnseTcs OTCOEHMe MEeTa/IMYeCKMX KOHTaKTOB W
OTpbIB LWWMH B MecTax cBapku K ®3My.

B kauecTBe vccnegyemoro obpasua 6bin BbibpaH hoTonpeobpasoBaTesib KPEMHUEBDIN C
KOHTaKTHbIMW NJIOLLaAKaMu Ha IMLEBOM U ThINIbHOM CTOpoHaXx (puc.1).

PrcyHok 1.0l ¢ KOHTAKTHBIMK NIOLWAAKAMK

C noMoLblo 3MeKTPOHHOro oxe-criektpometpa “PHI-680" m3mMepunu rnybuHbl cnoes
meTannmzaumm (Ti, Pd, Ag) n NpOCBETNSAIOWEro MOKPbITUS, U OLEHUIN MX PaBHOMEPHOCTb
pacnpegeneHus. Takke noayunnuM npoduib pacnpeaeneHns 3eMeHTOB MO BPeMeHu
TpaBneHMs Ha KOHTaKTHbBIX niowaakax (puc.2).

Amainn T, %
ArormHan KOHYeHTPaLWMA, %

R RN

] 5 10 15 20 28

BEMA TPABARHIA, MHH

E)

PucyHok 2. Mpodunb pacnpeaeneHnst 3NeMeHTOB N0 BpEMEHU TPaBneHus:
a) Tbin 6) nMuo
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O6pasupbl, bblM MccneaoBaHbl Ha oxe-cnekTpomeTtpe “PHI-680” cumpmbl "Physical
Electronics" npu cnegyrowmx ycnoBusix: 3Heprusi nepeuyHoro nydka E=1, 10 k3B, Tok
nepBMYHOro nyyka j= 10 HA aMameTp nepBuUYHOro Nyyka &= 40 HM, rnybuHa aHanusa t=5-
50A [aBneHWe OCTaTOUHbIX ra3oB B WCCIEAOBATENbCKOV kamepe P=2:10-9 Topp. Ans
nonyyeHuss npodwuneit pacnpegeneHuss no  rNy6uHe M OYMCTKM  MOBEPXHOCTU  OT
aacopbvpoBaHHbIX aTOMOB WCMOMb30Banacb WMOHHAs Mylwka. TpasfieHus MpoXoauno npu
cnegyowmx ycnosusix: MoHel Ar+, aHeprusi noHHoro nyyka E=1, 2, 3 kB, yron mexay
MOBEPXHOCTLIO 06pa3ua M MOHHLIM Ny4YkoM 30°, MOHHLIM Tok j=0,5, 1,4, 2,6 MKA, pacTp 1x1
MM, ckopocTb TpaBneHus V=5, 10, 20 HM/MuH (no Si02).
3afaun [anbHenwero UCcneaoBaHus: - U3MepuTb Fy6uHy CBapKM; - BbISICHATb MO KakoMy
MeTanny UaeT OTPbIB LUNHbI.

INCREASING EFFICIENCY OF SOLAR ELEMENTS BASED ON SILICON

Sagitova L., Gosteva E., Podgorny D.
National University of Science and Technology (NUST) MISIS, 119049, Russia,
Moscow, Leninsky Prospekt, 4

E-mail: lady.louisa@mail.ru

Solar cells based on semiconductor photoelectric converters are the main source of
energy for spacecraft today, and in the coming decades, “near-solar” space energy will be
based primarily on semiconductor photoelectric converters. The main purpose of a solar cell is
to convert optical energy into electric current energy.

To date, the main problem in the manufacture of solar cells at the enterprise
"RPE"KVANT" is the detachment of metal contacts and the separation of tires in the places of
welding to the photoconverter.

A silicon photoconverter with contact pads on the front and back sides was chosen as
the test sample (Fig. 1).

Figure 1. Photoconverter with pads

Using a PHI-680 electronic Auger spectrometer, the depths of the metallization layers
(Ti, Pd, Ag) and the antireflection coating were measured, and their uniformity of distribution
was evaluated. We also obtained a profile of the distribution of elements over the etching time
at the contact pads (Fig. 2).
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Figure 2. Profile of the distribution of elements over the etching time:
a) rear b) face.

The samples were studied on a PHI-680 Auger spectrometer from Physical Electronics
under the following conditions: primary beam energy E = 1, 10 keV, primary beam current j =
10 nA primary beam diameter @ = 40 nm, analysis depth t = 5-504 residual gas pressure in
the research chamber P = 2 - 10-9 Torr. An ion gun was used to obtain depth distribution
profiles and to clean the surface of adsorbed atoms. The etching took place under the
following conditions: Ar + ions, ion beam energy E = 1, 2, 3 kV, angle between the surface of
the sample and ion beam 30 ©°, ion current j = 0.5, 1.4, 2.6 pA, raster 1x1 mm, etching rate V
=5, 10, 20 nm / min (for Si02)/

Tasks for further research: - measure the depth of welding; - find out on what metal is
the separation of the tire.

CO34AHME CUCTEMbI 9JIEKTPOOBECNEYEHMNA HA OCHOBE NCMOJ1Ib30BAHUA
SHEPTUU SNIEKTPMYECKOI0 UCKPOBOI'O PA3PAAA

MankuH A.C., YepHoBa K.
®rbOyYBO «THOMEHCKMIA MHAYCTPUanbHbiA yHMBepcuteT>». ®unuan B To6onbcke

E-mail: alexandr.pankin.1@gmail.com

Mcnonb3oBaHWe  anbTepHAaTUBHLIX ~ WCTOYHMKOB  3HEPrMM  ANs  TMOBbILEHUS
3HeproaddekTMBHOCT 06bEKTOB TIK B COBPEMEHHBIX YCIIOBUSX aKTyanbHO. Mpeanaraercs
UCNoMb30BaTb B KAueCTBE TaKOr0 WCTOYHWMKA KOMIM/EKC YCTAHOBOK, AEMCTBME KOTOPbIX
OCHOBaHbl Ha CO3faHWM UM MPeobpasoBaHMM 3HEPrMM WCKPOBOMO paspsifia B XWMMUUECKYHD
3HEpPrUto, AN Yero pa3paboTaHbl CreunasbHble YCTaHOBKM.

B paboTe npeacTaBneH KOMMIEKC YCTAHOBOK, HampaBneHHbIX Ha co3AaHue U
nocneayrollee pasBuTUE HOBOM 0611acTM  anbTEPHATUBHOW 3HEPreTMKM — po30BOWA
SHEPreTUKM.

Mpu AanbHelwel ycnewHon peanmsaumm Kak OnbITHbIX, Tak ¥ MPOMbILWNEHHbIX 06pa3LOoB BO
BCEM MWpe TOSIBUTCS HOBOE KOHKYPEHTOCNOCOGHOE HampaBfeHWe — anbTepHaTUBHOW
SHEPreTUKMU.

OcHOBHOM 3apauel paboTbl SIBNSIETCS CO3LaHWe HOBOrO HaMpaB/ieHUsl PasBUTMS
anbTepHaTUBHOM 3HepreTuku 1 TIK B LienoM. TexHUYecKMe 3aJaum KOMIeKca 3ak/ovatoTes
B MCMOMb30BAaHUM Pa3fMuYHbIX BUAOB SHEPruii rasos, BbIAENSEMbIX Ha MPeanpuUsTUSX B
aTMocepy, co3faHWe pasiuYHbIX BWAOB PE3OHAHCOB WM MPOLECCOB  (TEMMEpaTypHbIN,
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MOMEKYNSIPHBLIM Pe30HaHChl, Nepenagbl AaBfeHusl U NAOTHOCTEW, co3aaHne TypOyneHTHOCTM)
ANSi MOJSTyYEeHUS1 UCKPOBOMO MMMY/bCHOrO paspsiaa, 06iafatowero oYeHb 60MbLION SHepruen,
B NMPOMbILL/IEHHbIX YCOBUSIX. TaK e B 3aJayu KOMMeKca BXOAUT TpaHcdopMaumsi SHeprnm
paspsaa B XMMMYECKYKD 3Hepruio. [locnegHsss nocTaBneHHas TexHudeckas 3ajada
3aKloyaeTcs B NpeobpasoBaHWM  SHEPrMM  Ans €€  [dasbHEeWWero  WCrosb30BaHMs
notpebuTensMu sHeprum. MNMOMMMO TEXHUYECKMX 3adad, B KOMMEKCe YCTPOMCTB MPUBOASTCS
CUCTEMbl  SKOMOFMYECKOM U TeXHUYecko 6e30MmacHOCTM,  yKasblBaloTCs  MpOLECCh
TEXHUYECKOrO 06CNY>XMBAHMS YCTAHOBOK U UX YacTel.

Ha paHHOM 3Tane pasBWTWsi KOHUEeNuMW npopabaTbiBaeTcsl npouecc TpaHcgopmauum
3HEPruK 3MEKTPUYECKOro pa3psida B XMMUYECKYIO SHEPIMIO B OAHOM M3 YCTAHOBOK KOMMEKca.
B 3Toi 0bnactv mosnyyeHbl AaHHbIE €AMHWUYHBLIX OMbITOB, MOATBEPXKAAIOIME BCE OCHOBHbLIE
du3myeckMe 1 XMMMYeckuMe npoueccl TpaHcdopMauum sHepruv. [ns nonyyeHus 6onee
[ETaNbHbIX M TOYHbIX [AaHHbIX, KOTOPbIE Y/y4llaT YCTaHOBKY, aBTOpPY HEO6X0AMMO NpoBECTU
MHOXECTBO CEpWi1 OMbITOB, MPOBOAMMBIX B S1abOPaTOPHbIX YCI0BUSIX CO BCEM HEOBXOAMMbIM
3NEKTPUYECKUM U XMMUYECKUM 060pyaoBaHMEM.

B poknage 6yayT noApobHO M TOYHO OMMCaHbl KOHCTPYKUMM M paboumit npouecc
YCTGHOBOK U YCTPOWCTB, BXOAAWMX B HUX; GU3NYECKUE U  XMMUYECKUE MPOLIECCHI,
Nponcxoasiume B yCTaHOBKaX. byayT npeacTaBneHbl YepTeXU U CXEMbl YCTaHOBOK.

CREATION OF SYSTEM ELECTRICAL SUPPLY BASED ON THE USE OF ELECTRIC
SPARK DISCHARGE ENERGY

Pankin A., Chernova K.
Federal State Budget Educational Institution of Higher Education « Industrial
University of Tyumen». Branch in Tobolsk

E-mail: alexandr.pankin.1@gmail.com

The use of alternative energy sources to improve the energy efficiency of fuel and
energy facilities in modern conditions is important. It is proposed to use as such a source a
set of installations, the action of which is based on the creation and conversion of spark
discharge energy into chemical energy, for which special installations have been developed.

The paper presents a set of installations aimed at the creation and subsequent
development of a new field of alternative energy — thunderstorm energy.

With the further successful implementation of both prototypes and industrial designs
around the world, a new competitive direction of alternative energy will appear.

The main objective of the work is to create a new direction for the development of
alternative energy and the fuel and energy sector as a whole. Technical tasks of complex
consist in the use of various types of energy gases emitted by the refinery into the
atmosphere, creating various types of resonances and processes (temperature, molecular
resonance, pressure drops and densities, creating turbulence) to obtain pulses of spark
discharge with very high energy in an industrial environment. Also the tasks of the complex
include the transformation of discharge energy into chemical energy. The last technical task is
to transform energy for its further use by energy consumers. In addition to technical tasks,
the complex of devices provides environmental and technical safety of systems, indicates the
processes of maintenance of plants and their parts.

At this stage of the concept development, the process of transformation of electric
discharge energy into chemical energy in one of the facilities of the complex is being worked
out. In this area data of single experiments confirming all basic physical and chemical
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processes of transformation of energy are received. At this stage of the concept development,
the process of transformation of electric discharge energy into chemical energy in one of the
facilities of the complex is being worked out. In this area data of single experiments
confirming all basic physical and chemical processes of transformation of energy are received.
to obtain more detailed and accurate data that will improve the installation, the author needs
to conduct many series of experiments conducted in the laboratory with all the necessary
electrical and chemical equipment.

The report will describe in detail and accurately the design and working process of the
plants and devices that make up them; the physical and chemical processes occurring in the
plants. Drawings and diagrams of installations will be presented.

MOEJINPOBAHME SHEPIOCUCTEMbI PECNTYBJINKN TAIDKUKNUCTAH B
MPOrPAMME NEPLAN

lNyces 1O.1., Katomos A.I'.
®rboy BO "HaunoHanbHbI uccneqoBaTesnibckuii yHusepcutet "MOU " MockBa,
Poccus

E-mail: Kayumov AG@mail.ru

Cneumnanuctbl B 06nactu sHepreTMku B npouecce paboTbl B 371EKTPO3HEPreTUHECKMX
cuctemax  (99C) npoBOAAT  MHOTMOYMCIIEHHbIE  pacyeTbl, Kacawowmecs —onpeaeneHus
napaMeTpoB pPexnMoB paboTbl 31eKTPoobopyAOBaHMS NP NPOEKTUPOBAHUM, PEKOHCTPYKLIMK,
MOAEPHM3aLMK, a Takxke Mpu NpOrHo31poBaHUM YPOBHEN TOKOB KOPOTKUX 3aMblkaHuii (K3) B
y31ax, UMeloLWMX pasnnyHble CTyNeHn HanpskeHust. MNpu NpoBeaeHnn TeX UK UHbIX pPacyeToB
B 60nblMX 06beKTax BO3HUKAKOT TPYAHOCTH, CBSI3aHHbIE C PELLEHNEM OFPOMHOr0 KOMMYeCTBa
A depeHUmanbHbIX U anrebpanyeckux ypaBHEHUI, YTO 3aHUMaAEeT MHOrO BpeMeHu. MosTomy
ANS NOBbILEHNS TOYHOCTU PACYETOB B HACTOSLLEE BPEMS MOYTU BCE pacyeTbl MPOU3BOAATCS B
COBpEeMEHHbIX NporpamMMHbIx komnnekcax (MK).

C uenbto NpeaynpexaeHus HeraTUBHbIX CUeHapueB Mpu pabote sHeprocucTembl U
OTCNEXWBAHWSI BOMPOCOB KOOPAMHALMK ypoBHei TokoB K3 B MK NEPLAN 6bina paspaboTaHa
pacyeTHas Moaenb 33C Pecnybnnkn Tamxkukuctad (PT). Mpu paspaboTke pacyeTHON Moaenw
23C PT wcnonb3oBanuncb roToBble Makpomogenu u3 6ubnuoteku 3atoro MNK. Bcero 6bim
CMOAeNMpoBaHbl 13 31eKTPOCTaHUMIA: U3 HUX TOMbKO 2 TEM03M1EKTPOCTaHLMKM, @ OCTasbHble
11 - rupgpoanekTpocTaHumm, 428 cucteMoobpasytowmx 1 pacnpeaenuTenbHbIX NEKTPUYECKUX
noactaHumit (MC) ¢ KnaccoM HanpsbkeHust 35-500 kB MowHocTbio 15693 MBA, Bo3ayLHblE
NVHWIA 3nekTponepesaun obLuert NpoTskeHHOCTblo 57208 kM. 23C coctouT M3 i = 1., n
Y3/10B Harpysku u j = 1..., m reHepaTopoB U UCTOYHMKOB MUTaHMS. Mocne u3MeHeHu B cet
M3-3a KOPOTKOrO 3aMblKaHWsi B KaXAOM Yy3ne MosBNATCS ApyrMe  3Hadenus. [ns
TpexdasHoro K3 HanpsbkeHne B TOUKe MOBPEXAEHUS PaBHO HyM. 3TO YCIOBUE Takxke
BbIMOJIHAETCS, KOrga B MECTO MOBpeXAEHUS MOAAETCA TO >KEe HanpshkeHue, HO C
NMPOTUBOMONOXHbBIM 3HAKOM HanpshxeHus. Bce ceTeBble dyaepbl, CUHXPOHHbIE N aCUHXPOHHbIE
MalUWHbI 3aMeHeHbl CBOMMU BHYTPEHHUMM COMPOTMBEHMSIMU. Mocne pa3paboTku pacyeTHOW
MOAeNu npoBedeHbl pacyeTbl MOTOKOpacnpeaeneHus Ans yyeTa MNapaMeTpoB pPeXvMOB
31eKkTpoobopyAOBaHUS B PeXMME, NpeawecTBytoleM K3, a 3aTeM BbIMOMHEHbI pacyeTbl TOKOB
K3. U3 cylecTBylolWwmMX METOAMK pacyeTa TOKOB K3 ans onpeaeneHns HavasbHOro MOMeHTa
K3 B 3tom MK 6binn BeiGpaHbl Superposition method with consideration of pre-fault voltages
from a load flow (MeTon HanoXeHusi C yyeToM npefaBapuiiHbIX HAMpsHKEHW OT MOTOKa
Harpysku). Metoa HanoxeHus siBnsietTcs Hanbonee TOYHbIM METOZOM AN pacyeTa TokoB K3
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OTHOCUTENIbHO ~ AEUCTBYIOLUMX —PErflaMEHTUPYIOMX [OKYMEHTOB WCXOAS M3  TOro, 4TO
COOTHOLUEHUS HanpsXKEHUS W YCNOBUS Harpy3ku CETU YUYUTLIBAKOTCA A0 BO3HWKHOBEHMS K3.
MpM BbIYUCNIEHMM METOAOM HANOXEHUS MOTOK pacrnpefesieHnsl Harpysku, HaCTpOWKu
ycTpovictBa PMH TpaHcdhopMaTopa M YCTaBOK HaMpsiKEHWUsI reHepaToOpOB, BbIUMCIAIOTCA Nepen
BblumcnenmeM K3 ¢ nomowbto Moayns load flow. [ns noaTeepXxaeHWs [AOCTOBEPHOCTU
MONYYEHHbIX pe3ynbTaToB MOAENMPOBaHWUS MEPUOAMYECKON cocTaBnsiiowei TpexdasHoro u
ofHodasHoro TokoB K3 B HauyanbHOM MOMEHT BPEMEHW OHM 6biiM BepubULMpoBaHbl C
AaHHbIMM 0 Tokax K3, monydyeHHbIMM OT akcniyaTupyowweit 33C PT komnaHum OAXK «Bapku
Tounk» B y3nax 3nekTpocTaHuuii. CpeaHee pacxoXieHue Mexay YKa3aHHbIMU AaHHbIMU
cocTaBsmno oT 4 % Ao 11%, yTo ABNsSeTCs AOMYCTUMBIM.

PaspaboTaHHyto pacueTHyto mMogenb 33C PT MOXHO MCMonb30BaTb HE TOMbKO Anst
pacyeToB TOKOB K3, a Takke AN pacyeToB Takux MoKasaTenel Kak HafeXHOCTb,
YCTOMYMBOCTb, KAYeCTBO 3/IEKTPO3HEPrMM, ANA ONTUMM3ALUMM PEXMMOB M YacTUYHO ANs
pacyeToB pesieHON 3almnTbl U aBTOMaTUKMU.

MODELING OF THE POWER SYSTEM OF THE REPUBLIC OF TAJIKISTAN BY
PROGRAM NEPLAN

Gusev Y.P., Kayumov A.G.
National Research University "MPEI" Moscow, Russia

E-mail: Kayumov AG@mail.ru

In developing electrical energy system (EES), specialists in the field of power
engineering carry out numerous calculations relating to the determination of the parameters
of the operational modes of electrical equipment in the design, reconstruction, modernization
stages as well as in the prediction of short-circuit current levels in nodes with different voltage
levels. When carrying out certain calculations in developing EPS, there are difficulties
associated with the solution of a huge number of differential and algebraic equations, which
takes a lot of time. Therefore, to improve the accuracy of calculations, almost all calculations
are made in modern software packages (SP).

In order to prevent negative scenarios in the operation of the power system and to
monitor the coordination of the levels of SC current, the EES of the Republic of Tajikistan (RT)
was developed by NEPLAN SP. When developing computational models of EES RT, a ready
macro model from the library of this SP was used. Just 13 electrical power plants have been
modeled, of which only 2 combined heat and power station, 1 hydro-power plant, 428
backbone and distribution electric substations (SS) with voltage range of 35-500 kV with
power of 15693 MW, and overhead transmission lines with a total length of 57208 km. EPS
consists of i = 1..., n of load nodes and j = 1..., m and generators and power supplies. After
changes in the network due to short circuit consideration, different values appear in each
node. For three-phase short circuit, voltage at the point of damage is zero. This condition is
also met when the same voltage is applied to the damaged point, but with the opposite
voltage sign. All network feeders, synchronous and asynchronous machines are replaced by
their internal resistances. After the development of calculation models, current flow
calculations for given parameters of electrical equipment operation in a mode prior to the SC
are done, and then the calculations of SC currents are made. Of the existing methods of
calculation of short circuit currents to determine the initial moment of the fault in this SP, the
Superposition method was selected with consideration of pre-fault voltages from a load flow
(method of taking into account pre-accident voltages from the load flow). The overlay method
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is the most accurate method for calculating the short-circuit currents relative to the existing
regulatory documents, based on the fact that the voltage ratio and the load conditions of the
network are taken into account before the short-circuit. When calculating the load distribution
flow, the settings of the transformer OLR device and the voltage setpoints of the generators
are calculated before calculating the short circuit using the load flow module. To confirm the
reliability of the received results of modeling the periodic component of the three-phase and
single-phase SCC at the initial moment of time they were verified with data of SCC, obtained
by exploiting PSS RT company OSHC «Barki Tojik» in the nodes of plants. The average
discrepancy between these data was from 4 % to 11%, which is acceptable.

The developed calculation model of the power plant of RT can be used not only for
calculations of SCC, but also for calculations of such indicators as reliability, stability, power
quality, for optimization of modes and partly for calculations of relay protection and
automation.

ANEKTPOXMMUYECKWU CUHTE3 CYCMNEH3UWN N3A0T-NCC

UcrakoBa 0.U., KoHeB [1.B.
UMNX® PAH, r. YepHoronoska, Poccus

E-mail: oistakova@gmail.com

DNeKTpONpoBOASLLME OpraHNyeckne MaTtepuanbl U MOKPbITUS Ha OCHOBE MONAN3TWUEH-
3,4-anokcntnodeHa (M340T) B HacTosiLee BpeMst ABASIOTCS NPUHLMAMAMBHBIM KOMMOHEHTOM
3/1EKTPOXPOMHBIX MOKPbITUM, aucnnees, KOHAEHCaTopOB, poToaneKTprUUECcKnx
npeobpasoBateneli M psiga Apyrux YCTPOWCTB, KPYr KOTOPbIX pacwwmpsieTcs 6naropapst
WHTEHCMBHBIM Hay4HbIM WCCNEAOBaHMSAM B 3ToM obnactv. B 6GonblumMHCTBE obnactei
npumeHenns N30T mcnonb3yeTcs B COCTaBe KOMMNO3ULMM C NOAMCTUPONCYbOHAT-aHUOHOM
(NCC) [1, 2], a npekypcopoM Ans ee Mosy4YeHns CnyxuT BogHas cycneHsus M340T-MNCC,
ABNSAOWANACT KOMMEpYECKM AOCTYMHbIM MPOAYKTOM, B OCHOBE MOSyYEHUSI KOTOPOrO NEXUT
XUMUYECKOE OKMUC/IEHME CMECU MPEKYPCOPOB MEPOKCOAMCYNbGaT-aHUOHOM C MocneayioLen
MOHOOBMEHHON OYMUCTKOM OT MPOAYKTOB BOCCTAHOBNIEHUSI OKUCIUTENS! M BCMOMOraTeNbHbIX
Bewects [3]. WccnepoBaHusi B paMkax AaHHOW paboTbl HanmpaBneHbl Ha pa3paboTky
dyHAaMEHTanbHbIX OCHOB W MPaKTUYECKYD peanu3auuio 3N1eKTpOXMMMYEcKoro cnocoba
nonyyeHuns cycnensum MN3A0T-MCC, 3aknoyaroLerocst B reHepauun katmoH-paaumkanos 40T
Ha MOBEPXHOCTU MOPUCTOrO0 aHoAa MPW HEMpepbIBHOW WHTEHCMBHOW MpoKayke Yepes Hero
MONMMEpU3aLMOHHON Ccpeabl, coaepXxalleit nonnaHmoH NCC 6e3 UCronb30BaHUs OKUCIIMTENS.

Bbino npoBeaeHo 3nekTpookucneHve 30T B pacTBope MOAMCTUPONCYb(OKNCIOTbI
(NCCK) Ha paboyeM anekTpoae C OAHOBPEMEHHOM MPOKAYKOM MOMMMEPU3ALIMOHHON cpeabl
yepes Mopbl 3NeKTpoAa C 3aflaHHOM CKOpOCTbto. OCyLLECTBASNCS CUHTE3 cycneHaumn M3A0T-
MCC B crneuuanbHOM 3NEKTPOXMMUMYECKOM SiYeiike C  pas3feNeHHbIMUM  3NEKTPOAHLIMU
MPOCTPaHCTBaMM, Yepe3 aHoA  KOTOpPOM  OCYLLECTBASIETCS  MHTEHCMBHAasi — Mpokayka
NONMMEPU3aLMOHHON cpeabl, CoaepXKalleil MOHOMEP U MOMMaHUOH. Takxke MOMUMMO NPsSIMOro
okucnenns 30T B npucytcteum MCCK 66110 NpoBeAEHO peaoKC-MeanaToOpHOE OKUCTIEHUE
500T B npucytcteum TMCCK u  pepokc-Meamatopa. [lonydyeHHble cycrnieHsun  6biu
OXapaKTepu30BaHbl KOMIMIEKCOM 3/1EKTPOXMMUYECKMNX, MUKPOCKOMUYECKMX W CMEKTpasibHbIX
METOZ0B.

PaboTa BbINosHEHA Npu hMHAHCOBOW noaaepxke ctuneHany MpesvaeHTta PO (CMN-
3317.2019.1).
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Conducting organic materials and coatings based on polyethylene-3,4-dioxithiophene
(PEDQT) are currently a fundamental component of electrochromic coatings, displays,
capacitors, photoelectric converters and a number of other devices, the range of which is
expanding due to intensive scientific research in this area. In most applications, PEDOT is
used as part of a composition with polystyrenesulfonate anion (PSS) [1, 2], and the precursor
for its preparation is an aqueous suspension of PEDOT-PSS, which is a commercially available
product based on the chemical oxidation of a mixture of peroxodisulfate precursors anion,
followed by ion-exchange purification from the products of the oxidant reduction and auxiliary
substances [3]. The studies in this work are aimed at developing the fundamental principles
and practical implementation of the electrochemical method for preparing a suspension of
PEDOT-PSS, consisting in the generation of EDOT radical cations on the surface of a porous
anode with continuous intensive pumping through it of a polymerization medium containing a
PSS polyanion without using an oxidizing agent.

Electrooxidation of EDOT was carried out in a solution of polystyrenesulfonic acid
(HPSS) at the working electrode with simultaneous pumping of the polymerization medium
through the pores of the electrode at a given speed. The suspension of PEDOT-PSS was
synthesized in a special electrochemical cell with separated electrode spaces, through the
anode of which an intensive pumping of the polymerization medium containing the monomer
and polyanion is carried out. In addition to the direct oxidation of EDOT in the presence of
HPSS, a redox mediator oxidation of EDOT in the presence of HPSS and a redox mediator was
performed. The resulting suspensions were characterized by a complex of electrochemical,
microscopic and spectral methods.

This work was supported by a scholarship from the President of the Russian Federation
(SP-3317.2019.1).
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COJTHEYHbIE 9JIEMEHTbI C NOPUCTbIM KPEMHUEM U FPA®EHOM

3axsu A., lNocreBa E.A.
HauuoHanbHbIf ccnenoBaTenbCKUii TexHonornueckuii yumsepeutet (HUTY)
MMUCUC,119049, Poccus, MockBa, JIeHUHCKWi npocnekT, A.4.

E-mail: Ali.zahwy@hotmail.com, gos-3@mail.ru

MopucTbiit kpemuui (MK) - 3TO yHMBEPCANbHBIA HAHOCTPYKTYPHBIM MaTepuan, o6bl4HO
nosyyaembll NyTeM 3MEKTPOXMMUYECKOTO TpaBieHus KkpemHus. HaHocTpykTypHble [K
06nafaloT yaMBUTENbHBIMU OMTUYECKUMM CBOWCTBaMM, TaKUMK Kak CMOCOBHOCTb MOriowaTh
BbICOKYIO 3Hepruio hOTOHOB B CHHEMN 0651acTu cnekTpa 13-3a 60/bLLON WWPWHBI 3anpeLleHHOM
30Hbl (1,2 ~ 3 3B), 4TO AenaeT ero MepcrneKkTUBHbIM MaTepuanioM ANs WCMOMb30BaHWs B
KayecTBe aHTMGIMKOBOTO MOKPLITUS B KPEMHMEBbLIX COJIHEYHbIX 37eMeHTax. Kpome Toro,
CBOWCTBa MOPWUCTOW CTPYKTYPbl MOXHO W3MEHSITb OT CBOWCTB BO34yXa A0 KPEMHUs, B
pesynbTaTe 4ero BO3MOXHO YMpPaBnsTb rokasaTeneM npenoMmneHns u  opMMpoBaTh
CTPYKTYpbl C KOHTPO/IMPYEMbIMKA MapaMeTpaMy aHTUOTPaXaloWwmMx C/I0EB. [paaveHTHas
MOPUCTOCTb  HaHopasMepHoro [MK MOXET KOHTPO/MPOBATbCS MApaMeTpaMu  aHOAHOTO
TpaBfieHUs, M MOCKOSbKY MOPUCTOCTb TECHO CBsi3aHa C rMokasateneM npenomsenus, MK
SIBNISIETCS1 BECbMA MHTEPECHbIM MaTepuanoM Ansi ONTUYECKUX MpUMeHeHuid. [aHHas paboTa
nocesilieHa (OPMUPOBAHUIO MOPUCTOWM  CTPYKTYpbl C  MOCTEMNEHHOW MOPUCTOCTBIO  OT
MaKpOMOpUCTOM 10  MMKPOMOPWUCTOW  CTPYKTYpbl  MOCPEACTBOM  3NIEKTPOXMMUYECKOTO
TpaBfieHus1, koTopoe obecrneumBaeT 04eHb HU3KYIO OTpaXxaTeslbHyl CMOCOBHOCTL B LUMPOKOM
AvianasoHe A/IMH BOJH.

Puc.1. COM nzobpaxeHue ckona MK-Bap CTpyKTypbl MNOMYyYEHHON Ha
MOHOKPUCTANIIMYECKMX NNACTUHaX KPEMHUS C OpUeHTaumMen nnacTuHel: a) 100 n b) 111
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Kpome Toro, rpadeH, MosyyeHHbli XMMUYECKMM OCaXKAEHWEM M3 MapoBOM asbl Npwu
aTMoccepHoM faeneHun (CVD), nNpuvBOAUT K HEOBblYalHOM 3NEKTPUYECKO MPOBOAMMOCTU
(Hu3KOEe yAenbHOe COMPOTUBIIEHWE M BbICOKAs MOABWXHOCTb) AANEKO 3a Npeaenamu Apyrux
METaOB, UCMOMb3yeMbIX B KAUECTBE NEpeAHen CETKM B CONHEYHOM 3neMeHTe. Kpome Toro,
€ro [ByMepHbli XapaKTep C HeobblYalHbIMK OMTUYECKUMU CBOMCTBaMK  (KoadhduUmMeHT
nponyckaHus ~ 98%) No3BONSIET CO3/AaBaTb Gosiee OCBELLEHHblE yYacTkM 6e3 3aTeHeHwsl.
TakuM 06pasoM, uaes 3aMeHbl MeTanna rpadeHoM TaKke paccMaTpuBaeTcsl B AAHHOM
UCCNenoBaHum.

SOLAR CELLS WITH POROUS SILICON AND GRAPHENE

Zahwy A., Gosteva E.
NUST MISIS, 119049, Russia, Moscow, Leninsky Prospekt, 4.
E-mail: Ali.zahwy@hotmail.com, gos-3@mail.ru

Porous silicon (PS) is a versatile, nanostructured material commonly made by
electrochemical etching of silicon. Nanostructure PS have amazing optical properties such as
the ability to absorb high photon energy to blue region in spectrum due to its wide band gap
(1.2~3ev) which makes it a promising window layer in silicon solar cell. Also, the porous
structure consists of air and silicon yielding the variable refractive index which can be applied
as an antireflection coating on the surface of cells. The gradient porosity of nanoscale PS can
be controlled by the etching parameters applied during PS formation and because the porosity
is closely related to the refractive index. PS is a highly interesting material for optical
applications. This research expatiates the formation of a porous structure with graded porosity
from macroporous to microporous structure via electrochemical etching which achieves very
low reflectance over a broad wavelength range.

Pic.1. SEM image of GPSi-var structure c-Si: a) 100 and b) 111

Moreover, graphene made by atmospheric pressure chemical vapor deposition (APCVD)
with honeycomb lattice leads to extraordinary electrical conductivity (low resistivity, high
mobility, and zero band gap) far beyond the other metals used as the front grid in solar cell.
Also, its two-dimensional nature with extraordinary optical (transmittance ~98%) property
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allows more sunlit areas without shadowing. Thus, the idea of replacing the metal with
graphene is also mentioned in this work.

CNCTEMA OCBELLEHMA HA OCHOBE I'IQ,PAHHEﬂbHOVI PABOTbI
DOTOIJTEKTPUHECKUX MOAVJIEN N SNTIEKTPOCETH

Moakonauu A.A., Tuxonos N.B.%, Moctesa E.A.1
'HauymoHanbHblit UCCenoBaTeNIbCKMIA TEXHONOrnYeckmnii ynusepcutet (HUTY)
MUCKC, 119049, Poccusi, MockBa, JIEHMHCKMIA NpocneKT, A. 4.
2PepepanbHoe rocyaapcTBeHHOE GI0AKeTHOe Hay4YHOe yupeXxaeHne
«®epaepanbHbli Hay4Hbli1 arpoMHKeHepHbIi LeHTp BUM», 109456, Poccus, .
MockBa, 1-biit BeluHAKOBCKUIA Np-4, A. 2.

E-mail: Druss-podd2010@yandex.ru

[aHHas paboTa npoBoaunace AN pa3paboTKM  3Heprocbeperaolleil  cMcTeMbl
OCBeLleHMsT Ha oOcHoBe (oToaneKTpuYeckux moaynei (®3M). PaspaboTaHHas cucTeMa
MPUMEHSIETCA ANS OCBELUEHWUS TONbKO B AHEBHOE BPEMS CYTOK MOMELLEHUI C HEAOCTATOYHOM
OCBELLEHHOCTbIO (HanpuMep, oduChbl, KOPUAOPLI, NECTHULLI) U MOMELLEHUI, rae B OCHOBHOM
MCNONb3yeTCs TONbKO MUCKYCCTBEHHOE ocBelleHne (Hanpumep, ntuuedabpvku, cknagel). Mpu
3TOM 3Heprus Anist ux paboThbl BoipabaTbiBaeTcs OT (HOTOSMNEKTPULECKMX MOAYIEN, TEM CaMbIM
3(pdeKTUBHO CHWXas 3HepronoTpebneHune. B cnydasx, Korga reHepaumun sHeprum ot ®3OM
HefOCTaTOMHO AN NWUTaHWS  OCBETUTENbHbIX  MNpUbOpOB, MUTAHWE  aBTOMATUYECKU
OCYLLECTBASIETCA OT 3/1EKTPOCETM 06LUero HasHaueHus, obecneunBasi 6ecnepeboliHyio paboTty
CBETUNbHUKOB. B KauectBe Harpy3ku CUCTeEMbl BbICTYNalOT CBETWU/IbHUKN CO CBETOAUOAHBLIMU
UCTOYHUKAMU CBETa.

B naHHOM paboTe 6blIM NMocTaBneHbl 3a4aun B BUAE pa3paboTKy CUCTEMbI U HarfIsiAHOM
[AEMOHCTpauuM ee paboTbl C Lenblo AasbHEWLMIA AOpaboToK M WUCCIEAOBaHUM B AAHHOM
HanpaBieHnu.

OTAnunTENbHON l-IepTOl\/'I ,U,aHHbIVI CUCTEMbI 4BNFAETCA OTCYTCTBUE aAKKYMYNATOPHbIX
6aTapel, YTo 61aroNpUSTHO CKasblBAETCS Ha SKOHOMMUYECKOM COCTaBSIOWEN BCE CUCTEMBI,
MOCKOJIbKY CTOMMOCTb aKKYMYNSITOPHbIX 6aTapelt Ha cerogHsi Bce elle Bbicoka. OfHUM U3
npenMyLlecTs LlaHHOl\/'I CUCTEMBI 4BNFETCA €€ MPOoCTOoTa, KOTOopas MNO3BONSAET €€ Jerko
BHEAPSATb B CYLLUECTBYIOLLYIO CUCTEMY OCBeLLeHUs. KpoMe TOro, CrIoXHbIE CUCTEMbI 3a4acTyto
0651aaatoT LWMPOKUM hYHKLIMOHAJIOM, HO NMPY 3TOM U MX CTOMMOCTb Takxxe TpebyeT He Manblx
(UHAHCOBBIX BMOXEHWUU. MCXoas U3 3TOro NpOCTble PELIEHUS, OCYLLECTBAAIOLWME OCHOBHbIE
BO3/IOXXEHHbIE Ha HUX (PYHKUMM, 06MadaloT BaXKHbIM MPEMMYLLECTBOM Ha MyTW K LUMPOKOW
MHTErpauuu, B,Cl,OﬁaBOK K TOMy I'IOTpeGVITerIb 6y,qu BbIMIpbIBaTb B LIEHE U HAaAEXHOCTU.

B HacToswmMn MOMEHT Ans  npeanpusTii  cebecToMMOCTb — 3NEKTPO3HEPruu,
BblpaboTaHHOW COMHEYHLIMU 6aTapesiM1 B HEKOTOPbIX PEFMOHAX, KOHKYPUPYET C SHEpPruel ot
3MeKTpoceT obecneunBas 6onee  MpuUBNEKATENbHYID CTOMMOCTb. B 3ToM  CBSsi3u
pa3pa6aTb|BaeMb|e CUCTEMDI ocBelleHnsa nomoryT I'IOTpeGVITe}'IIO SKOHOMUTb Ha
3JIEKTPO3HEPIrnnN, CHMXasa pacxoibl Ha 3NEKTPO3HEPIUIO OT 06me17| CeTu.
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LIGHTING SYSTEM BASED ON PARALLEL OPERATION OF PHOTOVOLTAIC
MODULES AND ELECTRICITY GRID

Podkolzin A.}, Tikhonov P.?, Gosteva E.!
INational Research Technological University MISiS, 119049, Russia, Moscow,
Leninsky Prospekt, 4.
2Federal State Budget Scientific Institution «Federal Scientific Agroengineering
Center VIM»>», 109456, Russia, Moscow, 1st Proezd Veshnyakovsky, 2.
E-mail: Druss-podd2010@yandex.ru

This work was carried out to develop an energy-efficient lighting system based on
photovoltaic (PV) modules. The developed system is used for illumination only in the daytime
of rooms with insufficient lighting (for example, offices, corridors, stairs) and rooms where
mainly artificial lighting is used (for example, poultry farms, warehouses). At the same time,
the energy for their operation is generated from photovoltaic modules, thereby effectively
reducing energy consumption. In cases where the generation of energy from the PV modules
is not enough to power the lighting devices, the power is automatically supplied from a
general-purpose electrical network, ensuring the uninterrupted operation of the lamps. As a
load of the system are lamps with LED light sources.

In this work, tasks were set in the form of developing a system and demonstrating its
work in order to further refine and research in this direction.

A distinctive feature of this system is the lack of batteries, which favorably affects the
economic component of the entire system, since the cost of batteries is still high today. One
of the advantages of this system is its simplicity, which makes it easy to integrate into an
existing lighting system. In addition, complex systems often have wide functionality, but at
the same time their cost also requires not small financial investments. Based on this, simple
solutions that implement the main functions assigned to them have an important advantage
on the path to wide integration, in addition to that, the consumer will win in price and
reliability.

Currently, for enterprises, the cost of electricity generated by solar panels in some
regions competes with energy from the grid, providing a more attractive cost. In this regard,
the lighting systems under development will help consumers save on electricity, reducing
energy costs from the common network.

OB UCMNOJ1Ib30BAHWUN MHOIO®A3HbIX MOBbLILAKOLLUX UMINYJIbCHbIX
MPEOBPA30BATEJIEM B COCTABE CUJ10BbIX YCTAHOBOK U151 3EJIEHOUN
ABMALIUN

BaptoxuH A.H.?, ManawmH M.B.%, MowkyHos C.WU.}, Xomnu B.H0.!, LiepuyHoBa E.A.*
! ®epepanbHoe rocyaapcTeeHHoe 6roMKETHOE yupexxaeHne Haykn «UHCTUTyT
anekTpodun3nkm n anekTpoaHepreTtukn PAH», r. Cankrt-lMetepbypr, Poccus
2 LlenTpanbHblii UHcTMTYT ABMaumMoHHoro Motopoctpoenus um. MN.U. BapaHosa, r.
Mocksa, Poccus

E-mail: eshershunova@ieeras.ru

CerogHsi Bce 6ornblue 3Ha4YeHWe NpuobpeTaeT «3eneHas aBMaums», NPUHLMMbI KOTOPOW
OCHOBaHbl Ha 6anaHCMpOBKE MOLLHOCTU W BpedHbIX BblIbpocoB B aTtmocdepy. CyulecTByeT
HECKOSIbKO MPEUMYLLECTB 3NEKTPOSHEPrMM MO CPaBHEHWIO C 3Heprueil oT ABuratens
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BHYTPEHHEro cropaHus: 3bdEKTUBHOCTb, HAAEXHOCTb, HWM3Kas CTOMMOCTb, HW3Koe
TENNOBbIAENEHNE, HU3KUI YPOBEHb LIyMa, HU3Kas BUOpauMs U T. 4. DNEeKTPOSHEPrusi MOXET
3anacatbCs B aKKyMyNSiTOPHbIX 6aTapesix, CynepkoHAeHcaTopaxX M B TOM/MBHLIX 3N1EMEHTaXx,
BOJIbTAMNEPHasi XapaKTEPUCTMKA KOTOPbIX HeNMHeNHa. Mpu pocTe NoTpebnsieMoro Toka u3
WCTOYHMKA 3MIEKTPOIHEPrMM BO3HWUKAET nNpobnema CTabunmsauum HanpsbkeHus Ha LnHe
MOCTOSIHHOrO HanpsbkeHusl. Kak npaBwno, B aBvaumMu ANs 3TOrO MPUMEHSIIOT MOLUHbIE
UMMyNbCHblE MOBblWAWMe npeobpa3oBaTeniv, a NpobneMy CrnaXwBaHus Nynbcaumii
BbIXOAHOrO TOKa PELLaoT NyTeM MpUMeHEHWUs KoHAeHcaTopoB. OfHAKO eMKOCTHble (UbTPbI
CYLLECTBEHHO YBENMMUMBAIOT BEC KOHCTPYKLMM, YTO MOXET CTaTb KpUTUYECKOW NpobniemMolt Ha
6opTy camoneTa.

Mcnonb3oBaHWe MHorodasHblx npeobpasoBaTenel UMeeT NePCnekTUBY B aBUALIMOHHBIX
3M1eKTPOyCTaHOBKax TaK KaK MO03BOMISIET COKPaTUTb rabapuTbl M Maccy QULTPYHOLWMX
KOHAEHCATOPOB B LUMHAX MOCTOSIHHOMO HanpsbkeHusi. Mcnonb3oBaHMe MHOrogasHoW CXeMbl
yXe [okasano CBoo 3(PGhEKTUBHOCTL NPU MPUMEHEHUM B MOHMDKAIOWMX HU3KOBONBLTHBIX
npeobpaszoBaTensx. OAHUM M3 OCHOBHbIX NPEUMYLLECTB MOHWXAIOLWEro npeobpasosaTens
ABNSETCA YNy4ylleHUe €ro BXOAHbIX W BbIXOAHbIX XapPaKTEPUCTWMK 6Gnarofaps B3auMHOM
KOMMeHcaUmm Nynbcaumii TOKa NPy CIOXKEHWUM BXOAHbIX U BbIXOAHbIX TOKOB OTAENbHbIX (a3,

B paboTe nNpoBEAEHO UWUC/IEHHOE MOAENMPOBAHWE MOBBILAOWErO  UMMYSbCHOMO
npeobpaszoBaTens NoKasano 3aMETHOE YMEHbLUEHWE KaK MysbCalmnii BbIXOAHOMO HaMpsKeHWs,
TaK U TOKa OT MCTOYHMKA NPU MUCMONb30BaHWUKM MHOroasHoM cxeMbl (puc.1).

0.1 1

Vout 401
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Puc.1 3aBUCMMOCTY BEIMUMHBI MYSbCaLMIA BbIXOAHOMO HaNPSDKEHWS U BXOAHOMO TOKA
MMMyJIbCHOTO MOBbILIAKOLEro npeobpasosaTens OT uMcna ero ¢as

PaboTa BbinonHeHa npu noaaepxke Mporpammbl Mpe3nanyma PAH N2 7 "HoBble
pa3paboTky B NEPCNEKTUBHBIX HAaNPABNEHUSX SHEPrETUKM, MEXAHUKN U POBOTOTEXHUKUN>.
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ON THE USE OF MULTIPHASE BOOST CONVERTERS AS A PART OF POWER SYSTEM
IN GREEN AVIATION

Varyukhin A.2, Malashin M., Moshkunov S.!, Khomich V.}, Shershunova E.!
nstitute for Electrophysics and Electric Power RAS, Saint-Petersburg, Russia
2Central Institute of Aviation Motors, Moscow, Russia
E-mail: eshershunova@ieeras.ru

Today green aviation based on balancing power and harmful emissions into the
atmosphere is becoming increasingly important. There are several advantages of electricity
compared to energy from an internal combustion engine: efficiency, reliability, low cost, low
heat, low noise, low vibration, etc. Electricity can be stored in batteries, supercapacitors, and
in fuel cells, but their current-voltage characteristics are not linear. There is an urgent need to
stabilize the voltage on the DC bus with increasing the current consumption from the electric
power source. As a rule, powerful boost converters are used in aviation for this purpose. The
problem of smoothing the output current ripples is solved by using capacitors. However
capacitive filters significantly increase the weight of the converter construction, what can
become a critical problem for an aircraft.

The use of multiphase converters is promising way in aircraft electrical power systems as
it allows to reduce the size and weight of filtering capacitors in DC buses. The use of a
multiphase circuit has already proved its effectiveness when used in buck low-voltage
converters. One of the main advantages of the multiphase buck converter is the improvement
of its input and output characteristics due to the mutual compensation of current ripples when
the input and output currents of the individual phases are combined.

The modeling of a pulse boost converter conducted in the work showed a noticeable
decrease in both ripple of the output voltage and current from the source when using a
multiphase circuit (Fig. 1).

0.1

'

— 4 -3
0y 2 4 6 i 2 4 6

a n

Fig. 1 Dependences of the ripples of the output voltage and the input current of the
boost converter on the number of its phases

This work was supported by the Program of the Presidium of the Russian Academy of
Sciences No. 7 "New developments in promising areas of energy, mechanics, and robotics."
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CUCTEMbI YCKOPEHUA SNEKTPOrMAPOANHAMUYECKUX MOTOKOB HA OCHOBE
PA3SrOHHOro O6bEMHOro KACKAAMPOBAHUA

Pe6poB WU.E.
UHCTMTYT anekTpodunsnkm u anekTposHepretuku PAH, CaHkr-lMetep6bypr, Poccus

E-mail: rbrv.igor@gmail.com

B pabote unccneayoTcs CUCTEMbl YCKOPEHWS 3NEKTPOrMapoANHaAMUYECKUX MOTOKOB Ha
OCHOBE Pa3roHHOr0 06BEMHOMO KaCKaaMpOBaHWUS MyTEM CUMHXPOHM3ALMWU ABUXXEHWUS WOHOB C
MONSIPHOCTBIO YCKOPSIOLLMX 3N1EKTPOAOB, @ TakoKe CUCTEMbI KacKafHOro yCKOpeHusi ¢ 60MbLumMM
KOMIMYECTBOM  MJIa3MEHHbIX 3MUTTEPOB W KOJ/IJIEKTOPOB B KayecTBe  TpaAMLMOHHO
npuMeHsieMbIxX aHanoros [1, 2].

[ns peanu3aumy KackagHoro o6bLEMHOro0 YCKOpeHUs HaMM Co3faHa 3KCnepuMeHTanbHas
yCTaHOBKa, BKtoYalowwas: BbICOKOBONLTHLIM WMCTOYHMK nNWTaHus (MM) Spellman SL2000
NOAK/IOYEH Yepe3 TOoKoorpaHuuMBalowmin pesuctop R HomuHanom 100 kQ k Heckonbkum
nnasMeHHbiM 3MuTTepam (M3) u BXOAY BbICOKOBONBLTHOrO KOMMYTaTopa, (OPMMPYIOLLEro
npsiMOYyronbHble uMnynbcol (BITIN). HanpskeHve Ha Hem nnaeHoO perynuposanock oT 0 o 8
KB ¥ KOHTPONMPOBanoCb Yepe3 BbICOKOBOMBTHBIA Lyn MynbTemeTpoM V. Tok paspsida
nsMmepsancs MukpoamnepmeTpom Al.

CKBaXXHOCTb  MPAMOYrONbHOrO  CUrHana,  4actota  C/lIeAoBaHWd  MMMYSbCOB
perynvMpoBasnach 3aAalowmm reHepaTtopoM 3I. BbICOKOBOMbTHbIE KTtouM Swl, Sw2 paccunTtaHbl
Ha paboyee HanpsbkeHue cBbie 10kB M coctosT M3 8 Moaynel nocneaoBaTenbHO
coeanHeHHbIX IGBT 6e3 cneumanbHbix Lenelt BbIpaBHUBaHWS, YTO COKpalLaeT MmoTepu npu
paboTe Ha BbLICOKMX 4YacTOTax CMeAoBaHUS W MO3BOMAT OTKPbIBATb WM 3aKpbiBaTb €ro 3a
Bpemsi MeHee 100 HC. Mpu MPUHYAWTENBHOM OXNAXAEHUWM TPaH3MCTOPOB Oblna AOCTUIHYTa
pabota ¢ yactotamu nosTopeHust 60 kl'u. Mo pe3ynbTaTtaM UCCnenoBaHUs ABYXCEKLIMOHHOMO
pasroHHOrO0 MOAyNns MOMyYeH MNPOCKOK WOoHoB Ao 70% npu ckBaxHoctn D=0.1. B
pe30HaHCHbIX peXxuMax paboTbl Takas cxema MO3BOAMT MNOBLICUTL 3EMEKTUBHOCTL pPaboTbl
ycTpoiictB dhopMnpoBaHus O[] NoTokoB Ha 30-70%. Takue cuUCTeMbl MOTYT MPUMEHSATLCS ANS
MoBbILIEHUS 3neKTpornapoanHammyeckmx bIA [3, 4].

PaboTa BbINosHeHa Npy dhuHaHCoBOM noaaepxxke POOU 17-08-01409 A.
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SYSTEMS OF ELECTROHYDRODYNAMIC FLOWS FORMATION BASED ON CASCADE
VOLUME ACCELERATION

Rebrov 1.
Institute of Electrophysics and Electric Power RAS, Saint-Petersburg, Russia

E-mail: rbrv.igor@gmail.com

In this work, we study the systems for accelerating electrohydrodynamic flows based on
cascade volume acceleration by synchronizing the movement of ions with the polarity of
accelerating electrodes, as well as systems with a large number of plasma emitters and
collectors as traditionally used analogues [1, 2].

To implement cascade volume acceleration, we created an experimental setup, which
includes: Spellman SL2000 high-voltage power supply (PI) connected through a current-
limiting resistor R with a nominal value of 100 kQ to several plasma emitters (PE) and the
input of a high-voltage switch generating rectangular pulses (VGPI). The voltage across it was
continuously regulated from 0 to 8 kV and was controlled through a high-voltage probe with a
multimeter V. The discharge current was measured with an A1 microammeter.

The duty cycle of a rectangular signal, the pulse repetition rate was regulated by a
master oscillator of the ZG. High-voltage switches Sw1, Sw2 are designed for an operating
voltage of more than 10 kV and consist of 8 modules connected in series by IGBT without
special equalization circuits, which reduces losses during operation at high repetition
frequencies and will allow opening or closing it in less than 100 ns. With forced cooling of the
transistors, work was achieved with repetition frequencies of 60 kHz. Based on the results of a
study of a two-section booster module, an ion slip of up to 70% was obtained at a duty cycle
of D = 0.1. In resonant operating modes, such a scheme will improve the efficiency of devices
for the formation of EHD flows by 30-70%. Such systems can be used to increase
electrohydrodynamic UAVs [3,4].

This work was supported by the RFBR 17-08-01409 A.
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NEPEPACIMPEAENEHUE 3APSI1A NO NOBEPXHOCTU KAK KIFOYEBOW NPOLIECC
®OPMNPOBAHUA OBBEMHON ®OPMbl TOPEHUSAA BAPBEPHOI'O PA3PSIOA

ManawwuH M.B.
N33 PAH, CaHkr-lNetepbypr, Poccus
E-mail: m_malashin@mail.ru

DneKTpUYecKuiA paspsia B rase, KOTOPbI OrpaHUYeH B CBOEM Pa3BUTUM NPUCYTCTBUEM
AM3NEKTPUYECKOro MaTepuasa HasblBaeTCs AManeKTpuyeckum 6apbepHbiM paspsiaom (ABP), n
paccMaTpuBaeTcsl Kak NepcrnekTUBHbIA MHCTPYMEHT Ha OCHOBE HepaBHOBECHOW MnasMbl. s
Pa3nMyHbIX N1a3MeHHbIX MPUMEHEHW HeObX0ANMBI pasHble pexuMbl ropeHust JBP.

TpaAuUMOHHO UCMOMb3yeMble WCTOYHUKM 3SHEpruM C  CUHycouaanbHoW  copmoi
HanpsbkeHus obecneumBaloT AOCTAaTOMHO MeANIeHHOE W3MEHeHMe nons B pa3psaHOM
MPOMEXYTKE MO CPaBHEHUIO CO BPEMEHEM Pa3MHOXEHWS 3/IEKTPOHOB B NlaBUHE (eAMHMUbI
HaHocekyHAa). CnepoBaTenibHO, pa3BUTME NlaBUH MPOUCXOAMT MNPU  HU3KUX  3HAYEHUSX
NpUBEAEHHOr0 3N1EKTPUYECKOro Nons 1, CneaoBaTenibHo, yHKUMS pacnpeaeneHns sHeprm
3NMEKTPOHOB CMelleHa B 06/MacTb HWM3KMX 3SHeprui. MMnynbCHble reHepaTopbl BbICOKOTO
HanpshkeHWs1 MO3BOMSIIOT AOCTUraTb BbICOKMX CKOPOCTEN HapacTaHWus Nonsi B pa3psifHOM
npomexyTke. OkasblBasg BAMSHWE Ha npouecc (OpMMPOBaHWS pas3psaa 3TO MNO3BONSET
nonyyatb o6vemMHyto cdopmy [BP 6e3 ncnonb3oBaHUs NpPeavoHU3aLmMKN Aaxe B Takux rasax,
KaKk BO34yx aTMOCepHOro AaBneHws, Torga Kak Aonroe Bpemsi cuutanocb, 4to [BP B
BO34yXxe MOXeT ObiTb peanu3oBaH TONMbKO B MyfbTUKAHANbHOM pexuMe BCeAcTBue
3NEKTPOOTPULIATESNIBHOCTM KUC/IOpoaa.

COBOKYMHOCTb ~ 3KCMEPUMEHTaNbHbIX ~ UCCNEAOBaHUI,  BbIMOMHEHHbIX  aBTOPOM
COBMECTHO C aHanM3oM paboT KOMfer Mo BCEMY MMPY, U MPUMEHEHWE M3BECTHbIX MOAenen
pasBUTWsI ra30BOro paspsiAa MO3BOJISIOT MPEANIOKUTb MofeNb (OPMUPOBaHWUS OBGBLEMHOI
dopMbl  ropeHus HaHocekyHaHoro [IBP. CornacHo Mogenu, 3Tan  pacnpeaeneHus
3/1IEKTPUYECKOro 3apsaa Mo NMOBEPXHOCTU AM3NeKTpUYeckoro bapbepa SBNSETCS KPUTUYECKUM
takTopom ans dopmmnpoBaHus obbemHoro [BP. 3apsin nepBUYHBIX 3MEKTPOHHbLIX J1aBWH
pacnpocTpaHaeTcs No NoBepxHOCTV Hapbepa. 3TO AenaeT BO3MOXHbIM NepekpbIThe LEHTPOB
WHWULMMPOBaHWSI CTPUMEPHOMO MeXaHU3Ma MOHM3aLMK U NPUBOAUT K (POPMUPOBAHUIO €AMHO
MOHW3aLMOHHOM BOJHbI, PacnpOCTpaHsoWENCs MO  HarnpaBfeHWo K  OTpuuaTeNbHOMY
anekTpoay. Pe3ynbTaTbl 3KCNEpPYMEHTOB C KOHBEPCUEN MeTaHa B [JBP MoKasbiBaloT NMHENHBIN
BbIXOZ MPOAYKTOB Peakumm OT CPefHel MOLWHOCTU, NoAaBaeMoi B paspsij, He 3aBuUCSLUMIA OT
pexwuMa ropeHusi. MNocnegHee He NPOTMBOPEYUT MpeanoxeHHoi mogenu OBP u oTkpbiBaeT
none Ans 3KCNepMMEHTOB, OPUEHTUPOBAHHBLIX HA MUHUMKU3AUMIO BKTada CTaaun obpasoBaHus
[BP, oTBevatoLel nepeHocy 3apsiaa No NpOBOASILLEMY KaHany, Cleayiolyo 3a CTPUMEPHbIM
npo6oeM. 3T0 NO3BONMNO 6bl YMEHbLWUTL pacceMBaHWe SHEPruM 3NEKTPUYECKOro MOoAs Ha
KonebaTenbHbIM WM BpallaTenbHbIi MOSEKYSIPHLIE YPOBHWU WM MPOCTO YMEHbLUMTL Harpes
rasoBoW cpefbl.

Pa6ota BbinonHEHa Npu NogaepXKe Npu NoaAepXKe NporpaMMbl yHAAMEHTANbHBIX
nccnenoBaHuii npesnavyma PAH N27 «®yHaaMeHTanbHble nccnefoBaHus husnko-
TEXHUYECKUX Npobnem aHepreTukn».

197


mailto:m_malashin@mail.ru

SURFACE CHARGE DISTRIBUTION AS KEY PROCESS FOR VOLUME MODE OF
NANOSECOND DIELECTRIC BARRIER DISCHARGE FORMATION

Malashin M.
Institute for Electrophysics and Electric Power, Russian Academy of Sciences,
191186, Russia, Saint Petersburg, Dvortsovaya nab., 18
E-mail: m_malashin@mail.ru

The electric discharge through a gas media which restricted in it's development by
presence of dielectric material across electric field direction is named dielectric barrier
discharge (DBD), and it is concerned as promising tool for non-thermal plasma applications.
For various plasma applications the different modes of DBD are needed.

The conventionally used sine-wave power sources provide slow enough field change
in discharge gap compare to time of electron multiplication in an avalanche (which of
nanosecond time is). Hence, avalanches development acts in lowest values of reduced electric
field (REF) and consequently function of electron energy distribution shifted in low energies
region. The high voltage pulse power generators allow to reach fast enough field rising rate
across discharge gap. It can influence on DBD formation and allows to obtain volume DBD
mode with no preionization use even in such gases like an atmospheric pressure air, whereas
long time it was widely thought that DBD in air can be realized only in multi-filament mode
due to oxygen electronegativity.

The set of experimental researches performed by author together with analysis of he’s
colleagues around world, and application of well-known models of gas discharge development
allow to propose model of volume nanosecond DBD formation. According to the model, the
stage of electric charge distribution across the dielectric barrier surface is critical factor for
volume DBD formation. The primary electron avalanches charge spread across the barrier
surface. It makes possible the streamer initiation centers overlap and form the united
ionization wave which propagates toward a temporally negative electrode.

Nevertheless, experiment results with practical DBD application as a tool for methane
conversion under atmospheric pressure and room temperature demonstrates linear yield
function from mean power deposited into discharge, and does not depend on discharge mode.
The last fact does not contradict proposed model of DBD development and opens field for
experiments oriented onto minimization or transformation one of volume occurred DBD
formation stage which corresponds to charge transfer through conductive channel appeared
after streamer stage of gas breakdown. Minimization of charge transfer stage of DBD could
be reduce dissipation of electric field energy into vibrational and rotational molecular levels or
simply reduce heating of gas media. The outlook consists in more effective gas media heating
(if it is needed for gas molecules collision frequency increasing) from external sources
whereas DBD act as source of high energy electrons that more effective excitation of
electronic levels of gas molecules.

The work was supported by the Presidium of the Russian Academy of Sciences (the
Basic Research Program No.7 “Fundamental research of physical-technical problems of Power
Engineering”).
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KOMBUHWUPOBAHHASA TEXHOJ10IMA NAPLUWAJIBHOIO OKUCJIEHUA NMPUPOAHOIO
FA3A

ManaHuues B.E., ManawuvH M.B.
N33 PAH, CaHkr-lNetepbypr, Poccus
E-mail: VEMalanichev@ieeras.ru

Bbin npoBefeH psiA HayuyHbIX W3blCKaHWK, B MpoLecce KOTOpbIX MCCreaoBancs
KOM6MHMpOBaHHaﬂ TEXHONOrna napunasbHOro OKUCNEHUS NpUpPOAHOro rasa Ansg nosy4vyeHusa
CMECK MOJIEKYNSIPHOrO  BOAOPOAA M MOHOOKCMA yrnepoja (cuHTes-rasa). [Ans 3Tux
uccnenoBaHuiA 6bin co3haH crieumanbHbI SKCNePUMEHTaNbHbIN CTEHA, BKIOYaOWM B Cebst
N1a3MOXUMMYECKUIA peakTop. Takasi TEXHONOrMs npeacTaBnsieT cobolt cnegytowee. CHavana
NpuUpOAHbI ra3 nocTynaeT B 06nacTb 06paboTku 6apbepHbIM paspsgoM. B mpouecce
06paboTku HapabaTblBalOTCA XMMWUYECKU aKTUBHble paaukanbl. [anee obpaboTaHHbI ras
MocTynaet B 06/1acTb NapuManbHOrO OKUC/IEHWS), FAe OH OKWUCMSIETCS KMCIIOPOAOM BO3AyXa.
XUMUYECKMIA COCTaB rasa Ha BbIXOAE M3 peaKkTopa aHasM3upoBascsl C MOMOLLbIO Fa30BOro
XxpoMaTorpada v KBagpyrnosibHOro Macc-CneKTpoMeTpa.

B Tabnuue npvBedeHbl  pe3yfbTaTbl  UCCNeaoBaHMM.  BuaHo,  yTOo  npu
KOMBMHMPOBaHHOM pEXMME KOMIMYECTBO CMHTE3-ra3a Ha BbIXOAe M3 peakTopa 6osblue YeM B
cnyyae 6e3 npeasapuTenbHOM 06paboTkM NpUPOAHOro rasa 6apbepHbIM  paspsiaoM, a
KOJIMYECTBO OCTAaTO4HOIO KUC/IOPOAA M YIEKUCSIONO rasa MeHblLLe.

PEBYJBTHTH aHajIH3a coCTaBa rasa

Hcexomnerit KomOuHupoBanHEIH | Pexxnm Oe3 mpeBapHTeIbHOH
COCTaB raza PeKHM 06paboTkH
02, % 0b. 17.540.1 2.3£0.4 2.240.6
CHs, % 06. 12.3+0.4 0.0 0.0
CO2, % 0b. 0.140.1 7.3£0.5 6.7£0.3
CO, % ob. 0.0 5.240.4 6.0£0.4
Ha, % o6. 0.0 5.5+0.4 6.320.4

Ons  onTUMM3aUMM  3NEKTPOU3MYECKUX  XapaKTepUCTMK,  6biio  MpoBeaeHo
VCCMefoBaHne, B MpOLECCE KOTOpPOro BTOPOM 3Tan

o 10" ] 06paboTku (NapLmarnbHOe OKUCTIEHUE) Bbi UCKITIOYEH.

T Js WccnepoBanock Bo3aeiicTBe GapbepHOro paspsiga Ha

4| H, i | NpUPOAHBIN ras. B npoLiecce 3KCMEPUMEHTOB M3MEHSIICS
5 CpeaHuin yaenbHbl 3HeproBkiaa B paspsa (ot 0 go
=20 } H 3.75 3B/Monekynbl) MNpU  pasHbiX peXxuMax ropeHus
ﬂ* $ paspsga (cM. puc.). Ha puc.: x — 3HayeHuss npu 6onee
0= OHOPOJHOM PEXMME; O — 3HaueHWs Mpu MeHee

v E?!‘,Bf,jn‘.mk;w ¢ OHOPOAHOM PEXWUME; CMOLHbIE JIMHUN — pe3ynbTaTbl
sp annpoKCMMaLMm 3KCNEPUMEHTaNbHBIX AaHHBIX.
C nomowWwblo MPeAnoXeHHOW TexHonoruM 6bin
KOHICHTPAallHH BOAOPOIa nonyyeH OGOMbUKMIA  BLIXOA CUHTE3-rasa YeMm nMpwu
OT BeIIHUHHHI YIeTEHOTO KNaccM4eckoM npoLiecce napumanbHOro OKUCIEHUS.

SHEepProBKIaaa

3aBHCHMOCTE
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Pabota BbinonHeHa npu noaaepxke [lporpammbl lNpesmavyma PAH N2 7 «HoBble
pa3paboTKu B NEPCNeKTUBHbBIX HAaNpaBneHWsIX SHEPreTUKN, MEXaHUKN N POBOTOTEXHUKN».

COMBINED TECHNOLOGY OF NATURAL GAS PARTIAL OXIDATION

Malanichev V., Malashin M.
IEE RAS, Saint Petersburg, Russia
E-mail: VEMalanichev@ieeras.ru

A number of scientific studies were carried out, during which the combined
technology of natural gas partial oxidation was studied to obtain a mixture of molecular
hydrogen and carbon monoxide (synthesis gas). For these studies, a special experimental
stand was created, including a plasma-chemical reactor. This technology is as follows. At first,
natural gas enters the processing area by a barrier discharge. During processing, reactive
radicals are generated. Next, the treated gas enters the partial oxidation region, where it is
oxidized by atmospheric oxygen. The chemical composition of the gas at the outlet of the
reactor was analyzed using a gas chromatograph and a quadrupole mass spectrometer.

The table shows the research results. It is seen that in the combined mode, the
amount of synthesis gas at the outlet of the reactor is greater than in the case without
preliminary treatment of natural gas with a barrier discharge, and the amount of residual
oxygen and carbon dioxide is less.

Gas composition analysis results

The initial composition | Combined Mode without preliminary
of the gas mode treatment
03, % vol. 17.540.1 23+04 2.2+0.6
CHyi, % vol. 12.3+0.4 0.0 0.0
COo, % vol. 0.1+0.1 7.33+0.5 6.7+0.3
CO, % vol. 0.0 52404 6.0+0.4
H:, % vol. 0.0 5.5+0.4 6.3+0.4

To optimize the electrophysical characteristics, a study was conducted during which the
second stage of processing (partial oxidation) was

6= 10" excluded. The effect of a barrier discharge on natural
0 | % gas was investigated. The effect of a barrier discharge
4 - 2 5~ on natural gas was studied. During the experiments,
S . 1 the average specific energy input into the discharge
2 { i % (from 0 to 3.75 eV/molecule) was varied for different
ﬂ l modes of discharge burning (see Fig.). In Fig.: x -
”0 ' : , " 4 values in a more uniform mode; o - values in a less
E e I uniform mode; solid lines are the results of
, eV/molecule X . .

sp approximation of experimental data.
Dependence of hydrogen Using the proposed technology, a greater
concentration on specific synthesis gas yield was obtained than with the classical

energy input partial oxidation process.
This work was supported by the Program of the
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Presidium of the Russian Academy of Sciences No. 7 "New developments in promising areas
of energy, mechanics, and robotics."

PASPABOTKA U UCCZIEAOBAHME KOMMNO3UTHDbIX 3JIEKTPOAOB HA OCHOBE
OKCUAOB NEPEXOAHBIX METAJIJTIOB NS SJIEKTPOXUMUYECKUX YCTPOWCTB:
NCEBAOKOHAEHECATOPA N MUKPOBMOJIOTMYECKOIO TONMNJIMBHOIO
SNIEMEHTA

WBaHoBa A.T.!, Macanosuu M.C.}, 3arpe6enbHbiii 0.A.%, l'y6aHosa H.H.'?, NMaHoBa
r.r.3 ranyweko A.C.3, lnnosa 0.A."**, KpyunHuna U.10.**
1MXC PAH, CaHnkT-TNetep6ypr

2HUL KU NUAD, FaTumHa

3®rBHY A®WU, CankT-NeTepbypr

4CN6IrTNU(TY), Cankr-NMetepbypr

SCN6raTY «JI3TU», CankT-NMeTepbypr

E-mail: agp-13@inbox.ru

Pa3BuTWE 3NEKTPOXMMUYECKMX YCTPOWMCTB, KOTOPble OTHOCATCS K aNibTepHaTUBHbLIM
WCTOYHMKAM 3SHEPrM, CBSI3aHO C MCMOMb30BAHWEM HOBEWLUMX TEXHOMOMMI CUHTE3A HOBbIX
HaHO-, MMWKPOKOMMO3UTHbIX MaTepuanoB. Pa3paboTka 3MeKTPOAKTUBHBLIX KOMMO3WUTHBIX
MaTepuanoB Ha OCHOBE OKCMAOB MEPEXOAHbIX METannoB AN 3SHEpProHaKoNMTENbHbIX
ycTpoiictB  nceBaokoHaeHcaTopoB  (MK),  TOMAMBHBIX ~ 3NEMEHTOB, B TOM  4uc/e
MUKPOBMONOrMYECKMX TOMIMBHBIX 3neMeHToB (MTD) SBNSETCA TEOPETUYECKN U NPaKTUYECKU
3HauUMMOM 3ajaueii. MepcneKkTMBHOCTb NMPUMEHEHUST OKCUAOB MEepPexoaHblX MeTannoB (MnO,,
Fe;03, Co304, NiO3, WO;« 1 ap.) npu pa3paboTke 31eKTPOAKTUBHBIX MaTepuasnoB 3/1IEKTPOA0B
CBsi3aHa C WX OT/IMYHBIMU 3MEKTPOXMMUYECKMMM XapaKTEPUCTUKaMU: BbICOKOW YAEnbHOM
EeMKOCTbI0 UM CKOPOCTb  3apsiia-paspsiia, BbICOKOM KaTalUTUYECKOW —aKTUBHOCTbIO U
[ELUEBM3HOM, @ TalKe C TEXHOMOrMYHOCTBIO Mpouecca WMX MonydyeHus. TeM He MeHee,
3N1eKTPoAbl Ha OCHOBE OKCWMAOB MEPexOfHbIX METANNIOB MMEKT HU3KYIO 3N1EKTPOXUMUYECKYIO
06paTUMOCTb U BbICOKYIO CKOPOCTb camopa3psifa. MoMMMO 3TOro, HeManoBaXHbIM (haKTOPOM,
B/IUSIIOLLMM Ha 3/1EKTPOXMMUYECKME CBOMCTBA 3NEKTPOAHOIO MaTepuana, sIBAsieTcs ero coctaB
N YCNOBMS CMHTE3a 31EeKTPOAKTUBHOIO KOMMOHEHTA.

B cBA3M C 3TMM B nocnegHee BPeMsi MHOMOYMCIEHHbIE MCCNefoBaTeNnbCkue rpynmbl
pa3pabaTbiBaloT ¥ COBEPLUEHCTBYIOT TEXHOMNOMMIO METOAOB XMAKO(DA3HOrO CUHTE3a, U3yyaloT
BAMSIHWE coCTaBa M crnocoba W3roTOBNEHMSI 3NEKTPOAHOrO  MaTepuana Ha  ero
3neKTpoxuMmyeckue nokasatenu [1-3].

B yctHoM poknapge 6yayT npeactaBneHbl COBPEMEHHOE COCTOSIHME W MepcrneKkTUBbI
pa3suTusi MK n MT3 C KOMMO3WUTHLIMU 3MEKTPOAAMM, @ TaKKe pe3ynbTaThl UcCnenoBaHuiA [4-
7] aBTOpOB AoKMaza.

PaboTa BbiNonHeHa npy ¢huHaHcoBoM noaaepxku POOU, npoekt 17-03-01201 (koa
KOHKYpCa «a»)

1. Zhu G.Y, He Z., Chen J., Zhao J., Feng X.M. Et al. Nanoscale. 2014. Vol. 6. pp.
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DEVELOPMENT AND INVESTIGATION OF COMPOSITE ELECTRODES BASED ON
TRANSITION METAL OXIDES FOR ELECTROCHEMICAL DEVICES:
PSEUDOCAPACITORS AND MICROBIOLOGICAL FUEL CELLS

Ivanova A.}, Masalovich M.}, Zagrebelny 0.}, , Gubanova N.'?, Panova G.},
Galushko A.3, Shilova 0.5, Kruchinina I."*
1 Grebenschikov Institute of Silicate Chemistry of Russian
Academy of Sciences, Saint-Petersburg, Russia
2 Konstantinov Institute of Nuclear Physics, National Research Center of Kurchatov
Institute, Gatchina, Russia
3 Agrophysical Research Institute, Saint-Petersburg, Russia
4 Saint-Petersburg State Institute of Technology, Saint-

Petersburg, Russia

5 Saint Petersburg Electrotechnical University "LETI", Saint-
Petersburg, Russia

E-mail: agp-13@inbox.ru

The development of electrochemical devices which belong to alternative sources of
energy is associated with the use of the latest technologies of synthesis of new nano- and
microcomposite materials. The development of electroactive composite materials based on
transition metal oxides for energy storage devices such as pseudocapacitors (PCs), fuel cells
and microbiological fuel cells (MFCs) in particular, is a theoretically and practically significant
target. Oxides of transition metals (MnO,, Fe,0s, Co304, Ni2O;, WO;. 4 etc.) are prospective for
the development of electroactive materials for electrodes owing to their excellent
electrochemical characteristics: high specific capacity and charge-discharge rate, high catalytic
activity and low cost as well as technological effectiveness of their synthesis. However,
transition metal oxide electrodes have low electrochemical reversibility and a high self-
discharge rate. In addition, important factors affecting electrochemical properties of an
electrode material are its composition and the synthesis conditions of electroactive
components.

Hence, numerous research groups have been recently developing and improving the
technology of liquid-phase synthesis methods for the materials and studying the dependence
of the composition and methods on their electrochemical properties [1-3].
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The oral report will cover the current state and prospects of development of PCs
and MFCs with composite electrodes, as well as results of studies [4-7] achieved by the
authors of the report.

This research is supported by the Russian Foundation for Basic Research (RFBR)
(grant 17-03-01201 A.
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MOBbILUEHUE 3®PEKTUBHOCTU PABOTbl OB BEKTOB FrEHEPALINU 3A CHET
BHEAPEHWUA TEXHOJ1IOT'MN MYJNIbTUTEHEPALIMN

Knumenrko A.B., Ara6a6os B.C., Bopucosa I.H.
®rboy BO «HUY «M3U», r. MockBa, Poccus

E-mail: agababovvs@yandex.ru

Pe3ko nepeMeHHble Ce30HHbIE U CyTOUYHble rpacuky NOTpebneHnst 3NEKTPOSHEPTUN U
Tenna npuBOAST K HeobXoAMMOCTM 3KCMyaTauum OCHOBHOTO 060pyaOBaHWs 0ObeKToB
reHepauumM B peXuMax, OTIMYAIOLWMXCS OT HOMWHANbHbIX, YTO MPUBOAUT K MOHMDKEHUIO
apcdekTMBHOCTM UX paboTbl M B UTOre K MOBLILWEHUIO CTOMMOCTU MPOM3BOACTBA
3HEproHoCcUTeNeN.

OavH 13 BO3MOXHBIX CrocoboB obecneyeHns paboTbl 0CHOBHOro o6opyaoBaHust TIC B
pexuMax 65M3KUX K HOMWHaNbHLIM B MEpUOAbl «MpOBafioB» 3MEKTPUYECKOM W TEMoBOW
Harpysok — OpraHu3auusi Ha 3NEKTPOCTaHUMSX KOMMIEKCOB ANsi COBMELLEHHON reHepaumu,
Hapsioy C OCHOBHbIMM LIEHTPasIM30BaHHO MOCTaBASIEMbIMY 3NIEKTPOSHEPrUel 1 TEnoM, Takke
WHBIX 3HeproHocuTenei, HeobxoauMbIX MOTPEOUTENSM ANS OpraHM3auMm TEXHOMOrMYEeCcKUX
MpoLECCOB Ha MPOMBIWEHHBIX MPEANpUSATUSX M UCNONMb30BaHWUS B COUManbHOM cdepe.
TaKvMW S3HEPrOHOCUTENSIMU MOTYT 6bITb XONOA, OKATbIM BO3AYX, CKUKEHHbIN NPUPOAHLIN ras,
BOZOPOA, KUCIOpOZ, asoT M Apyrve. Bolbop A0NONHUTENBHO NPOM3BOAUMBIX SHEPrOHOCUTENEN
AOMMKEH OMpeaensiTbCs XapakTepHbIMU peXxvMaMy paboTbl 91EKTPOCTAaHLMKM U BO3MOXXHOCTSIMU
UX peanusaumu. BHeapeHwe Takoro pofa TEXHMYECKUX PelleHuid OTKpbIBaeT A0CTaTOYHO
HOBOE /151 POCCUICKOM 3HEPreTUKN HanpaBneHne - MyfbTUreHepaLmio.
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Mpu aHanuse TepMoAMHaMUYeCKoW 3(M@PEKTUBHOCTM YCTAHOBOK, TEHEPUPYHOLLMX
SHEPrUi0  Pa3fIMYHbIX  BMAOB, TPAAMUMOHHO WCMOMb3YETCs  SKCEpreTMYeckuin  Meton
TepMOAMHAMMYeckoro aHanusa. KputepueM 3h@EeKTUBHOCTM B 3TOM Cllyyae SBNSiETCS
akcepretudeckuit  KMA. Tpyv  oueHke TepMoavHaMUuecKol 3(@EKTUBHOCTU  CUCTEMbI
SHEProcHabXeHMs NpuY Nepexoae OT pa3AesibHOM K COBMELLEHHON reHepaLmmn NponU3BEAEHHbIX
3HEProHOCUTENEN NPU UCMOMb30BaHUM TEXHOMOMMM MySbTUFEHEPALMM NMPUHUMAETCS Pa3HOCTb
akcepreTnyecknx KM Ane npy COBMELLEHHOM U pa3aenbHOM reHepauusix.

B pesynbtaTe npoBefeHHOro aHanusa nofyveHa QopMmyna Ans  onpeaeneHus
TEPMOAMHAMUYECKON 3(PGHEKTUBHOCTU CUCTEM SHEProcHabXeHWsi Ha 6ase  TexHoMoruu
MynbTUFEHEPALMM MO CPaBHEHWIO C CUCTEMaMM Ha 6ase pasgenbHoM  reHepauuu
NMpoM3BeAEHHbIX 3HEPrOHOCUTENEN, aHanM3 KOTOpOM MokasbiBaeT, 4To 3ddekT oT
UCMONb30BaHUS COBMELLEHHOW reHepauuM MO CPaBHEHUIO C PpasAenbHOM  onpeaensieTcs
pasnnMuMsaMU  yaenbHbIX PacxodoB TOMAMBA Ha MNPOM3BOACTBO 3/1EKTPO3HEPrMM, Tenna u
Npou3BeAEHHbIX SHEPrOHOCUTENEN.

IMPROVING THE EFFICIENCY OF POWER GENERATION FACILITIES THROUGH THE
ADOPTION OF MULTIGENERATION TECHNOLOGY

Klimenko A., Agababov V., Borisova P.
MPEI, Moscow, Russia

E-mail: agababovvs@yandex.ru

Abruptly variable seasonal and daily electricity and heat consumption schedules bring to
the need of the main equipment operating in modes different from the nominal, which
reduces their efficiency and increase the cost of energy production.

One of the possible ways to ensure the operation of the main equipment of the CHP in
modes close to nominal during off-peak load periods is the organization of power plants for
combined generation, along with the main centrally supplied electricity and heat, as well as
other energy carriers necessary for consumers to organize technological processes in
industrial enterprises and use in the social sphere. Such energy carriers can be cold,
compressed air, liquefied natural gas, hydrogen, oxygen, nitrogen and others. The choice of
additionally produced energy carriers should be determined by the characteristic modes of
operation of the power plant and the possibilities of their implementation.

The introduction of such technical solutions opens up a new direction for the Russian
energy sector - multigeneration.

The exergy method of thermodynamic analysis is traditionally used in the analysis of the
thermodynamic efficiency of plants generating energy of various types. The criterion of
efficiency in this case is exergy efficiency. When evaluating the thermodynamic efficiency of
the power supply system during the transition from separate to combined generation of
produced energy carrier accepted difference exergy efficiency Ane. at combined and separate
generations.

In the result of the analysis obtained a formula to determine the thermodynamic
efficiency of power supply systems based on the technology of multigeneration. The analysis
of this formula shows that the effect of the use of combined generation in comparison with
separate generation determined by the differences in specific fuel consumption for production
of electricity, heat and produced energy carrier.

204


mailto:agababovvs@yandex.ru

MATEPWAJ1bl HA OCHOBE NOJIMMMMNAOB A1 NTPUMEHEHNA B SQHEPTETUKE

Eropos A.C., UBaHoB B.C., borgaHosckas M.B., Anekcanpposa [1.C., UBaHoB E.B.
®ryn «MHCTMTYT XMMUUYECKMX PEaKTUBOB U 0CO60 YMCTbIX XMMUUYECKNX BELLECTB
HaumoHanbHOro nccnefoBaTeNnbCcKoro LeHTpa «KypuaTtoBckuii MHCTUTYT», MOCKBa,
Poccus
E-mail: egorov@irea.org.ru

MonuuMnaHble MaTtepuansl (PUcyHok 1) 0611aAaloT psAOM YHUKaNbHBIX CBOWCTB U
3 EKTUBHO NMPUMEHSIIOTCS B 3NIEKTPOTEXHWUKE U PaAMO3MIEKTPOHUKE, aBUALIMOHHOW, PaKeTHO-
KOCMWYECKOI U B fip. OTPAC/SX NMPOMbILLIEHHOCTY, TaK KaK MOFYT CYLLECTBEHHO CHU3UTb BEC U
rabaputbl U3Aenusl, MOBLICUTb WX HAAEXKHOCTb, YAENbHYD MOLWHOCTL M paboudyio

=0
Ty

PucyHok 1. InemMeHTapHoe 3BeHO nonmMuMmaHon MaTpuubl (Ry 1 R, — Kak npasuio
apomaTunyeckue)

Hawa nabopaTtopusi 3aHMMaeTcsl pa3paboTKOM pasnMuHbIX MaTepuarnoB (JlakoB, Mpecc
MOPOLUKOB, TEHOK, MOKPbLITUI) Ha OCHOBE MOMMUMUAHON MaTpuubl C BO3MOXHOCTbIO
HarMoNHEHNs HaHOPa3MEPHbLIMU U HAHOCTPYKTYPUPOBAHHLIMW HaMONHUTENSAMU, TakKUMU Kak:
yrnepogHble HaHOTPybKkm, rpadwmT, kapbua kpemHus u ap. PaspabaTbiBaeMblie NOANMMMUAHbIE
MaTpuubl SBASIIOTCS aHanoraMm TakMx Matepuanos kak MNM-1, NMM-67, NM-69 (CCCP), Kapton,
Skybond 705, Vespel (CLLA)

MaTtepuanbl MOryT ObiTb NPUrogHbl ANS CO34aHWS 3alMTHBIX B TOM 4ucie OT
3MIEKTPOMArHUTHBIX W3MyYEHWA, MOKPbLITWUN; ANS CO34aHMSI Pa3NUYHbIX W34ENWiA, METOAOM
npsiMoro npeccoanusi npu Temnepatype 380—400°C 1 MoryT 6bITb MCNOMb30BaHbI B KaYeCcTBe
CBSA3YIOLUMX (MATPUUHBIX CMOM) ANSt KOMMO3WULMOHHBLIX MaTepuasos.

OCHOBHblE MpeuMyLLEeCTBa MOMyYaeMbIX U3AENUI SBASETCS YCTOMUMBOCTb Ha BO34yXe
6e3 rnoTepy CBOWCTB MpU B TeMnepaTypHOM AuanasoHe oT -150°C go 500°C, Bbicokast
CTOVMKOCTb K KPaTKOBPEMEHHOMY [AEWCTBMIO CBEPXBLICOKMX TeMMepaTyp, CTOMKOCTb K
AJTENbHOMY BO3AENCTBMIO TeMrepaTyp Bbilwe 250 °C, yCTOMYMBOCTL Mpu aAedopMaumsx B
TOM 4yucne nocne ANUTENbHOMO CTapeHust NMpy MOBBIWEHHbIX TeMmnepaTtypax. [MonMMuaHbie
MaTepuanbl He MoABEpPraloTcs BO3AEMCTBMIO GOMbLUMHCTBA PacTBOpUTENEN, arpecCUBHbIX
cpefi, NOHU3MPYIOLLEro U3SyyeHus.
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POLYIMIDE — BASED MATERIALS FOR USE IN ENERGY INDUSTRY

Yegorov A., Ivanov V., Bogdanovskaya M., Aleksandrova D., Ivanov E.
FSUE «Institute of Chemical Reagents and High Purity Chemical Substances of
National Research Centre «Kurchatov Institute», Moscow, Russia

E-mail: egorov@irea.org.ru

Polyimide materials (Figure 1) have a number of unique properties and are effectively
used in electrical engineering and radio electronics, aviation, space and other industries, as
they can significantly reduce the weight and dimensions of the product, increase their
reliability, specific power and operating temperature.

fopot

Figure 1. The elementary link of the polyimide matrix (R; and R2 are usually aromatic)

We developed production technology of various materials (varnishes, press powders,
films, coatings) based on a polyimide matrix with the possibility of filling with nanoscale and
nanostructured fillers, such as: carbon nanotubes, graphite, silicon carbide, etc. The
developed polyimide matrices are analogues of such materials as PM-1, PM-67, PM-69 (USSR),
Kapton, Skybond 705, Vespel (USA).

Materials may be suitable for creating protective coatings, including electromagnetic
radiation, to create various products by direct pressing at a temperature of 380-400°C and
can be used as binders (matrix resins) for composite materials.

The main advantages of the materials are stability in air without loss of properties at a
temperature range from -150 © C to 500 ° C, high resistance to short-term action of super
high temperatures, resistance to long-term exposure to temperatures above 250 °C,
resistance to deformation, including after prolonged aging at elevated temperatures.
Polyimide materials are not exposed to most solvents, aggressive media, ionizing radiation.
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FER-ITMO-LETI COLLABORATION ON ARTIFICIAL ELECTROMAGNETIC
STRUCTURES

1Silvio Hrabar, 2Belov P., 3Kholodnyak D.
1FER, Zagreb, Croatia
2ITMO, Saint Petersburg, Russia
3LETI, Saint Petersburg, Russia

E-mail: Silvio.Hrabar@fer.hr, belov@metalab.ifmo.ru,
Dmitry.Kholodnyak@mwlab.spb.ru

One among the most active research areas in radiofrequency and optical engineering is
a field of artificial electromagnetic structures [1]. Related applications span from miniaturized
antennas, waveguides, and cavities to artificial electromagnetic surfaces for wave
manipulation, lenses and even optical analog computers.

Faculty of Electrical Engineering (FER) (Croatia), National Research University of
Information Technologies, Mechanics and Optics (ITMO) (Russia), and Electro Technical
University (LETI) (Russia) have a long-standing and fruitful collaboration in this area. This talk
will cover two recent examples of above-mentioned joint efforts and highlight some future
research activities.

A first example deals with metatronic structures that attempt to bring a mature concept
of electronics to the optical frequencies [2]. Briefly, a conduction current (widely used in
classical electronics) is replaced with a displacement current that is predominant in the optical
regime. To this end, an ordinary metallic wire is replaced with so-called ‘D-dot wire’ that
guides a time derivative of a flux of D vector. This basic concept was previously investigated
experimentally at FER [3]. Recently, in the frame of FER-ITMO collaboration, we extended
above concept to the magnetic field by introduction of a ‘B-dot wire’. After initial analytical
and numerical investigation, we designed a scaled prototype of several ‘B-dot-based’
networks. A near-field scanning of magnetic field (performed at ITMO) revealed behavior that
is fully consistent with simulations. Achieved results could lead to the novel type of antennas
based on magnetic currents

A second example investigates feasibility of use of non-Foster elements in
impedance inverters for RF filtering structures [4]. As an example, a stable band-pass non-
Foster capacitor, that suppresses occurrence of an unstable DC pole, was developed at FER
[4]. Currently, we are using it as a basic element of T-type of broadband impedance inverter,
previously anticipated by LETI group. Preliminary results have shown possible to construct a
stable impedance inverter than operates within a bandwidth of two octaves. In the next step,
we plan to use a band-pass negative capacitor in recently proposed time-varying systems for
accumulation of a large amount of energy [5].

In the future, we envisage exchange of several PhD students and postdocs, working
in this area in Zagreb and Saint Petersburg. We also plan to extend the FER-ITMO and FER-
LETI collaboration to several other groups and apply for joint EU funding. This will lead to the
first European project in the field of active EM structures.

References:
1. S. Tretyakov, A. Urbas, N. Zheludev, ‘The century of metamaterials’, Journal of
Optics, Volume 19, Number 8, 2017
2. N. Engheta, ‘Circuits with light at nanoscales: Optical nanocircuits inspired by
metamaterials. Science, No 317, 2007
3. B. Okorn, S. Hrabar, J. Sancho-Parramon, A. Peric, ‘Streamlined flow of
displacement current...’, 2016, Proc on Metamaterials 2016
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Hrabar, ‘First ten years of active metamaterial structures with 'negative'
elements” EP] Applied Metamaterials Journal, vol. 5, no. 9, 2018

M. S. Mirmoosa, G. A. Ptitcy, V. S. Asadchy, and S. Tretyakov, ‘Time-varying
reactive elements ..., Phys. Rev. Appl., vol. 11, no. 1, pp. 014 024:1-10, Jan.
2019
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CEKUMA 3 : UHOOPMALIMOHHO-KOMMYHUKALIMOHHBIE TEXHOJIOTUM. /
SECTION 3 : INFORMATION AND COMMUNICATION TECHNOLOGIES.

NMH®OPMALUNOHHO-KOMMYHMKALIMOHHBIE TEXHOJ10T B ®OPMUPOBAHUN
MOJIOXXUTEJ/IbHOIO OBPA3A POCCUMNCKOWN ATPAPHOU HAYKU U NPAKTUKH

AywkuHa M.P.
MocKoBCKMIA roCyAapCTBEHHbIN NCMXOJI0ro-nefarornyeckuini yHuBepcurer

E-mail: dush.mr.2019@gmail.com

Poceust uctopuyeckn Beerga 6bima He TONMbKO HayYHO-UHAYCTPUAnbHOM, HO U BENMKOM
arpapHoii AepXaBOi W CerogHs OHa CHOBa BbIXOAWT Ha rMepedoBble pybexu B 3TOM
HamnpaBneHWn pas3BUTUS. BnacTHbIMKM CTPYKTypamu, CENbXO3MNPOU3BOAUTENSMU, YHEHbIMU-
arpapvsiMv 1 CneumanncTamMm U3 CMeXKHbIX 06iacTell Hayku U NpakTuku PO BefeTcs akTUBHas
W nocnepoBaTenibHas paboTa Mo BO3BPALLEHUIO YTPAYEHHbIX MO3ULMIA U BbIXOZy B NvAepbl
MeXAyHapoaHOro pbiHka [2]. B aTux ycnoBumsix 0CO6eHHO BaXXHbIM CTaHOBUTCS (hOpMUpOBaH1e
MOMOXMUTENbHOTO 06pa3a POCCUICKON  CEeNbCKOXO3SIMCTBEHHOMW HayKW, paBHO Kak W
MH(OPMUPOBaHME MOTEHLMANbHBIX WMHBECTOPOB O pe3ysbTaTax HayuYHbIX WCCNeAoBaHWiA U
Hay4HO-NpaKkTuyecknx paspaboTok. Kakue 6bl TUTAHMYECKME YCUNIMS HU NPUKIaabIBanv
npoussoauTeny, Kak 6bl MX HU NOAAEPXKMUBANO rocyAapcTso, 6e3 NpoaBUXKEHNs, nNponaraHabl
UX JOCTVKEHUI U YCMEXOB Ha 3TO NnouBe, 63 co3aaHWsi NONOXKUTENBHOrO UMUAXKA arpapHoOK
oTpacnm Poccuu B rnasax LIMPOKOW OBLECTBEHHOCTM, B TOM u4UC/e, MeXAyHapoaHou,
NpVBNEYEHNE MHBECTVULMIA B STOT NEPCTIEKTUBHBIN pearnbHbIi CEKTOP SKOHOMUKM HEBO3MOXHO.

A MoTOoMy K MporpaMMaM pasBUTUS [AaHHOW OTPac/M AO/MKHbI MOAKIYATECS U
CNeumanvcTbl MeXANUCUMMINHAPHBLIX HanpaBieHui, B YaCTHOCTW, MapKeTOMori, peknamMucTbl,
npodeccroHanbl B 061acTv CBs3ei € 06LECTBEHHOCTbLIO, Ubell BaXKHOW 3aaayel CTaHOBUTCS
pa3paboTka  CUCTeMbl  MPOABWXEHUS,  MApKETWHIOBbIX  KOMMYHWKALMKA,  CMOCOGHbIX
NO3VUTMBM3UPOBaTb 06pa3 POCCUICKON arpapHOW Hayku U NpakTuku. MpuyeM, peyb MAET O B
MO3UTMBHOM BOCTPUSITUM KaK LUIMPOKOM ayAuTOpWUM, Tak W LEeneBon rpynmnbl NOTEHUMANbHbIX
MHBECTOPOB, TOTOBbIX COTPYAHWYaTb C POCCUICKUMM arpapusiMi, NpakTUKaMu, YydeHbIMu,
BMACTSIMKU, NPeAnpusTUsMM Bcex popM CoBCTBEHHOCTU. DakTUYECKW, Mbl TOBOPUM O CO3AaHUU
U npoaBuxeHnn 6peHaa «Poccusi BLICOKMX TEXHONOMMIM - arpapHasi», O MO3WULMOHMPOBAHUK
COBpEMeHHON P® Kak yCMewHOoN Hay4yHO-TEXHUYECKOW M CENbCKOXO3SIMCTBEHHOM CTpaHbl,
CnocobHoi 3¢hEKTUBHO KOHKYPMPOBaTb C BEAYLUMMM MUPOBLIMM AEPXXaBaMuM B 3ToW obnacTy.

Tonbko BbICTpouB cucteMy MMK, npoBeasi pebpeHAMHr WM PecTalfiMHI, Mbl CYMEEM
[OBUTbCA  MpUBMIEYEHNS  CEepbe3HbIX OU3HEC-MHBECTUUMI, KaK WHOCTPaHHbIX, Tak MU
OTEYECTBEHHbIX, B [AaHHYI0 NepCcrneKkTUBHYK cdepy AesTenbHOCTU. 3Ta uenb TeM 6onee
AOCTMXKMMA, UTO peyb He UAET O CO3AaHWUM HoBOro 6peHaa, 6o HaM ecTb, Ha YTO onepeTbCst
UCTOpUYECKM, Bedb Kak arpapHas AepaBa-3KkcropTep, Poccusi uMeeT MHOroBeKOBYHO
Tpagvumio, 06HOBUTL KOTOPYIO, aKTyanu3uWpoBaTh, 3ajaya peanbHasi U BbiNofHUMas. HyxHo
NVWb MpUBMEKaTb K peanusaumy  MeXAUCUMMIMHAPHbIE CWMbl, OT  YYeHbIX-arpapues,
61onoros, OGMOTEXHOMOIOB, FEHETMKOB, CENEKUMOHEPOB, MOYBOBEAOB, arpoHOMOB, [0
UCTOPMKOB M CMeuManuctoB Mo MapKETUHIOBbIM KOMMYHWKALMsIM, pekfame, CBA3SM C
06LLecTBeHHOCTbIO, 6peHanHTy. Tonbko NpoekTHas paboTa koMaHAbl NpoheccroHanoB Bceraa
Aaet TpebyeMble CTpaHe v oTpacnu pesynbTaThl [3].

209


mailto:dush.mr.2019@gmail.com

CylleCTBEHHbIM  MOMEHTOM 3[eCb SIBMSIETCA  MPOBEAEHME  LIMPOKOMACLUTabHbIX
MapKETUHIOBbIX UCCIIEA0BaHMIA pbiHKa, MOTPEBUTENBCKOrO 1 TOBAapHOrO, Kak OTeYECTBEHHOIO,
TaKk W MEXAYHApOAHOro, MpUYeM, WCCNEA0BaHUA He TOMbKO KOMIMYECTBEHHLIX, HO W
KaQueCTBEHHbIX. Hay4HO 060CHOBaHHbIE METOA0MOMMYECKU U METOAMYECKU, C UCTIONb30BAHNEM
COBPEMEHHOTO ~ WMHCTPYMEHTapusi,  pa3paboTaHHble U WCMONMHEHHbE  KOMaHAOW
npodeccoHanoB M3 pasHbiX O6MacTeli Hayku WM MpaKTUKK, KAYecTBEHHblE MAPKETUHrOBble
UCCNEeNOBaHMS  MOBEAEHUSt  MOTpebuTeneii:  BOCNPUSTUS, NPEAnoYTEHUH,  OXMAAHWUM;
3KCMEPTHbIX OLIEHOK; Hapsay C KOHKYPEHTHbIM aHaiM30M M UCCEAOBAaHUSMU pblHKA —
CrocoBHbl  MOC/YXUTb OCHOBOW ANsi pa3paboTKM MporpaMMbl MPOABMXKEHUS, KOMM/eKca
WHTErPUPOBAHHbLIX ~ MapKETUHIOBbIX KOMMyHMKauuid M PR-nnaHa [1].  MpuBnedenve
MHBECTULMIA B MepCreKTUBHbIA CEKTOP CeNbCKOro Xo3sicTea P®, nocpeacTBOM MapKeTWHra
TeppuTOpUii M BpeHAMHra — 3ajadva NepBOOYEpPeaHOi BAXXHOCTM, YYacTBOBATb B pELUEHMM
KOTOPOW PaBHO OTBETCTBEHHO U MOYETHO.
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INFORMATION AND COMMUNICATION TECHNOLOGIES IN THE FORMATION OF A
POSITIVE IMAGE OF RUSSIAN AGRICULTURAL SCIENCE AND PRACTICE

Dushkina M.
Moscow State University of Psychology & Education

E-mail: dush.mr.2019@gmail.com

Historically, Russia has always been not only a scientific and industrial, but also a great
agrarian power, and today it is again entering the frontiers in this direction of development.
Power structures, agricultural producers, scientists, agrarians and specialists from related
fields of science and practice of the Russian Federation are actively and consistently working
to regain lost ground and become leaders in the international market [2]. Under these
conditions, the formation of a positive image of Russian agricultural science, as well as
informing potential investors about the results of scientific research and scientific and practical
developments, becomes especially important. No matter what titanic efforts manufacturers
make, no matter how they are supported by the state, without promotion, propaganda of
their achievements and successes on this basis, without creating a positive image of the
agricultural sector of Russia in the eyes of the general public, including international,
attracting investment in this promising the real sector of the economy is impossible.

And therefore, interdisciplinary specialists should also be involved in the development
programs of this industry, in particular, marketers, advertisers, and public relations
professionals whose important task is to develop a system of promotion and marketing
communications that can positively image the Russian agricultural science and practice.
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Moreover, we are talking about the positive perception of both a wide audience and the target
group of potential investors willing to cooperate with Russian farmers, practitioners, scientists,
authorities, enterprises of all forms of ownership. In fact, we are talking about creating and
promoting the brand “High-tech Russia - agrarian Russia”, about positioning the modern RF as
a successful scientific, technical and agricultural country, able to compete effectively with
leading world powers in this area.

Only having built the IMC system, having carried out rebranding and restyling, will we
be able to achieve the attraction of serious business investments, both foreign and domestic,
in this promising area of activity. This goal is all the more achievable because we are not
talking about creating a new brand, because we have something to rely on historically,
because as an agrarian exporting power, Russia has a centuries-old tradition, to renew which,
to actualize, is a realistic and feasible task. It is only necessary to involve interdisciplinary
forces in the implementation, from agricultural scientists, biologists, biotechnologists,
geneticists, breeders, soil scientists, agronomists, to historians and specialists in marketing
communications, advertising, public relations, and branding. Only the design work of a team
of professionals always gives the results required by the country and industry [3].

An essential point here is conducting large-scale marketing research of the market,
consumer and commodity, both domestic and international, moreover, research not only
quantitative, but also qualitative. Scientifically substantiated methodologically and
methodologically, using modern tools, developed and executed by a team of professionals
from various fields of science and practice, high-quality marketing research of consumer
behavior: perceptions, preferences, expectations; expert evaluations; along with competitive
analysis and market research, they can serve as the basis for developing a promotion
program, a set of integrated marketing communications and a PR plan [1]. Attracting
investment in the promising agricultural sector of the Russian Federation through territorial
marketing and branding is a priority task, to participate in the solution of which is equally
responsible and honorable.
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OBY4EHWE BO3MO)XHOCTAM UCKYCCTBEHHOIO UHTEJUJIEKTA A1
MPUNOXXEHNN UHTEPHETA BELLEWN

Kop3yn A.)K.
MeTpo3aBoackuit rocyaapcTBeHHbin yHuBepeuteT (MetplY), Merpo3aBoack, Poccus
E-mail: dkorzun@cs.karelia.ru

Habniogaemas uudposmsaums obliectBa M SKOHOMWKM MNoApasyMeBaeT nepesBod B
umdpoBoii dopMaT U UCMONb30BaHWE [AaHHbIX M3 cneaytowmx Tpex "mupos" [1]: a)
MHDOPMALMOHHBIM  MUP  (HaKOM/EHHbIE YENOBEKOM 3HaHus); 6) dusndyeckuini  mMup
(uHdopMaums oT "Beluen" BOKpYr YenoBeka); B) coumanbHbi MMp (OBLLECTBO M 3KCNEpPTHbIE
3HaHMs 4Jenoseka). CnusiHMe [aHHbIX M3 3TUX MUPOB 0b6ecneynBaeTcsl TEXHONOrUSMM
WHTepHeTa Belel. CUCTEeMbl MCKYCCTBEHHOrO WHTeNNieKTa 06ecrneunBaloT  U3BNEeYeHUst
nHdOPMaLMK 13 3TUX 6OMbLUNX A@HHBIX MPUBOAWT K CO3A4aHMI0 LMGMPOBLIX CEPBUCOB, KOTOPbLIE
BbIMOJTHAOT POJib MHPOPMALMOHHBIX aCCUCTEHTOB MpY peLleHnn YenoBekoM 3aaad. MpuHaTue
pELIEHWIA Ha OCHOBE aBTOMATUYECKM M3B/eKkaeMol MHGOPMaLMK OCTAeTCs 3@ YEIOBEKOM.

MoaroTtoBka kaapoB Ans pa3paboTknm uMdpoBbIX CcepBucoB TpebyeT apanTaumm
obpa3oBaTenbHblX nporpamM [2]. PaccmaTpuBaeTcs crefyiollas KOHUEnuus U3 4YeTbipex
TEMATUYECKUX  Mofyniel, OTpaxaeMmblX B  MPOPWUbHLIX  YY4eBHbIX  AMCUMMAMHAX
obpazoBaTesibHOW NPorpamMMmbl.

Mogynb 1. MobunbHble TEXHOMOTMM W MOBCEMECTHble BbluMcieHns. OCBOeHue B
COBPEMEHHbIX NMApPaaurM BbIUMUCTEHWA.

Moaynb 2. BonbluMe AaHHble M MHTENNEeKTyasbHbl aHanM3 AaHHbiX. OCBOeHWe
TEXHOMOMMI MOHUTOPUHIA, cBopa AaHHbLIX W U3BNEYEHNS MHDOPMaLM.

Moaynb 3. VIHTennekTyanbHble MpOCTpaHCTBa. OCBOEHWE TEXHOMOTUI OpraHW3aumum
COBMECTHOIO MCMO/b30BaHUSI PECYPCOB BbIYNCTTUTENBHOMN Cpefbl.

Moaynb 4. BupTyanbHasi U AOMNOSIHEHHAs peanbHOCTU. OCBOEHME TEXHOOMMIA LindpoBoit
BMPTyanu3aums NpoLeccoB pelueHns 3asau.

Ba)kHbIM CBOWCTBOM SIBNSIETCS] WCTONB30BAHWE MPUMEPOB M3 BbIMOMHAEMBIX Hay4HbIX
NMPOEKTOB M pa3paboToK, Ha KOTOPbIX MOKa3blBaOTCS KaK BO3MOXHOCTU MPUMEHEHMUS, TaK U
OTKpbITble NpPOBMeMbl, CBsi3aHHble C pasBUTUEM TEXHONOMMA MWHTEpPHETA Bewel U
WCKYCCTBEHHOTO WHTennekTa. B kauvecTBe pedepeHTHbIX nNpeasiaraeTtcs MCrnonb3oBaTb
crefylowme NpUNoXEHUs WHTEpHETa Bellel: a) UMbpOoBble OKPYXXEHWsI COBMECTHOM
AeSTeNnbHOCTY Ntoael; 6) 3aAaumn U3ydeHust KyNbTypHOrO Haceams U 3NIEKTPOHHOO Typu3Ma;
B) MO6W/IbHOE 3ApaBOOXPaHEHNE M NOAAEPXKKA 340POBOro 06pasa XWU3HK; I) NPOMbILLIEHHbI
WHTepHeT.

KoHuenuusi uccnepgyetcs Ha npuMmepe nporpamMmbl  Maructpatypbl  "MpuknagHas
MaTeMaTuka u nHdopmaTmka" B MetplyY. [donyckaetcs obyyeHMe NpUrnalleHHbIX CTYAEHTOB,
Koraa npodunbHble AUCUMMIMHBI OCBaUBAIOTCS B paMKax CE30HHbIX LIKOA. YacTb yyebHbIX
3/IEMEHTOB OCBaMBaETCA B paMKax KOHdepeHuuit B ¢opMaTe TPEHWMHIOB M XaKaTOHOB C
NpuUBEYEHNEM BHELLIHWNX 3KCNEpPTOB.

[oknaa NoaroToB/eH B paMkax peanu3aumu MNporpamMMbl pa3BuTHsSi ONOPHOrO
yHuBepcuTeTa ans Metply Ha 2017-2021 rr.

1. Korzun D., Balandina E., Kashevnik A., Balandin S., Viola F. Ambient Intelligence
Services in IoT Environments: Emerging Research and Opportunities. IGI Global, 2019. 199p.
2. KopsyH A.)XK. O6yyeHne Bo3MOXHOCTSM MHTepHETa BeLLEeN 1 UCKYCCTBEHHOIO

WHTenneKTa An1s 3agady passutusi UMdpoBoro o6LiecTsa U UMb poBOi SKOHOMUKM [/
MaTtepuansl XVII oTkpbITOl Beepoccuiickoit koHbepeHumn «MpenogaBaHne MHPOPMALIMOHHbIX
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TexHonorui B Poccuitckont ®epepaunmn» / WML, HIY. - Poccus, HoBocubupck, 2019. - C.162-
164.

EDUCATING THE OPPORTUNITIES OF ARTIFICIAL INTELLIGENCE FOR INTERNET
OF THINGS APPLICATIONS

Korzun D.
Petrozavodsk State University (PetrSU), Petrozavodsk, Russia

E-mail: dkorzun@cs.karelia.ru

The observed digitalization of society and economy transforms the data from the
following three "worlds" into digital format [1]: a) the information world (accumulated human
knowledge); b) the physical world (information from "things" around people); c) the social
world (society and human expertise). Data fusion of these worlds is supported by Internet of
Things (IoT). Artificial intelligence (AI) supports information extraction from these big data
and construction of digital services that act as information assistants in task solving by human.
Nevertheless, human is responsible for final decision making based on the automatically
extracted information.

Training high-quality specialists in digital services development requires adaptation of
educational programs [2]. The following concept of four thematic modules is considered to
profile the IoT- and Al-related study disciplines.

Module 1. Mobile Technology and Ubiquitous Computing. Mastering in modern
computing paradigms (e.g., cloud, fog, and edge computing).

Module 2. Big Data and Data Mining. Mastering in system monitoring, data collection,
and information extraction (e.g., data fusion and knowledge reasoning).

Module 3. Smart Spaces. Mastering in system engineering for distributed resource
sharing in edge computing environments (e.g., cooperative service construction).

Module 4. Virtual and Augmented Reality. Mastering in digital process virtualization (e.g.,
making a physical object interactive to the user).

An important property is the use cases from ongoing research and development projects
to show both the new possibilities and open problems of applying Al to IoT. We consider the
following IoT applications: a) digital collaborative work environments; b) services for cultural
heritage studies and e-tourism; c) mobile healthcare and wellbeing; d) Industrial Internet
(smart factory, Industry 4.0).

The concept is applied to the MSc educational program "Applied Mathematics and
Computer Science" in PetrSU. Invited students are allowed; they are mastering in the core
subjects during seasonal schools. Some training elements are mastered based on conference
work in trainings and hackathons.

The work is implemented within the Government Program of Flagship University
Development for Petrozavodsk State University (PetrSU) in 2017-2021.

1. Korzun D., Balandina E., Kashevnik A., Balandin S., Viola F. Ambient Intelligence
Services in IoT Environments: Emerging Research and Opportunities. IGI Global, 2019. 199p.

2. Korzun D. Educating the Internet of Things and Artificial Intelligence for Needs of
Digital Society and Digital Economy. In Proc. XVII Open all-Russian Conf. on Teaching
Information Technology in Russian Federation, 2019. pp. 162-164.
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MOJE/IN N NoAXoAbl K PAE‘-IETY MEXAHNYECKUX XAPAKTEPUCTUK VI3AEI'IVIP:I‘
AAANTUBHDBIX TEXHOJIOrM C NPUMEHEHWUEM NAPAJINEJIbHBIX BbIYUC/TEHUN

Mpusanos A.H., boraTbipesa 0.WU.
Tynbckuii rocyaapcTBeHHbI negarornyeckuii yimsepeuter um. J1.H. Toncroro, r.
Tyna, Poccus

E-mail: Privalov.61@mail.ru

B TIMY wm. JI1.H. Toncroro BbINONMHAETCA MNpUKIAAHAs Hay4yHO-UCCrefoBaTesibeKas
pabote no Teme «Pa3paboTka MPOTOTUMA MHXEHEPHOro nporpaMMHoro obecneyenust (UMO)
Ha OCHOBE  BbICOKOMPOU3BOAMUTENbHBIX  BbIYUCIEHWMA  ANSt  OLEHKUM  MeXaHW4ecKux
XapaKTepUCTUK U3L4ENNS U3TOTOB/IEHHOTO C  WCMOMb30BaHWEM afAUTUBHBIX TEXHOOMUM
(MeToaoM CenekTMBHOMO NIa3epHOro CrekaHus) C y4eToM CTpaTernm U3roToBfIEHUS U3AeNUs»,
B paMKax KOTOpoi pa3pabaTbiBaeTcs crieumanbHoe nporpaMMHoe obecneyeHme.

AKTyanbHOCTb TeMbl OnpeaensieTcs Tem (PaKTopoM, UTO B YCNOBMSX nNepexoda K
UMGPOBO/ 3KOHOMMKM MPOLECCHl  aHanM3a MPOYHOCTHBIX XapaKTEPUCTUK MaTepuanoB
BO3MOXHO OCYLLECTBAATb HAa OCHOBE KOMMbIOTEPHOO MOAENMPOBAHMS.

Cpean OCHOBHbIX TPEHAOB Pa3BUTUSI MHAYCTPUANbHbIX TEXHOMOMMIM HACTOSILLEro Nepuos
pa3BuTMs oblecTBa Ha MEpPBOM MecTe CTOWT 3anyck Ceaylolero MHHOBALMOHHO-
TEXHOMOMMYECKOro LMKIa Ha OCHOBE PEBOMIOLMM B MPOEKTUPOBAaHWM W OpraHu3aumu
NMPOM3BOACTBEHHBIX NPOLIECCOB U Nepexofa K HOBbIM MaTepuanaM. Ocobyto ponb B nocneaHee
BPEMSI UrpaloT MaTepuanbl, NoslydaeMble NPyU UCMOMb30BaHUM aAUTUBHBIX TEXHOMOMMIA. DTO
HOBbIV KNacc MaTepuasnoB, U3roTaBIMBaEMbIX U3 CMECU Pa3NIUUYHBIX METaNIMYEeCcKMX NOPOLLKOB
metogamMu 3D nasepHoro cnekawusi M (uim) 3D nevatn. B HacTosiwee Bpems ogHa wv3
AAAMTUBHBIX TEXHONMOMUI - TEXHOMOTUS! CENEKTUBHOMO JflasepHoro cnekanus (CN1C) nonyuuna
LUIMPOKOE pacrnpocTpaHeHWe Mo BceMy Mupy 6narogaps cnocobHOCTM  NpoM3BOAUTbL
(pYHKUMOHaNbHbIE AEeTanu C/IOKHOWM reoMeTpuyeckoit popMbl. XOTS U3HaYanbHO TEXHOMOruUs
co3gasanacb Ans 6bicTporo NnpoToTMNUpoBaHus, B nocneaHee spems CJIC npumeHseTcs Ans
MESIKOCEPUMHOTO MPOU3BOACTBA MOTOBLIX U3LENUNA.

OCHOBHOIA 3ajiayeii MpOrpaMMHOTO  OGeCcrieyeHusl SIBSIETCS PAcyET  MPOYHOCTHBIX
XapaKTepUCTUK WM3roTaBMMBaEMbIX MeTaNIMYeCcKUX AeTaneil Ha 3Tane MX NpoeKkTUpoBaHus. B
OCHOBE  pacyéta MpUMEHeHbl COBPEMEHHble  MaTemMaTUyeckme  MeToAbl  pacyeta,
ucnonb3ylowme napannenbHble BblYMCIEHUS ANS CYLUEeCTBEHHOMO YBENMYEHUSI CKOPOCTM U
TOYHOCTM pacyeTa, 4To byaeT ABNATbCA YHWUKaNbHbIM KOHKYPEHTHbIM MPEVMMYLLECTBOM MO
CPaBHEHWMIO C KOHKYPEHTHbIMWM aHanoramu. WHCTpyMeHTOM pacrnapannesimBaHus peLleHus
3a/la4 METOAOM KOHEYHbIX 3/1eMeHTOB siBnseTcs TexHonorns MPL. B cnyyae TexHonorum MPI
HeobxoauMo paspabaTtbiBaTb anropuTM pacnapanienvMBaHns BblUCIIMTENBHbBIX NPOLECCOB AJist
nporpamMMMpoBaHnsi MeTOAa@ KOHEYHbIX 3/1eMEHTOB TakuM 06pa3oM, 4Tobbl npeacTaBuTb
pelleHne 3ajayun B BMAE COBMECTHOTO AEWCTBUS HECKONBbKUX HE3aBMCKMMbIX MPOLECCOB C
HE3aBMUCUMbIMU [aHHBLIMU.

PaboTa BbiNonHeHa B pamMkax peanusaumm OLIMN «MccnegoBaHus n pa3paboTku no
NMPUOPUTETHBLIM HarpaBeHUAM Pa3BUTUSI HAYYHO-TEXHONOrMYECKOro KoMnekca Poccumn Ha
2014-2020 roabl» no Teme: «Pa3paboTka NpOTOTUMA MHXEHEPHOro MPOrPaMMHOMO
obecneyeHnst Ha OCHOBE BbICOKOTNPOM3BOAUTESbHbIX BbIYMCIIEHWI A1st OLEHKM MeXaHUye-CKUX
XapaKTepUCTUK U3AENMSI, U3rOTOBIEHHOO C UCMO/b30BaHWEM aAAUTUBHBLIX TEXHO-TI0rMi
(MeToaoM CeneKkTUBHOrO NIa3epHOro CreKaHus) C YYETOM CTpaTernn U3roToBIEHUS U3aenus»
(YHMKanbHbIM naeHTUdUKaTop npoekta RFMEFI57717X0271.
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MODELS AND APPROACHES TO THE CALCULATION OF MECHANICAL
CHARACTERISTICS OF ADDITIVE TECHNOLOGY PRODUCTS USING PARALLEL
COMPUTATIONS

Privalov A., Bogatyreva Yu.
Tula State Pedagogical University named after L.N. Tolstoy, Tula, Russia

E-mail: Privalov.61@mail.ru

In Tula State Lev Tolstoy Pedagogical University is carrying out applied research on the
topic “Development of a prototype of engineering software (IPO) based on high-performance
computing to assess the mechanical characteristics of a product manufactured using additive
technologies (selective laser sintering), taking into account the manufacturing strategy of the
product”, within the framework of which a special software.

The relevance of the topic is determined by the factor that in the transition to the digital
economy, the analysis of the strength characteristics of materials can be carried out on the
basis of computer modeling.

Among the main trends in the development of industrial technologies of the current
period of development of society, in the first place is the launch of the next innovative
technological cycle based on a revolution in the design and organization of production
processes and the transition to new materials. A special role has recently been played by
materials obtained using additive technologies. This is a new class of materials made from a
mixture of various metal powders using 3D laser sintering and / or 3D printing. Currently, one
of the additive technologies - selective laser sintering (SLS) technology has become
widespread worldwide due to its ability to produce functional parts of complex geometric
shapes. Although the technology was originally created for rapid prototyping, recently SLS is
used for small-scale production of finished products.

The main objective of the software is to calculate the strength characteristics of the
manufactured metal parts at the design stage. The calculation is based on modern mathe-
matical calculation methods that use parallel calculations to significantly increase the speed
and accuracy of the calculation, which will be a unique competitive advantage com-pared to
competitive counterparts. The tool for parallelizing problem solving by the finite element
method is MPI technology. In the case of MPI technology, it is necessary to de-velop an
algorithm for parallelizing computational processes for programming the finite element
method in such a way as to present the solution of the problem in the form of a joint action of
several independent processes with independent data.

The work was carried out as part of the implementation of the federal target program
“Research and Development in Priority Directions for the Development of the Russian Science
and Technology Complex for 2014-2020" on the topic: “Development of a prototype of
engineering software based on high-performance computing to evaluate the mechanical
characteristics of a product manufactured using additive technologies (using the selective
laser sintering method) taking into account the product manufacturing strategy “(unique
project identifier RFMEFI57717X0271.
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WEB-KBECT - UHHOBALIUA B NEAATOrMYECKOM OBPA3SOBAHUN

YanabiwkuHa H.H. .
®rboy BO «Mapuiickuit rocyaapcTBeHHbI YHuBepcuteT», r.Mowkap-0Ona, Poccus

E-mail: chaldyshkina n n@mail.ru

Ha coBpeMeHHOM 3Tarne Ba)KHOe BHUMaHWe YAENsSeTCs WHHOBALMOHHBIM TEXHONOMUSM,
MO3BOJIAIOWMM pacLUMpUTb BO3MOXHOCTM 06pa3oBaTeNibHOr0 NpOCTPaHCTBa, B TOM uucne B
npouecce paboTbl CO CTyAEHUYECKOW MONOAEXbIO B By3e. BnusiHMe Ha coumyM [nobanbHoi
ceT WHTepHeT, Kak Mo coaepXaTenbHOW HacChIWEHHOCTW, Tak WM MO AOCTYMHOCTM, OXBaTy
ayauTopunM W TEeppuTOpUM, a TakkKe MO CKOPOCTU COeAMHEHUS HEe MMEeT aHasioros.
MpUMeHeHNe KOMMYHWUKALMOHHBIX TEXHONMOMMI B  pasnnuHbix cdepax AesTenbHOCTU
CTAHOBUTCSI MPUBbLIYHLIM, B OMpefeNieHHbIX Ciydyasix - HeobxoauMbiM. B paHHOW CBs3m
aKTyanbHbIM  CTQHOBWUTCS  HanpaBfieHWe WCNOMb30BaHWA  MOTeHUMana  BUPTyaibHOro
MpOCTPaHCTBa Kak 06pazoBaTelbHO-BOCMMTATENbHON MHTEPAKTUBHOM nnowaaku [1, ¢.122].

B xopme peanusaumm rpaHTOoBOro npoekta «C pgenamm po6pbiMM  NpaBOCIaBHbIMU
Tponamu!» (nobeamTens MexayHapoAHOro OTKPLITOrO FPaHTOBOrO KOHKypca «[lpaBocnaBHas
uHMumaTmBa — 2017-2018», porosop N2 12-1601372) co3paH ayavoBM3yasbHbIA NPOAYKT -
obpaszoBaTesnibHbIi Web-kBecT «[paBocnaBHble MaplipyThl - Ans Monoaéxu Pecnybnmku
Mapuit On» C NpUMEHEHUEM WHGOPMALMOHHO-KOMMYHUKALMOHHBIX TEXHOMOMUIA. OH
HanpasfeH Ha MOBbILEHNIO MHTEpeca MONOAEXM K COLMANbHO-OTBETCTBEHHOMY Typu3My Mo
MpaBOC/aBHbIM MapLipyTaM (TponaM), YTOYHEHWE M 3aKpernsieHWe 3HaHWI Kak y4YaCTHUKOB
npoekTa (CTyAEHTOB By3a), Tak v ero 6narononyyarteneit U3 umcna ManoMobubHbIX rpaxaaH
C WHBaNMAHOCTBIO, HAa BOCMUTaHWE MHTepeca M 6epeXHOro OTHOLUEHUS K PEenurmo3HOMy K
KynbTypHOMY Hacneauio (CBMAETENbCTBO O rOCYAAPCTBEHHOM PErucTpauuy nporpaMMbl Afis
9BM N22018611276 «O6pa3oBaTenbHbli web-kBecT «[paBociaBHble MaplipyTbl A
Monogexu Pecnybnmku Mapuit  dn»  depepanbHoi  Cyx6bl MO UHTENNEKTyanbHOM
cobcTBeHHocT oT 29.01.2018 r., aBTopckuit konnektvB — H.H. YangbiwkvHa, C.B.
Kopabnesa, C.b. AckanoHoBa, A.[l. Mamatosa) [2, ¢.97].

HasHayeHve: No3HaKOMWUTb CO CBSATbIMKM MeCTaMu NMPaBOC/IABHOW KyNbTypbl, Pa3BMBaTb
HaBbIKW KOMMbIOTEPHOWM FPaMOTHOCTH, YMEHWE CaMOCTOSITENbHO OCYLLECTBISATL HaBMrauumio no
pa3genam web-kBecTa, BbINOAHATL pa3HOOOpa3Hble 3afaHus, MNpoC/yluMBaTbL FOMOCOBOE
COMpPOBOXAEHWE U MOSICHEHME  BUPTYanbHOro  MyTewecTBus, MPOBEPUTb  BHOBb
NPUOBPETEHHBbIE 3HaHWSI C MOMOLLBID TECTOBbLIX 3aAaHMWiA; BOCMUTLIBaTL 1060Bb K PoauHe v
poaHoMy Kpaioo, ¢opMMpoBaTb CTPEMSIEHWE K AyXOBHO-HPABCTBEHHOMY pasBUTUIO WU
COBEpLUEHCTBOBaHWIO, YriybieHWo NpeACcTaB/eHnil O NpaBoOCNaBHON KynbType.

Meparor MOryT WMCMONb30BaTb €r0 MPY OpraHW3auuM 3aHsSTUMA U CaMOCTOSITENbHOM
paboThbl, ANs NMPOBEPKU 3HaHWWA, B MpoLecce AUCTAHUMOHHOro obyyenus. Hamu Web-kBecT
6bln BKIOYEH B obpasoBaTenbHbIi npouecc 4 dakynbTeToB MaplyY no aucuunavHam
«OCHOBbI AYyXOBHO-HPaBCTBEHHOM Ky/bTypbl», «MeToamka npenogaBaHusi KypcoB «OCHOBbI
PENUrMo3HbIX KYNbTYp W CBETCKOW 3TWKW», <«[lyXOBHO-HPaBCTBEHHasi KynbTypa HapoaoB
Poccum»» (210 cTyneHToB 1 1 4 KypCoB O4HOM U 3a04HOM hopM 0ByueHus).

Cnucok nnTeparTypbl:

1. YangpiwkmHa H.H. Meaarornyeckme noTeHUManbl BUPTyasbHbIX COLMAbHBIX CETEN
B paboTe ¢ aetbMu 1 Monoaexbto / H.H. YanabiwkuHa // U3BecTtus KOxHoro deaepansHOro
yHuBepcuTeTa. MNMegarornyeckne Hayku. 2014, N93. C.119-127.

2. YanpblwkvHa H.H. Ycnosus AyxoBHO-HPaBCTBEHHOrO BOCMUTAHWUSA U Pa3BUTUS
CTyLEHYECKOW MOoMoaexu (Ha NnpuMepe peanvsaumnm rpaHToBoro npoekta «C genamu
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[06pbiMu NpaBocniaBHbiMM Tponamu!») / H.H. YangeiwknHa, C.B. Kopabnesa // BecTHuk
MapuIACKOro rocyaapcTBEHHOro yHuBepcuteTa. 2018. T.12. N24. C.94-100.

WEB QUEST - THE INNOVATION IN PEDAGOGICAL EDUCATION

Chaldyshkina N.
Mari state university, Yoshkar-Ola, Russia

E-mail: chaldyshkina n n@mail.ru

At the present stage important attention is paid to the innovative technologies allowing
to expand possibilities of educational space including in the course of work with student's
youth in higher education institution. Influence on society of the Global Internet, both on
substantial saturation, and on availability, coverage of audience and the territory and also on
the speed of connection has no analogs. Use of communication technologies in various fields
of activity becomes habitual, in certain cases - necessary. In this connection relevant is a
direction of use of potential of virtual space as educational and educational interactive
platform [1, page 122].

During implementation of the grant project "With Affairs by Kind Orthodox Tracks!" (the
winner of the International open grant competition "Orthodox Initiative — 2017-2018",
contract No. 12-1601372) the audiovisual product - educational web quest "Orthodox routes -
for youth of the Republic of Mari EI" with use of information and communication technologies
is created. It is directed on increase in interest of youth in socially responsible tourism along
orthodox routes (tracks), specification and fixing of knowledge as participants of the project
(students of higher education institution), and his beneficiaries from among handicapped
citizens with disability, to education of interest and careful attitude to religious and cultural
heritage (The certificate on the state registration of the computer program No. 2018611276
"Educational web quest "Orthodox routes for youth of the Republic of Mari EI" Federal Service
for Intellectual Property of 29.01.2018, group of authors — N.N. Chaldyshkina, S.V. Korableva,
S.B. Askalonova, A.D. Mamatova) [2, page 97].

Appointment: to acquaint with the holy sites of orthodox culture, to develop skills of
computer literacy, ability to independently carry out navigation according to sections of web
quest, to perform various tasks, to listen to voice maintenance and an explanation of a virtual
travel, to check again acquired knowledge by means of test tasks; to cultivate love for the
country and to the native land, to form aspiration to spiritual moral development and
improvement, deepening of ideas of orthodox culture.

Teachers can use it at the organization of occupations and independent work, for an
examination, in the course of distance learning. The Web quest was included by us in
educational process of 4 faculties Mari state university on disciplines "Bases of spiritual and
moral culture", "A technique of teaching the courses "Bases of Religious Cultures and Secular
Ethics", "Spiritual and Moral Culture of the People of Russia™ (210 students of 1 and 4
courses of internal and correspondence forms of education).

List of references:

1. Chaldyshkina N.N. Pedagogical capacities of virtual social networks in work with
children and youth / N.N. Chaldyshkina // News of the Southern federal university.
Pedagogical sciences. 2014. No. 3. Page 119-127.

2. Chaldyshkina N.N. Conditions of spiritual and moral education and development of
student's youth (on the example of implementation of the grant project "With Affairs by Kind
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Orthodox Tracks!") / N.N. Chaldyshkina, S.V. Korableva //The Messenger of the Mari state
university. 2018. T.12. No. 4. Page 94-100.

SAN (SMART AGRICULTURE NETWORK) AS DEVELOPMENT OF ARTIFICIAL
INTELLIGENCE TOOLS FOR ASSISTANCE IN AGRICULTURAL PRODUCTION -
EXAMPLE OF OLIVE OIL PRODUCTION

Siki¢ Z, Kos T.
University of Zadar, Department of Ecology, Agronomy and Aquaculture, Zadar,
Croatia

E-mail: zsikic@unizd.hr

The project SAN (Smart Agriculture Network), submitted by University of Zadar and
Croatian company Elektrokovina plus Ltd. to the Call for Proposals "Increasing the
Development of New Products and Services arising from Research Development and
Innovation Activities" (IRI), has been granted by the European Regional Development Fund
(ERDF). Its fundamentals are research, innovation and technology transfer.  Further
technological advances in food production cannot be reflected solely in the development of
new forms or the advancement of existing agricultural machinery, but as well in technological
development which relies on the use of modern information and communication technologies.
These challenges have already been discussed in a number of strategies and policies which
are classified in the field of precision agriculture. Globally, the importance of “Smart
Agriculture” methods in agricultural production is growing. According to the ,Smart Agriculture
Market - Global Forecast to 2022™ the value of that market globally will be $ 11.23 billion with
an average annual growth rate of about 13.27%. SAN project is a further step forward in the
advancement of food production, especially in fruit and viticulture. The goal is to create a
comprehensive technology platform that will allow the optimal amount of yield and to obtain
the best possible quality, especially in those years in which the environmental conditions are
challenging and good results could be obtained only by applying additional measures. The
proposed system should also take into account the rational use of resources and the
application of high environmental standards in production. A ,SAN technology®, to be
developed in the SAN project, will enable the application of knowledge from top experts in the
production of appropriate cultures. The SAN smart agricultural network will be able to
measure, monitor and analyze various abiotic and biotic impacts in food production that,
depending on the type of crop, may have a negative impact on the quantity and/or the quality
of the crop. The system will be able to give an early warning of the likelihood of a
corresponding negative impact, well in advance of the adverse event itself. Thus preventative
corrective actions could be taken to mitigate/eliminate the consequences. Corrective actions
will be partially automated and will require less human labor. The goal of research activities is
to create advanced analytical models and applications of artificial intelligence using neural
networks. Based on previously collected data, these networks will be able to analyze the
obtained data and then independently, with a high level of accuracy, precision and timeliness,
propose and undertake corrective activities in food production. The level of accuracy, precision
and timeliness increases regarding the amount of data collected. Initially, olive was selected
as a culture, not only because of its traditional importance in the production of food in the
Republic of Croatia, but also because of its specificity in the production process and the
influence of abiotic and biotic factors on the quantity and quality of yield. A mobile
smartphone application is being developed to integrate artificial intelligence into a functional
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unit through the SAN laboratory, as a product it can help manufacturers make better and
faster decisions. SAN technology will be applicable to other crops.

MOJEJIN TEKCTOB U TEKCTOBbIX KOJITEKLIWIA ANSl BbIMUCIIUTENBHOIO
MONCKA U AHAJIUSA A(HOOPMALIUN

KpeiHec M.I".
000 «BA3UCHbIE TEXHOJIOI'MN>», MockBa, Poccuiickaa ®epaepaums
E-mail: mkrf@yandex.ru

PaccMOTpeHbl MaTemaTuyeckne MOAENM, XapakTepusylowme CEMaHTUKY TEeKCTOB W
TEMaTUYECKYIO CTPYKTYpY TEKCTOBLIX KOMEKUMiA. MpefcTaBneHHble MOLENN HE UCMOMb3YIoT
anpuopHbIX 3HaHWI O TeMaTuKe, COAEPXaHWM M CMbICIOBOM COYETAHWUM CNOB U OTIMYAlOTCS
OT PacnpoCTpaHEHHbIX CTaTUCTMUYECKMX M KOMBWMHATOPHLIX Moaenel (Hanpumep, TF/IDF,
word2vec, TeMmaTuuyeckue Mogenu) Mo MCXOAHbIM MPEANONIOKEHNSM U BbIYUCIIUTENBHON
peanusauun hopMUpoBaHus.

Mogenu TeKkCToB — MaTpuubl COB C BECOBbIMM KO3(PUUMEHTaMM, Yy4uuTbIBaIOWME
0COH6EHHOCTW TEKCTOB Ha ECTECTBEHHbIX A3blkaxX, B KOTOPbIX AN TEMAaTUKU U COAEPXaHWS
TEKCTOB BaXkKHbl pefkue, YacTble U «0bbluHble» crioBa. Mopenu TeKCTOBbIX KOMNeKuun —
rpynnbl  HabopoB TeMaTUYeCKM CBSI3aHHbIX CI0B C BecamMu, MpuyeM TemaTudeckas
CBS3aHHOCTb CNIOB HE 3aJaeTCs anpuopu, HO OnpeaensieTcs B 3aBUCMMOCTU OT yrnoTpebnenus
CNoB B TeEKCTax Kosiekuuu. Mogenu TeKCTOB W TEKCTOBbIX KOMIEKUMA  MO3BOAMIM
cchopmMynuposaTtb MaTeMaTuyeckue mMoaenu KOMIMYECTBEHHOrO npeacTasrieHns
cofiepXXaTeNbHOro CXOACTBA TEKCTOB, TEMATUYECKOW G/IM30CTY TEKCTOBBIX KOSINEKLMI, BBECTH
MaTeMaTM4YeCKMe MOAENM COAEPXKATENbHOW 3HAuMMOCTM M OPUrMHANbHOCTU TeKCTOB (B
YaCTHOCTW, HayYHbIX TEKCTOB), alroOpUTMUYECKU peanu3oBaTb BbIYUCIUTENbHBIN MOUCK
cofepXxaTenbHO CXOAHbIX TEKCTOB M TeMmaTuuecku GNMM3KUX KOMMEKUMIA, KnacTepusaumio
TEKCTOBbLIX KOEKUMIA. Moaenu TEKCTOBLIX KOMIEKUMI BbIMMCIUTENBHO (GOPMUPYIOTCS Ha
OCHOBaHUM MOZENell TEKCTOB, BXOASLUMX B KOJINEKUMM, U 0BECMEUMBAIOT BbIYUCIUTENBHYIO
KaTeropv3aumio TECTOB B COOTBETCTBUM C OMNpeaesieHHON MoAenblo TeEMaTUYECKON CTPYKTypoW
KOnnekumn.

KoMnneKkc paccMOTpeHHbIX Moaenel peanu3oBaH B WMHGOOPMALMOHHOW TEXHOMOrn
KMOYM K TEKCTAM un 6onee 5 ner wWCNonb30BaH B MPOMBILIEHHOM pexuMe Ans
€XEe[HEBHOr0 BbIYMCIIUTENBHOrO (OPMUMPOBaHWS Mofenell TEeKCTOB Hay4YHO-TEXHWUYECKOro
XapakTepa, MoronHeHnss 6a3 AaHHbIX MoAenel W MouCKa COAEpPXKaTeSlbHO  MOXOXKMX
AOKYMeHTOB B 6a3ax AaHHbIX HaKOMNeHHbIX Moaenelt (Bcero B 6asax AaHHbIX MpeACTaBeHb
mogenu 6onee 2 500 000 TeKCTOB). IKCNepuMMEHTanbHble WCCNEAOBAHUS TEXHOMOrUn
BbIMOSHAIMCb  Ha MacCMBE  PYCCKOSI3bIYHBIX  HayyHbIX ny6nukaumin  2009-2015 ropos,
HACUMTBIBAIOLLEM OKO0 MU/SIMOHA TEKCTOB (MCTOYHUK — elibrary.ru), Ha MaccvBe ny6nukaumii
B )KypHasne Science Ha aHrnuickoM sisblke (6onee 160 000 craTteil) M Ha MaccvBe
PYCCKOSI3bIYHbIX ra3eTHbIX nybnukaumi 3a nepuoa 1995-2003 roabl (6onee 2 500 000
TEKCTOB).

CoueTaHue MaTpuuHbiX Moaenell U cchOpMUPOBaHHLIX Ha WX OCHOBE MoKasaTenen
cofiepXxaTenbHON 3HAUMMOCTU W OPUrMHANBHOCTM TEKCTOB C AaHHbIMU  6ubnuomeTpum
Mo3BONSET  WMAEHTUMULMPOBATL  COAEPXKaTeNlbHO  HeonpaBAaHHOe, TaK  Ha3blBaemoe
APYXXECTBEHHOE, LMTUPOBaHWE, CYLLECTBEHHO MCKaXalollee BaXkHble ANsi NPUHSTUS peLleHni
HayKOMeTpUYeckune rnokasarenu.
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TexHonorus KIMOYM K TEKCTAM, peanu3yeMas Kak pacnpeaeneHHasi BbluMcanTesibHas
cucTeMa, AaeT BO3MOXHOCTb TEKCTaM M TEKCTOBbIM KOMIEKLMAM KPATKO U BHATHO «rOBOPUTH»
0O CBOEM COAEpXaHWM W TeMaTuKe «CODCTBEHHbIM ronocom» 6e3 nomolwm 6ubnuorpados u
peLeH3eHTOB. TeXHONMOrMs MOXET MCMOoNb30BaTbCs ANs Moucka, rpynnMpoBKU U aHanunsa
HOBOCTHbIX  CoOblleHni, nybnukaumii CMW, CTpaHWL WHTEpPHET-CaliToB M CalTOB
KopriopaTuBHbIX CETEN, AN aBTOMaTUYECKOW cucTeMaTu3auuy ouMpOBaHHLIX apXMBOB W
OpraHu3aummn B HUX MHTENNEKTyanbHOro noucka.

THE TEXTS AND TEXTS' COLLECTIONS MODELS FOR INFORMATION RETRIEVAL
AND ANALYSIS

Kreines M.
BaseTech Llc, Moscow, Russia

E-mail: mkrf@yandex.ru

Mathematical models characterizing the semantics of texts and the thematic structure of
text collections are considered. The presented models do not use a priori knowledge about the
subject, content and semantic combination of words and differ from the well known statistical
and combinatorial models (for example, TF / IDF, word2vec, thematic models) by the initial
assumptions, the computational implementation, the results and the possibilities of the
applications.

Text models are word matrices with weighting coefficients. This take into account the
features of texts in natural languages, in which rare, frequent and “ordinary” words are
important for the subject and content of texts. Models of text collections are groups of sets of
thematically related words with weights. It is essential that the thematic relatedness of words
is not set a priori, but is determined depending on the use of words in the collection of the
texts. Models of texts and text collections made it possible to formulate mathematical models
for the quantitative representation of the semantic similarity of texts, thematic similarity of
text collections, introduce mathematical models of the meaningfulness and originality of texts
(in particular, scientific texts), algorithmically implement a computational search for
semantically similar texts and thematically related collections, clustering text collections.
Models of text collections are computed on the basis of models of texts included in the
collection and provide computational categorization of texts in accordance with a specific
model of the thematic structure of the collection. So the categorization of texts is adapted to
the collection as it is, and uses no a priory ideas about possible thematic groups.

The complex of the considered models was implemented in information technology KEYS
TO TEXTS and has been used in industrial mode for more than 5 years for daily computational
formation of models of texts of a scientific and technical nature, updating databases of models
and searching for semantically similar documents in databases of accumulated models (in
total, models are presented in databases more than 2,500,000 texts). Experimental studies of
the technology were carried out on an array of Russian-language scientific publications of
2009 - 2015, numbering about a million texts (source - elibrary.ru), on an array of
publications in the journal Science in English (more than 160,000 articles) and on an array of
Russian-language newspaper publications for the period 1995 - 2003 years (more than
2,500,000 texts).

The combination of matrix models and indicators of the meaningfulness and originality
of texts formed on their basis with bibliometric data allows us to identify meaningfully
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unjustified, so-called friendly, quotes that significantly distort scientometric indicators
important for decision-making.

The KEYS TO TEXTS technology, implemented as a distributed parallel computing
system, makes it possible for texts and text collections to briefly and clearly “talk” about their
content and topics with their own voice without the help of bibliographers and reviewers. The
technology can be used for search, grouping and analysis of news messages, media
publications, pages of Internet sites and corporate network sites, for the automatic
systematization of digitized archives and the organization of intellectual search in them.

REAL TIME DETECTION OF HUMANS AND SMALL OBJECTS FROM UAV IMAGES
USING CNN

Gotovac S., Papic V.
University of Split, Faculty of electrical engineering, mechanical engineering and
naval architecture, Split, Croatia

E-mail: sven.gotovac@fesb.hr

Detection of small objects and humans using aerial images taken with the unmanned
aerial vehicles is a challenging task. Different kinds of environments, small humbers of pixels
that represent the target, variable shapes and colors as well as lack of adequate image
databases makes this research important and demanding. Applications of possible solutions
can used for border surveillance, search and rescue missions, firefighter support, environment
protection etc.

During last years, our research group investigated several procedures and algorithms
mainly for detecting the lost people for search and rescue missions. Some of the important
topics are: image segmentation and filtering, feature detection, convolutional neural networks,
image databases. In this presentation we will show some of the most successful methods and
obtained results (precision, accuracy, speed,...) that were developed and applied. Also,
ongoing research of the intelligent system for search and rescue will be presented and
discussed as well as the ideas for the future improvement of current algorithms and detection
results.

WUCCNEQOBAHWUE PAOUALIMOHHO-UHAYLMPOBAHHBIX U3MEHEHUWIA B CINEKTPAX
ANO®DY3HOI0 U 3EPKAJIbHOIO OTPAXXEHUSA U NTOBEPXHOCTHOM
KPUCTANTMYHOCTU NOJINTETPA®TOPITUJIEHA

MonynuH K.C.}, ApcenTtbes M.A.%, Pbinas C.M.3, CmonsiHckmii A.C.!
1pXTY um. [1.U. MenpeneeBa, Mocksa, Poccuiickan ®enepauus
2000 «METAKJ191 UccnepoBaHus u PaspaboTku>», MockBa, Poccuiickas
depnepauus
3HUAlY MUOMW, Mockea, Poccuiickas depepauns
E-mail: kpolunin62@gmail.com

MonutetpacdTopatuneH (MT®D) HaxoaAMT MPUMEHEHWE B KA4yecTBE CBETOOTPaXKaoLLEro
MaTepuana B pasnMyHbIX ONTUYEcKux ycTpoicTBax [1]. B npouecce akcnayataumn MNTOD
MOXET  MoABEPraTbCs  BO3AEMCTBMIO  PasfMYHbIX  BUAOB  W3NydeHuid  (BaKyyMHoe
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ynbTpadnoneToBoe MU3/lyYeHne, WOHM3UPYIOLME U3nydeHns u T.4.). [loaTomy sBnsetcs
aKTyaslbHbIM COBMECTHOE nsy4yeHve paavauMoHHO-MHAYLIMPOBAHHBIX  M3MEHEHWI
CBETOOTpaXaTesbHbIX CBOWCTB M MOpdonornu nosepxHocT MTH.

B HacTosllleM WcCCrefoBaHUM MeToAaMu  aTOMHO-CMMOBOM  Mukpockornuu (ACM) wu
cnekTpockonuu  Anddy3HOro U 3epkanbHOro  OTpaXkeHust Obiio  MpOBEAEHO  U3ydyeHue
paAvaUMOHHO-UHAYLIMPOBAHHBIX ~ M3MEHEHU  3aKOHOMEPHOCTEl  OTpaXeHus CBeTa W
MOBEPXHOCTHON  KpUCTannuHocTu  monutetpadtopatuneHa (MT®3),  noaseprHyToro
BO3ENCTBUMIO raMMa-n3nydeHns ©°Co npu KOMHaTHOM TeMnepaType, Ha BO3AyXe, B MHTepBane
nornowéHHbix o3 ot 0,1 ao 25 kI'p, Npun MowwHocTK Ao3bl ~3 Mp/c.

Metogom ACM Ha noBepxHocT [MT®D ob6bHapyxeHo o0b6pa3oBaHME W YKPYMHEHWE
MHOFOYMCNIEHHBIX  JTaMENNAPHO-CTPYKTYPUPOBaHHbIX CheponnToB B pesy/bTate ramma-
06nyyeHnsi. C yBenMUYeHWEM MOrMOWEHHON [03bl Habnoganu yBenuyeHue TOMWMHBL U
cnusiHue nameneit BbicoTolk Ao 10 HM C obpasoBaHueM (ubEpunn, KoTopble Aanee
npespawanvce B cdheponutbl. O6HapyXeHHble MpoLecchl paavaLMOHHO-UHAYLIMPOBaHHOM
Kpuctanimsaumm B obnactm o3 Mewee 15 kIp. Mpu 3TOM 6bIN yCTaHOBNEH poCT
CpeAHeKBaZIpaTUYHOM  LIepoXoBaTocTh noBepxHocT (RMS) MT®I ot 85 HM B cnyvae
ncxogHoro nonumepa Ao 126 1M B MNTP3, ramma-o6nyyeHHom go 0,1 kIp.

B obnactn anmH BonH 200 — 800 HM 3aBMCMMOCTb MHTErpanbHOM WHTEHCMBHOCTM Kak
anddy3HO, Tak U 3epkasibHO OTPaXXEHHOro OT noBepxHocTU MT®D cBeTa OT A03bl SABNSETCS
HEMOHOTOHHON: Mpu Ao3e 0,1 KMp NMPOMCXOAMNO 3HAUUTENBHOE YCUNIEHNE OTPaXKeHWs CBeTa.
[JanbHeiwWwmnii pocT MNOrMOWEHHOM A03bl BrOTb A0 25 KIp COMPOBOXAANCSH CHUXKEHUEM
WHTErpanbHOW  MHTEHCMBHOCTM  OTPaXXEHHOTO  CBeTa, Mpu4éM  Haubornee  3aMeTHO
WHTEHCMBHOCTb OTPaXXEHHOro OT nosepxHocTu MNT®3 cBeTa yMeHbluanacb B CreKTpasibHOM
ananasoHe 200 — 400 HM.

MonyyeHHble pe3ynbTaTbl OObSICHEHbI B paMKax MoAenu CneKTpasbHO-3aBUCMMOro
paccesiHWsi CBETa OT LUEPOXOBATOM MOBEpPXHOCTU [1]. O6HapyeHHasi KOppensuus Mexay
3aBUCUMOCTbIO OT [03bl A1l U3MEHEHUS] WHTErpanbHOW MHTEHCUMBHOCTU AuddysHONn U
3epKasibHOM KOMMOHEHT OTpa&HHOro CBeTa MO3BOMSET CAenaTb BbiBOA O pajvaLMOHHO-
WHOYLUMPOBAHHOM ycuneHun bnecka nosepxHocTv MT®I, 4To MOXHO CBS3aTb Npoueccamm
obpa3oBaHus 1 pocta cheponmToB.

HacTosiee wuccnepoBaHve 6bi10 MpoBefeHo npw  noadepxke Poccuiickoro doHaa
dyHpameHTanbHbIX  MccnegoBanui, npoekT N2 17-07-00524. Pa6oTa BbiNOSHEHa C
ucnonb3oBaHneM obopyaoBaHusi LleHTpa KOMMEKTMBHOrO nosb3oBaHus HUAY  MUOU
«leTepocTpykTypHasi CBY-aneKTpoHMKa 1 u3nKa LUIMPOKO30HHbBIX MONYNPOBOAHUKOB.

JNutepartypa:

IXi Shao, Changyong Cao, Tung-Chang Liu // Spectral Dependent Degradation of the Solar
Diffuser on Suomi-NPP VIIRS Due to Surface Roughness-Induced Rayleigh Scattering //
Remote Sensing.—2016.-V. 8, No. 3.-254.-15 pages

DOI:10.3390/rs8030254.
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THE STUDY OF RADIATION-INDUCED CHANGES IN THE SPECTRA OF THE DIFFUSE
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Polytetrafluoroethylene (PTFE) can be applied as a light-reflecting material in various
optical devices [1]. During operation, PTFE can be exposed to various types of radiation
(vacuum ultraviolet radiation, ionizing radiation, etc.). Therefore, a joint study of radiation-
induced changes in light reflecting properties and surface morphology of PTFE is relevant.

In this study, the regularities of the radiation-induced changes in the light reflection and
the surface crystallinity of polytetrafluoroethylene (PTFE) exposed to ®°Co gamma radiation at
room temperature, in air, in the range of the absorbed doses from 0.1 to 25 kGy, at the dose
rate of ~3 Gy/s has been explored by means of atomic force microscopy (AFM) as well as
diffuse and specular reflection spectroscopy.

The formation and coarsening of numerous lamellar-structured spherulites as a result of
gamma irradiation was detected by AFM on the surface of PTFE. An increase in thickness and
fusion of lamellas up to 10 nm high were observed with an increase in the absorbed dose
followed by the formation of fibrils, which then turned into spherulites. Observed processes of
radiation-induced crystallization occurred most intensively in the dose interval from 0.1 to 15
kGy. An increase in the PTFE root mean square surface roughness (RMS) from 85 nm in the
case of the initial polymer to 126 nm in PTFE gamma irradiated to 0.1 kGy was established in
this case.

The dose dependence of the light integrated intensity in the wavelength range of 200 -
800 nm, both diffusely and specularly reflected from the surface of PTFE, is hon-monotonic: a
significant increase in light reflection occurred at a dose of 0.1 kGy. Further increase in the
absorbed dose up to 25 kGy was accompanied by a decrease in the integrated intensity of the
reflected light, and the most noticeable spectral changes of the intensity of light reflected
from the surface of the PTFE have been observed in the spectral range of 200 - 400 nm.

These results were explained in the framework of a model of spectrally dependent
Rauleugh scattering of light from a rough surface [1]. Observed correlation between the dose
dependence for changing the integrated intensity of the diffuse and mirror components of the
reflected light allows us to conclude that there is a radiation-induced increase in the
brightness of the surface of PTFE, which can be related to the processes of formation and
growth of spherulites.

This study was supported by the Russian Foundation for Basic Research, project No. 17-
07-00524. The work was performed using the equipment of the Collective Use Center of the
National Research Nuclear University MEPhI “Heterostructured Microwave Electronics and
Wide-gap Semiconductor Physics”.
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MHorve MynbTUhEPPONKN XapaKTepU3YIOTC MarHUTO3N1EKTPUYECKUM 3D hEKTOM, YTO
NO3BONSIET BNSTb HA MarHUTHblE CBOWCTBA B TakUX COEOAMHEHWSX SMEKTPUYECKUM MoneM, a
Ha anekTpuyeckue, HaobopoT, MarHWTHbIM. Takve MaTepuanbl LUMPOKO WCMONb3YylTCS B
CMUHTPOHUKE W XpaHeHun uHdbopMaummn [1,2], nosToMy uccnefoBaHWe MynbTU(PEPPOUKOB
SIBNSIETCS KpaliHe aKTyanbHOMN 3ajayei.

OpTtodepput BuUcMyTa BiFeO; — WM3BECTHbI  MynbTUDEPPOMK C  BbICOKMMU
Temnepatypamu 3apsgosoro (7c = 850°C) n marHuTtHOro (7y = 370°C) ynopsgovenus [3],
AEMOHCTPUPYIOLMIA MarHUTOINEKTPUYECKUI 3PdEKT Npyu KOMHATHON TeMnepaType.

BBefeH1e B €ro CTPYKTYpy peaKo3eMesibHbIX KaTMOHOB, B yacTHocTW, La’*, nossonser
TOHKO MOACTpauBaTb MNapaMeTpbl pelweTkn W BAUATb Ha MNPOCTPAHCTBEHHYIO CrWH-
MOZynMpoBaHHyto cTpykTypy (MCMC) BnnoTb Ao ee paspylienns [4].

LUenblo faaHHOW paboTbl SBNSETCA M3ydeHMe BAMSHWS nerupoBaHus La**  Ha
3NEKTPOHHYIO, MarHUTHYIO U KpUCTaNIMYECKyto CTpyKTypy BiFeOs.

Bce nccnepyemble 06pasubl 6bim NONyyYeHbl METOAOM TBEPAOMA3HOMO CMHTE3a U Bbinn
oboralieHbl Npy CUHTe3e CTabunbHbIM M30TONOM >’Fe,0s. PeHTreHorpaduueckuin aHanus
noaTeepann  pomMb034pnyeCcKyto
CTPYKTYPY Anist Bcex 06pasuios 1 Bi LaFe0: “FeZF NWR at 42 K
HM3KOe coAaepXaHue npuMecen e
(He 6onee 4-5%).

MarHuTHble 7 —m—1.5% La
3MEKTPOHHbIE  CBOWCTBA  BbinK : ::: f_: t:
nccneaoBaHbl MeToaaMu 08 1 * §u | e 10% La

Mécc6ay3poBCcKoV n  AMP-
CNeKTpOCKOMUM B AnanasoHe
TemnepaTtyp ot 4.2 K go 300 K.
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[aHHble  MeToAbl  MO3BOMSIOT .
YCTaHOBUTb 3aBMCMMOCTb 0.e y
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aHrapMoHM3Ma OT CO/IepXaHus 0z - 4, M"&
La** 1 npocneauTs 3BOMIOLMIO s L
MCMC c poctom 3amelieHuns oo ey o e oy
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1. V.A. Khomchenko, J.A. Paixao, V.V. Shvartman, P. Borisov, Sci. Mater. 62, 238-241
(2010).
2. J. Ryu, S. Priya, K. Uchino, J. Electroceram. 8, 107-119 (2002).

224


mailto:ngervits@gmail.com

3. S. Karimi, I. M. Reaney, I. Levin, and 1. Sterianou, Appl. Phys. Lett. 94, 112903
(2009).
4. G.L. Yuan, S.W. Or, H.L.W. Chan, J. Phys. D 40, 1196 (2007).

MAGNETIC STRUCTURE OF Bi;-,LaFeO; MULTIFERROICS BY NUCLEAR
RESONANCE SPECTROSCOPY

Tkachev A.!, Gippius A.»?, Pokatilov V.3, Makarova A.3, Zhurenko S.'?, Gervits N.!
1 P.N. Lebedev Physical Institute, RAS, 119991, Moscow, Russia
2 M.V. Lomonosov MSU, 119991, Moscow, Russia
3 RTU MIREA, 119454, Moscow, Russia

E-mail: ngervits@gmail.com

Most of multiferroics exhibit the magnetoelectric effect that allows one to influence the
magnetic properties of a material by an electric field and vice versa the electrical properties by
a magnetic field. Due to this effect such materials are widely used in such areas as spintronics
and information storage systems [1,2]. Therefore the study of multiferroics is an extremely
urgent task.

BiFeO; (bismuth orthoferrite) is a famous representative of multiferroics with high
temperatures of charge (Tc = 850°C) and magnetic (Ty = 370°C) ordering [3], demonstrating
magnetoelectric properties at room temperature.

The introduction of rare-earth cations, for example La**, allows to adjust precisely the
crystal lattice parameters and to influence the spatial spin-modulated structure (SSMS) up to
its destruction [4].

The purpose of presented
work is the study of the La®*
doping effect on the electronic,
magnetic, and crystal structure
of BiFeOs.

All the Bi;4LaxFeO; samples
used in this work were prepared
by solid-state ceramic
technology and enriched with
the stable >’Fe,0s isotope during
synthesis. The performed X-ray
diffraction analysis confirmed the
rhombohedral structure and high
quality of the samples (less than
4-5% impurities).

Magnetic and electronic
structure were studied by
nuclear magnetic resonance and
Mossbauer spectroscopy in the
temperature range of 4.2 — 300
K. These methods provide information on the local field and anharmonicity parameter values
depending on the La** content and make it possible to observe the evolution of SSMS caused
by increase in the substitution of bismuth for lanthanum.

Bi_LaFe0:“Fe ZF NMR at 42K

Intensity (arb. units)

Frequency (MHz)
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WHO®OPMALIMOHHBIE TEXHOJ1IOIM'MN B COEPE 3APABOOXPAHEHUA
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B naHHoi paboTe ONTUMM3MpOBaHa MHMOPMALMOHHAS TEXHONMOMUS B MeAMUMHCKUX
yypexzaeHusx, obecneumsaiollas kayectBo HabnoAeHNs 3a COCTOSIHMEM MauUMEHTOB B filoboe
BpeMs 1 B /II06OM MecTe, yckopeHue paboTbl MeAULIMHCKOrO MepCoHana M CHWbKeHue 3aTpat
Ha obcnyxuBaHWe naumeHToB. [lpeanoxeHa oblas cxeMa CO34aHUSI  3/IEKTPOHHOM
MEAULIMHCKOW KapTbl U €€ UCMOMb30BaHNE B PErMOHasIbHBIX NIeYE6HbIX YUPEXAEHMSIX.

B HacTosilee BpeMs B pasMYHbIX fle4ebHbIX yypexaeHusx PO nposoasTcs
TPaguUMOHHbIE, @ TakkKe COBPEMEHHble MeTofbl [AMArHOCTUYECKUX — WCCNefoBaHuii:
anekTpokapanorpadus,  ynbTpa3ByKOBOE  WCCNeAoBaHWe,  racTpockonus, a  Takke
BCEBO3MOXHbIE SHAOCKOMWYECKME UCCefoBaHus WM MHorume Aapyrve. OpHako, uYTObbl
Ha3BaHHbIE MEeTOAbl AMArHoOCTUkM pabotanu 6onee achdekTNBHO, CreayeT BHeapsTb B cdepy
3paBoOOXpaHEHNS WHbOpMauUnoHHble  TexHonorn (UT). Be3 HUX B  COBPEMEHHbIX
MEOULMHCKUX  YUPEXAEHUSIX TSHKENO OUeHUTb 3hhEeKTUBHOCTL AanbHENLWEro neyeHust
nauveHTa. Mo3ToMy BHeApeHue MHMOPMALMOHHBIX TEXHONMOMMi BO BCIO paboty cdepbl
3[paBOOXpaHEHUsT — 3afjaYa NEePBOCTENEHHOW BaXXHOCTU. COOTBETCTBEHHO AasibHelllee
pasBuTUE 3TUX TEXHOMOMUN TpebyeT PacCMOTPEHUS] U PeLUEHUs| PasfUYHbIX MeaULIMHCKUX
MpaKTM4eckux Borpocos. Mo3ToMy AaHHas paboTa sIBNsieTCs akTyanbHOM.

Llenbio HacTosiwelt paboTbl siBisinack ontuMmusaumst UT B MEAMLIMHCKUX YUPEXAEHUSIX,
obecneunBaroLlas KayeCcTBO HabnoaeHWst 3a COCTOSIHMEM MaUMEHTOB B Niloboe BpeMmst U B
NoboM MecTe, a TaKKe  CO3AAHWE 3NEKTPOHHOW MeaMUMHCKOM KapTbl (OMK) u eé
UCMOMNb30BaHNE B MEAULIMHCKMX YYpeXaeHUsiX.

CoevHeHWe MK MHTErpaums MeauUMHCKUX YCTPOUCTB B UT-ceTv B 6onbHMLE, a Takke
B ApyruMx obnactsax cucTeMbl 3apaBooxpaHeHuss P®, npueoguT K ToMy, 4uto WUT-cetn
CTaHoBSTCS 6oee TECHO CBA3aHHLIMU U, COOTBETCTBEHHO, Honee BaXxHbIMU. B CBA3M C 3TUM
OHW COCTaBNSAIOT HEOTHEM/IEMYIO YaCTb COBPEMEHHOIO YX0Aa 3a NauueHTaMmu.

[Ons  peanu3aumm  MHGMOPMaUMOHHLIX cucTeM B GonbHUuax TpebyeTcs  Gonee
CKPYMyNe3HbIi NOAXOA, YEM AN MHOMMX APYrMX CEKTOPOB. 3TO CBSI3aHO, Mpexae BCero, C
BbIMOSIHEHMEM KJIOMEBBLIX 33Aay, @ WMEHHO: HEenocpeacTBEHHOE fleyeHve M HabnoaeHve
6OMbHbIX, YXOA 3@ HAMM, YAOBMETBOPEHME UX NOTPEGHOCTEN, NMUUHBIA KOHTAKT U CBSI3b — OHU
He [O/MKHbl ObiTb HapylleHbl BCNEACTBME MPUMEHEHMSI CUCTeM 06paboTKM  AaHHbIX.
MeAnuMHCKME MH(OPMALMOHHbIE CUCTEMbI MPEACTaBNSIOT KIOYEBOM haKTop ycrnexa ans
pe3ynbTaTMBHOrO ynpasneHust 6onbHuLen. MoTeHunanbHble NpeuMyLlecTBa BeCbMa BEINKY,
OfHAKO 3TWU MpeuMyLlecTBa AOCTYMHbI TONMbKO Npu co3gaHun SMK M ee noBceMecTHOM
NpUMEHeHUN B nevedbHbIX yupexaeHusix.
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In this paper, the information technology in medical institutions has been optimized,
ensuring the quality of monitoring the condition of patients at anytime and anywhere,
accelerating the work of medical personnel and reducing the cost of patient care. The General
scheme of creation of the electronic medical card and its use in regional medical institutions is
offered.

Currently, in various medical institutions of the Russian Federation, traditional and
modern methods of diagnostic tests are carried out: electrocardiography, ultrasound,
gastroscopy, as well as all sorts of endoscopic studies and many others. However, in order for
these diagnostic methods to work more effectively, information technology (IT) should be
introduced into the health sector. Without them in modern medical institutions it is difficult to
assess the effectiveness of further treatment of the patient. Therefore, the introduction of
information technologies in all the work of the health sector is of paramount importance.
Accordingly, the further development of these technologies requires consideration and
solution of various medical practical issues. Therefore, this work is relevant.

The aim of this work was to optimize it in medical institutions, ensuring the quality of
monitoring the condition of patients at anytime and anywhere, as well as the creation of
electronic medical records (EMR) and its use in medical institutions.

The connection or integration of medical devices into it networks in the hospital, as well
as in other areas of the Russian healthcare system, leads to the fact that it networks become
more closely connected and, accordingly, more important. In this regard, they are an integral
part of modern patient care.

Implementing information systems in hospitals requires a more rigorous approach than
in many other sectors. This is primarily due to the implementation of key tasks, namely: direct
treatment and observation of patients, care for them, meeting their needs, personal contact
and communication — they should not be disrupted by the use of data processing systems.
Medical information systems represent a key success factor for effective hospital
management. The potential benefits are very large, but these benefits are only available when
EMR is established and widely used in hospitals.

MPOEKTUPOBAHME U MHTErPALIUA CUCTEM MOAAEP)KKWN MPUHATUA PELLEHWIA
B CTPYKTYPY UH®OPMALIMOHHO-NMPOrPAMMHbBIX KOMIMJIEKCOB LLU®POBbIX
nrPON3BOACTB

bapaHos B.B., bapaHosa W.B., batosa M.M.
Poccuiickas akageMusi HAQpOAHOro X03AUCTBa M rOCYyAapCTBEHHOI cny6bl Nnpun
Mpe3unpente PO, r. Mocksa, Poccus

E-mail: yar.baranow@gmail.com

PelueHne 3aay NpoOeKTMPOBaHWS U UHTErPaLMN CUCTEM MOAAEPXKKU NMPUHSATUS PELLEHNI
B CTPYKTYpy NpOrpaMMHO-MH(OPMALIMOHHBIX  KOMMIEKCOB  LMPOBLIX  NPOVU3BOACTB
06ycnoBuno HeobxoaMMOCTb co3AaHust 6a3bl 3HaHUM 06 WMHMOPMALMOHHBIX MPOAYyKTax,
KOTOpble WCMONb3YTC B MUMPOBOM M OTEUYECTBEHHOM MpaKTUKE AN pelleHust 3ajad
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ABTOMaTU3MPOBAHHOrO BbIGOPA HaWy4yllero BapWaHTa 3KOHOMMYECKOro pelueHusi. AHanu3
co3faHHOW 6a3bl  3HaHMW  Jan BO3MOXHOCTb BbISIBUTb HEAOCTATKM  CYLLECTBYIOLLMX
MHGOPMALMOHHBIX MPOAYKTOB. MCCnefoBaHWe 3TUX HeAoCTaTKOB MO3BOMMMO 060CHOBaTb
LenecoobpasHoCTb co3aaHus ans BbICOKOTEXHOJIOrMYHOrO npeanpusTus
KpoccnnaTthopMEHHOTO  MPOrPaMMHOIO  O6ecreyeHnsl CUCTEMbl  MOAAEPXKKN  MPUHSATUS
PELIEHNN, B OCHOBE KOTOPOW NEXWT OpWUrMHaNbHas MaTeMaTuuyeckas Mopenb, AeTaslbHO
oTpaxatoLlas 0Co6eHHOCT MHHOBALMOHHOMN AeATENIbHOCTM NpeanpuaTus.

Bbinl CO34@H OpPUrMHAbHbIN MaTeMaTUYECKMIA annapaT, OMUCLIBAOLWMI CTpaTernto
WHHOBALWMOHHON MOAEPHM3aUMN TMpeanpusiTus B paMKkax paspaboTkM MaTeMaTUyecKoi
MOZENM, OMUCHLIBAIOWIEN NPOEKT, peanu3yembli B paMkax CTpaTerMM  pasBUTUS
BbICOKOTEXHOMOMMYHOrO MPEeanpusTUs, BLINMOMHEHO OMMCaHWE NEepeEMEHHBLIX MoAenu, AaH
anroput™M pacyeta 3hdEKTUBHOCTM MpPOEKTa, anropuTM OPWEHTUPOBAH Ha YnpaBfieHue
MOTOKaMU  [AEHEXHbIX CPEeACTB  NpeanpusTMs WM MO3BOMSIET  paccyuTaTb  MpUPOCT
yHAAMEHTaNbHOW CTOMMOCTY BbICOKOTEXHONIOMMYHOIO NPeAnpUsiTUS.

B [foknage paccMaTpuBaeTCs  METoAMKa  PELUeHMSt  3afiauM  OpraHW3auMOHHOro
NMPOEKTUPOBAHUS TUOKMUX POBOTU3UPOBAHHBIX CTPYKTYP W  OMpedeneHuss OnTUMabHOro
COOTHOLLEHUS MeX[y NapaMeTpaMuM WX TMBKOCTM M MPOM3BOAWUTENBHOCTU. [peanoXeHsi
WHCTPYMEHTbI OLIEHKM MoKasaTeneil rMbkoCcT M NPOU3BOAMTENBHOCTU POBGOTU3MPOBAHHBIX
OpraHM3aUMOHHO-NPOM3BOACTBEHHLIX CTPYKTYP, CO3A4aHHbIX B pe3ynbTaTe  peanusaunv
npoekTa.

PaccMoTpeHbl Mopenu c6opa M XpaHEHUs OaHHbIX MNpY  pelleHun  3afad
MHGhOPMALUMOHHOrO  06ecneyeHnsl 3KOHOMUYECKON AEATENbHOCTM  BbICOKOTEXHOMOMMYHOMO
npeanpusitus.  WccnepoBaH — Bompoc — obecneyeHusi  MHGOPMAUMOHHOM  LLEMIOCTHOCTU
3KOHOMUYECKOW AEATENbHOCTU MPEAnpUSTUS U ero KOHTpareHToB. MokasaHa BO3MOXHOCTb
WHTErpauum B CUCTEME TNOAAEPXKKN MPUHATUA PELIEHWUI KOHCUCTEHTHOW MOAENM [AaHHbIX,
HeobXoAUMbIX  ANA  OpraHu3auuM  ynpaBleHus  Ae6UTOpCKOM U KPeaMTOPCKOW
3aA0/HKEHHOCTbIO.

PaspabotaHo  nporpaMMHoe  obecrieyeHMe  CUCTEMbl  MOAAEPXKM  PeLleHui
BbICOKOTEXHO/IOTMYHbBIM NPeAnpUATUEM SKOHOMUYECKUX 3aZlay, a TaKXKe peanv3oBaH yao6HbI
Nonb30BaTeNbCKUI UHTEPdeElic. CTpyKTypa NpOrpaMMHOro obecrneyeHnst No3BONSIET U3MEHSTb
ero (hyHKLMOHaNbHOCTb, UHTErPUPYS B CO3AAHHYIO CUCTEMY MOAAEPXKKN MPUHSTUS pELLeHnIA
HOBble 3apaun. PaspaboTaHHOE NPWNOXEHUE AN PELLEHUS]  BbICOKOTEXHOMOMMYHbLIM
NpeanpusTUEM 3KOHOMUYECKMX 33day  SBNSETCS  KpoCCnnaT(OpPMEHHbIM, T.e. MOXET
€anHOo06pasHO  (DYHKUMOHMPOBaTb B Pas/iMuUHbIX OMNEpaLMOHHBbIX CcuUcTeMax (HampuMmep,
Windows, Linux, Mac OS X u 1.4.).

Ha cosgaHHOe HaMu NporpaMMHOe O6ecrneyeHne CUCTEM MOAAEPXKKU MPUHATUS
YNpaBEHYECKUX PELLEHUI MOSyYeHbl TPU CBMAETENLCTBA O FOCYAAPCTBEHHOW perumcrpaumm
nporpaMmbl  Ans  OBM, BblgaHHbIX (deaepanbHoii  Cyx60M MO MHTENNEKTyanbHOM
COBCTBEHHOCTU, NATEHTAM M TOBAPHbLIM 3HAKaM.
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Solving the problems of designing and integrating decision support systems in the
structure of software and information systems of digital productions necessitated the creation
of a knowledge base about information products that are used in world and domestic practice
to solve problems of automated selection of the best option for economic solutions. Analysis
of the created knowledge base made it possible to identify the shortcomings of existing
information products. The study of these shortcomings made it possible to justify the
feasibility of creating a crossplatform software for a decision-making support system for a
high-tech enterprise, which is based on an original mathematical model that reflects in detail
the characteristics of the enterprise’s innovative activity.

An original mathematical apparatus was created that describes the strategy of innovative
modernization of the enterprise. As part of the development of a mathematical model that
describes the project being implemented as part of the development strategy of a high-tech
enterprise, the model variables are described, an algorithm for calculating project efficiency is
given, the algorithm is focused on managing the cash flows of the enterprise and allows
calculating increase in the fundamental value of a high-tech enterprise.

The report discusses the methodology for solving the problem of organizational de-sign
of flexible robotic structures and determining the optimal ratio between the parameters of
their flexibility and performance. Tools are proposed for evaluating the indicators of flexibility
and productivity of robotic organizational and production structures created as a result of the
project.

The software for a decision support system for a high-tech enterprise of economic tasks
was developed, and a convenient user interface was implemented. The software structure
allows you to change its functionality, integrating new tasks into the created decision support
system. The developed application for solving a high-tech enterprise of economic problems is
cross-platform, i.e. it can function in the same way across various operating systems (for
example, Windows, Linux, Mac OS X, etc.).

Three certificates of state registration of a computer program issued by the Federal
Service for Intellectual Property, Patents and Trademarks were received for the software we
created for management decision support systems.
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MarHuTHble HaHOCUCTEMbl, OCHOBaHHbIE Ha MapraHeu-LUuHKOBbIX depputax (MZFO)
NPOSIBASIOT MHOTO YHUKarbHbIX (DU3MYECKMX CBOWCTB TaKWX, KaK BbiCOKas MarHUTHas
NPOHULAEMOCTb, HU3KME NOTEPU Ha BUXPEBLIX TOKaX, BbICOKAs HAMarHUYEHHOCTb HaCbIWEHUs
W CONPOTMBIIEHME, @ TaKkXkKe YCToMYMBas XMMMYeckas ctabunbHocTb [1,2]. Bnarogaps Takum
0CO6EHHOCTSIM CYLLECTBYET A0BOJIBHO LUMPOKMIA CEKTP BO3MOXHbIX NMPYMEHEHUI HAHOYACTUL
MZFO. Tak, OHuM MOryT GbiTb WCMONb30BaHbl B LUYMOBbLIX (UILTPaX, YCTPOUCTBAX XpaHEHWs!
[aHHbIX, 9N1EKTPOMArHUTHLIX AeBalcax U B KaYeCTBE MUKPOBOJTHOBLIX nornotutenei [3].

dusnyeckne CBOWCTBA HaHovacTUl MZFO cunbHO 3aBUCAT OT pa3mepa, ¢OpMbI,
MOKpbITKSI, Cnocoba CMHTE3a a Takke CTEXMOMETPUYECKOro cocTaBa HaHodacTvy, [1,2].

Ons  v3ydeHusi BAUSHWA  KATUOHHOTMO OTHOWeEHus Mn:Zn:Fe Ha CTpPYKTYpHble,
3MEKTPOHHbIE M MarHUTHblE CBOWCTBA HaHodacTuy MZFO, cepus 06pasuoB pasMUHOMO
cocTaBa 6blna CcMHTE3VMpOBaHa M OXapakTepu3oBaHa C NMOMOLLbIO KOMMJieMeHTapHoOro Habopa
METOAMK, BK/OYAs  MOPOLUKOBYIO  PEHTrEHOBCKYD — Audpakumio,  MPOCBEYMBAIOLLYIO
3NEKTPOHHYI0O  MMKPOCKOMMWIO,  paMaHOBCKylO,  MEccbayapOBCKYI0 U PEHTreHOBCKYIO
(OTO3NIEKTPOHHYIO cnekTpockonuio (XPS), a Takke MarHUTOMETPUIO B AMAnNa3oHe TemnepaTtyp
4 — 300 K. C nOMOLLbIO 3/1EMEHTHOMO aHanm3a 6bif10 YCTaHOBMIEHO, YTO HaHOYaCTULbl UMEKOT
HECTEXMOMETPUYHbLIA COCTaB, KOTOPLIN OTAMYaeTCs OT oxuaaemoro. CorflacHO AaHHbIM
MarHuToMeTpuu, Mecc6asypoBckot M XPS CMeKTpOCKOMWU pOCT COAEPXaHUS LUMHKA B
HaHoyacTuuax MpvBOAUT K nepepacnpefeneHnio MarHWTHbIX atomoB Mn u Fe no
TETpasApuYECcKMM M OKTasapuyeckuM y3naM. CyLeCTBEHHO MEHSIIOTCS MarHWTHblE CBOMCTBA
HaHo4acTu.

BbnarogapHocTu

MéccbayapoBckue uccneaoBaHvs BbIMOMHEHbI NpY noaaepxke Mporpammel Mpesnanyma
PAH N232 «HaHOCTpyKTypbl: u3MKa, XMMKS, BUOMOrMS, OCHOBbLI TexHoMorni». O6paboTka u
aHanu3 pe3ynbTaToB paMaHOBCKOW W XPS CMEKTPOCKOMWM BbIMOSIHEH MpU  MOAAEPXKKE
MuHMCTEpCTBA HaykM W Bbicliero o06pa3oBaHusi B paMKax BbINOMHEHWs paboT no
locynapctBeHHoMy 3agaHuio GHUL, «Kpuctannorpadums n doTtoHnka» PAH.
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SYNTHESIS AND MAGNETIC PROPERTIES OF ZN-DOPED MAHGANESE FERRITE
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Lin®
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Magnetic nanosystems based on manganese-zinc ferrites (MZFO) exhibit unique physical
properties, such as high magnetic permeability, low eddy current loss, high magnetization,
saturation and resistance, as well as chemical stability [1,2]. Due to these features, there is a
fairly wide range of applications of MZFO nanoparticles. They can be used in noise filters, in
data storage, in electromagnetic devices and as microwave absorbers [3]. The physical
properties of MZFO nanoparticles strongly depend on the size, shape, coating, synthesis
method, as well as the stoichiometric composition of the nanoparticles [1,2,4].

To study the effect of the cationic Mn: Zn: Fe ratio on the structural, electronic, and
magnetic properties of MZFO nanoparticles, a series of samples of various compositions was
synthesized and characterized using a complementary set of techniques, including X-ray
diffraction analysis, electron microscopy, as well as Raman and Mdssbauer spectroscopy, X-
ray photoelectron spectroscopy (XPS) and magnetic measurements. By means of elemental
analysis, it was found that the nanoparticles have a non-stoichiometric composition, which
differs from the expected one. According to magnetometry, M&ssbauer and XPS spectroscopy,
an increase in the zinc content in nanoparticles leads to a redistribution of the magnetic atoms
of Mn and Fe over the tetrahedral and octahedral sites. The magnetic properties of
nanoparticles change significantly.
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KNACCUOUKALINA C MOMOLLbIO MCKYCCTBEHHBIX HEAPOHHbIX CETEWA U
OMOPHbIX BEKTOPHbIX MALUMH: MPUMEHEHME K CNEKTPAM ®JIYOPECLIEEHLUUN
HE®THU

3eap AyHr, Muxaiinos U.C.
HauunoHanbHbIi UccnepoBaTtenbckuii YHusepcutet (MAN)

E-mail: zayaraung53@gmail.com

WckyccTBeHHble HelipoHHble ceTvt (ANN) 6binv 3a4eMCTBOBaHbl BO MHOMUX MPUIOXEHUSIX
Ans pewenns npobnem peanbHoro Mupa. B kommepueckmx Lensx ANNS MOXeT nMpUMeHSTLCS
ANt NPOrHO3MPOBaHUS MPUBBINN, ABUXXEHWS PblHKa W YPOBHEN LieH Ha OCHOBE UCTOPUYECKOro
Habopa AaHHbIX pblHKA. B MeAMUMHCKUX NPUNOXKEHUSX BpayM MOryT OLEHMBaTb CUTyauuio
MHOTMX MaUMEHTOB B 3aBUCUMOCTM OT MCTOPUYECKOro Habopa AaHHbIX APYrux MaumeHToB,
KOTOpble MMenn Ty e 605e3Hb. B NPOMBILAEHHOCTU MHXEHEPLI MOMYT MpUMeHaTb Ann ans
pelleHns MHOMMX WHXEHEePHbIX 3aAay, TakUX Kak Kraccudukaums, nporHo3vpoBaHue,
pacrnosHaBaHue 06pa3oB W HeNMHENHbIE 3aAauu, rae NpobsieMbl OYeHb CIIOXHBI UM MOTyT
6bITb HEBO3MOXHO PEWUTb C MOMOLLBI OObIYHBIX MaTeMaTUyeckux npoueccos. Ann 6binu
MpYMEHeHbl NS MPOrHO3VMPOBaHWS 3aTyXaHus [A0XAS Ha HakioHHoMm nytv (1), Ans
MPOrHO3VPOBaHNS 3aTyxaHWUs AOXASA Ha MyTWU 3emMnas-KocMoc, A4S MPOrHO3MPOBaHUS MHAEKCa
kayectBa Bogbl (WQI) M Ans NporHO3MpOBaHWSi CUrHanoB Ha aTOMHOM 3MeKTpoCcTaHuuu (2).
OHM Takxke ucnonb3oBanuCb Ans pacrno3Hasavus nuy (3). B MeauuMHCKUX NpUMEHEHWsIX,
ANNSs 6b11 Mcnonb3oBaHbl B 06HapyxwvBaTh 3abonesaHne mosra (4) n DNA nnonaHocTb, Tak
e, KaK pacrnpefeneHune LUMkna KIeTKM acnupata paka MOMOYHOW xenesbl KoTopoe U3MepeHo
uMToMeTpuen wulobpaxkeHuss W npoaHanusaupoBaHo ANNS Ans MX  NPOrHOCTUYECKOW
3HauumocTu (5).

MawwuHbl BekTopa noaaepxku (SVM) coBpemeHHble U 3(@EeKTUBHbIE WHCTPYMEHTbI
KoTOpble yxe Obln paccMOTpeHbl ANs TOro YToObl paspelunTb 3aTpyAHEHUS kak npobnembl
KnaccudmKaumm 1 onosHaeaHue KapTuHbl. B SVMs HeT HeobxoanMocTy BbibupaTb PyHKLMKM 13
HECKOMbKMX MPUIOXeHWH. CBM MpUMEHSNUCL ANt PELUeHVst 3afay MeaULMHCKOW 6UHapHOM
knaccudukaumm  (6), pacrnosHaBaHWs CUMHaNOB  PAAMONIOKALMOHHBIX  M3nydaTtenen (7),
BW3yaNbHOro pacno3HaBaHWs peun (8) u BoO MHOrMX Apyrux ciyyasx.

B paHHON paboTe npeacTaBneHa knaccudukauus Macen C NoMoLubio hyopecLeHTHOM
cnekTpockonuu. Lenbto paboTtbl siBnsieTcs knaccmdukaums cnekTpos gnyopecueHumMn Hedtu
Ha ocHoBe rnabopaTopHOro Habopa CrekTpoB (yopecuUeHLUM HECKONbKUX KnaccoB HedTu
(wnam, coipas u Taxenas HedTb). Knaccudukaums nposBoaunacb C MCMNOMb30BaHUEM
creaytowmx Tpex METOA0B: METOA KaHaslbHbIX OTHoLeHU (CRM), UCKYyCCTBEHHbIE HEMPOHHbIE
cetvt (ANNS) 1 MalUMHbI ONOPHbIX BEKTOPOB (SVMs).

CLASSIFICATION BY ARTIFICIAL NEURAL NETWORKS AND REFERENCE VECTOR
MACHINES: APPLICATION TO OIL FLUORESCENCE SPECTRA

Zayar Aung, Mikhailov I.
National Research University (MPEI)
Moscow, Russia
E-mail: zayaraung53@gmail.com

Artificial neural networks (ANN) have been used in many applications to solve real-world
problems. For commercial purposes, ANNs can be used to predict profits, market movements,
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and price levels based on a historical market dataset. In medical applications, doctors can
assess the situation of many patients based on the historical data set of other patients who
have had the same disease. In industry, engineers can apply ANN to many engineering
problems such as classification, prediction, pattern recognition, and nonlinear problems where
problems are very complex or may be impossible to solve with conventional mathematical
processes. ANN were used to predict rain damping on an inclined path (1), to predict rain
damping on an Earth-space path, to predict water quality index (WQI), and to predict signals
at a nuclear power plant (2). They were also used for facial recognition (3). In medical
applications, ANNs have been used in detecting brain disease (4) and DNA ploidy, as well as
breast cancer aspirate cell cycle distribution that is measured by image cytometry and
analyzed by ANNs for their prognostic significance (5).

Support vector machines (SVM) are state-of-the-art and efficient tools that have already
been considered to solve difficulties such as classification problems and pattern recognition. In
SVMs, there is no need to select functions from multiple applications. SVMs were used to solve
problems of medical binary classification (6), radar emitter signal recognition (7), visual
speech recognition (8) and in many other cases.

This paper presents the classification of oils using fluorescent spectroscopy. The aim of
the work is to classify the fluorescence spectra of oil on the basis of a laboratory set of
fluorescence spectra of several oil classes (sludge, crude and heavy oil). The classification was
carried out using the following three methods: channel relationship method (CRM), artificial
neural networks (ANNs) and support vector machines (SVMs).

AVCTAHLMOHHbIA MOHUTOPUHI MCUXO®U3NOJTIOMMYECKOTO COCTOSIHUSA
OMEPATOPA NP NOMOLLU AHAJIU3A AKYCTUYECKUX XAPAKTEPUCTUK ElrO
PEYN

JINe6epenBa C.A.
FHY P® — UHCTUTYT Meauko-6uonornuecknx npo6nem PAH, MockBa, Poccuiickas
depnepauus
E-mail: sveta-firefox@yandex.ru

Peub uenoseka, pewatolero paboune 3ajaun, MOXET MHOroe ckasaTb O €ro
3MOLMOHASNbHOM, KOTHUTUBHOM U NCUXO(U3MONMOMMUECKOM COCTOSIHUM, @ Takxe B LENoM O
CUTyaumuu, B KOTOpYK TOT noMelwéH. C 3TUM CBsi3aHO 6ONbLUOE KOSIMYECTBO MCCNenoBaHUM
KOMMYHMKaLMI OnepaTopoB, paboTalolmX B 3KCTPEMalbHbIX YCNOBUSIX Ha  YAANEHHbIX
CTaHUMSIX, MWNOTOB, KOCMOHAaBTOB M T.A. OCHOBHbIM MPEMMYLLECTBOM [aHHOMO MeToaa
SIBNSIETCA  MPOBEAEHWE MOHUTOPUHIA  MCUXOHEBPOSIOTMYECKOrO CTaTyca KOCMOHaBTOB
HEMoCpesCTBEHHO B XOAE BLIMOMHEHWUS UMW peanbHOW AedTenbHOCTU 6e3 UCnosb3oBaHWs
AOMONHUTENBHOrO 06opyAoBaHus M 6e3 3aTpaT BpeMeHu skunaxa. B nocnegHee Bpems
aHanM3upyeTcsl B OCHOBHOM TOJbKO COAepXaTesibHasi CTOPOHa peyn, B TO BpeMSi kak UMEHHO
aKYCTUYECKME XapaKTEPUCTUMKM peyn nyywum obpa3oM OTpaxatoT riybuHHble 0CO6eHHOCTU
NCMXO(U3NONOrMYECKOr0 COCTOSIHUSI KOCMOHABTa 3@ CYET WX MeHblUell NoAaBepXEHHOCTU
CO3HaTENbLHOMY KOHTPOJO.

Mpepnaraembli  Hamm  MeToa 6a3upyeTcsl kak Ha  METOAMYECKUX  NOAXOAaXx,
peanu3oBaHHbIX B NMPOBOAMBLUMXCS paHee KOCMUYECKUX M MOAENbHbIX SKCMepUMeHTax, Tak U
Ha COBpEMEHHbIX MeToAax WM TEXHONMOTUSX aHanM3a aKyCTUYECKMX XapakTepucTuk peun. OH
6bin anpobupoBaH B psae MogenbHbIX 3KCrnepumeHToB Ha 6ase MHL PO — WUMBI PAH,
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BK/IIOYAs MCCNeaoBaHus Ha LeHTpudyre kopoTkoro paanyca (LIKP) u Bo BpeMmsi 21-CyToO4HOM
«CyXOM» UMMepCUn.

C nomowblo  aHanmM3a  aKyCTMYECKMX  XapaKTepuCTUK  U3yyanucb  acnekTbl
NCcnxon3nonorM4eckoro COCTOSIHMS, CTPecc-peakumm n cnocoboB COBNagaHUs cCo CTPECCOM Y
YeroBeka-onepaTopa — AN 3TOr0 BO BpeMsi BO3LEWCTBMEM PasfUYHbLIX PEXMMOB YITIOBbIX
yckopeHuii Ha LKP npousBogunack 3anucb NEeperoBopoB Mexay UcChbiTateneM U
cneunanuctamu LieHTpa ynpasneHus. PesynbTaTbl 3kcnepumeHTa Ha LIKP npenmyLiectBeHHO
OTpaXalT  M3MeHeHne  (YHKUMOHANbHOro  COCTOSIHMA  YenoBeka-ornepartopa  npu
KpaTKOBPEMEHHOM BO3AENCTBUM 3KCTPEMasibHbIX (DAaKTOPOB OKpYXeHus. B akcnepumeHTax c
UCMONMb30BaHUEM  «CyXOM» WMMEpPCUMM MOLENUPYETCS MeHee WHTeHCMBHOe, HO 6onee
ANUTeNbHOe BO3AENCTBME Ha OpraHu3M YenoBeka. Bo Bpems 21-cyTouHOW Cyxoii MMMepcum
M3y4anocb M3MEHEHWE YaCTOTHbIX XapaKTepUCTUK peyn 4enoBeka B YC/IOBUSIX ANUTENbHO
MoZenvpyeMbix GakTopoB MUKPOrpaBuUTaLMu.

MonyyeHHble ayaMo3anncy aHannM3npoBaanch C MOMOLLBIO NPorpaMMHOro obecneyeHus,
npeaHasHayYeHHoro Ans paboTbl CO 3BYKO3aMMCAMU M MO3BOSSIOWErO BbISBUTb MX OCHOBHbIE
KonmyecTBeHHble xapaktepuctuku (Praat, Audacity n gp.) n meToga 3KCnepTHbIX OUEHOK. B
AnHamuke uccneposanuce YOT (cpeaHsis U MeauaHHas), MHTEHCMBHOCTb (MPOMKOCTb) peuw,
KONMYecTBo 6MeHUI, Nay3 B peun, ANUTeNbHOCTb (pas, LWMMMEpP- U AXUTTEP- 3hheKTbI.

MonyyeHHble pe3synbTaThl anpobauun MeToAa CBMAETENLCTBYIOT B MOMb3Yy €ro
paboTocnoco6HOCTU 1 BaNMAHOCTY, NO3BONSIS NaHMPOBaTh AasibHelne UCCNeA0BaHUS B
paMKax cepuu  MOAENbHbIX 3KCMEPUMEHTOB, rOTOBA TakuM 06pasoM  Hay4yHo-
METOAMYECKYIO U TEXHUYECKYIo 6a3y Ans NpoBeAeHWst 60PTOBbIX UCCIEA0BaHWIA.

REMOTE MONITORING OF PSYCHOPHYSIOLOGICAL STATE OF THE OPERATOR BY
USING ANALYSIS OF ACOUSTIC SPEECH CHARACTERISTICS

Lebedeva S.
Institute for Biomedical Problems of the Russian Academy of Sciences, Moscow,
Russian Federation

E-mail: sveta-firefox@yandex.ru

Studying the speech of a person solving work tasks can say a lot about his emotional,
cognitive and psychophysiological state, as well as about the situation in which he is placed.
This is associated with a large number of studies of communications of operators working
remotely in extreme conditions, pilots, astronauts, etc. The main advantage of this method is
the ability to monitor the psychophysiological status of astronauts directly in the course of
carrying out their real professional activities without using additional equipment and without
spending time of the crew. Presently, only the content side of speech is analyzed mainly,
while the analysis of the speech acoustic characteristics is less common due to technical
limitations in sound recording. Nevertheless, the acoustic characteristics in speech better
reflect the deep features of the astronaut's psychophysiological state due to their lesser
susceptibility to conscious control. The analysis of the acoustic characteristics allows to
evaluate the dynamics of the subject’s emotional and functional states, it is also less energy-
consuming and allows the analysis of speech in real time.

The method proposed by us is based both on methodological approaches implemented
in previously conducted space and model experiments, and on modern methods and
technologies for analyzing the acoustic characteristics of speech. It was tested in a number of
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model experiments in the Institute for Biomedical Problems RAS, including short-radius
centrifuge (SRC) studies and during the 21-day dry immersion.

By analyzing the acoustic characteristics, some aspects of the psychophysiological state,
stress reaction and ways of coping with stress in a human operator were studied. Records of
communication between the subjects and the Control Center during the implementation of
various angular acceleration modes on the SRC were used for speech analysis. The results of
the experiment on the SRC mainly reflect the changes in the operator’s functional state under
a short-term exposure to extreme environmental factors. In experiments using dry immersion,
a less intense but more prolonged effect on the human body is modeled. During the 21-day
dry immersion, changes in the frequency characteristics of human speech under conditions of
long-term simulated microgravity were studied. Audio recording of voluntary speech was
carried out twice a day (morning and evening). This format of audio reports partially
reproduces daily planning conferences (DPC) performed by cosmonauts at the beginning and
end of their working day, and also simulates time-delayed audio messages during a
communication delay.

Audio recordings were analyzed using software for working with audio files and allowing
to identify their main quantitative characteristics (Praat, Audacity, etc.). In dynamics were
studied: fundamental frequency, intensity, number of pulses, fraction of locally unvoiced
frames, duration of phrases, shimmer and jitter effects.

The results of the method testing prove its efficiency and validity, allowing us to plan
further studies in a series of model experiments (e.g., SIRIUS in IBMP), thus preparing the
scientific, methodological and technical basis for on-board research.

AJTTOPUTMbI AUCNETYEPU3ALMN OYEPEJEV B CETEBbIX KOMMYTATOPAX C
OrPAHUYEHMEM OANIUTEJIbHOCTU LKA OBC/TY)XXUBAHUA

KonHoB H.H., MaTtynun [.B., CemeHoB A.O.
MNMeH3eHCKni rocyaapcTBeHHbIi yHuBepcutet, MeH3a, Poccus

E-mail: knnpnz@mail.ru, dvpatunin@gmail.com, andre20071@yandex.ru

B komMyTaTopax Ethernet c noamepxkoi kauectBa ob6cnyxwuBaHusa (QOS) LWKMPOKO
NMPUMEHSIETCA anropuTM AucneTyepusaumm odepegein WDRR - B3BelleHHoe AeduumuTHOE
LUMKInYeckoe — 06CnyxuBaHWe,  AOCTOMHCTBaMWM  KOTOPOro  SIBASIOTCS  UCKITIOYEHWe
MOHOMONM3aUMN  pecypca, TOYHOCTb perynvMpoBaHvs MonoCbl MPOMyCKaHus, MpocToTa
peanusaumm. B WDRR anroputMax Ans kaxaoro knacca QoS Tpadwuka Bblaensercs cBos
ouepeab B 6ycdepe BbIXOAHOrO MOpTa, KOTOpbIE O6CYXMBAIOTCS B NOPsAKE BO3PacTaHUsl UX
HOMEpPOB, KOMMYECTBO AaHHbIX, MEpedaBaeMblX W3 KaxaoW ouvepeau 3a OAMH CeaHc
o6cnyXXvMBaHUM, 3aAaeTcst 3aKpenseHHbIM 3a Heli BECOM, MpOMopLMOHaNbHLIM BblaeNeHHOM
[U1S1 COOTBETCTBYIOLLEro Klacca Nonocoi nponyckanHua [1].

Hepoctatkom anroputmMa WDRR 6BRsieTcs HEKOHTpONMpyemasi BennyMHa  [XuTTepa
npoaBuraeMbix KagpoB M3-3a pas3bpoca BPEMEHW OXMAAHWS UX 0BCMYyXWMBAHUS B Pa3fNYHbIX
oyepeasix, 3aBUCMMOCTb 3afepXKW OT HasHauyeHHOW Ans KnaccoB Tpaduka nonockl
nponyckaHusi, OPMMPOBaHME  <«MayeyHoOCTW»  ucxopslero Tpaduka, UTO Bbi3BAHO
LNETEPMUHUCTCKMUM nopsiAKOM obcnyxumsaHus oyepepein " HeadeKTUBHLIM
nepepacnpeneneHMeM Heucronb3yeMoi Nosockl NPOrycKkaHUs HeAorpyXXeHHbIX KaHanoB AJis
pacLwmMpeHns Nosockl NPONYCKaHUs Neperpy>XeHHbIxX [2].
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AsTOpamu npeanaratotcs ans KOMMYTaTopoB [ NOAAEPXKKOM QoS
ycoBeplueHcTBoBaHHble WDRR anropuTMbl AvcrieTyepusaumy odepenel, obecrneunBaiolime
MeHbLUMI pa3bpoc 3HAYEHWUI IKUTTEPA NPY NPOABMXKEHUM Tpaduka pasnmuHbIx knaccoB QoS,
a Tawke 6onee koMcoOpTHblE YCNoBMUA nepefaun Tpaduka B cyyae pa3banaHCcupoBaHus
BbIAENSEMON 411 HUX MOMOCHI MPOMyCKaHWsl. TO AOCTUraeTcst 3a CYET pasbueHus ceaHca
HempepbiBHOro  06CNykuBaHUsi  BblbpaHHOW ouvepeay Ha psiA MOACEAHCOB  MyTeMm
nepuoaMyYeckoil nepefayuM CrneuvanbHOro  pasAenuTeNbHOro Kafpa, 4YTO  orpaHuyMBaeT
BPEMEHSI HEMpepbIBHOW Nepeaayn AaHHbIX Npy 06CTYXXMBaHWKM KaXKAOW ouepean U BeaeT K
«nepemMeLInBaHnio» KaapoB pasnnyHbIX KnaccoB QoS Tpaduka, yMeHbLUAsi ero «navyeyHocTu».
Pa3Mepbl nepeaaHHbIX pa3faenuTenbHbIX KaapoB YYUTLIBAKOTCA B YCTAHOBMEHHBLIX AeduumTax
COOTBETCTBYIOLMX ouepeei. B kayecTBe pasgenuTenbHOro kaapa MoXeT BblbupaTtbcs 1Mb6o
CaMblii CTapbI Kaap U3 HEMYCTbIX oYepeaen, 60 rofoBHOM Kaap, BbIGpaHHbIN U3 CryuYaiHoM
HenycTo oyepean, NM60 Kaap U3 HEMyCTON oYepeay Co CleayoLMM NMpUopMTeToM [3].

O beKTUBHOCTb NpeanoXeHHbIX anropuTMoB B cpaBHeHUn ¢ WDRR noaTeepxaaeTcs
pe3ynbTaTaMM MX MMWTALUMOHHOrO MOAENMPOBAHMA C MCMONb30BaHWEM annapaTta LBETHbIX
nepapxmueckux ceteii lNetpu cpeactBamm naketa CPN Tools. B kauecTBe Kputepusi
3hEKTUBHOCTU pacCMaTPMBAOTCS 3HAYEHWSI BapyaLmiA MakCUMaribHbIX U CPEAHMX 3HAYeHWi
MKUTTEpa TpaduKa pasfMyHbIX K1accoB Tpaduka.
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ALGORITHMS FOR SCHEDULING QUEUES LIMITED DURATION OF THE
MAINTENANCE CYCLE OF NETWORK SWITCHES

Konnov N., Patunin D., Semenov A.
Penza State University, Penza, Russia

E-mail: knnpnz@mail.ru, dvpatunin@gmail.com, andre20071@yandex.ru

The Ethernet switch with support for Quality of Service (QoS) is widely used queue
scheduling algorithm WDRR — deficit weighted round robin, the advantages that are
exceptions to the monopolization of resources, bandwidth control accuracy, ease of
implementation. In WDRR algorithms, for each class of QoS traffic, a queue is allocated in the
output port buffer, which are served in ascending order of their numbers, the amount of data
transmitted from each queue in one servicing session is specified by the weight proportional
to the bandwidth allocated for the corresponding class [1].

The disadvantage of the WDRR algorithm is the uncontrolled jitter of promoted frames
due to the spread of the waiting time for their service in different queues, the dependence of
the delay on the bandwidth assigned to traffic classes, the formation of "outflow" of outgoing
traffic, which is caused by the deterministic order of queuing and the inefficient redistribution
of unused bandwidth underloaded channels to expand the bandwidth of overloaded [2].
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The authors propose for QoS-enabled switches advanced WDRR queue scheduling
algorithms that provide less jitter scatter when promoting traffic of different QoS classes, as
well as more comfortable traffic transfer conditions in case of unbalanced bandwidth allocated
to them. This is achieved by dividing the continuous service session of the selected queue into
a number of sub-sessions by periodically transmitting a special dividing frame, which limits the
time of continuous data transmission during each queue servicing and leads to "mixing" of
frames of various classes of QoS traffic, reducing its "malnourishment". The sizes of the
transferred separation frames are taken into account in the established deficits of the
respective queues. Either the oldest frame from non-empty queues, or a head frame selected
from a random non-empty queue, or a frame from a non-empty queue with the following
priority can be selected as a separation frame [3].

The effectiveness of the proposed algorithms in comparison with WDRR is confirmed by
the results of their simulation using the apparatus of color hierarchical Petri nets using the
CPN Tools package. As a performance criterion, the values of variations of the maximum and
average values of traffic jitter of various traffic classes are considered.
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FEOUH®OPMALIMOHHASI CUCTEMA YINPABJIEHUSI PASBUTUEM TEPPUTOPUIA

firotuHuesBa H.B., Kon6una O.H., UctomuH E.NN.
®rboy BO «Poccuiicknii rocyaapcTBeHHbIi TMAPOMETE0pPOsIOrM4eCcKuii
yHuBepcuteT», CaHkT-lNeTepbypr, Poccus

E-mail: Solnishko234@yandex.ru

CoBpeMeHHble  COLMANbHO-3KOHOMUYECKME CUCTEMbI, KakK O06beKTbl  ynpaBrieHus,
NpeacTaBnsitoT Coboi CNOXHbIE NPOCTPAHCTBEHHO-pacnpeaesieHHble CUCTEMbI U TEpPUTOpUH,
4YTO CBMAETENbCTBYeT O HeobxoauMMOCTM pa3paboTku W MPUMEHEHWW B YnpaBneHun
reouHcdopMaumoHHoro  noaxoaa. Co3paHuve  LENOCTHOMW  CUCTEMbl  MHQOPMaUMOHHOIO
obecneveHus JleHuHrpaacko obnactn u r. CaHkT-MeTepbypr siBnsieTcs cpeactsoM cbopa
BOEAWHO W OGHOB/IEHUS Pa3HOPOAHbLIX MPOTrHO3MPYEMbIX W (PAKTUYECKUX AAHHBIX MO
HeobXoauMbIM NpeaMeTHbIM 061acTaM.

CTpykTypy M coctaB 6a3 AaHHbIX reouMHgopMaumoHHoin cuctembl (TWUC) ynpasneHus
pasBuTMEM TeppuTopuu onpeaenseT WHdOpMaums, MocTynawwas U3 aaMUHUCTPATUBHBIX
BEAOMCTB M HE3aBUCUMbIX UCTOYHMKOB. MHdOopMaumto, noctynatowyto B F'MC MOXHO yCnoBHO
pa3fenuTb Ha ABa BuAa: CyleCTBYyIOLWME pecypcbl U HE3aBUCUMbIE AaHHbIE.

[lna NporHo3npoBaH1s BEPOSITHOCTW MEpeHOCa 3arpsi3HEHHbIX BELLECTB U 0TobpaxeHus
ee Ha UC, ncnonb3yeTca MeToAbl OLEHKW BEPOSTHOCTHBLIX XapakTepucTuk npoueccos. C
MCNOMb30BaHWEM AaHHbIX METOAOB OCYLLECTBSETCS OLEHKa BEPOSITHOCTM MepeHoca BpeaHbIX
BELLECTB, B 3aBMCMMOCTM OT CUJIbl BETPa 3a[aHHOro rnopora Ha rnepuoa spemeHn At. [laHHble
B MNC npeactaBnsiotcs B BuAe BPeMeHHbIX psigoB. B kayecTBe cnydvaiiHoro cobbiTuist
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paccMOTpeHa 3ajaya NpeBblleHWs] CWMbl BETPA MO YPOBHSIM OMWCAHHbIX B PYKOBOASILLEM
fokymMeHTe 52.04.667-2005, B KOTOpOM CyLIECTBYET MHTEPBa/l CKOPOCTM, Ha OCHOBaHWUU
KOTOpOro NpucBaMBaEeTCs NOoTeHUMana 3arps3HeHns atmocdepsbl.

Mpy M3BECTHOM C/Ty4aiiHOM MPOLIECCE MOXHO OMNpeAeTb BEPOSTHOCTb HEBbLIXOAA CUJbI
BETPa 3@ MPOMEXYTOK, HE MPEBLILAKLWMNIA YPOBEHb «YMEPEHHbIA» B COOTBETCTBMU C P[]
52.04.667-2005 no cneaytoLlein dopmyne:

8; —mge—15(0.t5)(5p—mg) —®

(_ mg—l"s{{],t3}-[30—mg]
5| Os |
\|1—r§{{],t3] \‘|1—r52(0,t3)

P; (ta) = @(

rae:

B; (EB)— BEPOATHOCTb HEBBLIXOZA CWIbl BETPA 3a NPEAESbl YPOBHS «YMEPEHHBIN»,
51-- YPOBHM NoTeHUMana 3arpsisHeHnst atmocdepsl,
11 ;— MaTeMaTU4eCKoe OXuaaHue CNyyaliHoro npouecca,

0 - CpeHeKBaApaTUYecKoe OTK/IOHEHWE,
15 (0, t,)— aBTOKOpPENsILMOHHAs YHKLMS,
Sy~ HavanbHoe 3HaveHne cubl BETpa.

MMes cTaTUCTMYecKUe fAaHHble O CUle W HampaBfeHWW BETPa B PErMoHe, BO3MOXHO
NPOrHO3UPOBaHWE 3KOMOMMYECKOr0 COCTOSHUS B PErvoHe, a npumeHeHne MC ynpaBneHus
pasBWTMEM TEPPUTOpPUM MO3BONMUT O06ECMeunTb MOAAEPXKKY MNPUHSATUS peleHus  Ans
YNyULLEHUs COCTOsHUS. MeonHbOPMaLMOHHAs CUCTEMaA YNPaBeHUs KakK CeUManu3MpoBaHHas
MHMOPMaLMOHHAs CUCTEMA [OMMKHA Peann3oBaTh Kak TPAAMLIMOHHbBIE MPUHLMMLI U DYHKLMK
ynpaBfeHus, Tak W  cneunduyeckue, BO3HMKAIOLME B  pesynbTaTe  MpUBMEYEHNS
MPOCTPAHCTBEHHOW MHGOPMaUMM  Ha  pasfMuHbIX  YPOBHSAX  YNpaBNEHUs  COLManbHO-
3KOHOMMYECKMMM  CUCTEMAaMU W TEPPUTOPUSIMU  PA3fIMUHON  CIOXKHOCTM, Maclutaba K
NpeAHasHauyeHus,, Ha OCHOBe paspaboTkM W peanu3auMM  TEXHOOMMIA  Co3AaHus
WHTENNEKTyanbHbIX ~ FEOMH(OPMAUMOHHBIX ~ CACTEM  YNpaBneHUs U MPaKTUYECKMX
pekoMeHAaUMin Ans Ux NpUMEHeHUs B SKOHOMMKE W coLmasnbHom cdepe.

GEOGRAPHIC INFORMATION SYSTEMS MANAGEMENT DEVELOPMENT

Yagotintseva N., Kolbina O., Istomin E.
Russian State Hydrometeorological University
E-mail: Solnishko234@yandex.ru

Modern socio-economic systems, as objects of management, are complex spatially
distributed systems and territories, which indicates the need to develop and apply in the
management of geoinformation approach. The creation of an integrated system of information
support of the Leningrad region and St. Petersburg is a means of gathering together and
updating heterogeneous forecast and actual data on the necessary subject areas.

The structure and composition of the databases of the geographic information system
(GIS) of the territory development management is determined by information coming from
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administrative departments and independent sources. Information received in GIS can be
divided into two types: existing resources and independent data.

To predict the probability of transport of contaminated substances and display it on the
GIS, methods for assessing the probabilistic characteristics of processes are used. Using these
methods, the probability of transfer of harmful substances is estimated, depending on the
wind strength of a given threshold for a period of time At. the data in the GIS are presented
in the form of time series. As random events the problem of excessive use of force of the
wind at levels described in the guidance document 52.04.667-2005, in which there is a speed
interval on the basis of which is assigned a potential of atmospheric pollution.

3:'_ 5 5[0,t3]-[ - s} — g™ s{‘lts}'{ - s]
Pi(t;) = O ) — (e
J 1-17 (0.t5) J 1-13(0.t5)

—_———

rae:

P; (tB)— probability of non-departure of wind force beyond the "moderate" level,

51-- levels of atmospheric pollution potentia,
m,— mathematical expectation of a random process,

J ;- standard deviation,
15(0, t,)— autocorrelation function,
5p- initial value of wind force.

With statistical data on the strength and direction of wind in the region, it is possible to
predict the ecological state in the region, and the use of GIS management of the territory will
provide support for decision-making to improve the state. Geoinformation management
system as a specialized information system should implement both traditional principles and
functions of management, and specific, arising from the involvement of spatial information at
different levels of management of socio-economic systems and territories of varying
complexity, scale and purpose, based on the development and implementation of technologies
for the creation of intelligent geoinformation management systems and practical
recommendations for their application in the economy and social sphere.

WH®OPMALIMOHHO-KOMMYHUKALIMOHHbIE TEXHOJIOTMU B CPELE
OBPA30BAHMA

Anppocosa E.
Poccuiickumii rocyaapcTBeHHbIW nefaarormyecknii yhmsepcutet umenm A.U. NepueHa

E-mail: androsova.01@mail.ru

[Noknapa nocesieH MHEAOPMaLMOHHBIM Y KOMMYHUKATUBHBIM TEXHONOTUSIM B
obpa3oBaTenbHON cpefe. (gasnee npescTas/ieHr OTpsIBOK)

B HacTosilee BpeMsi OAHOW M3 MPUOPUTETHbIX 3adad  sBnseTca  rnobanbHas
uHbopMaTU3aUmMa oblecTea. DTO BedeT 33 CO6OM  pacliMpeHWe  WHTENNEKTYaNbHOro
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noteHuvana obwectBa W WHTerpaumio Bcex cdep IKU3HesesTeNnbHOCTM B BuUae
MHOPMaLIMOHHBIX TEXHOMOMUI.

Cuctema 06pa3oBaHMs WrpaeT BaXHYlD Ppofb B CO34aHMM M WUCMOMb30BaHUM
MH(OPMALIMOHHbLIX TeXHOMOrni. OCcOBEHHO XOYETCS BbIAENUTH BbICWIYO LWKOMY Ha 6Gase
Hay4HbIX UCCefOBaHUIN.

Camo ucnonb3oBaHue UKT B ob6pa3oBaHMM Hauyanocb 3HaYUTENbHO AaBHo, B 70-e . XX B.
C Tex Mop M [0 COBPEMEHHOCTVM BaXKHEWLIMM COBPEMEHHLIM YCTPOMCTBOM  SIBMSIETCS
KoMnbioTep.

Ocobyto ponb B MHPOPMALMOHHBIX TEXHOMOMMUAX UrpaeT MynbTuMeana. bnarogaps sTtomy
yyeHUKaM B HarnsgHoOM BWAE MOXHO MpefoCTaBWUTb  TeKCTbl, rpaduky, BUAEO W
MynbTUnNAMKaumio. Boobe noa MynbTuMmeama nogpasymesaloT WKT, wcnonb3ytowme
pasfinyHble MporpaMMHbIE U TEXHUYECKWe CpeAcTsa C Uenbio Hanbonee 3dhdeKTMBHOrO
pasBuTKS.

Mcnonb3oBaHne MHAOPMALMOHHLIX TEXHOMOMMIK B 06pa3oBaHUM BEAET K YBEIWUYEHMIO
neaarorMyecko MOTMBAUMKM CTYAEHTOB M AOCTUXEHWIO 3hEKTUBHOCTM 06pa3oBaTeslbHOro
npouecca. bBoMbWKMHCTBO nefaroroB M MCUXONOrOB  OTMEYAT, UYTO  COBPEMEHHble
NHMOPMALIMOHHbIE TEXHOOMNM, B TOM YMCE U MyNbTUMEANa, OTKPbIBAKOT 06yYaroWwmM A0CTyn
K HEeTpaguUMOHHBIM MCTOYHMKaM WHbOPMaLMM, MO3BONSIOT peanu3oBaTb MNPUHLMIMANBHO
HoBble OpMbl M MeToabl 06y4YeHWsi C MpUMEHEHWEM CpeaCTB  KOHUENTYanbHOro U
MOAENNPOBaHUS SBNEHUA W MPOLIECCOB, KOTOPblE MO3BOMSIOT MOBLICUTL 3hHEKTUBHOCTbL
obyueHus.
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INFORMATION AND COMMUNICATION TECHNOLOGIES IN EDUCATION

Androsova E.
Herzen State Pedagogical University of Russia

E-mail: androsova.01@mail.ru

The report is devoted to information and communication technologies in the educational
environment. (excerpt below)

Currently, one of the priority tasks is the global informatization of society. This leads to

the expansion of the intellectual potential of society and the integration of all spheres of life in
the form of information technology.
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The education system plays an important role in the creation and use of information
technology. I especially want to highlight a higher school based on scientific research.

The very use of ICT in education began long ago, in the 70s of the XX century. From then
until the present, the most important modern device is a computer.

A special role in information technology is played by multimedia. Thanks to this, students
can visualize texts, graphics, video and animation. In general, multimedia refers to ICTs that
use various software and hardware to achieve the most effective development.

The use of information technology in education leads to an increase in the pedagogical
motivation of students and the achievement of the effectiveness of the educational process.
Most educators and psychologists note that modern information technologies, including
multimedia, open up access for students to non-traditional sources of information, allow for
the implementation of fundamentally new forms and methods of teaching using conceptual
and modeling tools and phenomena that can improve the effectiveness.
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AJITOPUTMbI MALLMHHOI 0 OBYYEHUS1 B ABTOMATUYECKOM OBHAPY)XEHUU
AHOMAIUN

'pomos C.B.
HUTY «MUCuC»

E-mail: gromov@asu.misis.ru

MHOXECTBO KOMMNaHWI B HACTOsILLEEe BPEMS! YXKe UCMOSb3YIOT METPUKU AaHHbIX, KOTOpPble
MOMOTaloT BbISIBNSITb @HOMaNMK B JaHHbIX U CO3AaBaTb HOBble BO3MOXHOCTU Ans 6M3Heca.

B 3TWx 3aaayax MCronb3yeTcsl OFPOMHOE KOJIMYECTBO NMOKa3aTenel, KOoTopble OTpaXaloT
pasnuuuMe Mexay TeM, YTO MPOMCXOAMT ceryac U TeM, YTO Mbl BUAENW B MPOLIOM U YTO
oxugaem yeuaeTb B OyayweM. MOHWUTOPUHI U aHanu3 LWabfoHOB AaHHbIX B pexume
peanbHOro BpeMeHU MoMoraeT O6HapyXUTb MOPON HEOXWAAHHble U3MeHeHWs. LLabnoHbl
[@HHBIX MOTYT M3MEHSITbCS U 3TO 3aTPYAHSIET MOHMMAHWE TOro, Kakve MOAENU AaHHbIX WU
QNropuUTMbl HEO6XOAMMO MPUMEHSATb. OAHAKO €CNM Mbl UCMONb3YEM MOAXOASILUME MOAENU, Mbl
MOXEM O6HapyXMUTb jaXxe CaMble He3aMeTHble aHOManW.

B mMeToge OAHOMEpHOro OBHapYXXEeHWW aHoMasnuii MPOCMaTpUBAOT KaXAylo METPUKY
OTAENbHO, M3y4yast ee XapaKTepHble LWAGMoHbI, U MOMyYaloT CrIMCOK aHOManuWii ANt KadkaoM
OTAENbHON MeTpUkK. M3-3a 3Toro 6bIBaeT CII0XKHO AOKOMATLCS A0 NEepBONPUYMHBI NPOBNEMbI.
MpenMyLLecTBO OAHOMEPHOrO OGHApYXXEHWsi aHOManui COCTOMT B TOM, UTO €ro nerye
MaclITabupoBaTb C TOUKW 3PEHUSI BbIUMCIEHUIA: TPEByeTCs MeHblUe AaHHbIX, YTOObl y3HaTb,
YTO SIBNSIETCS HOPManbHbIM, @ YTO HET, TaK Kak CUCTEMA CMOTPUT Ha KaXaylo MeTpuKy
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OTAENbHO, @ He Ha KOMBMHaUMIo MeTpuk. OfHaKo, KOrAa NMPOUCXOAUT YTO-TO HEOXWMAAHHOE,
B/IUSIIOLLIEE HA MHOXECTBO Moka3saTesnieil OAHOBPEMEHHO, chcTeMa nepectaeT paboTaTb.

MeToabl 06Hapy>XEHWsi MHOFOMEpPHbIX aHOMasniAi MPUHUMAIOT BXOAHbIE CUMHanbl OT BCEX
UCTOYHMKOB, 6e3 uX pasgeneHusi. MeToabl O6HAPYXXEHWsSI MHOFOMEPHbLIX aHOManuii UMerT
cnepylowme HegocTaTkv. Bo-nepBbix, UX 04eHb TPYAHO MacwTabuposaTtb. OHKM nydlie BCero
paboTaloT, Koraa uMeeTcsi He 6onee HECKONbKUX COTEH MeTpuK. Bo-BTopbIX, yacTo GbiBaeT
TPYAHO MHTEPNPETUPOBaTb NMPUUMHY aHOManuK: BbIXOAHbIE AaHHbIE NPOCTO FOBOPST, YTO eCTb
Kakas-To aHoManusi, 6e3 ykasaHus TOro, C KakMMM METpUKaMn OHa CBsi3aHa. B TpeTbux, He
UMesi NPefCTaBNeHNst O TOM, YTO MPOUCXOAUT C KaXAOW METPUKOM, TPYAHO MOHSTb, Kakue 13
HUX BAUSIIOT Ha pe3ynbTaTbl, U 3TO 3aTPYAHSIET MHTEpNpeTaLMio pe3ybTaToB.

[Opyras npobnema, cBsi3aHHasi C 3TUMU MHOrOBapMaHTHbIMU METOAaMW, 3aK/TioYaeTCs B
TOM, 4TO OHW TpebyloT, uTOObl BCe W3MepeHHble Mokasatenu 6binv Gonee uM MeHee
0ZIHOPOAHbIMU B NoBeaeHun. Ecnu Habop curHanos unm MeTpuK BeseT cebst He CornacoBaHHo,
MHOroBapuaHTHble METOAbI, KaK NpaBuio, paboTaloT He 04YeHb XOPOLLIO.

B Hawelt paboTe Mbl WCMONAb3yeM KOMGWHMPOBaHHBIM MOAXOA ANt TOro, uYTOObI
BOCMO/Ib30BaTbCA MpeuMMyLLeCcTBaMM  Kaxaoro Metoga. OnpegenvsB 3HayeHWsi, KOTOpble
SBMSAIOTCS HOPMaslbHbIMU ANl KXXAOM W3 METPUK, MNocnie OBHApYXXeHUs aHOManuid Mbl
OCYLLECTB/SIEM MPOBEPKY BO3MOXHOCTM O6beAMHEHUS WX Ha OAHOM YPOBHE METPUKU B
rpynny, a 3aTeM AaeM MHTEpNpeTauuio 3Toi rpynne.

BmecTo Mopenu, KoTopasi ykasblBaeT, Kak BCe nokasaTesnm A0MkKHbI BeCcTu cebsi BMecTe,
Mbl WUCMOSb3YeM OTAENbHYIO MOAENb [N KaXKAOW METPUKM, HO KOrfa HEKOTOpble U3 HUX
CTaQHOBSITCS @HOMabHbIMM, Mbl ULLEM Pa3yMHble CNoCobbl 06beANHUTL CBA3aHHbIE aHOMaNWM
B OAVMH UHUMAEHT. OCHOBHasi CNOXHOCTb B 3TOM MOAXOAE COCTOWUT B TOM, KaK y3HaTb, kakue
METPUKM CBs3aHbl Apyr C ApyroM. B Hawein paboTe Mbl npeanaraeM, kak WCMoNib3oBaTb
QNrOpPUTMbl MALLMHHOTO 06YYEHUS Ast aBTOMATUYECKOrO O6HAPYXKEHNS STUX OTHOLLEHMIA.

MACHINE LEARNING ALGORITHMS IN AUTOMATED ANOMALY DETECTION

Gromov S.
National University of Science and Technology NUST MISIS, Moscow, Russia

E-mail: gromov@asu.misis.ru

Most companies already use data metrics that detecting anomalies in the data can lead
to creating new business opportunities.

This is where everything is data- and metric-driven. There might be huge amount of
metrics that help us determine what is happening right nhow compared to what it has seen in
the past or what it expects to see in the future. Monitoring and analyzing these data patterns
in real-time can help detect subtle unexpected changes. Data patterns can evolve as well as
interact, making it difficult to understand what data models or algorithms to apply. Than we
use the right models we can detect even the subtlest anomalies.

With univariate anomaly detection, the system looks at each metric by itself, learning its
normal patterns and yielding a list of anomalies for each single metric. Oftentimes, it is
difficult to perform root cause analysis of an issue. The advantage of univariate anomaly
detection is that it is a lot easier to do than other methods. It is easier to scale in terms of
computation. Less data is needed to learn what is normal because the system looks at each
metric by itself, as opposed to looking at combinations of metrics. It is possible to model a lot
of different types of metric behaviors. However, when something unexpected happens that
affects a lot of metrics, the system does not work.
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Multivariate anomaly detection techniques take input from all the signals together as
one, without separating them out. There are downsides to using multivariate anomaly
detection techniques. For one thing, these methods are very hard to scale. They are best
when used with just several hundred or fewer metrics. Also, it is often hard to interpret the
cause of the anomaly. All of the metrics are taken as input but the output simply says there is
something strange—an anomaly, without identifying which metric(s) it is associated with.
Without having insight into what is happening with each metric, it is hard to know which
one(s) affect the output, making it hard to interpret the results.

Another technical issue with these multivariate techniques is that they require all the
measured metrics to be somewhat homogeneous in their behavior; i.e., the signal type must
be more or less similar. If the set of signals or metrics behave very differently from each
other, then these techniques tend to not work well.

The univariate method causes alert storms that make it hard to diagnose why there is an
anomaly, and the multivariate methods are hard to apply.

In our work we utilize a different approach to take advantage of the good aspects of
each method, without the technical challenges they present. We learn what is normal for each
one of the metrics by themselves, and after detecting anomalies the system checks if it can
combine them at the single metric level into groups and then give an interpretation to that
group.

We have not a model that indicates how all the metrics should behave together. Instead
we have a model for each metric by itself, but when some of them become anomalous, we
look for smart ways to combine related anomalies into a single incident. The main challenge in
this approach is how to know which metrics are related to each other. In our work we
describe how to use machine learning algorithms to automatically discover these relationships.

OCHOBHBIE HAMPABJIEHUS UCCIIEAOBAHUIA N UHHOBALINIA MOTH

O6yxoBa WM.I.
M®THU, Mocksa, Poccus

E-mail: obukhova.ig@mipt.ru

MOCKOBCKUI (DU3UKO-TEXHUYECKUI MHCTUTYT (DU3Tex) SIBNSIETCS OOHWM W3 Beaylumx
BY30B CTpaHbl W BXOAUT B OCHOBHble PEMTUHMMU JIyUYlUX YHWBEPCUTETOB Mupa. WHCTUTYT
0611afaeT He ToMbko 6oraTol UCTOpMEN — OCHOBATENSIMU M NpodeccopamMm MHCTUTYTa 6blnn
Hobenesckne naypeatsbl MéTp Kanuua, JleB JlaHgay u Hukonaih CeMeHOB — HO M 60nbluoit
Hay4HO-MCCNeaoBaTeNbCKoN 6a3oi.

OcHoBol 06pa3oBaHus B MOTU aBnseTcs YHUKanbHas «cucrema
®dusTexa», cchopmynmnpoBaHHas Metpom Kanuuei:

KPOMOT/MBLIV OTEOP 0AAPEHHBIX U CKIOHHBIX K TBOPYECKON paboTe abuTypueHTOB;

yyactue B 06yyeHun BedyLmx HayYHbIX PabOTHWUKOB U B TECHOM KOHTAKTe C HUMW;

VHAMBUAYaNbHBIA NOAXOA K OTAENbHbIM CTyAEHTaM C LeNbio pasBUTUS UX TBOPYECKUX
3a4aTKOB;

BOCMUTaHME C TMepBbiX LWaroB B aTMocdepe TEeXHUYECKUX UCCNefoBaHWin K
KOHCTPYKTMBHOrO TBOPYECTBA C UCMOMb30BaHWEM NOTeHUMana ny4ylumx n1abopaTopuin CTpaHbi.

MOTU ropanTbC CBOMMM  BbIMYCKHMKaMKM, cpean KoTopbix 10 HobeneBckmx
naypeatoB, B TOM uucne AHapelt [eiM u KoHcTaHTMH HoBOCENoB, OCHOBATENb KOMMaHWUM
ABBYY [aBua AH, 1 MHOIO ApYr1X U3BECTHbIX Y4YEHbIX.
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MOTW no npaBy 3aHMMaeT Auaupylolwee MecTo MO  KayeCTBEHHOMY npueMy
abUTYPUEHTOB U KBaNMMULMPOBAHHON MOAroTOBKE BbIMYCKHUKOB. CTyaeHTbl MOTU umetoT
BO3MOXHOCTb  MOSIYYNTb  LUIMPOKOE  MEXAUCUMMIMHApHOe obpas3oBaHMe W yCrewHo
peann3oBaTh cebs kak B hyHAAMEHTAsIbHOW HayKe, TaK U B NPUKIAAHLIX 06/1acTsaX.

B oktabpe 2009 roga WHCTUTYT MO pe3ynbTaTaM KoOHKypca MuHMCTepcTBa
obpasoBaHMsi U Haykum PO 6bin yaoctoeH craTyca HaumoHanbHOMO MccneaoBaTenbCKoro
yHuBepcuteta «MOTU». MNpuopuTeTHble HanpasneHust passutna MOTU kak HNY HanpaBneHb!
Ha KOHLUEHTPAUMIO WHTENNEKTYalnbHbIX, MaTepuanbHO-TEXHUYECKUX W  YrpaBieHYecKux
pecypcoB Ans obecneyeHus U pasBUTUS B CPEAHECPOYHON MEPCNEKTUBE KITHOUEBLIX HAYYHO-
TEXHOMOMMYECKMX HampaBneHui, B KOTOpbIX Poccuiickast deaepaumns UMEET NepCnekTMBbI Ha
KOHKYpeHTHble npeumyllectBa. OCHOBHbIMM HayyHbIMM npuoputeTamm HWY  aensioTcs:
®du3nka M TEXHONOrMWM HAHOCTPYKTYP, HAHOCUCTEM, HaHOMaTepuanosB W HaHobuodu3mka;
MHdOPMaLMOHHbIE, TeNeKOMMYHUKALUMOHHbIE TEXHONOrUW, CynepKOMMbIOTEPDI, MpUKIagHoe
MaTeMaTMyeckoe MoaenvMpoBaHune; ®usmnka M TEXHOMOrMU NPUBGOPOB, CUCTEM U YCTPOWUCTB Ha
HOBbIX (PM3NYECKMX MPUHLMNAaX

B 2013 rogy M®TU cTtan oaHuM 13 15 nobeanTeneil OTKPLITOro KoHKypca lMpoekTa no
MOBbLILLIEHUID KOHKYPEHTOCTMOCOGHOCTM yHMBepcUTeToB Poccuiickont ®epepaumn (MpoekT 5-
100) cpeau BeayLMX MUPOBbLIX HAay4YHO-06Pa30BaTENbHbLIX LIEHTPOB M, B HACTOSALUMIA MOMEHT,
MpOAO/HKAET YCMeLWHO y4acTBOBaTb B AaHHOM nporpamme. B pamkax sToro lMpoekta B MOTU
peanusyeTcs  HanpaeneHue «Hayka», KOTOpoe HaueneHO Ha poCT kayectBa M 06beMoB
HWOKP, BbinonHsembix B kamnyce MOTW. [Mporpamma npeaycmatpusaeT k 2020 roay
co3aaHve B MOTU 6Gonee 50 wvccnegoBaTenbckvx abopaTopuili M noaaepxky yxe 20
cyLlecTBylowmx nabopatopuii. MoBbilueHne kadectBa HUOKP, NpoBoAMMbIX HEMOCPEACTBEHHO
B kamnyce M®OTU, HeobXoanMO AN AOCTWDKEHUS MAMPYIOLMX NO3ULMI B 061aCTM HayyHo-
TEXHWYECKOW  JEATeNbHOCTM MO U36paHHOMYy  psifly  MEPCNeKTMBHLIX  HarnpaBlieHui
uccnefoBaHui: usnka, MaTemMaTtuka, XuMus M 6MoNorusi, LUMdbpoBbIE TEXHONMOTMU (B TOM
yncne WHMOOKOMMYHUKALMOHHBIE TEXHOMOMMM U HOBble MaTepuanbl), TPYAHO M3BeKaeMble
nonesHble UCKoMaeMble, aPOKOCMUYECKUE TEXHOMOMMM, KUBbIE CUCTEMBI.

MAIN DIRECTIONS OF RESEARCH AND INNOVATION IN MIPT

Obukhova I.
MIPT, Moscow, Russia

E-mail: obukhova.ig@mipt.ru

Moscow Institute of Physics and Technology (MIPT, or PhysTech) is one of the leading
universities in Russia and it is included in the main ratings of the best universities in the world.
The Institute has a rich history - the founders and the leading professors of the Institute were
the Nobel Prize winners Peter Kapitsa, Lev Landau and Nikolai Semenov — and presently it has
a large research infrastructure.

Peter Kapitsa as a unique “PhysTech system” formulated the basic principles of
education at MIPT:

» Thorough selection of talented and creative applicants;

« Participation of leading scientists in student is training;

e A personal approach to individual students in order to develop their creative
inclinations;
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e Education from the first steps in an atmosphere of the modern research and
constructive creativity making use of the potential of the best scientific laboratories in the
country.

MIPT is proud for its alumni, including the 10 Nobel Prize winners with Andrei Geim
and Konstantin Novoselov who discovered the graphene, and the founder of ABBYY David
Yang among them, along with many other famous scientists.

MIPT rightfully occupies the leading position in providing the high quality admission
system for selecting of prospective students and ensuring the qualified training of graduates.
MIPT students have an opportunity to get a broad interdisciplinary education and to
successfully realize themselves both in the fundamental and applied science.

In October 2009, according to the results of the competition of the Ministry of Education
and Science of the Russian Federation, the Institute was awarded the status of the National
Research University "MIPT" (NRU MIPT). The priority areas for the development of MIPT as a
NRU, aim at consolidating the intellectual, material, technical and managerial resources to
ensure and develop, in the medium term, the key scientific and technological areas in which
the Russian Federation has prospects for competitive advances. The main scientific priorities
of NRU MIPT are as follows:

— Physics and technology of nanostructures, nanosystems, nanomaterials and
nanobiophysics;

— Information, telecommunication technologies, supercomputers, applied mathematical
modeling;

— Physics and technology of models, systems and devices based on new physical
principles.

In 2013, the Moscow Institute of Physics and Technology became one of the 15 winners
of the open competition of the Project to Improve the Competitiveness of Universities of the
Russian Federation (Project 5-100) among the world's leading research and educational
Centers and, currently, it continues to successfully participate in this program.

As a part of this Project, MIPT is implementing the "Science" Direction, which is aimed at
increasing the quality and the magnitude of the R&D performed on the MIPT campus. By
2020, the program envisages to create more than 50 new research laboratories at MIPT and
to essentially support 20 existing laboratories.

Improving the quality of the R&D carried out directly on the campus of the MIPT is
crucial to achieve the leading positions in the field of scientific and technical activity in a
selected number of promising areas of research: physics, mathematics, chemistry and biology,
digital technologies (including information and communication technologies and new
materials), hard-to-extract minerals’ technologies, aerospace technologies, and life systems.
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BaraTtypbsiHy A.A.
®depepanbHblii HayuHo-UccnepoBaTenbckuii LileHTp «Kpucrtannorpadpus n
®doToHukKa», LleHTp poToxmmumn Poccuiickoii Akagemun Hayk, yn. HoBatopos, 7a,
MockBa, 119421 Poccus
HauunoHanbHbIi UccnepoBaTtenbckuii iaepHbii YHuBepcutetr «MUOWU>», kacdenpa
pnsunkmn koHaeHcmpoBaHHbix cpep (N2 67), Kawmnpckoe wocce, 31, Mocksa 115409
Poccus

E-mail: bagaturyants@gmail.com

MeToabl MHOroMacLITabHOro aTOMUCTUYECKOrO MOAENMPOBaHMS NPUMEHSIIOTCS K
nccneaoBaHmio Bo36yXKAEHHbIX MONeKyY/ B OpraHNyYecknx yHKUMOHabHbIX MaTepuanax u ux
B3aMMOAENCTBUI C coceiHUMM MoneKynamMu. Takue B3auMOAENCTBIS MOryT NPUBOAUTL K
06pa3oBaHNI0 SKCUMEPOB W/UNN SKCUNIEKCOB (AMMEPOB U MONEKYNSIPHBIX KOMMIEKCOB B
BO30Y)XAEHHbIX COCTOSIHUSIX), PO/b KOTOPbIX 06CyXaaeTcs.

PaccmoTpeHbl cnepytowme npobnemol: (1) paspaboTka 1 Mcnonb3oBaHne 6ubanoTekm
3(pheKTUBHBIX PparMeHTHbIX MOTEHLMANOB AN MOAENIMPOBaHNSI OKPYXXEHNSI SKCUMIEKCOB,
JIIOMUHECLIEHTHBIX OMAHTOB M TPAHCMOPTHBIX MOJieKyn B cnosix; (2) paspaboTka
NporpamMMHOro KOMMJeKca AN MOAETMPOBaHMUS MONSPU3YEMOro OKPYXEHUS C
ncnonb3oBaHneM 6nbnnotekn napameTpos npubnvxerus EFP; (3) BnvsHue nonspusyemoro
OKpPY>XEHWSI Ha MOMOXKEHWUS TPUMIIETHLIX U CUHFNIETHBIX YPOBHEN JIIOMUHECLEHTHBIX AOMNAHTOB;
(4) obpa3zoBaHme 3KCMMNNEKCOB Ha rpaHuLe pa3aena ABYX opraHuyeckunx cnoes (5) pacyeT
CBOMCTB 06pa3syHoLLMXCS SKCUMIIEKCOB KBAHTOBO-XMMUYECKMMU MeToaaMu; (6) paspaboTka
CWUNOBBIX MONEN [Nl METANNIO0PraHUYECKMX KOMI/IEKCOB U MOMEKYNSIPHO-AVHaMUYeckoe
MOAENNPOBaHME TaKMUX CUCTEM C UCMOJSIb30BAHUEM MOJSTYYEHHbIX CUNIOBLIX Mosel; (7)
pa3paboTKa BblUMCIIMTENbHBIX NMOAXOA0B, OCHOBAHHBIX HA MHOMOKOH(UIypaLMOHHbIX
KBAHTOBO-XMMUYECKMX pacyeTax paAnaLMOHHbIX KOHCTAHT U KOHCTAHT MHTEPKOMEUHALMOHHOM
KOHBepcuu; (8) nccnenoBaHne CnH-CMELLIAHHBIX COCTOSIHUI (hOCOPECLEHTHBIX KOMMIEKCOB
npmams(III), pacyeT KOHCTaHT U3nydaTtenbHoi $hocchopecUeHUMM U aHamn3 KaHasoB
6e3bI3n1yvaTenbHOro TyweHus dochopecueHumn.

THEORETICAL MODELING IN ORGANIC NANOPHOTONICS

Bagaturyants A.
Federal Research Centre "Crystallography and Photonics"
National Research Nuclear University "MEPhI”, Department of Condensed Matter
Physics N267
E-mail: bagaturyants@gmail.com

Multiscale atomistic simulation methods are applied to the investigation of excited
molecules in organic functional materials and their interactions with neighboring molecules.
These interactions can give rise to the formation of excimers and/or exciplexes (dimers and
molecular complexes in excited states), which role is discussed.

The following problems are considered: (1) development and use of a library of effective
fragment potentials (EFP, Effective Fragment Potentials) for the modeling of environment of
exciplexes, luminescent dopants, and transport molecules in layers; (2) development of a
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software package for the simulation of polarizable environment with the use of the library of
EFP parameters; (3) effects of polarized environment on the positions of triplet and singlet
levels of luminescent dopants; (4) formation of exciplexes at an interface between two organic
layers; (5) calculation of properties of the forming exciplexes by quantum-chemical methods;
(6) development of force fields for organometallic complexes and molecular dynamics
simulation of such systems using the obtained force fields; (7) development of computational
approaches based on multi-configurational quantum-chemical calculations of radiation
constants and constants of intercombination conversion; (8) investigation of spin-mixed states
of phosphorescent Iridium(III) complexes, calculation of radiative phosphorescence constants,
and analysis of channels for radiationless phosphorescence quenching.
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