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HAHOCTPYKTYPA bENIKOBbIX
KPUCTANNOB bAKTEPHH
BREVIBACILLUS LATEROSPORUS
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Heidelberg Instruments GmbH:

* YCTAHOBKMW 6e3MacKOBOro COBMELLEHUA
¥ 3KCNOHWPOBaHWUA cepum MLA;
* YCTAHOBKM NasepHoit 6e3MackoB0i NUTOrpadui
cepur DWL, VPG+ 1 ULTRA;
* YyCTaHOBKW HaHonutorpadmmn cepun NanoFrazor,
. oﬁpa-ﬁowa MNACTHH ANAMETPOM A0 4BIJ MM

ANGSTROM

ENGINEERING

.-Angstrom Engineering Inc.:

YCTaHOoBKM BAKYYMHOMO HanbineHus (PVD), LPCVD

Cepua nnatdopm Covap, NexDep, Amod, EvoVac, Nebula
* MarHeTpoOHHOE pacrnbineHne

* pE3UCTUBHOE UCMapeHue

* 3NEKTPOHHO-NYYEeBOE UCNapeHue

KoHdurypauma no TpeboBaHWAM 3aKasumka

(B TOM 4ncne U KnacTepbl)

www.angstromengineering.com_
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SENTECH Instruments GmbH:

* YCTaHOBKWU nnasmeHHoro Tpasnexus (RIE, RIE-ICP);

* YCTAHOBKM NNa3MEHHOM0 OCaXAEHNA
(PECVD, ICPECVD);

* YCTaHOBKM aTOMHO-CNOEBOro OCAXAEHWA
(Thermal ALD, PEALD);

* nazepHeie annuncomeTpsl (laser ellipsometers);

* CNEKTPOCKOMUYECKWE 3NTMNCOMETPbI
(spectroscopic ellipsometers);

» pechnekTomeTpsl (reflectometers)
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MIDAS SYSTEM

MIDAS System:
* YCTAHOBKW COBMELLEHWA, IKCMOHWPOBAHWA
W HaHeceHWA QoTopPesncTs;
* YCTAHOBKW C PYYHBIM YNpaBneHuemM
MDA-400LJ/MDA-400M,;
* NONYaBTOMAaTUYECKHWE YCTAHOBKM
MDA-600S, MDA-60MS;
* aBTOM3THYECKME YCTAHOBKHK MDA--’-’IUFA.’MDA-SUFA}
* yeHTpudyru SPIN-1200T, SPIN-3000D/A,
SPIN-4000A/SPIN-5000A

www.midas-system.com
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OEMTOCKAH

MHoroyHKLMOHaNbHbIN CKAHWUPYIOLL A
30HA0BbLIM MMKPOCKOMN C NOHbLIM
ynpasneHuem yepes iHTepHer

B MUKPOCKONE PEAIM30BAHO
BOJIEE 50 PEXMMOB:

® KOHTaKTHas aTOMHO—CUNOBan
MUKPOCKONUA

® pe3oHaHCHas aTOMHO—CUNOBas
MUKpOCKONUA

® HeCKOHTaKTHaA aToMHO—CWUI0BanA
MUKPOCKONUA

® CKaHupyiowan GpUKLMoHHas
MUKPOCKONUA

® CKaHupytowlas TyHHenbHan
MWUKPOCKONKA

® TYHHeNbHasA CNeKTpocKonua

® CHaHMpyoLlas pe3nucTMBHan
MUKPOCKONWs

® 3NeKTPOCTaTUHeCKan MUKPOCKOMMUA
® MarHUMTHO-CUNOBAA MUKPOCKONUA
® CUNOBOE KapTUPOBAHME NOBEPXHOCTU
® HaHonuTtorpacdws

u apyrue

BaxTepuansHas KneTka BnoxcononMmep crpon— Marepuan rpacnekc Nediet Ha NOBEPXHOCTIA CIOALI
Escherichia coli BytagueH—cTupon Ha cnoge BuaHel obpbiekun nuctoe rpadmra Metog: ACM, pexum TpeHua

10x%10 Mrm BX5 MKM 11X171 MKm LOX10 MKM
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Competent opinion

Development and manufacture of vacuum
Equipment - the large-scale task of the modern
domestic engineering

L.L Kolesnik

Heidelberg Instruments and new
Nano department
AN Alyoshin

Report from production

Center for collective use of scientific equipment in
Derzhavin Tambov state university: opportunities
and prospects

A.A.Dmitrievsky

Anindispensable condition for scientific progress is the reliability
of the experimental results achieved using high-tech scientific
equipment. Centers for the collective use of scientific equipment
(CCU) are modern "access points" to expensive research facilities.
Keywaords: centers for the collective use, megapolis,

scientific equipment

Equipment

for nanoindustry

"PharmEngineering” - a full cycle

to build cleanrooms of any complexity

For more than 12 years, the company "Pharm
Engineering" has been engaged in the production

of building envelopes, design and construction of
turnkey cleanrooms. The organization has accumulated
considerable experience working with government
agencies and commercial enterprises in the framework
of projects in the field of pharmaceuticals, healthcare,
microelectronics, food, cosmetics and space industries.
Keywaords: clean rooms, pharmaceuticals, healthcare, microelectronics,
food and space industry

Element-technological and constructive
integration when creating microelectronic
instrument structures

M.G Mustafaev, D.C.Mustafaeva, G.A. Mustafaev

In the technological process of manufacturing microelectronic
device structures (MDS), especially in production with
submicron minimum dimensions, the relationship between
the parameters of device structures and the technology for
their manufacture is strengthened. Physical and technological
modeling allows predicting the characteristics of MDS structures
and establishing correlations of technological and electrical
parameters of elements, the possibility of their optimal design.
Keywords: interconnects, modeling, technology, structure, parameter,
integration, correlation

Reliability assessment of the one-time
programmable read-only memory

devices produced on the basis of jumpers
programmable with the use of the
electromigration mechanism (eFuse)
S.0.Belostotskaya, A.A.Lykyanov, A.S.Roslyakoy,

AN Semyonov, R A.Fedorov

In this work the reliability of the one-time read-only memory
devices (OPROM) implemented on the HCMOS8D technology
with topological standards of 180 nm and designed to

be integrated into the base crystal of the 5521TP series

is evaluated. With the use of the base layers of HCMOS8D
technology, the structure and design of the programmed
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KomMneTteHTHOe MHeHue

Pa3paboTka 1 NpoM3BOACTBO BaKYYMHOIO 060py-
88  poBaHus - MacwTabHas 3aaua COBPEMEHHOr0

0TeUeCTBEHHOTO MALINHOCTPORHMSA

J1.J1.KonecHuxk

94 Heidelberg Instruments u HoBoe
noapaspeneque Nano
AHAnuwuH

PenopTa)K cnpousBoacTBa
LieHTp KonneKTMBHOrO Nob30BaHUS Hay4HbIM

100 o6opyposasnem TIY nmenu I.P.lepxasuHa:

BO3MOXXHOCTM 1 NepCrneKTMBbI

AA Imumpuesckutl

HenpemeHHoe yC10B1e Hay4HOro Nporpecca — A0CTOBEPHOCTb
Pe3y/ILTaTOB IKCMIEPUMEHTA, AOCTUFAEMas UCMONL30BAHMEM
BbICOKOTEXHONOT1YHOr0 060PY0BAHMS. LIeHTPbI KONeKTYB-
HO0 MONLb30BAHNS! — "TOUKM JOCTYNA" K TAKVM MCCIRLOBAHNAM.
Kntovieable cnosa: LieHmp KOMEKIMLIBH020 N0Ab30BAHLIS, Me2anonLc,

Hay4Hoe 0bopydoeanue

O6opypoBaHue
AN HAHOUHAYCTPUUN

106 "®apMAHKUHUPUHT" — NONHBIA LKA CO3[AHUS

YUCTBIX MOMeELLEHUI 060 CNOXHOCTH

bonee 12-u neT "OapMARKVHAPUHI™ 3aHUMAETCS Mpou3-
BOZCTBOM OrPXAALOLLX KOHCTPYKLIA, NPOEKTPOBAHMEM
11 CTPOUTENILCTBOM YICTBIX MIOMeLLEHN "I0A K4, Mbl
HaKOMMWIN 3HAYUTENLHDIRA OMLIT PABOTbI C FOCYAAPCTBEHHLIMI
CTPYKTYPaMI ¥ KOMMEPHECKVMM PEANPUSTIAIMM B paMKax
BbINOHEHWS MPOEKTOB B 0671aCTV (apMaLieBTIKY, 34PpaBOOX-
paHeHust, MukpoaneKTpoHuku, LIOJ, nuLLeBoi, KocmeTyye-
CKOV 1 KOCMUYECKOI MPOMBILLIEHHOCTH.

Kntoueabie cnosa: Uucmble nometLieHUs, apmauesmuka, MuKposnex-
IMPOHUIKA, NULLEBAS i KOCMUYECKAS! NPOMbILLIACHHOCTb

DN1eMeHTHO-TeXHON0rYecKas U KOHCTPYKTUB-

108 Has unTerpauuy npu cO3naHMN MUKPOINEKTPOH-

HbIX IPUBOPHBIX CTPYKTYP

M. Mycmadaes, . Mycmacaesa, I AMycmagaes

TV U3rOTOBNEHIM MUKPO3NIEKTPOHHBIX MPUBOPHBIX
ctpykryp (MMC) C cyBMUKPOHHDIMIA Pa3Mepamit yCuam-
BAETCS CBA3b MEXAY UX NApaMETPaMK 1 TeXHONOrMed
U3rotoBneHns. GU3NKo-TeXHONMOr M4eckoe MoAEeNpo-
BaHYe N03BONSET NPOrHO3MPOBATb XapaKTepUCTUKN
MIC v ycTaHaBnMBaTh KOPPENALLAM TEXHONOMMHYECKIX 1
3INeKTPUYECKIX NAPAMETPOB JEMEHTOB, ONTUMANLHO MX
MPOEKTIPOBATb.

Kntovieable cnosa: mexcoeduHeHuS, MOOeAUPOBAHLE, MeXHOAO2US,
CMpyKIMypa, NApamemp, UHMezpauust, KoppeaLust

OLieHKa HaieXXHOCTW OJHOKPATHO Nporpam-
MUpYyeMbIX MOCTOSHHO 3aMOMUHAIOLWUX

114 yerpoiicTs, CO3AaHHBIX HA OCHOBE NPOrpaMMu-

pyeMbiX C TOMOLLbIO MeXaHW3Ma 3IeKTPOMMUT-
pauum nepembiuek (eFuse)
C.O.benocmouxas, A A JykbsiHos, A.C.Pocasikos,
AH.Cemeros, PA. Gedopos

OLieHBAETCS HAAEXHOCTL OAHOKPATHO NPOrpaMMupy-
€MblX IOCTOAHHO 3anoMUHatoLLWX yCTpoiAcTB (OMM3Y),
peann30BaHHbIX Ha TexHosor HCMOS8D ¢ Tononoruye-
CKMMI HopMamu 180 HM, pa3paboTaHHbLIX A1 MHTErpaumm
B 6a30BbIN kpucTana cepum 5521TP. Ha ocHoBe 6a30Bbix
cnoes TexHonorum HCMOS8D paspaboTana CTpyKTypa 1
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by the electromigration mechanism of the elements of

the EEPROM - jumpers (eFuse), on the basis of layers of
n+-polysilicon and nickel silicide were developed. A technique
has been developed to assess the reliability of eFuse
intended for use as a part of memory cells in the 5521TP
series base crystal. eFuse guarantees the preservation of
residual resistance within specified limits throughout the life
of the microcircuit.

Keywords: efuse, OPROM, VLSI, NiSi,, CMOS, BC

Nanotechnologies

Formation of the contact-metallization
systems with improved technological
parameters

M.G.Mustafaev, D.G.Mustafaeva, G.A Mustafaev
Considered are the technological approaches that provide
improved metallization adhesion, reduced structural
stresses in the film during deposition and reduced electrical
migration at the formation of contact-metallization systems
when producing integrated electronics elements.
Keywords: interconnects, modeling, technology, structure,
parameter, integration, correlation

Nanostructure of protein crystals of bacteria
Brevibacillus laterosporus

M.V.Zubasheva, Yu.A.Smimov, T.A.Smimova,

R.R Azizbekyan, VV.G.Zhukhovitsky, I.V-Yaminskiy
Thearticle provides information about bacterium
Brevibacillus laterosporus capable to form protein
crystals, toxic to some insects, which allows us to
consider these crystals as safe and environmentally
friendly product in the fight against mosquitoes.
Afine structure of protein crystals was studied and
experimental data of the electron microscopy images
were obtained.

Keywords: protein crystals, protein crystalline &-endotoxin,
entomopathogenic bacteria, mosquito-toxic properties,
Brevibacillus laterosporus

Scanning probe microscopy of transition metal
dichalcogenides

1V.Yaminskiy, A. Akhmetova, G.B.Meshkov

Scanning probe microscopy is a tool for taking
measurements of the promising materials. Simplicity of

the method allows of obtaining an impressive scope of
information pertaining to morphology and surface structure,
conductivity, study of material properties at heating.
Keywords: scanning probe microscapy, thin films, local anodic
oxidation, nanometer resolution, capillary microscopy, lithography

Nanomaterials

Biosafe nanostructured building materials with
desired properties

M.BTarasov, I.PPogorelsky, R.F.Kapustin, V. Khachko,
S.ITsybulnikov

Nanotechnologies facilitate producing materials

with unique physical and chemical properties and
qualities. In order to study GOST characteristics,
experimental samples of nanostructured mortar

with different concentrations of modifying

additives were manufactured.

Keywords: nanostructured materials, industrial nanotechnology,
biosafety, thermophysical parameters, competitiveness

Conferences, seminars,
exhibitions

Climate-2020 exhibition:

overview of equipment for clean rooms

AN Alyoshin

The Climate-2020 exhibition brought together leading
manufacturers of equipment for climate systems, air
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KOHCTPYKLS MPOrPaMMUPYEMbIX C TOMOLLIbO MexaHm3ma
INEKTPOMMT ALK 3nemenToB OTM3Y - nepembiuex (eFuse)
Ha OCHOBE C/I0€B N*TIONNKPEMHIAS Y CUNMLIMAA HUKeNS.
Pa3paboTaHa MEeTOAMKA OLIEHKY HAZLEXHOCTY pa3paboTaH-
HbIX eFuse 19 s4eek namsTin 6330B0ro KpUcTna cepun
5521TP. TMoka3aHo, 4To eFuse CoXpaHseT 0cTaTo4Hoe
COMPOTIBNIEHIe B 331aHHbIX NPe/enax B TeyeHme Bcero
CpOKa 3KCTIyaTaLyi.

Kntouegbie cnoea: eFuse, OMM3Y, CGUC, NiSi,, KMOTT, bK

HaHoTexHonOrn

CDopMMposane KOHTaKTHO-MeTa/I/IN3aLUOHHbIX
cucrem C yNyULeHHbIMUA TEXHOIOrU4eCKUMn
napameTpamu

M.I:-Mycmacaes, . Mycmadaesa, I A.Mycmagaes
IoKa3aHb! TEXHOMOTMYECKYE MOAXOAbI, YIYHLLAIoLLMe
AAresnto MeTann3aLni, ymeHbLUatoLLue CTpYKTYpHbIE
HaNPsHKEHNA B NNIEHKE NPU OCOKAEHUMN U NEKTPOMUTPaLInI0
npu ¢0pMVIPOBaHVII/I KOHTaKTHO-METa/1IN3aLINOHHLIX CACTEM
3nemeHToB 13.

Kntouesble cnoga: mexcoeduHeHus, MoOeAUpOBAHLE, MexHono2L,
CMpyKITypa, NApamiemp, UHMe2pauus, Koppensuus

HaHocTpykTypa 6enKkoBbix KpucTanios 6aktepuit
Brevibacillus laterosporus

M.B.3ybauwesa, t0.A.CuupHos, TA.CiupHoed,
P.PAsu3bexsH, B.I XKyxosuukuti, M.B.SmuHcKuL

B pabore npepcTaBneHa MHdopMaLms o baktepun

B. laterosporus, cnocobHoi 06pa3oBbIBaTh GekoBbIe Kpu-
CT/Nbl, TOKCU4HbIE A5 HEKOTOPbIX HACRKOMBIX, HTO ZieNaeT
JLAHHbIE KpUCT/TbI 6E30MACHBIM 1 IKONOTVMHbIM CPEACTBOM
Ans 60pLObI C MOCKUTaMK. Mccnef0BaHa TOHKAA CTPYKTYpa
6eKOBbIX KPUCTA/IOB, MPUBEAEHbI IKCMEPUMEHTabHbIE
[aHHbIE O MO7YHeHHbIX U300PaKEHISIX METOLOM 3NeKTPOH-
HOW MUKPOCKOMMM.

Kntoueable cnoea: benkosble Kpucmanib, benkosblii kpucmantuye-
CKULI 6-3HAOMOKCLH, HMOMONAMO2eHHbie bakmepuL, MocKUMOUUG-
Hble ceoticmea, Brevibacillus laterosporus

CKaHupytoLLas 30HA0Bas MUKPOCKONMS AUXNbKO-
TeHUA0B NepexofHbIX META/II0B
W.B.Amurckut, A.1. Axmemoaa, I.5.Mewkos

C MOMOLL{bH0 30HZ0BO MUKPOCKOMIM POBOAMANCH U3MEPEHNS!
MepCreKTVBHbIX MaTepuanos. [pocToTa MeToaa no3Bonset
y3HaTb MOPGONOMHO W CTPYKTYPY MOBEPXHOCTM, MPOBOAY-
MOCTb, UCCTEA0BATb CBOVCTBA MaTepHa/a NPM Harpese.
Kntouesble cnoea: CKaHupytoLLAs 30HO06AS MUKPOCKONUS, AOKANL~
HOe GHOOHOE OKUCAHUE, HAHOMermpogoe pa3pelLieHue, KANUAIPHAS
MUKpOCKoNuS, Aumozpadus

HaHomaTepuasbl

brobe3onacHble HAHOCTPYKTYPUPOBAHHbIE CTPOU-
TeNbHble MaTepuaibl ¢ 33AHHbIMM CBONCTBAMM
M.b.Tapacos, 11.11.IMozopenbckutl, P.®.Kanycmus,

B.M Xauko, C./.LibibynbHuK08

HaHOTEXHOMOM MM MO3BOASKOT M3rOTAB/IMBATb MaTEpHATDLI C YHY-
Ka/IbHbIMY USMKO-XMMUYECKVMY XapaKTEPUCTIKAMM U NIOTpe-
BUTENLCKIMIA KAYECTBAMM. [I19 MCCNIEN0BAHNS FOCTOBCKYX
XapaKTEpUCTMIK 10 ABTOPCKOIA TEXHONIOT AN U3TOTAB/IMBIACL
06pasLibl HAHOCTPYKTYPYPOBAHHOTO CTPOMTENLHONO PACTBOpa
C P3HOIA KOHLIEHTPALeI MOAMMLMPYIOLLVX A06ABOK.
Kntoueble cnoea: HaHocmpyKmypHble Mamepuansl, 6uo6esona-
CHOCITb, MenAoQU3LYeCKue Napaniempbi, KOHKYPEHMocnocogHocmb

KoHdepeHuun, cemmHapnoi,
BbICTaBKM

Bbictaska "Knumar-2020":

0630p 060py/A0BaHNS 191 YACTbIX NOMELLEHUN
AH.A¢wuH

BbicTaska "Knvmar-2020" cobpaa BeayLLyx npo-
113B0AMTENEN 060PYAOBAHNS 1 KMMAT-CACTEM,
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IN THE ISSUE COZAEPXAHWUE

CMUCOK PEKNAMO/IATENEN conditioning, ventilation and clean rooms. We focused on KOHAMLMOHVPOBAHMS, BEHTUNSILAM 11 YNCTBIX MOMELLEHIA.
the equipment for clean rooms presented at the exhibition Mbl 0cBeLLaem 060pyA0BaHME A5 YUCTbIX NOMELLEHIH,
and interviewed representatives of companies that made npe/CTaBneHHoe Ha BLICTaBKe, 1 6eceayem C MpefcTasuTe-

) themselves known in this market segment. IAMY KOMMAHIIA, 3s1BYBLLIX O Cebe HA STOM CerMeHTe pbiHKa.
sl 4406n. Keywords: climate-systems, clean rooms, filters Kntoueable cnoed: KALMATT-CLICITIeMs, YLCTble NOMeLLeHS]
P i, Control and measurements KOHTpO/1b U U3MepeHus

Riboflavin test for washing/cleaning MposepaeHue pubodnasmHoBoOro TecTa
validation of process equipment 144  gns Banugaumum Movkn/oumncTK

A e ks i A.K.Rybakpv, M.K.Vetryanshchikoy,A.\/.Gospodinov TeXHONOrN4eckoro 060pyaoBaHus

""""""""""""""""""""" Thearticle is devoted to the validation of process AK Peibakos, M.K Bempsuiukoe, A.B.ocnoduHos
equipment washing/cleaning procedures in CraTbsl NOCBALLEHA BANWAALMM NPOLEAYP MOIKK/

Ba accordance with the VDMA manual. 0YMCTKM TEXHONOMNYECKOro 060pyA0BaHNS B COOTBETCT-

yymTex3kcno 157 . X N . .

Keywords: riboflavin, washing and cleaning of technological BIV C pykoBoacTBOM VDMA.
equipment, validation of cleaning Kntoveabie cnosa: pubognaeuk, MOLIKa U HUCMKA MeXHOA02UHeCK020
N EmTE w 060py00BaHLS, BANLIOALILS OYLICTIKU
Biosafety of nanodrugs used in livestock 150 b1o6e30nacHOCTb HaHONpenapaToB Npy npume-
- B and poultry breeding HEHUW B XXMBOTHOBOACTBE U NTULIEBOACTBE
R FKapustin, M.BTaraso, |.PPogorelsky, P Kanycmur, M.B. Tapacos, 1.11.ozopenbckul,
VI Khachko, S| Tsybulnikov B.1 Xauxo, C.M.Lipi6ynbHuKo8
Mannep 85 The use of nanotechnologies enabled the creation of products: Co3aHb! HaHonpenaparbl “Ckait-Popc’, TeHTaLknH',
Sky-Force, Pentacycline, Rifomast and Endosuper having "PudomacT” 1 "SHE0CyMep" € paHee HeAOCTIKVMbIMIA
previously unattainable properties. New properties and CBOICTBAMI. HOBbIE CBOVACTBA M CTIOCODbI 11X MOyHeHIS!
MuHarex -5 061, methods for producing new materials are determined by the ONpeZENsIoTCs YHUKIbHbIMY CBOVICTBAMM HAHOYACTUL, U
unique properties of nanoparticles and the peculiarities of 0C0BEHHOCTAMY ONepaLMi C HUMM.
handling with them. Kntoueabie cnosa: bakmepu, 8UpyCbl, HAHONPENapambl, CeekmueHoe

Mup 61oTexHonOr Ui 135 Keywords: bacteria, viruses, nanodrugs, selective exposure, therapeutic 6030eiicmeLie, mepanesmu4eckas 3exmusHoCMb, BLo6e3onacHocb,

efficacy, biosafety, histological studies, identification, certification 2UCMOno2UHecKLe UCCAed08aHUS, CepmuPUKAUUS

TUcHyM 83 Issues of patenting Bonpocbl naTeHTOBaHUSA
Technologies for creating plasmon nanolasers HOL|, ®MH 3anaTeHTOBa/ TEXHONIOMUM CO3AaHMS

with unique characteristics are patented at the 158 M1a3MOHHbIX HaHON3ePOB C YHUKA/IbHbIMM

TouHble U3MepeHus 9 FMN Laboratory XapakTepucTukamu

1.A. Rodionov WA Poduonos
Team of FMN laboratory of Bauman MSTU and Dukhov Automatics B HOLL ®yHKuuoHanbHbie Mukpo/ HaHocuctmemsl MITY um.

Xumus 87 Research Institute (VNIIA) received patents for a multi-stage technology H.3.5aymatia u OTYIT"BHUMA um. HJ1 [lyxoea" nonyexs namermo
for manufacturing plasmon lasers (spazers) and sensors with unique HA MHO203MANHYH0 MEXHOAO2UI0 L320M0BACHUS NA3MOHHbIX Ad3ep08
characteristics. The new method was a breakthrough solution in the (crazepos) u Giocercopos. Hoabiii memod — NpopbieHoe pelliekuie 8 A3

unT 81 field of plasmonics and allowed the creation of a spaser with record IMOHUIKe, 110380/sH0LLee C030aMMb Ca3ep ¢ peKopOHBINL CeKMpaAsHbIMU

spectral characteristics and a high sensitive biosensor XapaxmepUCMUKAML U GUOCEHCOp PeKopOHOLI yeceumenbHoCHu.
Keywords: plasmon nanolaser, spaser, biosensor Kntoueabie cnosa: naa3umonHbi Ad3ep, cnasep, GLIOCEHCop
"SJIEKTPOHUKA: "LMOPOBASA DKOHOMMUKA" "®OTOHUKA"
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LWIMPOKOMY CMeKTpy BOMPOCOB B 06nactv pas- CTUTYLUNOHANLHOM W TEXHUYECKOM acnekTax. Tepvanam u 3femMeHTaMm, UCNosb3yeMbiM B OM-
paboTKM 1 U3rOTOB/IEHWS SNEKTPOHHOW U paau- HoBoCTHbIe, aHanuTu4eckne u 3KCNepTHble TUYECKMX CUCTEMAX, 06OPYA0BAHMM N CTAHKAX.
03/1eKTPOHHOW annapaTypbl U ee KOMMNOHEHTOB, MaTepuanbl.
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PA3PABOTKA U MPOU3BOACTBO

BAKYYMHOIO ObOPY1JOBAHUSA -
MACIUTABHAS 3AJAYA COBPEMEHHOIO
OTEYECTBEHHOIO MALWWHOCTPOEHUA
DEVELOPMENT AND MANUFACTURE OF YACUUM
EQUIPMENT - THE LARGE-SCALE TASK OF THE
MODERN DOMESTIC ENGINEERING

JLJL.KoAecHuk, K.Mm.H., 2eHepaabhblil dupekmop OO0 "DaekmposakyymHble mexHoaozuu”
L.L.Kolesnik, Cand. of Sc. (Technical), Director General of "Electrovacuum Technologies" LLC

o

DOI: 10.22184/1993-8578.2020.13.2.88.93
Mony4yeHo: 14.04.2020 .

Hay4yHo-npousBoacTBeHHas koMmnaHus OOO "dnekTpoBaKyyMHble
TexHosormm" cneumannsmpyeTcs Ha pelleHuu 3agad B obnactu
3/1eKTPOHHOro MaLUMHOCTPOeHUS: oT NpoeKTUpOBaHUS,
M3roToB/IEHUS U MOCTaBKU CMeLuaIu3npoBaHHOIO BaKyyMHOro
o6opyaoBaHUSA 3aka3uMKam [0 OTpaboTKM TeXHOJIorM4eckux
NpoLLeCCOB M HaHeCeHUS 3alUTHbIX MOKPbITUA. KomnaHus
MMeeT CO6CTBEHHOE  KOHCTpyKTOpckoe 600po M wTar
BbICOKOKB/INGMLUMPOBAHHBIX CMELUAINCTOB — ABA COTPYAHUKA
MMEIOT Y4YeHyIo CTeneHb, a BeaylmMe COTPYAHMKU — BbiCLLEe
npodunbHoe obpasoBaHue. MpusBnekarTcs kK paboTe U CTyAEHTbI
crapwux KypcoB MITY wmm. H.3.baymaHa, pa6otaiowme nogp
PYKOBOACTBOM NEePCOHa/IbHbIX HACTABHUKOB.

The research and production company "Electrovacuum
Technologies" LLC specializes in solving problems in the field
of electronic engineering, from designing, manufacturing
and supplying specialized vacuum equipment to customers,
to developing technological processes and applying
protective coatings. The company has its own design bureau
and a staff of highly qualified specialists, two employees have a scientific degree, and leading
employees have a higher specialized education. Senior students of Bauman Moscow State
Technical University working under the guidance of personal mentors.

Komnanus cdokycupoBaHa Ha paspaboTke
Y [IPOM3BOJCTBE OPUTHMHAIbHBIX BAKYYMHBIX BBO-
JI0B BpaIlleHH s C MaHXeTHBIM M MaTHUTOXH/KOCT-
HBIM YIIOTHEHHeM. Pa3sBuBas cOOCTBeHHOE PO 3-
BOJICTBO C KCIIOJIb30BAHHEM HMMIIOPTHBIX IO IIKII-
HUKOB U yIIJIOTHUTEIbHBIX 371eMEeHTOB, B KOMIIAHHUH
OOCTHUTAIOT OTJIMYHOTO KauecTBa MNPOAYKLHHU IIPU
MHHHMaJbHOM LleHe U KOPOTKHUX CPOKaX IMOCTaBKH.
B acCOpTHMEHT BbIIyCKaeMOH MPOAYKILHUH BXO-
AT U MOTODH30BaHHbBIE BBOZBI BPAllleHH s, K BBOJbI

HAHO MHOYCTPHA Tom 13 Ne 2 (95) 2020

BpallleHH s C OXJIa>KAEHHEM KOPIIyCa U BdJjid, pa3pa-
6aTHIBAIOTCS BaKyyMHBI€ YCTAHOBKH Pa3/IMYHOTO
Ha3Ha4YeHHA! YCTAHOBKHM HaHeCeHHUS HOKPBITI/II;I,
BaKyyMHBIE I1€49H, TepM06ap0Kamepm, HCIIBITATEb"
HoOe OﬁOpy,E[OBAHI/Ie, BBIITIO/IHseMoOe I10 TeXHHUYeCKHu M
3aJaHUSM 3aKas34uyuka. [locie U3roToBieHUs IIpoAyK-
LOHUH OCYLIeCTBJISAIOTCA €e MOHTA’K 1 3aIlyCK Ha Tep-
PHUTOPHHU 3daKa349HKa, IIpHU HEO6XO,E[I/IMOCTI/I IIpOBO-
OATCA peMOHT U MOAepHH3aLlKs, APYTMMU CJIOBAMU,
nogaep>XXuBaeTcsa TIOJTHBI I KJI B3aI/IMO/I[EI;ICTBI/IH



COMPETENT OPINION

C KJIMeHTaMH - OT IIPOeKTa JI0 YIydIleHus yke pabo-
Taromero obopynoBaHusi. [I0OTHOCTBIO CO3JaeTCs
IaKkeT KOHCTPYKTOPCKOM JOKyMeHTAIIMH 'TIO K04 .

O mesiTeNBHOCTH KOMIIAHUU U ee pas3pabor-
Kax pacCKa3blBaeT TeHepaJbHBIU JHPEKTOP
00O "371ekTpoBaKyyMHBbIe TeXHOJOIHMH', K.T.H.
JleoHu g JleoHHJOBHUY KoJIeCHUK.

JleoHup, JIeOHHOOBHY, PaCCKa’kKUTe, MOXKAIYHCTa,
Kak ¢popmMHpoOBaIHCh HallpaB/leHHUS AeITe/IbHOCTH
KOMIIAaHHH H KaKHe H3 HUX Bbl CUYHTaeTe CaMbIMH
nepcreKTHBHBIMH?

Mb&1 Hauanu paboty B 2012 rofy U cpasy feaau CTaBKY
Ha pa3paboTKy, U3TOTOBIEHMeE U BBOJ B 9KCILyaTa-
LU0 YHUKAIBHBIX 06pa31ioB 060pymoBaHHU I, XOTETH
HaUTH CBOIO HUIIY.

Bce HaIIM COTPYAHUKHU 3aKOHUYUIH Kadespy 3/1eK-
TPOHHBIX TeXHOJIOTHH B MaIlIMHOCTpoeHUH MITY
uM. H.2.baymana. Kapenpa Bcerga rorosusia paspa-
60TUMKOB 060PyAOBaHUS 1151 3/IeKTPOHHOM IIPOMBIIII-
JIEHHOCTH, [I03TOMY BBIOODP HAaIlpaBIeHHS HesiTeIbHO-
CTH 6BLII CAe/IaH KaK-TO aBTOMATHYeCKH.

MBI BCcerjia pacCUMThIBA/IU TOJIBKO Ha CBOM CHIIBI,
IIOHMMaJH, YTO Halll OCHOBHOM KAIIMTaJ ~ 3TO HAIllK
3HAHHUS, Hallla MHTeJ/IJIeKTyaIbHasi COOCTBEHHOCTD.
[To3TOMYy TOProBjs UMIIOPTHBIMU KOMIIJIEKTYIO-
IMMHU 6112 CPa3y OTBeprHyTa. ITO COBEPIIEHHO APY-
rou BUJ JesTe/IbHOCTH. KpoMe TOro, BO BpeMeHa
Hadaja HalleHr paboThl 9Ta HHUIIA yKe bbli1a mocTa-
TOYHO 3aHSTa, a BOT HHUIIA pa3paboTunkoB 060pyno-
BaHU4 ObLJIa JOCTATOYHO CBODOIHA.

4 y>xe ynnomuHal Kadeapy, KOTOPYIO 3aKOHUYMIH
HaIllK COTPYIHUKH. B cOBeTCKOe BpeMs Ha Hel 6bls10
cmenaHo 60pIIOe KOTHYeCTBO paboT Imo mpoex-
THPOBAHUIO U MCCIeL0BAHUIO BBOJOB BpallleHHUS.
Benuch paboThl 110 CAMBIM Pa3JIMYHBIM KOHCTPYK-
MM — MAaHKeTHBIM, MaTrHUTOKUAKOCTHBIM, CHJIb
GOHHBIM, BOTHOBBIM. PaboThl, B YaCTHOCTH, BelH
TaKHe CIelHaJUCTHl Kak npod. ITandunos I0Opun
BacunbeBnud, npod. JeynuH EBreHui AjlekceeBHY.
5l cmenMasIbHO HA3bIBAK 3TH MMeEHA, TaK KaK CYH-
Talo, YTO OHHU HANPSIMYI HNPHUYACTHBH K Halllen
cynsbe.

Korpa Havanuch 90-e ToJbl, TO 3JIeKTPOHHAS IIPO-
MBIIIIEHHOCTb OKa3a/1aCh MaJIOBOCTPeOOBAHHOM.

B 2012 rogy MBI HOHSIIH, YTO UMEIOUUHCS [IOTeH-
[1MaJl HaJo0 MCII0Jb30BaTh. [IpHUIIIOCh IpoLenaTh
bonburyio paboTy mo yHMHKALUK KOHCTPYKLHUH
Y UX I0paboTKe C LieIbI0 COOTBETCTBUSI COBPeMEHHBIM
CTaHAapTaM, o6HOBUTH 6a3y U 3aMeHUTb KOMIIJIEK-
TyloIlHe Ha 6o/iee COBpeMeHHbIe, IIPOBECTH HCC/Ie0-
BaHMS I10 Fa30BbIJe/IeHUIO U Pa3paboTaTh yKe CBOH,
cobCTBeHHBIe pelleHus.

Puc.1. Momopu308aHHbIll 8600 8palleHus
Fig.1. Motorized rotation input

[me MpHMeHSIOTCS BaKyyMHble BBOJABI Bpalie-
HHsI, KOTOpble H3TOTaB/HBaeT Ballla KOMIIaHHS?
HacKonbKo Bbl 3aBHCHTE OT HMIIOPTHBIX KOMIIJI€K-
TYIOIIHX H KaKOH y Bac "3amac IpoYHOCTH", yYHTHI-
Basl HEIIPOCTYIO CHTYallHIO Ha CETONHSIIHHH IeHb
Ha MHPOBOM PbIHKe?

BakyyMHBIe BBO/BI BpallleHU Sl IPUMEHSIOTCS B Tex
clydasx, Korja Heo6xoIuMo IMepefaTh BpallleHHe
B 00beM BaKyyMHOM KaMepbl. Pa3MelleHue JBUTaTe-
Jler BHYTPH 000PYOBaHUS 3a4aCTYI0 HEBO3MOXKHO.
9TO CBS3aHO U BOIIPOCAMH OXJIaKAEHHUS, U C BOIIPO-
CaMHU Ta30BbIJeIeHHUS, U C BOIIPOCAMHU BBIJIeJIeHU S
MHUKPOAHCIIEPCHBIX YaCTHUIl. B mocnenHee BpeMs
CTaJIM MOSIB/ASITHCS PellleHUs AJIs1 yCTAaHOBKHU JBU-
raTejer B BaKyyMHBIM 06beM, HO TaKHe pelleHHUs
JO0CTAaTOYHO JOPOrH U He BCerja OTBeYaloT Tpe-
OOBAHMSIM II0 YHUCTOTE TEXHOJIOTHUYEeCKOU CPeIHl.
Topa3go mpole IMOCTAaBUTh ABUTATeNlb CHAPYXKH,
B aTMocdepe, a B 06beM 060pynoBaHUS MlepenaTh
y>Ke TOJIBKO JIBHKeHHe.

B cBoux BBOJAaX BpallleHHUSI MBI HCIIOTb3yeM
MMIIOPTHBIE IOAIIUIIHUKHU, YIIJIOTHUTEIbHbIE 3/Ie-
MeHThI. UTO KacaeTcsl 3aBUCHUMOCTH OT UMIIOPTA,
TO B IIePBYIO OYepeab 3TO KacaeTcs YIJIOTHEHHUH,
obecmeynBalONUX TepMEeTHUUYHOCTh BBOJA Bpa-
meHUsi. OHU SIBJASIOTCS OCHOBHBIM, KJIIOUEeBBIM
y3JI0M, OT KOTOPOI'0 3aBUCHUT IIOTOK Fa30HaTeKaHHUS
roToBoro usgenus. K cokajeHHI0, Mbl He CMOIJIH
nonobpaTh 0OTedeCTBEHHBIE AaHAIOTH. JTO KacaeTcs
M 3JIaCTOMEPHBIX YIJIOTHEHHH, U MarHHTHOU
SKUIKOCTH.

s1 3HalO, UTO CXOKas mpobseMa He TOJIBKO y HaC.
Hu3koe KayecTBO OTeUeCTBEHHBIX KOMIIJIEKTYI0-
IMX YaCTO SIBJASIeTCSI KAMHEeM MPeTKHOBeHUS MpHU
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Puc.2. Be00d spalleHus ¢ py4HbiM npugodom 0Asl yCMAaHo8Ku
30CAOHOK 8 AabopamopHom 060pyd08aHuU

Fig.2. Manual rotation input for installing dampers in laboratory
equipment

MOIBITKE IIOJTHOCTHIO MEPEHTH HAa OTeYeCTBEH-
HYIO 371eMeHTHYI0 6a3y. [I03ToMy 3aBHCHMOCTH
OT UMIIOPTa, KOHEYHO, eCcTh. bojee TOro, KUMeHHO
BpeMsI IIOCTaBKHU MMIIOPTHBIX KOMIIJIEKTYIOMIKUX
SIBJISIeTCSI OIIPee/ISIIONUM JIJIsE CPOKA HU3TOTOBJIE-
HUS U II0CTaBKU BBOJA BpalleHHUs. MBI paboTaeM
HaJ TeM, YTOOBl COKPATUTh CPOKH ITOCTABKHU: YHU-
duIMpPyeM HCIIONb3yeMble 3JIeMeHTBHI, CTapaeMcs
nepXaTb HeOOXOMUMBIM CKIALCKOM OCTATOK
HCII0JIb3yeMBIX IIOKYITHBIX 3JIeMeHTOB. Ho, K coxka-
JIEHHIO, 3TO He BCerga BO3MOKXHO, TaK KaK Halll
OCHOBHOM [I€BH3 ~ COOTBETCTBOBATH KAKIOMY TeX-
HHUYeCKOMY 3aIIpoCy KJIHeHTa. MBI oTHaeM IIpef-
MOYTEeHUE PeIIeHHI0 KOHKPEeTHBIX 3agau, Laske
B yIepb YyHUPUKALUYU TOTOBBIX H3eTHH.

B yem mpeMMylecTBa MOJy4YeHHS] MOKPBITHH
MeTOJOM NapOCTPyHHOTro HaHeceHHA?! KaKoBbI
dH3MUecKHe XapaKTePHUCTHKH MOy4YyaeMbIX Ijie-
HOK?

MeTon HNapoCTPYyHMHOIO0 HaHeCeHUS MHOKPBITHUH
OT/IMYAeTCd TeM, YTO I LOCTAaBKM HMCIIapeHHBIX
MoJeKya 6yayliel IJeHKH HCIIOJNb3yeTCsS CTPYs
pabouero rasa. 3To JaeT cpa3y HeCKOJIbKO 3ddex-
TOB.

Bo-mepBEIX, TaK KaK BeCh MaTepHaJ yYBIeKaeTCS
ra3oBOM CTPyeH, MBI I[I0JIly4aeM O4YeHb BHICOKHU
K03QPHUIIMEeHT UCIIOb30BAHU A MaTepHana, 1o 95%.
9T0 04YeHb Ba’KHO IIPH HaHeCeHUH APparoleHHBIX
MeTaJlJIoB.

Bo-BTOpHIX, 61aromapst TOMy, YTO BeCh MarTe-
pHas nomnajgaeT B 30HY POPMUPOBAHUS MOKPBITHS,

HAHO MHOYCTPHA Tom 13 Ne 2 (95) 2020

MO>XKHO JIOCTUIATh HOTBIINX CKOPOCTEH POCTa ILjIe-
HOK, CPABHHUMBIX C TEMH, KOTOPbIe II0JYy4Ya0TCs
IIPH HCIIONB30BAHUHU XKUAKOPA3ZHBIX MAaTrHETPOH-
HBIX PaCIBIIUTENbHBIX CUCTEM.

B-TpeTpux, 61arogaps AOMOTHUTETBHOMN dHEP-
TUU, KOTOpYIo fobaBiisieT CTpysi rasa, CylecTBeHHO
MOBBIIIAIOTCS afTe3UOHHBle XapaKTePUCTHUKH
IIOKPBITHH.

B-ueTBepTHIX, CTPYs rasa, cofgepskamas Moe-
KyJIBl, IPU MOMNAaJaHUU B KaMepy HaHeCeHHS
TepsieT CKOPOCTh U Pe3K0 pacUIupsieTcs. B pesynp-
TaTe B HeM HauMHaeTCs KOHJeHCAaIlhs MOJeKyJ
MaTepHaa B KJIAaCTepbl - KPYIHBIe CKOMIEHUS
MaTepHaja - He4TO CpefjHee MeX/AY OTAeIbHBIMHU
MOJIeKy/IaMH, KOTOPBIe IIPeACTaBISIOT HAHOMUP,
Y KaIlJISMH, KOTOPble OTHOCATCS K MaKpOMHUPY.
[Tombupast mapaMeTphsl Fa30BOM CTPyH, KoTopas
SIBJISIeTCSI TPAHCIIOPTOM JJIsI MOJIEKYJI OCHOBHOIO
MaTepHasa, Mbl MOKeM GOPMHPOBATh KJIACTEPHEIE
IIEHKH Pa3JIMYHBIX MaTepHasoB. MBI IONTydalu
IJIEHKH C KJIaCTepaMU Pa3MepoMm oT 110 5 MKM.

KnuMaTHuyecKHe KaMepbl, co3JaBaeMble BalleH
KOMIIaHHeH, IpeJHa3HA4YeHbI I HCCIeJOBaHHS
BO3JeHCTBHS BaKyyMa, Telja, X0JO4a H BIax-
HOCTH. YTO siBiAsieTCSI 06beKTOM HCC/IeJOBAaHHH
B TAKHX KaMepax?
B KJIMMaTHYeCKHUX KaMepaX IIPOBOJSITCS HUCIIBITA"
HHUS 60IBIIKX 06BEKTOB, KaK IIPAaBHUIJIO, BOGHHOTO
Ha3HaveHHs. [10 MOHSITHBIM IPUYUHAM, Sl HE MOTY
IeTaJlbHO PAaCKPBIBATh MOAPOOHOCTH TAaKUX HCIIBI-
TaHUH. ENUHCTBEHHOE, 0 YeM MOTY CKa3aTh, 3TO
TO, 4YTO 060opyLoBaHHUe, IIOMeIleHHOe B KaMepHl,
IIocjIe BO3/IeCTBHUS Ha Hero, B TeUeHHe 3aIaHHOT0
BpeMeHHU JI0JIKHO BBIIIOIHSTH CBOIO PaboTy.
[IpoeKT ¢ KIMMAaTU4YeCKUMHU KaMepaMH sl Hac
OBLJI JOCTATOYHO SKCIIEPUMEHTAIbHBIM. MBI IIpo6o-
BaJIM CBOU CHJIBI B HOBOM [ /ISl HAC HAaIllpaBJIeHUH.
Ceruac st CY4UTAIO0, YTO OIIBIT ITOT I10JIE3€H, HO CAMO
HaIlpaB/ieHHe 0Ka3asoCh AJIs HAaCc He OYeHb UHTe-
PecHBIM. B mepByIo ouepeznb 3TO CBSI3aHO C TeM,
YTO BCe-TAKHU MBI TI06UM paboTaTh C MEXAaHUKOH,
a ee TaM IpPaKTU4YeCKH HeT. A BO-BTOPBIX, PBIHOK
IIPOU3BOJUTENEN KIMMAaTUYeCKUX KaMep J0CTa-
TOYHO HAaCBIIEH, U Ha HeM CJIOKHO C/IeJIaTh YTO-TO
YHHKAJIBHOE.

Kakue mpoekThl-pa3paboTKu Bamed KOMOaHHHU
BbI cunTaeTe Hauboee CIOKHBIMHU? PacckaskuTe,
MOKaJayHCTa, 0 CAMBIX HHTEPEeCHBIX, C BalleH
TOUYKH 3peHHsI, y>)Ke OCylIeCTBIeHHBIX IPOeKTaX?
KaskApl¥ Hall TPOEKT B UeM-TO YHHUKAJIeH, KasKAbIH
HHTepeceH I10-CBOEMY.



[lpuenataem npuHATL y4acTue
B 27-011 HAYYHO-TEXHUYECKOV KOH(epeHLmm

«BaKyymHasi HQyka n TexHuKa»
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14 - 19 ceHTn0Opa 2020 roga
Pecnydanka Kpbim, TOK Cypak

Mo utoram paboTbl KOHepeHUUn YHaCTHUKN NOAYHaT BO3MOXKHOCTD e
nyoAuKaummn NnpeacTas/ieHHbIX MATepPUaIoB B XXYPHaiax, BXOAALMNX I
B nepeyeHb BAK v nHaekcupyembix B cucreme SCOPUS. 4

Noapo6GHocTH Ha caiiTe
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Puc.3. B0 spatueHus ¢ >XUOKOCMHbIM 0XAAXKOeHuUem Kopnyca
ueana
Fig.3. Liquid-cooled rotation input for housing and shaft

TeM He MeHee IO CJIOKHOCTHU S 6B BBIJENIHUI
IpoeKkT 1o pa3paboTke yCTAaHOBKH HaHeCeHHS
IIOKPBITHM MeTOJOM ITapPOCTPYHHOIO OCa>KJAeHHUS.
B xone BBIIIOJIHEHHS 3TOro IIpoeKTa MPHUIIIOCH
pellaTbh O4eHb MHOTO Pa3HOIIIAHOBBIX 3aJay:
IIPOBOJUTH UCCAeLOBAHHUS; CO34aBaTh CI0XKHYIO
MexaHHKY, paboTamollyio B BaKyyMe; peaan30Bbl-
BaTh CJAOKHYIO CUCTeMy yIpaBjieHH. Ilo CyTH,
3TOT IPOEKT MaKCHMaJ/bHO PACKPBII TBOPYECKHUU
MOTeHIIHaJl HalluX UH>KeHepOB.

PacckaskHTe, MOKaJIyHCTa, O IepclIeKTHBaX pas-
BHTHS KOMIIaHHH. I[TaHHpyeTe TH Bbl OPraHH30-
BaTh HOBbIE HaIIPaBJIE€HHS NeSITeTbHOCTH?
B HacTosmee BpeMsi MBI JBUKeMCSI K TOMY, YTOOBI
006aBUTH B CTPYKTYPYy KOMIIAHUU HayYHO-HCC/Ie0BA~
TeJIbCKOe Mo pa3/iesleHre, 3aHUMaloleecst oTpabot-
KOM TeXHOJIOTHUM HaHeCeHHUS B BaKyyMe IIOKPBITUU
Pa3IMYHOro Ha3HauYeHHU S : M3HOCOCTOMKHUX, aHTHU-
GPUKIHMOHHBIX, aHTUCXBATHIBAIOIMHX. JlyMalo, 4To
paboTa B IByX HaIlpaBJIeHUSX CAelaeT KOMIIAHUIO
bosee yCTOMUYMBOM K BHEIIHUM BO3/I€HCTBUSIM.

XoueTcst pacHIMPUTh IUHENKY BBOLOB JBHKEHHU S
B BaKyyM. 3aKaHUYKBaeM pPa3paboTKy MozeseH BBO-
OB BpallleHU s C JOIIOJITHUTeIbHBIM OXJIaKIeHHUeM
Baja ¥ Kopmyca. Takue MoJe/IM MOKHO MCII0/Ib30-
BaTbh B 060pyOBAaHUU, IJle UCIIONb3yeTCsl HarpeB.
PaboraeM Ha/J KOHCTPYKLHUSIMH C MATHUTHOH CBSI-
3b10, OHU I103BOJISIT IIOJTHOCTBHIO UCKJIIOUYUTh IIOTOK
ra3oHaTeKaHHS, YTO OUeHb Ba>KHO /1S TOHKUX TeX-
HOJIOTMYEeCKUX IIPOLIeCCOB.

BezmeM paboTHl M Haj yCTPOMCTBAMH IlepefadH
JTUHEeMHOTIOo IepeMelleHHs B BAKyYMHBIE KaMepBhl.

HAHO MHOYCTPHA Tom 13 Ne 2 (95) 2020

OIBIT U3TOTOBJIEHUS TaKHUX KOHCTPYKLII/II;I eCThb,
ceriyac Hala 3aa4a - JOBeCTH MMeEIIIHecs Hapa-
60TKHU OO0 I'OTOBOTO CepI/II;IHOI‘O pelieHHs, KOTopoe
MOKHO ITpeyiaraTb HAalllUM 3aKa39HKaM.

Y4acTByeT /M Balla KOMIIAaHHS B roCyJapCcTBeH-
HBIX IIPOEKTaX HMIIOPTO3aMellleHHsi?

Ec/u Bbl HMeeTe B BUY, II0OJydaeM 1K MBI [IOAAEP5KKY
OT TOCyZJapCTBa, TO OTBeT — HeT. EC/IM BOIIPOC B TOM,
y4acTByeM JIM MBI fle/laMH, TO OTBET ~ Ja.

CYMTal0, YTO HAIIK BBOJBI BPAIlleHHUS YUYaCTBYIOT
B IIporpaMMe MMIIOpTo3aMelleHus Ha 100%. Eciu
HabpaTh B MOMCKOBUKe ¢ppa3y "BBOALI BpallleHHUS
B BaKyyM', TO MBI ITIOJIy4UM 6OJIBIION CIIHCOK GUPM,
KOTOpble TOPTYIOT UMIOPTHBIMH KOMIIJIEKTYIO-
IMMH, U CCBIJIKY Ha HAlll CAMT, Ha KOTOPOM MOXKHO
3aKa3aTh OTeYeCTBEHHYI0 NPOAYKIHIO. [IpogaBIIbI
MMIIOPTHBIX BBOZOB IIPOUTPHIBAIOT HAM B TOM, YTO
He UMEIOT BO3MOKHOCTH BHECTU U3MeHEeHU sl B KOH-
CTPYKLIHIO TOTO, YTO IPOJAIT. A MBI MOXKeM oOIle-
PaTHBHO BHECTH M3MeHeHHS B KOHCTPYKIHUIO U TeM
CaMBbIM peIIMTh 3aJauy KiareHTa Ha 100%.

Emle ofMH IpUMep peasbHOro HUMIIOPTO3aMelle-
HHUS - NpeJIoYTeHHe OTeYeCTBeHHBIX KOMIITIEeK-
TYIOIIMX B HAaIIUX pa3paboTkax 3apybeskHBIM.
B paMKax MCCIe0BaHU S HAHOCUMBIX HAMHU ITOKPbI-
THUH pa3pabaTbiBaeM HCIBITATe/NIbHBIN CTEH . MBI
IIOCTaBU/IU cebe 3afauy Mo-MaKCHMYMYy CllelaTh
ero C MCI0/JIb30BAaHHEM OTe4YeCTBEHHBIX KOMIIJIEK-
Tyoomux. CpefcTBa OTKAYKH ~ CIIMPAIbHBIN U Typ-
OoMoOIeKyJSIPHBIM HACOCHI, BCe CPeCTBA U3Mepe-
HUS BaKyyMa 6yieM HCII0/Ib30BaTh OTeUeCTBEHHBIE.
Haperocs, 4To 3T0 6yfeT MOMOKUTEAbHBIN OIBIT.
CuMTalo, YTO MOAJep>KKa OTeueCTBeHHBIMU pa3pa-
60TYMKAMU HAIIUX IPOU3BOAUTENEH — caMasi 1yd-
Ias mpeAIockIKa K UMIIOpTo3aMellleHH0. Hade,
y Hac CTpaHHAas CUTYaLus [onydaeTcs. Bce XoTAT
IIPOJaBaTh IPOAYKLIHIO, KOTOPYIO IeJ1aloT B PoccuH,
HO HHUKTO He XO4eT [IOKyIaTh TO, YTO B PoccuH cre-
naHo. Ha/io pa3psIBaTh 3TOT IOPOYHBIN KPYT.

KakHMH IPOH3BOICTBEHHBIMH MOIIHOCTSIMH BJIa-
JeeT Ballla KOMIIAHHS H KaKoe KOJIHYeCTBO Mpo-
OyKIIUH MOXKeT BBINYCKATh B TeUeHHe, CKakeM,
OIHOTO KBapTtaaa?
Hamuy nmpou3BOACTBEHHbIE MOIIHOCTH - 3TO Hall
VMHTe/JIeKTYa/IbHBIH IIOTeHIIHa/ B [IePBYIO O4epesb.
MexaH006paboTKy I10 HallleH JOKyMeHTAIlMH MBI 3aKa-
3bIBaeM Ha CTOpOHe. M3 IpoM3BOACTBEHHBIX II0/Ipa3fie-
JIEHUH Y HaC TOJIBKO COOPOUHBIH YYACTOK U CKIIA[.

Yto Kacaercst o6beMa IPOU3BOACTBA, KOTOPBIH
MBI TOTOBBL 06€CIIeUnTh, TO 3/IeCh BOIIPOC CJIOXKHBIH.
Eciu roBOpUTh PO BBOABI BPAIlleHHUSI, TO CIUTAIO,
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4T0 06beM PBIHKA CeHMYac MeHbIIe TOro, YTO MBI
MO>KeM IIpe/lJIOKUTH U 0becriedrnTh. Ha ceronHsmHeM
3Talle Pa3BUTHS MBI TOTOBBI BBIIIYCKATh A0 100 emu-
HHII B KBapTaJ, 3TO He oTpebyeT IepeCcTPOHKH MOII-
HocTeH. [Tonp3ysCh Clly4aeM, IpeAara IOoCTaBIIU-
KaM BaKyyMHOro 060pygoBaHUS 3alyMaThCsl O IIPO-
I a>ke He TOJIBKO MMIIOPTHBIX PellleHHH.

Ecyiu roBOpUTH ITPO pa3paboTKy HOBBIX BUIOB 000-
PyZOBaHHS, TO 3[,€Ch HA/lO OIIMPAThCS HAa TeXHHUYe-
cKoe 3amaHue. Ho Bpsz 11 Bo3bMeM B paboty bombiie
OJHOTO-71BYX IIPOEKTOB.

Kak opraHH30BaHbl MeHEAKMEHT H JIOTHCTHKA
B Ballled KOMIIaHHH?
Mgl Hebonpmas KoMnaHus. Obmiee KOTUYECTBO
COTPYAHHKOB KoynebneTcs B fuamasoHe ot 10 mo 15
4ejIoBeK. Bce 3aBUCHUT OT TOr0, KaKHe IIPOeKTHI Cerdac
B pabore. Mbl cTapaeMcsi GOPMHUPOBATh IIPOEKTHEIE
KOMaH/Ibl /IS PelleHH sl KOHKPeTHBIX 3aad4.

BCI0 TOTUCTUKY CTPOUM Ha OCHOBe CJTy>K0 O6pICTPO
NOCTaBKH.

II1aHHpyeTe TH pacIIMpeHHe BalleH KOMIAaHHH
Ha ipyryue peruoHsl Poccun?

Eciu BBl MMeeTe B BH/Y OTKPBITHE IIPeJCTaBH-
Te/IbCTB B PerMOHAaX, TO 51 He BHJKY B 3TOM CMBIC/IA.
CoBpeMeHHBIe CPeiCTBA KOMMYHHKALIMH TI03BO/SIOT
KOHTaKTHPOBATh C KIMEHTOM HeIloCPeJICTBEHHO C pabo-
4yero MecTa. A B pe3y/ibTaTe CUTyalluH C KADAaHTHHOM,

KOIZIa BCe BBIHY K/IeHbl paboTaTh U3 IoMa, AyMalo, 4To
3TH TeXHOJIOTHHU Oy/IyT TOJMBKO Pa3BUBAThCsL. Ceruac Bce
HaIllK COTPYAHUKH PaboTaloT AUCTAHIIMOHHO, U MBI He
HCIIBITBIBA€M C 3THM CJIOKHOCTEH.

Ec/1M rOBOPHUTS O IOCTaBKe, TO TPAHCIIOPTHA S JIOTH-
CTHKA B CTPaHe TOXe JOCTaTOYHO Pa3BUTa, YTOOBI He
HCIIBITHIBATh CJIOKHOCTEH C Iepeiavell NPOoAyKIIUH
3aKa34HKY.

Eciu BO3HMKAIOT BOIPOCH, KOTOPHe TPebyroT
JIMYHOTO MPHUCYTCTBHUA y 3aKa3uMKa 3a IpefielaMHu
MoCKBEI, TO MBI BCeIia Bble3)kaeM M Ha KOHCY/IbTa-
LIMIO, ¥ HAa MOHTaX, UTOObI IaTh OTBETEL TaM, IJie 3TO
yIOoO6HO 3aKa3UHKY.

B 3TOM CUTyalluK OTKPBITHE QUIHATIOB B perHOHAX
1715 HaC He MMeeT CMBICTIA.

BBINIOJIHSITTH 7TH BBI 3aKa3bl H3-3a pybeska? Kak BbI
OLIeHHBaeTe IO0JI0KeHHe CBOeH KOMIIAaHHH Ha oTe-
4eCcTBEHHOM H 3apyb6e>KHOM pbIHKaX?

MBI fmenanu MOONBITKHU BBIXO4A Ha 3apybesxk-
HBIA PBIHOK. IlepBble KOHTAKTBHl C MHOCTPaH-
HBIMHU IOCTaBIO[MKaMH OBIJIM Ha BBICTaBKaX
"BakyymTexdkcmo". K cokaleHHI0, B HACTOsIIee
BpeMs IIOIMTHYeCKHe COOBITHS OKa3aau Ha MeXKAY-
HapoAaHOe COTPYAHKMYECTBO HeraTHMBHOE BIIMAHHE.
CunTal, 3apybeskHble PRIHKH AJIS HAC - mar 61u-
SKAHIIero pa3sBUTHSI, HO HAJlO IIPe0/i0JIeBaTh B IIep-
BYIO O4Yepefb IICHXO0JOTHUYeCKOe CONPOTHUBIEHHUE
3apybeskKHBIX ITapTHEPOB. [ |

MUKPOYUMNbI HA OCHOBE HAHOTPYBOK NMPEB30MAYT KPEMHUEBDIE

MO SHEPTO3®OEKTUBHOCTW?

MuKpOUMN, 3rOTOBNEHHLIA M3 YIEPOAHbLIX HAHOTPYOOK, MOXET MpeB30ATH
COBPEMEHHble YMMbl MO 3Hepro3QdeKTMBHOCTU. ECAu caenatb MUKpOYMn
LOCTAaTOYHO MaNeHbKMM W WUCMONb30BaTb BO MHOFUX YCTPOWCTBAX, MOXHO
C3KOHOMMTb OrPOMHOE KONMYECTBO JHEPTK.

B MpoLIOM BbIYMCUTEbHYIO MPON3BOANTENBHOCTL MOXHO 6bII0 Yyy-
WWTb MPOCTbIM YMeHbLUEHNeM Pa3MepoB KPeMHWEBOW 3NeKTPOHMKN, HO
B HacToslLee BpeMs 3TOT NPOLecC 3ameansetcs, yTeepxaaer Makc Lynakep
13 MaccayyceTckoro TexHoornyeckoro uHcTuTyTa (MIT).

OH ¥ ero KOMaHA CO3AaNM MUKPOMPOLIECCOP M3 YINePOAHbIX HAHOTPY6OK,
Pa3MecTyB ero Ha KpeMH1eBoW nnacTiHe. Mo cnoam LUynakepa, KOMMbIOTEPHDIN
YN, BbIMONTHEHHDIA 13 KPEMHMEBBIX HAHOTPYHOK, 3HEproaPeKTHBHee aHNOrNY-
HOM KOMMbIOTEPHON MUKPOCXEMbI C TOV Xe apxuTekTypoi B 10 pas!

YrnepogHble HAHOTPYOKN MMEIOT TONLUMHY BCEro B OMH HAHOMETP. IT0
03HaYaeT, YTO UX MOXHO BKIKOYMTb, MCMOMb3YA OYEHb MAnoe KOMMYeCTBO
3Heprn. B 1o Xe Bpemsi HAHOTPYOKN SBASIOTCA XOPOLIMMM MPOBOAHUKAMN
3INEeKTPUYeCTBa.

[lo cux nop KoMaHAa 1cnonb3oBana 3T0T YK A 3anycka NpoCTon Knac-
CUYeckor mporpammbl nog HasgaHuem “Hello, World", koTopas BbIBOAKUT 310

C006LLLEHNE M 0BLIYHO SBASETCS NEpBOM NPOrpaMMOiA, HAMMCAHHOW MIOALMY,
06yyarowUmMmncs nporpaMMnupoBaHUIo.

BaxKHbIM SBASETCS W TO, YTO MPX M3rOTOBNEHMM MUKPOYMMOB HA OCHOBE
KPEMHMS [OCTATOYHO BbLICOKA, YTO OYEHb 3IHEPro3aTpaTHO, a MMKPOYMMbI
Ha 0CHOBE HAHOTPYOOK MOXHO M3rOTaBAMBATL MPAKTUYECKM MPU KOMHATHOM
Temneparype, pacckasbiBaeT KpuctuaH Jlay, coTpyaHuK MIT, npuHMMABLIMiA
yyacTue B pa3paboTke HOBOMO ymna.

Cnegytoum Wwarom 6yaeT COKpalLeHue YCna KOMIOHEHTOB, 406aBAsET
OpaHL, Kpownn 13 TexHuueckoro yHusepcuTeta MioHxeHa (Tepmaus). 310
MO3BOMNT CYLIECTBEHHO COKPATWTb BpeMS 3apsAKv-pa3psaku, HO moTpe-
6byeT 6onee TOYHOTO BbIPABHMBAHWUS HAHOTPYHOK. MepcnekTUBLI CO3/aHMS
BLICOKOI((EKTMBHOrO MMKPOYMNA HAa OCHOBE YINEPOAHBLIX HAHOTPYHOK
MOXET MPOWU3BECTN PEBOIOLMID B 06MACTH IT-TEXHONOTUIA U 3HAYUTENLHO
COKPATMTb 3Hepro3aTparbl B 3701 06/1aCTH, MPUBECTYU K CO3AaHNIO CBEPXID-
(eKTUBHLIX MUKPOMUHMATIOPHLIX YCTPONCTB B Pa3NnyHbIX 061aCTSX HAyKu
1 TeXHUKM.

o mamepuanan: https://www.newscientist.com
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B d¢eBpane 2018 ropga Heidelberg Instruments npuobpena 70% akuui LWIBEALLAPCKOWN
BbICOKOTEXHOJIOTMYHOM KoMnaHuu SwissLitho AG. OTHbIHe SwissLitho 6yaeT HasbiBaTbcs Heidelberg
Instruments Nano, a B cBS3u C nepepayen canta komnaHuu Heidelberg Instruments nsmeHuna
JloroTun KoMnaHuu, GUpMeHHbIA Au3ariH U canT. O6nagas 6onee YeM TpexAecATUIETHAM OMbITOM
B o6nactm npsmon nasepHow 3anucu, Heidelberg Instruments sBnseTcs NpusHaHHOW B Mupe
KOMMNaHMen, 3aHUMAIOLLLENCSa Nla3epHON nuTorpaduen ¢ NpSMon 3anucbio, yCNewHo BHeapUuBLLEN
MHOXECTBO CJ/IOXKHbIX TEXHOJIOTUYECKUX PELIEHUA B CBOM MHCTPYMEHTbl. OAHAKO paclimMpeHue
BO3MOXXHOCTEW 3a npepesibl HbIHEWHEero HauMeHbLero pasmepa 3snieMeHToB 300 HM — 3TO 60/blue,
YeM NMpOCTO UHXXEeHepHas 3apava.

In February 2018, Heidelberg Instruments acquired a 70% stake in Swiss high-tech company SwissLitho AG.
Nowadays, SwissLitho will be called Heidelberg Instruments Nano, and in connection with the transfer
of the company’s website, Heidelberg Instruments has changed the company logo, corporate design
and website. With over 3 years of experience in direct laser recording, Heidelberg Instruments is a world-
recognized direct recording laser lithography company that has successfully integrated many sophisticated
technological solutions into its instruments. However, expanding beyond the current smallest element size
of 300 nm is more than just an engineering task.

IpHUcOefHHeHHEeM K JHHeHKe MNPOAYKTOB

7a3epHOM TUTOTpadUHU CeMeHCTBa YCTAHOBOK

NanoFrazor, Heidelberg Instruments MoxeT
MIPeAIOKUTh CBOUM KJIMEHTaM U pellleHHs B 0bia-
CTH HAHOTEeXHOJIOTUH. Y3KMM MeCTOM, CBSI3aHHBIM
C HAHOIIPOM3BOACTBOM, SIBJISIETCS HU3Kasl IIPOIYCK-
Hasi cr1ocobHOCTh. OJHUM M3 BO3MOKHBIX pelle-
HUU 3TON npobiieMbl IBIASIETCSA TaK Ha3bIBae@ MBI
noxxon mix & match: KombuHaUKsg HaHOIATTe-
PHHTA AJIS CO3LAHUS IeMeHTOB HaHoMacmTaba
U GoTonUTOrpaduu A CTPYKTYPp OosblIero mMac-

mrtaba. [I/1sl 9TOM LeJIM MOXKHO 06be IUHUTD Pa3iny-
Hble MeTOJbl, YTO 0OBIYHO U Jle/1aeTCsl Ha OTHeNb-
HBIX 3TallaxX mpou3BoacTBa. Cpasy ke IocCjie Caus-
HUS UH>XXeHepsl 06erMxX KOMIIAHUM Havallk COTPY.-
HHU4eCTBO, U Tereps Heidelberg Instruments mpeaa-
raeT YHUKaJbHBIH JOIIOTHUTETbHBIN monyiab DLS mis
NanoFrazor Explore. DLS 03Ha4aeT IpsIMYIO Ta3epPHYI0
cybnuManmio: 1a3epHasi MUIIYIIAs FOJIOBKA YyCTAHOB-
JeHa Ha KaHTuIeBepe NanoFrazor. 3to rubpumHoe
pellleHHe BK/IIOYaeT B ce6s1 KOMOMHAIIMIO TYUIIHX
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®enukc XonbuHep, 2eHepanbHblll dupekmop SwissLitho /
Heidelberg Instruments Nano, u MapmuH BuliHaeHOmc
8aH PecaHom, 6biswuli 2eHepanbHbll dupekmop Heidelberg
Instruments, 8 Hacmosilwee 8pems — 2eHepanbHbIli dupekmop
RSBG Advanced Manufacturing Technologies GmbH (snadetowias
Heidelberg Instruments)

Felix Holzner, CEO of SwissLitho/Heidelberg Instruments Nano,
and Martin Wijnaendts van Resandt, former CEO of Heidelberg
Instruments, currently the CEO RSBG Advanced Manufacturing
Technologies GmbH (which now owns Heidelberg Instruments)
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TeXHOJIOTMH 06erx KOMIIaHUH C TOUKU 3peHHU s pa3pe-
IIeHHsI, THOKOCTH U IIPOM3BOJAUTEIBHOCTH. Mozy b
DLS myst NanoFrazor Explore Tereps sIBIsleTCS 4aCThIO
KOHQHUTIYPALIUHU 10 YMOTYAHHUIO.

-

Enle oJHO HalpaBeHHUe HesTelbHOCTH KOMIIa-
HHUH - IPOU3BOACTBO YCTAHOBOK AJIS KpyIHOCEe-
PUHHOIO MPOM3BOACTBA. CyIIecTBYeT HEeCKOIBKO
uHcTpyMeHTOB Heidelberg Instruments, pa3spabo-
TAHHBIX CIIEL[HAJbHO [JIsI IPOMBIIIJIEHHOIO H3T0-
TOBJIeHUs poTomabIoHOB UIH 6€3MaCKOBOM JTHUTO-
rpaduu B KPyIIHOCEPUHHOM IPOU3BOACTBE. ITH
MHCTPYMEHTHI UJeaTbHO IIOAXOMAST /I CEpUHHOTI0
M CpeJHeCepHUHHOI0 IIPOU3BOACTBA, IIPOH3BOJ-
cTBa 3D-CTPYKTYyp MM IPOHU3BOACTBA IIOIYIIPOBO-
OHHUKOBBIX IIpH60poB. NanoFrazor, corimacHoO CTaH-
DapTaM MHKPO3JIEKTPOHUKHU, oblazaeT HU3KOH
IIPOM3BOAUTEIBHOCTHIO (CPABHUMOH C 3JIeKTPOHHO-
Jy4eBOM JIUTOrpadUer B peKHUMe CBEPXBBICOKOIO
paspemeHus). TeM He MeHee ee 0Ka3aa0Ch OCTA-
TOYHO AJISI IPOU3BOACTBA MAaCTep-LITAMIIOB IS
HAaHOUMIIPUHT TUTOTpadUH.

J7151 yBeTMUeHH sl IPOM3BOJUTEIBHOCTH IIPU COXPa-
HEHUU YHUKAJIBHBIX BO3MOXKHOCTEMN CHCTEeMBI A5
CO3[IaHUS PUCYHKOB M H300paskeHUH BBICOKOI'O pPas3-
pemenus Heidelberg Instruments Nano paboTaet Haf,
POTOTUIIOM HancTporku MultiTip nnsg NanoFrazor
Explore U Hap cucteMon NanoFrazor Professional mis
nutorpaduy Ha IUIACTHHAX Oosbllero guaMeTpa.
Pa3paboTKa HAXOLUTCS Ha Talle 6eTa-TeCTHUPOBAHUS.

llItepdeH, cmackb6o, YTO HAIUTH BpeMsI IIOTOBOPHTH
0 cepuH obopynoBaHHs MLA, TaksKe IO3PaBiIsio
¢ 3anyckom MLA300 u Balleil HOBOH POJIbIO B KOMIIa-
HuH! Kak Bel HaunHaTH B Heidelberg Instruments?
Bonpmoe cracubo. S1 Hauan paborars B Heidelberg
Instruments B 2000 rogy HH>KeHEPOM-TIPOTPaMMHMCTOM.
B To BpeMs Hac 6b110 Bcero 0koso 30 yesnoBek, U 6m3-
HeC TOJIBKO HaYMHAJI pa3BUBAThCS. 32 3TU TOABI Y MeHS
OBL1a BO3MOSKHOCTD M3yUUTh PabOTy Halllekl KOMIIAaHUH
JOCKOHAJIBHO. 51 paboTasl B OT/e/Ie KCC/IeIOBAHUE 1 Pa3-
paboTok (R&D), pyKOBOIMII HECKOIBKMMHU IIPOEKTaMHU,
nenan 6eHUMapKUHT U IPOBOAMII e MOHCTPALIUH A1
K/IMeHTOB, a 3aTeM IePeK/IIUH/ICSI Ha TeXHHUYeCKHU I
MeHeIKMEeHT K MeHeIKMEHT I10 ITPoayKTy. B 2012 roxy,
riocjie rofa pebpIBaHMUS B SIITOHUH, MeHS ITPUITACKIIH
B TeXHUYeCKUI COBET -~ TPYIIITy SKCIIEPTOB, YIIPABIISIO-
IIMX BCeMH TeXHUUeCKHMMHU aclleKTaMH Halllek KoMIIa-
HHUU. IMeHHO Torfja Mbl PeIlId pa3paboTaTh IepBblil
Maskless Aligner mpogykt MLA150 (be3amackoBoe coBMe-
meHue). HeckonbKko et cryctsi, B 2017 rogy, st IIpHCO-
eQUHUIICS K UCIIONHUTeNbHON KoMaHe Heidelberg
Instruments BMecTe ¢ MapTUHOM BHIHaeHITCOM
u KoHpazom PocciiepoM. A Iocjie He[laBHeH pecTpyK-
typusanuu Heidelberg Instruments MeHst HA3HaYUIU
Ha4a/IbHUKOM yIIpaBJIeHHs.

Hrak, nouemy Maskless Aligner?

MBI HaTOJIKHY/IHCh Ha 3Ty UeI0 BO BpeMsl IToCeleH U st
KJIMeHTa B MHOT'OII0/Ib30BaTeIbCKOM YHCTOM IIOMellle-
HHH, B KOTOPOM pasMelllaach OfiHa M3 HAIIUX CUCTeM
DWL 66 (MOIIHBIA JTHUTOIPAaHUUECKHUI HHCTPYMEHT
NPSMOM 3amlMcH). YcTaHOBKa DWL Mcmonb3oBanach
JJ1s1 IIPOM3BOZCTBA IA6/I0HOB /151 HECKOJIBKUX YCTaHO-
BOK COBMeIILIeHH ST U SKCIIOHHUPOBAHUSI B 3TOH Ke UHCTOM
KOMHaTe, HeKOTOPbIe 13 KOTOPBIX OBIIU y3Ke TOBOTBHO
cTapele. Toria Mbl 0CO3HaJIH, YTO 3aMeHa CTaHAAPTHBIX
YCTAaHOBOK COBMeIeHUS U SKCIIOHMPOBAHMUS Ha 6e3-
MAaCKOBYIO CHCTeMy JISl UCCIeJOBaHUN U pa3pabo-
TOK — XOpOIllasi, IePCIIeKTHBHAsS H/lesl.

Eme mo Toro, Kak MBI IpexactaBuau Maskless
Aligner, npsimas 3amuch yxe 6blIa H3BeCTHOH TeX-
HOJIOTHeH B 0671aCTH MCCTeOBAaHUM U Pa3paboTok.
YctanoBkH pPG 101 (Haml HaCTONBHBIM MHCTPYMEHT
IJ1s1 IpsiMOM 3amucH) U DWL 66 6b11M 3aIyIieHsl BO
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Wmeppern Aues, ucnoaHumenbHbil dupekmop Heidelberg
Instruments, Habawdan 3a cepuel Maskless Aligner
0M NepeoHA4anbHOU KOHUenuuu 00 ycnewHozo KoMmep4eckozo
8bINYCKa mpex ycmaHosok 8 cepuu: MLA150, onmumu3suposaqHas
945 uccnedosanull u paspabomok, HacmoAvHas eepcus (UMLA)
U HedasHOo 8biNyLeHHAs NpoMblLUAeHHAst mawuHa MLA300
Steffen Diez, a recently appointed COO of Heidelberg Instruments,
has seen the Maskless Aligner series from the initial idea con-
ception to successful commercial release of 3 tools in the series:
MLA150 optimized for R&D, table-top version (uMLA) and the
recently launched industrial machine MLA300

MHOTHX YUPeXAeHHUSIX, HO OOIBIIYIO YacTh BpeMeHH
OHH HCIIOJIB30BAJIMICh OJI5I U3TOTOBJIEHHU I ¢)0Toma6no-
HOB BMECTO TOTO, YTOObI ITUCATh ITPSIMO HA IIACTHHAX.
U [eiCTBUTENBHO, B TO BpeMs HAIIU CUCTEMBI OBITH
OIITHMH3UPOBAHBI /ISl U3TOTOBJIeHUS poTornabioHa,
a He 115 IIPSIMOT0 HaHeCeHU I CTPYKTYPBI Ha Pa3IHuIHbIe
IOZITIOKKU U GOTOpe3rCThl. Elle 60iee BaKHO TO, UTO
BpeMsI S9KCIIOHHUPOBAHU S OBLI0 60JIbIIE TI0 CPABHEHHUIO
co BpeMeHeM paboThl YCTAHOBKH COBMEILEHHSI 1 SKCIIO0-
HUPOBAHUS. ITO OBUI OMUH K3 CAMbIX 60/IBIIHX BHI30BOB,
KOTOPBIH HaM ITPHUIIIIOCH [IPEOI0/IeTh BMecTe ¢ MLA.

Paccka>kHTe 0 pa3BUTHH CHCTeMbl. C KAKHMH IIPO-
671eMaMH BbI CTOTKHY/THCH?

[t pa3paboTKU TeXHONIOIHMKM MLA MBI HCIIONB30-
BalIx abCONMIOTHO HOBBIE ONTHYECKKEe MOAYISITOPEL
Ha ocHoBe M3MC, a Takyke TBepAOTe/JbHbIe HCTOY-
HHMKHU CBeTa [JIs CO3JaHHUs HOBBIX BBICOKOCKOPOCT-
HBIX OIITUYECKUX CUCTEeM, JTa KOMOUHALIU A chopmu-
poBana sapo MLA ¥ 3HaYKMTeIBHO YCKOPHJIA IIPOLILCC

HAHO MHOYCTPHA Tom 13 Ne 2 (95) 2020

3KCIIOHHUPOBaHMS. [IoMHMO BpeMeHH 3KCIIOHHUPOBa-

HHS, MBIl XOTe/JIH YMEHBIIHUTh HPOLOIKUTEIbHOCTD

BBIIIOJIHEHM S BCero Ipouecca. JJpyrou Ba>kHOM 3aa-

Yyel, KOTOPYIO MBI XOTe/IH PeIlIUTh, ObIIO yIydIIeHHe

I10J1b30BATE/JIbCKOTO MHTepderica U MaKCUMaIbHO

BO3MOXKHOE COKpallleHHe BpeMeHHU 06ydeHU s I0JIb-

30BaTeslel: Ha 00beKTax, IZe MHOTO OIlepaTopoB 060-

PyZoOBaHMS, 3TO OYeHb Ba>kKHO. [IppHHMMas BO BHUMa-

HUe BCe 5TH TpeOOBAHU I, MBI IOCTABHIIN TPH OCHOB-

HBbIE LIeJIH:

e BpeMs 3KCIIOHUPOBAHUS — MeHee 10 MUH 14 4-[101-
MOBOM ITJIACTHUHBI;

* II0NHOe BpeMs paboThl, BK/IIOYAs 3arpy3Ky IOA-
JIOKKU U COBMeIleHUs — MeHee 30 MUH 14 4-0I0H-
MOBOHM IIJIACTHUHBI;

* BpeMs 00ydeHHUs II0JIb30BaTe sl CUCTeMBI — MeHee 1 4.
CBouM ycriexom MLA 06s13aH 4eTKOMY BH/IeHHIO TOTO,

4ero MbI XO0Te/IH Obl JOCTHYb, U BBIIAIOICHCSI, MOTH-

BUPOBAHHON KOMaH/e pPa3paboTuuKoB. OCHOBBIBASICH

Ha 0611ell KOHLeNINH, KOMaHJa PeaJl30Baja MHOTO

HJieH, B pe3y/ibTaTe uero 6511 co3maH MLALSO0.

YT0 0c06eHHOTO B ycTaHOBKax MLA?

OHU 6bUIH U OCTAIOTCS IIEPBBIMU U e JUHCTBEHHBIMU
YyCTaHOBKaMHM, KOTOPble CTaJK pPea/bHOH a/bTepHa-
THBOU /15 yCTAHOBOK COBMeIleHH S U 9KCIIOHHUPOBa-
HHS B Cpefie Hay9YHO-UCC/IeI0BaTeNbCKUX 1abopaTo-
puii. YcTaHOBKYM MLA mpepjiararoT TaKHe O MU, KaK
O4YeHb BBICOKASl CKOPOCTh 3KCIIOHMPOBAHHUS; COBMe-
IeHHe 110 BepxHell U 06paTHOM CTOpPOHe; KOMIIeHCa-
LIY 51 HEPOBHOCTH II0OBEPXHOCTH ; BBICOKOE Pa3pelleHMe
U BBICOKASI TOUHOCTD; BO3MOSKHOCTb 3KCIIOHHMPOBAHU S
Ha TI06bIX pa3Mepax IMOJI0KKH, OT HECKOTBKHX MHJI-
JTUMEeTPOB /10 8-IFOMMOBBIX IJIACTHH.

Korma BBl HmpeACTaBH/IH IMEePBYIO CHCTeMY?
COTpyAHHYA/IH JIH BBl C MOTEHIHAJIbHBIMH I10/Ib-
30BaTeNsIMH I pa3paboTKH MU TeCTHPOBAHUS
HHCTPyMeHTa?

MLA150 6p11 opHuIIMANBHO ITPeACTaBIeH 60IbIION
MapKeTHHIOBOM KaMIaHUeH B Mae 2015 roga. [Toce
TOTO Kak HaMHU OblI pa3paboTaH mepBbIH paboTa-
IOOIMH IPOTOTHUII, MBI peIllK/IN paboTaTh BMecTe
C HeCKOJBKHUMHU BbIODAHHBIMU II0Tb30BATENISIMH,
4TOOBI OLIEHUTH U YCOBePIIEHCTBOBATh HHCTPYMEHT.
[ToMHUMO CTAaOUIBHOCTH M UCIIPaBIeHUS OMHUOOK,
OCHOBHOE BHHMaHHUe OBLJIO y/leJIeHO ONTHMH3A U U
yHoOCTBa UCIIOIb30BAHU S CUCTEMBI.

[TepBas bera-mnomaznka bela cosgana B CMi (LleHTp
MuxpoHaHoTexHosoruu B EPFL B JIo3aHHe). 9TO Halll
MIOCTOSIHHBIM KJIHMEHT C BBIAAIOUIENCS pellyTallHeH.
Oununn dmokurep, raBa CMi, 6e3 KonebaHUE Havan
COTPYAHMYATH I10CJIE TOTO, KaK eMy ObLIa ITpeCcTaBIeHa
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koHUernusga MLA. Komanga CMi mmoMoria HaM OIITH-
MH3HPOBATh I10/1b30BaTeNbCKUI HUHTepeELC U yCTpa-
HHIa GONTBIIMHCTBO KPUTHYECKUX OMKO0K. Bropas
beTa-momiaaka 6ei1a B rpymre AHApeaca drelnIMaHa
u CebacTrsHa Kemmnda 13 HucrturyTa pusuru Kupxrodpa
B lerinensbepre. OHU SBIISIIOTCSI MHPOBBIMHU JTHIEPAMHU
B riccienoBaHuAX SQUIDS, cBepXITPOBOASIINX KBAHTO-
BBIX MHTepepeHIIMOHHBIX YCTPONCTB, KOTOPbIe UCIIONb
3yIOTCSI B Ka4yeCTBe HU3KOTeMIIepaTyPHBIX JATYUKOB
MarHHUTHOTIO I10JI. 3[1eCh Mbl COCPeIOTOUH/IUCE Ha IIepe-
HOCe MHOTOCJIOMHBIX ITPOLIECCOB OT CTaporo obopymosa-
HUS COBMEIIEeHMS Y SKCIIOHMPOBAHMS Ha Halle MLA.
OTH NMpHUMeHeHUS IIPebsB/ISI0T OUeHb SKeCTKUe Tpe-
60BaHMS K TOUHOCTH HAJIOKEHHS, U HaM IIPHUIIIOCH
eme 6obIIe ITOBBICUTH IIPOM3BOJUTEIbHOCTD HAIIEH
CHCTeMBI, YTOOBI COOTBETCTBOBATH TpebyeMo CIeIy-
duKanuu. ITo OBIJIO OUEeHB YCIIEIIHOe TeCTHPOBAHUE
Ha 6eTa-TI/IoIa 1Ke — MBI Iaske CMOIJIM YBETHYUTh BBIXOZ
TOAHBIX /14 3TUX KOHKPETHBIX JATYUKOB B TPH pasa.
MHOroIm01b30BaTeIbCKU M LIeHTP [apBapACcKoro yHHBep-
cuteta (Harvard/Center of Nanoscale Systems) cayskuin
duHanpHOM beTa-TTomanKou. Jiangdong Deng, pyKo-
BozUTesNb 1abopaTopuu CNS, ToxKe ysKe paboTas c HAMU
paHee. 5] [eHCTBUTEIBHO LIeHIO [IJIONOTBOPHOE COTPYLHHU-
YeCTBO MeXK/Y COTPyIHHUKAMU beTa-TUIOMAOK K Hallle
KOMaH/J0M pa3paboTunkoB. [TouTu Bce TpebOBaHUS
OT I0/Ib30BaTesIer 6bUTH 3G GeKTUBHO BHIIIOTHEHbI. U
B KOHIIe, BCe TIapTHePHl IpHobpenu ycTaHOBKU MLA
I10C/Ie OKOHYAHHU S ITeprojia beTa-TeCTUPOBAHUS: SIBHBII
IIPHU3HAK TOro, YToO MLA CTaJjI 3peJIbIM IIPOyKTOM.

Bb11 11 mpoeKT MLA150 KoMMep4YecKH yCIeIIHbIM?
BHavase 6pI710 He Tak J1eTKO y6eIUTh KIHEHTOB, YTO
MLA gBysieTcsl peajbHOM aJIbTePHATUBOM YCTAHOB-
KaM COBMEIEHU S U IKCIIOHUPOBAHU . [laBHHE I10/Ib-
30BaTeNu TPAagUIMOHHOM NUTOrpaduu Kkoneba-
JIMCh — I10 TIOHATHBIM IIPUYHHAM. MHOI0O pa3 Mbl CJIbI-
IIaJIk, YTO KJIaCCHYeCKHe YCTAHOBKH 3KCIIOHHUPYIOT
ropaszo 6eicTpee. MBI HACTaUBaJIM Ha TOM, YTO obIjee
BpeMsI LIMKJIA SIBJIsIeTCsI 6o/lee BasKHBIM [TapaMeTpoM,
M 3TO BpeMsI HAMHOI'0 MeHbIle ¢ MLA 110 CpaBHEHHIO
C HUMH, 0COO@HHO YUHUTHIBASI BpeMs U3TOTOBIEHUS
mabnoHa (HeobXoAMMBIK /I YCTAHOBOK COBMelIle-
HMUS 1 9KCIIOHUPOBAaHUSI). Ho ycTaHOBKA FOBOPUT CaMa
3a cebst, 1 Bckope MLA150 mprobpesa o4eHb XOPOIIYI0
penyTalHio, © HOBOCTh 06 3TOM pacIIpoCcTpaHHUIACh.
HayuHo-uccnenoBaTebckoe coobmectso B CIIIA oueHb
OpicTpo mpuHsIO MLAL50, 1 B KOHEUHOM HTOTe MBI
Bce 6onblie 1 6osblle BUIeNIN UHTepec U B EBporte. Co
BpeMeHeM, Cje[ysl 3allpocaM HalluX KIHeHTOB, ObL10
peanr30BaHO HeCKOJIBKO JOMIOJTHUTEIbHEIX QyHKIIHH.

MLA Tak>ke IIpHBJIeKaeT Bce 60JbIle BHUMAHHUS CO
CTOPOHBI IIPOMBIIIEHHBIX KOMIIAHHUI. BONTBIIMHCTBO

K3 HUX IIPpEeADBbsABIIACT ocobrie TPE6OB3.HI/I$I, KOTOphbIE
He MOT'yT OBITH BBIIIOTHEHBI C IIOMOIIBIO TeXHOJIOTHH
Ha OCHOBe Cl)OTO].Ha6J'IOHOB, HEeKOTOPpbIe IIPOCTO IIPpOK3-
BOOAT HebosbIIMe O6'beMbI, APyTHe BBIUIDBIBAIOT
OT HHU3KHUX 3KCIIIYaTallHOHHBIX PACXOA0B 6e3MaCcKOBOH
TeXHOJIOTHUH.

JTOT HHTepeCc MOTHBHPOBAJ/I pa3BUTHE IIPOMBIII-

neHHoro MLA?

M3l nnaHupoBanu pa3paboTaTs INPOMBINIIEH-

HyIo Bepcuio Maskless Aligner, korga Haganu pabo-

TaTh HaJ KOHIenuuer MLA. H3-3a orpaHHUYeHHBIX

pPecypcoB HCCIefO0BaHUM U pa3paboToK MBI paccTa-

BUJIM [IPUOPUTETHL B 110163y MLA150. 3T0 0Ka3asioch

XOPOIIMM BbIOOPOM, ITOTOMY YTO MBI CMOIJIH IIOJI-

HOCTBIO Pa3paboTaTh OCHOBY TeXHOJIOTMU U Y3HATh

OT HaIIMX I POMBIIIJIEHHBIX II07b30BaTener MLA150,

YTO Ha CAMOM JIeJIe HY>KHO ObLIIO yCOBepIIeHCTBOBATD,

4TOOBI BEIIIOJIHUTE UX TpeboBaHusi. MLAL150 omntu-

MU3HPOBaH [/I UCCIeJOBAaHUM U pa3paboTok: mpo-

rpaMMHoOe obecriedeHHe IIpefHa3Ha4ueHO /s obpa-

60TKHM HeOONMBIIUX MaPTHH U [AJISI IPOCTOrO OTCIe-

SKHBaHUS COCTOSIHM S IIPOEKTa, a He [JIsI MacCOBOIO

IIPOM3BOACTBA. BpeMs 5KCIOHHMPOBAHHUSA OTIHYHO

MOAXOAUT [AJIsl UCCIefoBaTeIbCKUX Lie/lel, HO HeJlo-

CTAaTOYHO [/151 KOMMePYeCKOro IIPOU3BOACTBA. TakKe

He ObIJI0 HUKAKOM aBTOMaTH3al U H.

MLA300 - 3TO coBeplIeHHO HOBas MalllMHa, IIe
MBI CMOIJIH YIOBJIETBOPHUTB BCe IIOTPEOHOCTH HAIIHUX
[IPOMBIIIJIEHHBIX 3aKa34YHKOB, KOTOPbIe 3HAUHUTe/IbHO
PpacIIMpHIIHCh:

* 3HAYMTe/IbHO yBe/JHYeHHas IIPOU3BOSUTEIbHOCTD
II0 CpaBHeHMI0 ¢ MLA150;

¢ MLA300 moeT 6BITH ITIOTHOCTBIO aBTOMAaTH3HU-
pOBaH, BK/IKOYasd TPAHCIOPTUPOBKY U 3arpy3Ky
obpasua, a Takke B3aUMOJEHCTBHE C CUCTeMaMHU
yIIpaBJeHU s IPOH3BOACTBOM (MES);

* 3TO IIOJIHOCTbIO HHTeIPHUPOBAHHAA U MOAY/IbHASL
MaIIMHA ¢ MUHUMAa/AbHOM, HO THOKOM KOHCTPYK-
nuen. Ee KOHIeNUIUS ynpoljaeT o6CIy>KUBaHUE
U obecriedyrBaeT OBICTPBIN 3AIIYCK — 10 IPUHIIUITY
Plug and Play;

e UHTYWUTHBHBIN IIPOTPAMMHBIN HHTePeric 6bL1 pas-
paboTaH Ha OCHOBe OT3bIBOB KJIHEHTOB U3 COOTBET-
CTBYIOIEL OTPACIH.

Hama Hay4HO-HCCIef0BaTeNbCKasl KOMaH/Ia ek~
CTBUTEJIBHO PaCIIMpPHJIa TPAHULBI IUTOrpaduu. Mbl
oueHb ropaumcst MLA300, 5To caMblil IPOABHHYTHIH
MHCTPYMEHT, KOTOPBIE MBI KOTAa-1u60 co3/aBaH.
OH yHHKaJleH BO MHOTHX OTHOIIEHH X U SABJISLETCS
eIUHCTBeHHBIM I'OTOBBIM pelIeHHeM [Jig IIPOMBIIII-
JICHHOTO IIPUMeHeHH s, JOCTYIIHBIM B HacTosllee
BpeMs Ha phIHKe.
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KakoBbI 661TH OCHOBHBIE ITP06/1eMBbI ITPH pa3paboTke?
MBI IpOBeNH Psifi BBIYMCIEHUH U MOHSIIU, 4YTO
OOCTHYb HeOOXOJAHMMOM CKOPOCTH PabOTHI TONBKO
C OHOM ONTHUYeCKOM CHCTe MO HeBO3MOKHO. MBI ITpH-
CTYIM/IX K OLHOMY M3 CaMBIX TpeboBaTeIbHBIX IIPO-
eKTOB B 0671acTH R&D - pa3paboTke IIOJTHOCTBIO UHTe-
TPUPOBAHHOTO OLTHUYECKOro MoAyasd. Hamu ontu-
yecKHue pa3paboTUuuKU U UHKeHePbI-KOHCTPYKTOPbI
CO3/la7Ii ONTHKO-MeXaHH4YeCKHU mmefeBp. CucTeMa
MLA300 MOKeT BK/IIOYATh B cebsl 0 YeThIpex TaKHUX
ONTHYECKMX MOJY/JeH. MOXHO MHTerpUpOBaTh
Moy, paboTalomMe Ha pa3sHbIX JJIMHAX BOJIH HIH
C pPa3HBIMU pa3peureHHusIMH. DTO I03BOISIeT HACTPO-
UTh MLA300 B COOTBETCTBHH C KOHKPETHBIMH TpeboBa-
HUSMH 3aKa34YKMKOB K pa3pelleHH0, CKOPOCTH 3aIIHCH
1 06pabOTKU ITOJIOKKH.

Jl/iss KaKUX MPHMeHEHHH 3Ta YCTAaHOBKAa MOXKeT
HCIIO/Ib30BaThCsI?

Ha JaHHBIN MOMEHT MBI COOKYCHPOBAaHbI Ha IIPHUMe-
HEeHHUSX, IJle Halla 6e3MacKoBasi TEXHOIOTHUS HMeeT
3HA4YHTebHOE IPeUMYIeCTBO, HAIPUMeEpP, HCKPUB-
NeHHBble MOAM0XKKU. Takue gedopManuu 06BIUHO
MOSIBISIOTCS TaM, IJle MCII0JIb3yeTCS HeCKOIbKO

TpeRMEpRL
IEATD O

yoipoweTs

COBPEMEHHDBIE TEXHOJIOTMU U3rOTOBJIEHUA
TPEXMEPHbBIX /IEKTPOHHBIX YCTPOWCTB:
Yye6. nocobue. 2-e u3pj., UCnp. U gon.

Kondpawun A. A., Jiamun A. H., Caenyoeé B. B.

Pa3HBIX MaTepHAJIOB C Pa3sHBIMU KO3 PHUIIMEHTAMU
TePMHYECKOro pacmupeHus. Takoe HCKpHUBIeHHE
MOXKEeT HMeTh pasmepsl 4o 300 MKM. Hamra cucteMa
crrocobHa KOMIIEHCHPOBATh UCKPHUBJIEHHE 3a CUeT
CHCTeMBI aBTOPOKYCa B peabHOM BpeMeHH. JIpyras
HHUIIA IPUMeHeHUN TpebyeT rub6KON afanTaluu
PHUCYyHKa, YTO SABJIS€TCS YCJIOBUEM, BHIIIOJIHAEMBIM
cucteMor MLA300. B KoHeYHOM HTOTe, MBI CTpe-
MMMCS Pa3MeCTUTDb HalllK CUCTEMBI B TAKKUX BBICOKO-
IIPOM3BOJUTEIbHBIX IPUMEHEHUAX, KaK H3TOTOBJIE-
Hre MOMC, IpOM3BOACTBO CBETOSHOA0B, KOPIIYyCH-~
poBaHMe Ha IIJIaCTHHE.

OoVH M3 HallMX 3aKa34YMKOB y>Ke Hayajl KCIIO/Ib-
30BaTh cucTeMy MLA300 B OIIBITHOM IIPOU3BOJCTBE.
MBI ceriyac MHTeTPUPYyeM 3Ty CUCTeMY B UX IIPO-
HM3BOJCTBEHHYIO THUHUIO, lefiasl ee CTAaHJapTHOU
MaIlKHOM 3KCIIOHUPOBAHUS.

[Tocne opunranpbHoro Beixoga MLA300 B HOS-
6pe 2019 roga, MBI y>Ke IIOJy4YU/IH HAa Hee MHOXKeCTBO
3aKka3oB. Takoe 6bICTpoOe MONyUYeHHe 3aKa30B IOJ-
TBepsK/JaeT, YTO THOKOCTb U BBICOKOE KaueCTBO IKCII0-
HHMPOBAHM S HA CJIOKHBIX IIOAJIOKKAX ABIAIOTCS Hey-
TOBJIETBOPEHHBIMHU IIOTPEOHOCTSIMH [/I51 ITPOMBIIII-
JIEHHOTO ITPOH3BO/ICTRA. |

M.: TEXHOCOEPA,
2019.-210c.,
ISBN 978-5-94836-504-6

C pa3BUTHEM BbICOKIX TEXHOMOT Wil CTAHOBUTCS PEalbHbIM BbINYCK TPEXMEPHDIX NEKTPOHHDIX YCTPOACTB (TY).
PelweHreM JaHHOM 33134V SBNSIOTCS eLLie TONbKO pa3pabarbiBaeMble rMbpUAHbLIE TEXHONOMM, Ha3BaHHbIE B JAHHON
paboTe KBa3u-4D-TexHonornamu popmmpoBaHis T3Y. B T0 ke Bpems co3iaHa knaccudukaums 4D-06bexTos (cro-

COBHLIX MEHSTb CBOIO OPMY /M CTPYKTYPY MOC/E MX CO3AAHNS! B 3aBUCUMOCTY OT BHELUHWX YCIOBHIA, HaNpUMep npu

LleHa 760 py6.

V3MEHEHINM TEMMEpaTpbl, Y MEXaHNYECKOM BO3AEICTBUN U T.4.) TIY 1 TEXHONIOMWIA A1 X POPMMPOBAHMS.

[JlaHHOe y4ebHOe nocobue SBNSETCS NEepPBON KHUAMOW MO TEXHOOMMSIM U3rOTOBNEHNS, CKAHUPOBAHUS 1 BU3Y-
QN3aLNMN TPEXMEPHBIX 3NEKTPOHHBIX YCTPOACTB. Bo BTOPOi KHUre byayT pacCMOTpPeHbl TEXHONOT MM CKAHUPO-
BaHMNS TPEXMEPHDIX 31eKTPOHHDIX YCTPOMCTB Pa3ANYHbIX A1MANA30HOB, B TOM YMCIE HAHOMETPOBOIO AMaNa3oHa.
OTaeNbHbIA pa3gen BTOPOi KHUTK ByaeT NoCBALEH BOIMOXKHOCTAM U3rOTOBAIEHNS TPEXMEPHbIX 31EKTPOHHbIX
YCTPOMCTB HAHOMETPOBOIO AMana3oHa C NPYMEHEHNEM METOA0B CKaHMUPYIOLLEN MKPOCKOMMN. TPETbS KHUrA
By/IeT NOCBALLEHA TEXHONOTMSM BU3yann3aLm (CpeaCTBaM 0TOBPaXEHIUS MHAOPMALWUN) [L1St KOHTPOAS Napame-
TpoB T3Y, CO3AaHMS HOBLIX TY 1 TEXHONOTMIA PEUHXUHUPUHTA TIY.

YyebHoe nocobme MoXeT bbITb peKOMEHA0BaHO bakanaBpam 1 MarnCTpam BbICLUNX y4EOHBIX 3aBEAEHNIA.

KAK 3AKA3ATb HALWLU KHUT N?

= 125319, MocKkBa, a/a 91; \ +7 495 234-0110; & +7 495 956-3346; knigi@technosphera.ru, sales@technosphera.ru
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LLEHTP KOJIIEKTUBHOIO MOJIb30OBAHUA HAYYHbLIM
ObOPYAOBAHUEM TT'Y UMEHU I.P. AEPXXABUHA:
BO3MOXXHOCTU U NEPCMNEKTUBDI

CENTER FOR COLLECTIVE USE OF SCIENTIFIC
EQUIPMENT IN DERZHAVIN TAMBOV STATE
UNIVERSITY: OPPORTUNITIES AND PROSPECTS

DOI: 10.22184/1993-8578.2020.13.2.100.105
Mony4eHo:19.03.2020 1.

HenpemeHHOe yC/I0BME Hay4yHOro nporpecca

pocTuraemass UCNOJIb30BaHUEM BbICOKOTEXHOJIOFTMYHOIO Hay4yHoro ob6opyaoBaHus.
KOJIIEKTUBHOI O NO/Ib30BaHMUSA Hay4HbIM 06opyaoBaHmem (LLKIM) — coBpeMeHHble "To4yku gocTtyna'

A.A. Jimumpuesckuii, d.¢.-m.H., douenm, (ORCID: 0000-0001-7342-4638) / aadmitr@yandex.ru
A.A.Dmitrievsky, Doct. of Sc. (Physics and Mathematics), Docent

DOCTOBEPHOCTb pe3y/ibTaTOB 3KCMEepUMEHTa,
LleHTpbI

K OOpOrocrosiMuMm uccienoBaTeslbCKMM yCTaHOBKaM. YTo e moryT npegnoxutb LLKIT Baanu

OT Meranosncos?

An indispensable condition for scientific progress is the reliability of the experimental results
achieved using high-tech scientific equipment. Centers for the collective use of scientific
equipment (CCU) are modern "access points" to expensive research facilities. What can the CCU

offer far from megacities?

30BaTejIbHbIe YUPeXIeHUS U Hay4dyHble opra-

HH3aLKH, a, CJIeJ0BATE/JIbHO, H UX CTPYKTYyp-
Hble moapasmeneHus ~ LIeHTPBl KOTJIEKTHBHOTO
IIOTb30BAHUSI HAYyYHBIM 000pyJOBaHHEM, UK COKPa-
meHHo LIKII, pacmonoskeHsl B KPYIIHBIX MerarioIu-
cax: MockBe, CaHKT-IleTepbypre, HoBocubupcke,
ExaTepuHO6ypre 1 B HeKOTOPBIX APYTUX FOPOAX, KOIH-
YeCTBO KOTOPBIX, BCE K& MOSKHO [IePeCYMTATh I10 I1aJ/Ib-
maMm. Cire1oBaTeIbHO, IIOTEHIMAIbHBIM 3aKa3YHUKaM
HAay4HOM IPOAYKLUHU (KaueCTBEHHBIX HayUHBIX HJIU
JHATHOCTUYEeCKHUX UCCTIeJOBAHHU M U UCIIBITAHUM, TeX-
HHUYeCKHUX pa3paboToK, KBaTUGUIUPOBAHHOMN KOH-
Cy/IBTALIMOHHOM IOAIEPKKHU U I1P.) He0OX0I MO eXaTh
3a COTHH BepcT B cronuuHble IKIT? Mnu B "nepude-
puriHBIX" By3ax ¥ HHUU BcTpeyaroTcss KOHKYPEHTO-
criocobuble LIKII, ToTOBBIEe 06eCIIeYUTh 3aKa3uuKa
He TOJIbKO IIMPOKKUM IIepedyHeM YCyT, HO, IJIaBHoe,
MPeJOCTaBUTh Ha/le>KHBIE U JOCTOBEPHBIL Pe3y/IbTaT
€ 00 eKTHBHOM HHTEPIIPeTALI ek ?

U3 nepeuns 20-Tu poccurickux LIKII ¢ MakCUMalIb-
HOI HOMEHKJIaTypOH Hay4HOro obopymoBaHHs (Bcero
B Hay4YHO-TeXHOJIOTUYeCKON HHPPACTPYyKType Poccuu
Ha MapT 2020 roza 3aperucTpupoBaHo 613 IIKII) Mb

BCE MBI IIPUBBIK/IHK K TOMY, 4TO JIy4dIllKe o6pa-

HAHO MHOYCTPHA Tom 13 Ne 2 (95) 2020

BeI6panu LIeHTp KOJIJIEKTUBHOTO II0Ib30BAHUS HAyU-
HBIM obopynoBaHueM TaM60BCKOro rocymapCcTBeH-
HOTO yHHUBepcuTeTa uMeHH [.P.Jlep>kaBuHa (12-as
nosunusa B pedTuHre LIKII). Ero pyKoBoAUTeNb -
JOKTOp PH3HUKO-MaTeMaTHYeCKHUX HAyK AJIeKCaHIP
JMUTPHEBCKUI — B X0Zle IIPOBeIeHHOM UM 3KCKYPCHUH
10 IIKIT oTBeTHII Ha HALIH BOIIPOCHL,

AJIeKCaHAP, KaK GBI/ CO3JaH H YTO cO60H IpeacTas-
nsiet cerogHsi HKII TTY umeHHu I.P.Jlep>kaBUHA?

OdunmanpHO LIeHTP KO/IJIEKTUBHOIO [I0JIb30BAHU A
Hay4HBIM 0bopymoBaHHeM TaM60BCKOro rocymap-
CTBEHHOI0 yHHUBepcuTeTa UMeHHU [.P.J[lep>kaBHHA €03~
IaH B IeKabpe 2018 roma nyTem peopraHu3sanuu LIKII
"HaHOXKMMHUS 1 9KOJIOr K, o6pa3oBaHHOro Ha 6ase TT'Y
uMmeHH I'.P.[lepskaBrHa B 2008 rony. CerogHs ocHaIe-
Hue IIKII ckiagpiBaeTCs U3 oﬁopyLLOBaHHﬂ HEeCKOJIb-
KHX Hay4HO-HCCIeJ0BaTeTbCKUX M 00pa30BaTeIbHBIX
IJIOMAJIOK (CTPYKTYPHBIX ITOJpa3ie/leHHUE CO CBOUMU
Hay4YHBIMU HIKOJIaMH) JJep>KaBUHCKOTO YHHUBEPCU-
TeTa. B mepByo ouepeb, pa3roBop UiaeT o6 obopymoBa-
HUHU U Hay4HBIX Ko/lJleKTHBax HUH "HaHoTexHONIOr U
M HaHOMaTepHaslbl' (II0f, pyKOBOACTBOM 3aC/Ty>KeHHOTO
IesiTens HayKu PO, n.¢.-M.H., ipod. }0.1.Ton0BUHA),
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Puc.1. ®omozpaus CKaHUpyouie20 3AeKmMpOHHO20 MUKPOCKONd 8bICOKO20 pa3peleHus co cnekmpomempamu Merlin (Carl Zeiss),
COM-u306paskeHus Npo8odsLUUX, NOAYNPOBOAHUKOBbIX U dU3AEKMPUYECKUX MAMepUaos u npumMep 3AeMeHmMH020 KApMuposaHus

y4acmka nogepxHocmu 06pasua

Fig.1. Image made of a high resolution scanning electron microscope with Merlin spectrometers (Carl Zeiss), SEM images of conductive,
semiconductor and dielectric materials and an example of elemental mapping of a sample surface area

HUHU 3Ko10ruu ¥ 6HOTeXHOTIOTHUH (I10J] pyKOBOACTBOM
0.6.H., gou. A.A.I'ycea), HOLl "HenunHenHas qUHA-
MHKa gedopMHUPyeMBbIX TBEpABIX Ten" (oA pyKo-
BOACTBOM [I.0.-M.H., mpod. A.A.IllubroBa), HOL|
"IMeKTPOXUMHUS KOHJEHCHPOBAHHBIX MUKPO- M HAHO-
cucrteMm" (rion pyKoBonacTBOM akagemuka PAEH (1o cex-
LMY HedTH U rasa) a.X.H., 1pod. JI.E.I[pBIraHKOBOM),
HcneiTatenpHoro neHTpa TI'Y uMmenu I.P. JlepskaBUHaA
(mom, pyKoBoACTBOM K.d.-M.H., fo1l. A.B.IIlyKJIKHOBA),
aKKpeJHUTAallMOHHO-CHMY/ISLIMOHHOIO LleHTpa (o[
PYKOBOACTBOM K.M.H., [LOII. M.H.‘-IeprImeBoﬂ),
a TaksKke psifia Hay9HO-HCC/Ie0BaTeNbCKUX 1aboparo-
pui (of pyKOBOACTBOM BefyIIMX yUeHBIX YHHBEPCH-
TeTa, Hay4Hble HHTepechl KOTOPhIX OXBAThIBAIOT IIPaK-
THUUYeCKH BeCh [lepedeHb eCTeCTBEHHBIX JUCLIUIIINH
OT QU3HUKU U XUMHU [0 IKOJOTHU U MeOHUIIHUHBEL).
[TpubopHas 6a3a LIKII Ha ceronHSIIHUI IeHb HAaCUHU-
TeIBaeT 6oee 90 eIMHUIL] COBpeMeHHOro 06opymoBa-
HUS C 0611er 6aaHCOBOM CTOMMOCTBIO, ITPEBBIIIAI0-
et 230 maH pyb. HamesxxkHyio paboTy obopynoBaHus,

JOCTOBEPHOCTD IIOJYyYaeMBbIX Pe3yJabTaTOB U IIep-
CIIeKTHBHOCTh Hay4YHBIX Pa3paboTok obecreunBaioOT
JIeCATKH KOMIIeTeHTHBIX M BhICOKOKBATUPHUIIUPOBAH-
HBIX YYEHBIX — COTPYAHMUKOB Jlep>KaBUHCKOTO YHUBEP-
CUTeTa, MHOTHe M3 KOTOPbIX UMeIOT 60raThIH OIBIT
pabotel B HYH 1 Ha TPOMBIIIIEHHBIX TP IIPUSATHSIX.

TakuMm obpasom, LIKII TTY umeHnwu I.P.[lepka-
BHHA — 3TO CTPYKTypa, paclojaramoinas BHYIIKUTe/Ib
HBIM apCeHa/IoM COBPeMEeHHOIr0 Hay4HoOro obopy-
JOBaHHSA U BBICOKOKBaIHUPUIIMPOBAHHBIM KaJpo-
BBIM COCTaBOM U IIOJIHOCTBIO OTBeuaromasi Tpebosa-
HHUAM ¢enepanbHOro 3aKOHA OTHOCUTEIbHO QYHK-
nuoHupoBaHusg LIKII. CTpaTerMyeckd MBI Halie-
JIEHBl Ha MHTEIPalHIo U IHOBhIIIeHHEe 3QPeKTUBHO-
CTH B3aMMOJEHCTBHSI UHTE/JIeKTYaJlbHOTO IIOTEeH-
LHaja HallUuX y4eHBbIX, NIpubopHON 6a3pl YHUBEp-
CHTeTa M MHHOBAIJMOHHO-TeXHOJIOTHYeCKON CpeJbl
IIPOM3BOMACTBA /I pelleHMs 3ajad, olpenejeH-
HBIX HaIlpaBAeHUAMHU cTpaTeruu HTP PO. IIpu sTom
MBI He oCTaB/isieM 6e3 BHUMAaHHUS HU OFHY 3asIBKY

Vor.13 No. 2 (95) 2020 NANO INDUSTRY
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Puc.2. ®omozpaduu yHusepcanbHol ucneimamenpHol mMmawuHbl Instron 3344 ¢ gpicokockopocmHol kamepoll Photron FASTCAM

Mini UX100 u HanoAnbHOU 08YXKOAOHHOU cep8ozudpasaudeckoll ucnbimameAbHol mawunbl MTS 870 Landmark, a makke kadpsbl
(nony4eHHble 8bicokockopocmHol Kamepoll), eusyanusupyrouiue pasgumue noAockl depopmauuu 8 Memannu4eckom o6pazue npu

pacmseHuu

Fig.2. Images of the Instron 3344 universal testing machine with the Photron FASTCAM Mini UX100 high-speed camera and the MTS 870
Landmark floor-mounted two-column servo-hydraulic testing machine, as well as frames (obtained by the high-speed camera), visualizing

the development of the deformation band in the metal tensile

Ha OKa3aHHe IIpe/lJlaTaeMbIX HAMH YC/IyT BHE 3aBH-
CHMOCTH OT BeIOMCTBEHHOM IIPHHA/IeSKHOCTH HIIH
oT "cTaryca’ 3aKa3dMKa.

Kakue u3 yciayr Bamero LIKII Hau6osee BocTpe6o-
BaHbI? Kakoe o6opynoBaHHe Monb3yeTcss HaH60/Ib-
LIMM CITPOcoM?

IIpesk/ie BCero oTMedy, 4TO BCeX 3aKa34MKOB HalIHX
YCJIyT MBI YCJIOBHO [e/IUM Ha [iBe KaTeTOPHHU — 'BHY-
TpeHHHe" U "cTOpoHHUe". [IpakTHYeCcKHU Bce 060pymo-
BaHue IIKII 7oCTaTOYHO HHTEHCHBHO HCIIOIb3yeTCs
COTPYAHUKAMHU YHUBEPCUTETA B pAMKaX BHITIO/IHEHH S
Hay4HO-HMCC/Ie/I0BaTeIbCKOM 1 06pa30BaTe/IbHOL JIesi-
TeJIbBHOCTH. [103TOMy TPyAHO Ha3BaTh 060pyOBaHUE,
Haubosee BocTpe60BaHHOE BHYTPeHHUMH 3aKa3uH-
KaMH (I10/1b30BaTeISIMU).

CTOpOHHHe 3aKa3uMKU Yallle obpaliaroTcs c 3aja-
YaMH, CBSI3aHHBIMHU CO CTPYKTYPHBIMHU HCCIIe-
NOBAaHMUSIMH MaTepHa/ioB U JUATHOCTHUKON KOM-
IaeKca MeXaHH4YeCKHUX CBOMCTB. IloKalyH, HaU-
bonee BocTpe6OBAHHOM SIBISETCS CKAHUPYIOLIAS

HAHO MHOYCTPHA Tom 13 Ne 2 (95) 2020

371eKTPOHHAsI MUKPOCKONHsI. CKAHUPYIOIIUH 3/1eK-

TPOHHBIHM MHKPOCKOII BBICOKOI'O pa3pelieHHUs CO

cnekTpomerpamu Merlin (Carl Zeiss) mo3Bonser

coTpysHuKam LIKII uccaemnoBaTh 06beKTHI CO CBEPX-

BBICOKHMM IIPOCTPAHCTBEHHBIM pa3pelieHueM (1o

eUHUI] HAHOMEeTPOB) U BEICOYAHIIUM KOHTPACTOM

II0 MaTepHany, a Takxe (MeTomoM EDS) mpoBogUTh

3JIeMeHTHBIN aHAa/JH3 MaTepHaaa U 3JeMeHTHOe

KapTHpoBaHHe (BU3yaJIM3UPOBATh PaclpesiesieHHe

XUMHYECKHX 37IeMeHTOB I10 UCC/Ie[lyeMOMY y4acTKy

[IOBEPXHOCTH).

KpoMme Toro, pu mpoBefeHUH Pa3THUYHOr0 poja
CTPYKTYPHBIX HCCIeIOBAHUI JJISI CTOPOHHHX 3aKas3-
YHKOB PETy/ISIPHO UCIIO/Ib3yeM:

* PeHTreHOBCKHM AudpakToMmeTp D2 Phaser (Bruker
AXS), npenHa3sHaueHHBIH 151 [IPOBeleHUs Kade-
CTBEHHOTO M KOJTMYeCTBeHHOr0 aHaJIKn3a $pa30Boro
COCTaBa, CTPYKTYPHBIX XapaKTePUCTHK, aHAJIH3A
CTeNeHU YUCTOTHI U KPUCTA/UTMIHOCTH ITOPOLIKOB,
BKJIIOYasl CHCTEMBI, COflepsKalllie HAHOPa3MepHbIe
00BeKTHI;
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* AHAJIK3aTOp IJIOLWAAU MOBepx-
HOCTH U pa3MepoB mop Autosorb
iQ-C (Quantachrome), mpegHa-
3HA4YeHHBIN /15 OIpelesleHUs
IIOPUCTOCTH, ye/NbHOM IJIOIaLH
IIOBEPXHOCTHU U CpeJJHEro pas-
Mepa IIOp Pa3/JIMYHBIX BelllecTB:
KaTaau3aTopoB, ancopbeHTOB,
KepaMHK H JPYTUX IMOPHUCTHIX
MaTepHaJsIoB;

° aHAJHM3aTOp pa3Mepa YacCTHUIL
U I3eTa-IIOTeHI[Maja Zetasizer
Nano ZS (Malvern), npegHa3Ha-
YeHHBIHN A/ U3MepeHHUs pas-
Mepa U [3eTa-IIoTeHIHMala KOJI-
JTOUIHBIX CUCTEM; OIlpefie/IeHU s
pa3sMepa, MOMHUAHUCIEPCHOCTH
U [3eTa-NOoTeHIHala HaHo4a-
CTHII; a TAK>Ke /15 OIpeJie/IeHU s
IIPUCYTCTBUS arperaTtoB, CKPH-
HUHTa ONITHMAaJbHBIX YCIOBUU
IUIsL KPUCTAJI/IM3allUK U HUCCIe-
JOBaHUS ONHUIOMepH3alUU
B CBepxXMaJblX 06beMax benko-
BBIX Cpe/l.

OTHe/NbHOr0 BHUMAaHHUS 3aC/Yy-
SKMBaeT MIHpOKasl JHMHeHKa 060-
pymoBaHusg u MeTonuK LIKII aasg IHAarHOCTHKHU
U UCCIe0BAHUS MeXaHHYeCKHUX CBOKCTB MaTepua-
JI0OB Ha MaKpo-, MUKPO- U HAHOYpOBHe. [I1s TeCTH-
POBaHHUS MaKpoOMeXaHMHUYeCKHUX CBOMCTB MaTepH-
aJ0B MBI IIpeJiylaraeM HAIlOJbHYIO IBYXKOJIOHHYIO
CepBOTU/IPABIHMYECKYI0 HCIIBITATE/NbHYIO MAlIUHY
MTS 870 Landmark uau yHUBepcalbHYIO HCIIBITA-
TeAbHYI0 MaIlluHYy Instron 3344. IlocnenHsas upe-
A/BHO MOAXOLUT JJIs1 NPOBeAEeHUS HUCIBITAHHUU
Ha PaCTSKeHHe UK CKaTHe, pACCYUTAHHBIX Ha YCH-
nue MeHblle 2 KH. Ilpu 3ToM mpouecc fepopmMaluu
MaTepHaJIoB MOKeT PUKCHPOBATHCS BBICOKOCKOPOCT-
Hol Kamepor Photron FASTCAM Mini UX100 ¢ Maxk-
CHMaJIbHOM CKOPOCTBIO ChbeMKH 10 200 ThIC. KaZpOB
B CeKyHIY. CylleCTBeHHBIM IIPeMMYyIeCTBOM HCIIbI-
TaTe/JIbHOU MamKUHBI MTS 870 aBseTcsd ee yHUBep-
CaJIPHOCTB, TO eCTh BO3MOKHOCTb BBIIIOJITHUTD IIKPO-
KU CIIeKTP CTaTHUYeCKUX U JUHAMUHYECKHUX UCIIBITa-
HUU (pacTsikeHHUe, CkKaTHe, U3TrUb, yCTamoCTh, MOI3y-
4ecTh U AP.), IPU Harpy3Kax ao 50 KH. B aToi cucTteme
Peanu3yoTCs peSKUMBL "MSATKON" U ">KeCTKOM" HCIIBI-
TaTeJbHBIX MAaIIKUH., Tak>ke BO3MOXXHO HCCIef0BaHHe
MHOTOILIMKJIOBOM YCTAa/JOCTH MaTepHuasaoB C MaKCH-
MaJIbHOM 4acToTol 6omee 300 ', CrieliHMaIbHBIH Tep-
MOCTAT I103BOJISIeT IIPOBOJUTD UCIIBITAHUS B JHAIla-
30He TeMmepatyp ot 25 o 315 °C.

Puc.3. ®omozpaduu HaHoudeHmomempa Nanolndenter G200 (MTS Nanolnstruments)
U HaHompu6ouHdeHmomempa Triboindenter TI-950 (Hysitron)

Fig.3. Images of the Nanolndenter G200 nanoidentometer (MTS Nanolnstruments)
and the Triboindenter TI-950 nanotriboindentometer (Hysitron)

s IMaTHOCTUKHA MUKPOMeXaHHYeCKHX CBOLCTB
martepuanoB LIKII pacronaraeT pa3JIuYHbBIMU aBTO-
MaTHYeCKMMHU U I10J1yaBTOMAaTU4YeCKMMU TBepAoOMe-
PaMH, B TOM YHCJIe COOCTBEHHOM pa3paboTKH.

[IpenMeTom ocoboit ropmoctu LKII SBIsSIOTCS
ABe YCTAaHOBKM [/ OHATHOCTHUKH MexaHHYe-
CKHX CBOMCTB Ha HaHOYpPOBHe: HaHOHJeHTOMET]P
Nanolndenter G200 (MTS NanoInstruments) 1 HaHO-
tpubounmentomerp Triboindenter TI-950 (Hysitron).
NanoIndenter G200 nMeeT PyHKLIHMIO HEIIPEPHIBHOK
perucTpanuu 3HadeHun (continuous stiffness meas-
urements) MOZyJisl yIPYTOCTH K TBePIOCTH B IIpoLiecce
HAaHOMHAEHTHUPOBaHUA. IIpU 5TOM OH MMeeT paspele-
HHe I10 CMeleHH 0 nHaeHTopa 0,01 HM, a pa3pelieHue
o Harpyske - 50 HH. Triboindenter TI-950, momuMmo
M3MepeHHUsI MHUKPO- U HAHOTBEPAOCTH U MOAYIA
IOHTa, mo3BosseT onpenensaTh KOIQPUIIHMeHT TPeHM S,
KCCIeI0BATh I10J13yYeCTh, aire3HI0 IIJIEHOK M IIOKPhI-
THH, a TaKKe JleTa/JIbHO U3YUYHUTh MeXaHHU3MBI ledop-
MalMH ¥ pas3spylleHUs MaTepHUaJoB Ha Pa3IMYHBIX
Hepapxuyeckux ypoBHAX. Ero paspelieHue 1o HOp-
MajIbHOMY CMeIleHHIo uHaeHTopa - 0,02 HM, a paspe-
IIeHHe HOpMa/IbHOM Harpysku - 3 HH. Takum obpa-
30M, MBI IMeeM BO3MOKHOCTb IIPOBOJUTH IOJIHBIN
CIIeKTP HAHOMeXaHH4YeCKHX UCIIBITAHUK MaTepHaJsioB
II0CPeACTBOM JUHAMMUYECKOI0 MHAEHTHPOBAHMS.
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PENOPTAX C NPOU3BOACTBA

Puc.4. Komnaekc Ha 6a3e peHm2zeH08CK020 annapama 0Asi cnekmpanbHozo0 aHaausa CMEKTPOCKAH MAKG-GVM
Fig.4. Complex based on SPECTROSCAN MAX-GVM X-ray spectral analysis apparatus

TIpOHCXOIHUT /TH pacIIHpeHHe MPHOOPHOro mapka
H Iepe4yHs oKa3biBaeMbIX ycayr LIKII cerogHs?
[Tokanyu, Haubonee MacuTabHoOe pacIIMpeHHe IPH-
6opHO¥1 6a3bl Havwanock ¢ 2008 roma, B paMKax pea-
nu3anuu TamMOOBCKUM roCyLapCTBeHHBIM YHUBEP-
cuteTom uMeHHU I'.P.[lep>kaBUHA IIPUOPUTETHOTO
HAILIMOHAJIBHOIO IIpoeKTa 'Obpa3oBaHue". EXXerofHO
IIapK BBICOKOTE@XHOJIOTHMYHOI0 060pyJ0BaHU S [IOTI0I-
HSIeTCs 32 CYeT 'PAHTOB U nporpaMm (POOU, OIIII,
PH®, F'oc3amaHue U IIpP.), peall3yeMblX HayUHBIMU
KOJIJIeKTHBAMH YHHUBEPCUTETA. DTO II03BOJISeT L00C-
HalllaTh [JelCTBYIOIIMe U OPTaHH30BbIBATh HOBBIE
Hay4HO-HCCIeloBaTelbCKUe nabopaTopuu. Tak,
Hanpumep, B 2019 rony 3a cuet cpezcTB [occybcunuu
6p110 IpHO6peTeHO 060pymOBaHMeE IJISI OPraHMU3a-
LIMHU IBYX HOBBIX J1abopaTtopuit (OTKPBITHIX B 2020 T.) -
nabopaTopuU CIIeKTPaIbHOTO aHAIK3a U 1abopaTo-
PHH MOJIeKY/ISIPHO-TeHeTHUeCKUX HCC/IeJOBAHUH.
O6opynoBaHue 1a60paTOpUU MOJIEKY/IsIPHO-TeHe-
THYeCKHUX HCCIe0BAaHUH ITO3BOJIUT IIPOBOSUTD
caMble pa3jii4dHble BUABI [II[P-aHanK3a B peaab-
HOM BpeMeHH, BKJIKYasi KadyeCTBeHHOe U KOJIH-
4YeCTBeHHOe olpeJe/leHHe HYKJIeHMHOBBIX KHCJIOT,
FeHOTHUIIMPOBAaHHE, aHA/HU3 3KCIIPECCUU [eHOB,
HRM-ananu3 (IHK-amnaudurarop CFX96 BioRad);
AMIUIMOUKALIMIO HYK/IEMHOBBIX KHCJIOT (T100 Termal
Cycler); 3axBat u 06paboTKy M306paskeHUN TIOMHU-
Hecuupytomen JHK B 3meKTpodopesHEIX remsx

HAHO MHOYCTPHA Tom 13 Ne 2 (95) 2020

(renpmokyMeHTHpYomas cuctema Vilber E-Box-CX5)
M IIp.

[IpuobpeTeHHB X ANl 1abOpaTOpUU CIeK-
TPaJIPHOTO aHA/IM3a KOMIUJIEKC Ha 6a3e peHTre-
HOBCKOIO allllapaTa /4 CIeKTpPaJbHOTO aHa-
nu3za CIIEKTPOCKAH MAKC-GVM (oTeuecTBeH-
HOTO IIPOM3BOJCTBA) PACIIMPUT BO3MOKHOCTH
IIKII B yacTH XMMHYECKOTO aHa/IKM3a MaTepHaoB.
CITEKTPOCKAH MAKC-GVM 1mo3BoJsigeT Ha Kaue-
CTBEHHOM M KOJIH4YeCTBEHHOM YpOBHe (MeTOAOM
peHTreHo-QyopecLleHTHOMN CIIeKTPOMeTPHU) oIIpe-
LlensiTh 37leMeHTHBIH cocTas (0T !'Na go °2U) pasnuy-
HBIX MaTepHaJioB (TBePABIX U CHIIIYUYHX), a TaKXKe
SKUIAKUX cpell (DUIBTPOB).

CyIecTBeHHYIO ITOJJEPKKY B OCHAIleHUH J1abopa-
TOPHH, pa3yMeeTCsl, OKa3blBaeT U CAM yHHUBEPCHUTeT.
B 2020 rogy Ha moOoCHalleHMe na6opaTopm71 BCIIOMO-
raTesbHBIM 0060pyLOBaHUEM U3 CPeACTB YHHUBEPCH-
TeTa byzmeT BbIfe/eHO 6onee 6 MIH pyb. Kpome Toro,
Ha 2020 rom cM/IaMU YHHUBEPCUTETA 3allJIaHUPOBaHa
OpraHM3allMs U OCHallleHHe CIelualu3uPOBaHHOU
Hay4HO-06pa30BaTeNbHON MeJHKO-0HO0I0rnuecKon
nabopaTopuu.

TakuM 06pa3oM, apceHal BBICOKOT@XHOTIOTMUHOI0
HCC/IeJOBAaTeIbCKOT0 U JUAaTHOCTHYeckoro obopyzmo-
BaHus [IKII HenmpeprIBHO pacmupsercs. CleacTBUEM
3TOTO SBJISIeTCS IIPOIIOPLMOHAJIbHOE pacCllhpeHUe
Y [IepeYHs OKa3blBA@MBbIX YCIIYT.
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Bbl ynmomsiHy/1H 06 060pymoBaHHH CO6CTBEHHOIO
Nnpou3BoAcTBa. He moriu 661 BeI 4yTh MoApobHee
OCBETHTbD 3TO HallpaB/IeHHe JesITeTbHOCTH?

[Ipesk e BCero OTMedy, 4TO Y Hac, Kak U B JIIOOOM YHH-
BepCcHUTeTe, Kajkaas Hay4yHas IIKojIa, Kayk[aoe Hayd-
HOe HaIlpaBJIeHHe UMEIT CBOU pa3paboTku, mon-
TBeP>KIEeHHbIe COOTBETCTBYIOIIMMMU OXPaHHBIMHU JOKY-
MeHTaMH. [103TOMy BCIIOMHHUTH U II€PEYHUCIUTH BCe
Hay4HO-TeXHHUYeCKHe pa3paboTKu JlepskaBHHCKOTO
YHHUBEPCUTETA B OHO bece/ie He ITPe/ICTaBISIeTCS BO3-
MOXKHBIM. KOPOTKO KOCHYCh JIUIIIb OCHOBHBIX HayYHBIX
KOJIJIGKTUBOB U X JOCTH KeHHUH.

KonnexktruBoM HUHM "HaHOTEXHOJIOTUH U HAHOMA-
Tepuanbl' (IIof pykoBoncTBOM I1pod. 10.M.TomoBuHA)
pa3paboTansl 1uHeNKa mpubopoB TOR /s SKCIIEPU-
MeHTaJIPHOM anmpoballiy MarHUTO-HAHOMEXaHH-
YeCKOro MoAX0Ja K yIIpaB/leHHUI0 OHOXUMHUYeCKUMU
[poueccaMy HU3KOYACTOTHBIM MAarHUTHBIM II0JIeM;
JTHHeNKa NpUOOPOB AUHAMUYECKOI0 HAHOUHJEH-
THPOBAHUSA [JId onpefeeHUuss GU3UKO-MeXaHHuye-
CKHX XapaKTepPHUCTHUK TBEPAbIX Tel B CYOMUKPOO6D-
eMax U TOHKHX IIPUIIOBEPXHOCTHBIX C/I04X (3a pas-
pPaboTKy YHHBePCAJbHOTO JUHAMUYECKOr0 HAaHOTe-
ctepa 10.M.TooBUH ()59 yIOO0CTOeH 30JI0TON MeJalu
BBII); MccaemoBaTe/IbCKUM KOMIIJIEKC OJis TUATHO-
CTHKH ChIITYYHX, IIOPUCTHIX HAHOMAaTEePHUAJIOB K SKU-
KOCTe; TMHeHKa HHHOBAITMOHHBIX IIPUOOPOB U METO-
D0B TeIJIOBU3MOHHOM MHCIeKIIMH K Hepas3pyllalo-
Iero KOHTPOJISL U3[eNHUH U KOHCTPYKIUI; obopymo-
BaHUe JJIsI MAaTHUTO-UMITyJIbCHON 06paboTKuU pyn-
HOTO CBHIpbs; TeXHHUYECKOe 3peHHe — IPOrPaMMHO-
aIrapaTHBIM KOMIIJIEKC 9KCIIpecc-aHaK3a SKeJle3HOU
PYABI ¥ IPYTHUX MHOTOQA3HBIX MAaTePHUAJIOB U MEJIKHX
06BeKTOB; CKpeTY-TecTep AJIsI MeXaHHUUeCKHUX HUCIIBI-
TaHWI KePHOB FOPHBIX IIOPOJ; TeXHOJOTHUH CHUHTe3a
HaHOCTPYKTYPHPOBAaHHOH BEICOKOIIJIOTHOM, IIOPUCTOMN
1 BOJIOKHHCTOM IJUPKOHKeBOI KePaMHKH U IIP.

KonnexktrBoM HHHU 3K0NIOTHH U BHOTEXHOIOTHH
(o, pykoBoacTBoM jo1i. A.A.T'yceBa) pa3paboTaHbl
C110co6 3KOIOTMYecKy YUCTOM MOJIEKY/ISIpHO-K/IeTou-
HOM GUTOKOHBEPCHH KOMIIOHEHTOB IIJIaMOB MeTaJ-
JypruvecKor MHAYCTPHUM; TeXHOJOIUS MHTEeHCHB-
HOT'0 BOCCTaHOBJIEHU I JIECOB I10CJIe IIOKAPOB CII0COO0M
[IpUMeHeHH I HAHOCTPYKTYPHBIX CTUMYJISTOPOB POCTa
Y 3aIIUTHI [ peBeCHBIX paCTeHHU, [I0Iy4eHHBIX MeTO-
JIOM MHKPOKJIOHAJIPHOI'O PA3MHOKEHUS /1 MUHHU-
MU3ALHUKU HeTaTUBHBIX 3KOHOMHUUYECKUX 3P HeKTOB
JIeCHBIX I10’KaPOB [IJISI JIeCO3aTOTOBUTE/IBHOM OTPaC/IH
U Op.

KonnexktruoM HOL] "D/1eKTPOXUMHU S KOHAEHCHPO-
BaHHBIX MUKPO- U HaHOCHCTeM" (II0f, PyKOBOACTBOM
npod. JI.E.IIBIraHKOBOM) pa3paboTaHbl: KOHCEPBALIH-
OHHBIe MaTepHasbl A1 3aMUTHl MeTa/lJIOU3AeIUN

0T aTMoCcepHON KOPPO3UU; METOLHUKH OLleHKH yHU-
Bepca/jnM3Ma UHIHOUTOPOB CepPOBOAOPOIHOM U yIJIe-
KHCJIOTHOM KOPPO3HMH MeTaJjI0B; MeTOAbl 3al[HMThI
OT KOPPO3HH LIBEeTHBLIX MeTaJIJIOB B CpeflaX U YCIOBH X
3KCIUIyaTallUHU CIIeTeXHUKH; U IIP.

9TO JTUIIb HECKOTBKO IPHMEPOB Pa3paboToK HAIIMX
Hay4YHBIX KOJJIeKTHBOB, OOJBIIMHCTBO U3 KOTOPBIX
K HaCTosilleMy BpeMeHH KOMMepLHaIUu3HuPOBaHBL.
HecKo/IbKO 13 Ilepeuync/IeHHBIX YCTAaHOBOK OBLIH pas-
paboTaHBI U U3TOTOBJIEHBI 110 3aKa3y BeJyLIHX OTede-
CTBEHHBIX U 3apybesKHBIX HayYHBIX IADOPaTOPH.

KakoBbl KOHKypeHTHBIe npeumymectsa LIKIT TTY
uMeHH [.P.Jlep>kaBHHa?

Ha Mo B3r1s1]], cpa3y HecKolIbKO $aKTOPOB BBITOLHO
oTnu4YaioT Ham IKII cpenqu mpo4yux. Bo-mepBHIX,
6a3oBou opraHH3auHeﬁ Haero LKII ssBisieTcs Kjiac-
CUYeCKHUH YHHUBEPCUTET, YTO IIOApa3yMeBaeT IIHPO-
KHHU IlepeyeHb pPa3BUBAaeMbIX HayUYHBIX HaIlpaBJie-
HUI. B COBOKYITHOCTH € OGIIMPHBIM pa3HoobpasueM
HMeloIerocst 060pyioBaHH s 3T0 obecriedrBaeT BO3-
MOKHOCTb OKa3aHHSI YCIYT, TPeOyIIUX MeXXIUCIIH-
IJIMHAPHBIX MCCJIe[JOBAHUM. BO-BTOPBIX, Hallle reorpa-
duueckoe monokeHue (r. TamM60B) OKA3BIBAETCS IIPU-
BJIeKAaTeJIbHBIM JJISI 3aKa3UYHKOB C JOCTATOYHO 60JIb-
110} TePPUTOPHUH, PACIIONOXKEeHHON BAAIH OT KPYII-
HBIX Hay4YHBIX L@HTPOB. B-TpeThbUX, MBI IIPHUIEPSKU-
BaeMcsl FUOKOM 11eHOBOM MOMUTHUKHU. IIpU 3TOM IeHBbI
Ha HAIIK YCIYTH CYIIeCTBEeHHO HUKe CTOMUYHBIX, H,
He CMOTPsI HHU Ha YTO, MBI yAep>KUBaeM UX IIPaKkTHYe-
CKY HeM3MEeHHBIMHU Ha IIPOTIKeHUH YK€ HeCKOIBKUX
JIeT.

Kakue Bbl BUOHTE IIepCHeKTHBBI pa3BuTHsa IIKII
Ha 6/1H>KafIIHe HeCKOIBKO JIeT?

Kak s oTMeTHJI BhlIlle, Hallla NesITeJIbHOCTb CTPATeru-
YeCcKH Halle/leHa Ha aKTHBHOe y4yacTHe B pPelleHUuH
3a/lav, oIpeJle/leHHBIX CTpaTeruel Hay4YHO-TeXHH-
YeCKOoro pa3sBuTHUs PO, Ha mmony4yeHHe pe3ybTaToB,
MMEIOIIKX JOJTOCPOYHbIe IePCIeKTUBEI I HOBBIX
HayKOeMKHX pa3paboToK U CO3/laHHUS TeXHOJOTHH,
IIPOAYKTOB U YC/IYI, OTBEYAKNMX HALIMOHAIIbHBIM
HHTepecaM Poccuiickor Pefepaiuu.

Ins atoro LIKII 06si3aH HellpepbIBHO PACLIIUPSTh
(0OHOBIISITH) MaTepHAIbHO-TeXHUUECKYI0 6a3y; pas-
BHBATh KaJPOBBIM IOTeHIIHA/l; PaCUIUPATh chepy
nesiTe/IbHOCTH (lepeueHb OKa3blBaeMbIX yciyr). Ho,
BO3MOXHO, 60/7ee BaKHBIM MIATrOM K HZOCTHKeHHUIO
3TOM LienH, 6yJeT sSIBISIThCS CO3AaHHe KOo/Iabopariui
C BeAYIIMMM Hay4YHBIMU LIEHTPaMHU M, B IIepCIlek-
TuBe, BKIoUyeHUe IIKII TTY umenu I.P.[lep;kaBUHA
B oJ1H 13 HayuHo-06pa3oBaTe/bHbIX LIeHTPOB MUPO-
BOI'0 YPOBHSI. [ ]
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Bonee 12-T1 1eT KoMNaHUa "OapMUHXUHUPUHT 3aHMMAETCS TPOU3BOACTBOM OrPaXKAAHOLLUX KOHCTPYKLIUIA,
NpOEKTUPOBAHMEM U CTPOUTE/IbCTBOM YUCTbIX MOMELLLEHUI "Moo KoY". 3a 3TO BpeMs OpraHmusaums Hako-
NuAa 3HAYMTENbHbIN OMNbIT paboTbl C FOCYAAPCTBEHHBIMU CTPYKTYPAMU U KOMMepPYEeCKUMU NpeanpusaTuaSmMm
B paMKax BbINO/IHEHUS MPOEKTOB B 06/1aCTU papMaLLEBTUKM, 34PAaBOOXPAHEHUS, MMKPO3JIEKTPOHUKHM, LLIO,
NULLEBON, KOCMETUYECKOM N KOCMUYECKOM NMPOMbILLJIEHHOCTH, @ Tak)Ke NMPOeKTOB roco60poH3akasa.

onee 12-Tu seT KoMnaHus "PapMHUHXUHUPUHT"

(Wwww.ph-e.ru) 3aHUMaeTcss IPOU3BOACTBOM

OTPAKAAMIINX KOHCTPYKI UM, IPOeKTHPOBA-
HUEM U CTPOUTEIbCTBOM YHCTHIX IIOMEIIeHUH "TIof
KII0Y", 32 3TO BpeMsI OpraHU3alMsl HAKOIIKMJIA 3HAYH-
TeJIBHBIM OIBIT PA6OTHI C TOCYAAPCTBEHHBIMU CTPYK-
TypaMH U KOMMePUYeCKHMH IIPeAIIpHUSITUIMH B PaM-
KaX BBIIIOJIHEHHUSI IIPOEKTOB B 00/1acTH QapMaLleBTHKH,
3[paBOOXPAaHEHH s, MUKPOJIeKTPOHUKH, LIO]/], mue-
BOI1, KOCMETHYEeCKOH K KOCMHUYeCKOH ITPOMBILIIEHHO-
CTH, a TAK>Ke IIPOeKTOB rocobopoH3aKasa.

B YEM YHUKAJIbHOCTb KOMIMAHUU "®apmMUHKUHNPUHT™
WYEM OHA OT/IMYAETCA OT AHAJIOTMYHDIX
OPTAHU3ALIMI?

00O "®apMUHKUHUPHUHT" SBISIETCS KOMIIAHUEH I10JT-
HOTO0 IIUKJIA 1 06/1a/1aeT BceMH HeoOXOMUMBIMH pecyp-
CaMU ISl pealnu3alldu IIPOeKTa 10 CTPOUTENbCTBY
YUCTBIX IIOMeIIIeHUH TI000M CJI0KHOCTH U IS 10001
OTpaC/Iu IIPOMBIIIIEHHOCTH. Hasn4ure cobcTBeHHOrO
IIPOM3BOJICTBA, IIPOEKTHOM K CTPOHTEIbHO-UHKeHep-
HOM CITy>KOBI, KOMMEPYeCKOT0 1 JIOTUCTHYeCKOro OTAe-
JI0B, a TaKk>Ke CK/IaICKUX [TIOMEIeHUH U TPy30BOr0 aBTO-
TPaHCIIOPTa I103BOJISIET OCYIeCTBISATh IIPOLIeCC pa3pa-
OOTKM U CTPOHTEIBCTBA YHUCTHIX [IOMEIeHUH 110 [IPHH-
uuny "OT I[TPOEKTA IO TOTOBOT'O OFBEKTA".

OCHOBHbIMK npeMMyLLecTsaMu KOMnaHuu ABAKIOTCA:

+ Hanu4me co6CcTBEHHOr0 MPOH3BOACTBA, YTO I103BO-
J151eT TI0JIHOCTBIO KOHTPOJIMPOBATH ITPOLIECC M3TOTOB-
JIeHH sl OTPaskIA0IINX KOHCTPYKIUE U 060pymoBa-
HHUS 171 YUCTBIX IIOMeIleHU . [Ipou3BoACTBeHHAs
6a3a KOMIIAHHUHU PaCIONOKeHa B I. HormHcke
MOCKOBCKOM 06JIaCTH U OCHAIIeHA HOBBIM BBICOKO-
TeXHOJIOTHYHBIM 000PyZIOBaHHEM.

HAHO MHOYCTPHA Tom 13 Ne 2 (95) 2020

+ HHHOBaLHOHHOCTb., KoMnaHuwo "®apMUHXKHU-
HUPHUHT' MOXHO OTHEeCTH K HOBATOpPaM oOTede-
CTBEHHOTO PBIHKA IIPOM3BOACTBA KOHCTPYKIMH
I/ YUCTBIX IIOMeIleHUH. MoayibHasg CHCTeMa
CTEHOBBIX OTPasKAAIOIMNX KOHCTPYKIUE "KOHTYP"
SIBJISIETCSI HHHOBALIMOHHON Pa3paboTKoil, IIpHU-
3BaHHOM YCOBEpPIIEHCTBOBATb K YIIPOCTUTH paboTy
COTPYAHHKOB YHCTHIX NoMemeHHUH. CHcTeMa
"KOHTYP" cobrpaeTcsi aHAIOTHYHO KOHCTPYKTOPY
Lego 6raromaps CTaHAAPTHU3AIIMH BCeX COCTABHBIX
37IeMEeHTOB COITIAaCHO MHAUBHUAYAIbHO Pa3paboTaH-
HOMY MOHTA>XHOMY IIPOeKTY. BBICTPBIF MOHTaX
U IeMOHTaX 3JIeMeHTOB CTeH obecreunBaloT y106-
HBIM U ONePaTUBHBIN LOCTYI K CKPBITBIM HHKe-
HepPHBIM KOMMYHHKALHUSIM IIPH HeO6XOAHUMOCTHU
KX PeBU3HH UM CPOUHOM 3aMeHe MOBpeKIeHHBIX
JeTanerd CaMOM KOHCTPYKIIMH. BO3MOKHBI IIOJTHO-
LIeHHBIH [1ePeHOC BCel KOHCTPYKIUHU 6e3 3aMeHbI
3/IeMeHTOB JIN00 MHTerpalits B IPyryue KOHCTPYK-
LIMH YUCTBIX [TIOMeIlleHH .

« Ctporoe cobiogeHHe CPOKOB CTPOUTENBCTBA
YHCTBIX IIOMEIIeHUH U IIO0CTaBKU obopymoBa-
Husi. CoOCTBEeHHBIN I'PY30BOI TPAHCIIOPT U b6pu-
raisl MOHTa>KHHKOB II03BOJISIIOT OIlepaTHBHO J0CTa-
BUTb U Ka4eCTBEHHO CMOHTHPOBATh KOHCTPYKLIMH
Ha obbeKTe.

+ BbicOKHe CTaHAAPThI KauecTBa — CTporoe cobmoe-
HHe ctaHgapTos GMP, TOCT P MCO 14644 nia npen-
IpUATHH GapMalleBTUUECKOU, JeKTPOHHO, ITHIIe-
BOM U MHKPOOHOIOTMYeCKON IIPOMBIIITIEHHOCTH,
CanlluH 2.1.3.2630-10, TOCT P 52539.

+ CTpOHTEeIbCTBO YHCTBIX IIOMEIeHHH "TIO KoY :

» BBIIOJIHEHHe MPOEeKTHBIX paboT mo pasne-
7aM, BK/IIOYasl apXHUTeKTypHBEIe PellleHHU s, TeX-
HOJIOTHYeCKHe pelleHH s, BCe MHXKeHepPHEIe
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CUCTEMBI, TEXHOJOTHUYeCKUe

rassl;

» NPOH3BOACTBO, IOCTaBKa
H MOHTaX Orpa’kKAaMIHX
KOHCTPYKLIHH YHCTBIX IOMe-
MeHHH, BKJIIOYas CTEeHOBEIe
naHeny (IPOTHBOIIOKAPHBIE
[leperopofKH, COHABUY-TIAHENIH
U 06nuI0BouYHble TMJI-TIaHenn),
OKHa, TepMeTHYHBIE IBEPH,
CBeTHJIPHUKHM, IJIIO3BL, Ilepe-
IAaTOYHBIe OKHA, IIOTOJOYHEIE
CUCTeMBI Pa3HBIX THIIOB, 0bpaMm-
JSIOIIKe 3JIeMeHTHl U APYTyIo
MIPOAYKLIHIO [/151 YUCTBIX 30H;

» MOCTaBKa M MOHTa>X CHCTEM
BEeHTHJISILIUU U XOJIOTOCHabKe-
HHS Ha IIpaBax oGHUIIMAIBHOTO
MOCTaBIIHMKa BeAYyLIUX eBpoO-
MeHCKUX U POCCUMCKUX IIPOH3-
BOOUTEJIEH, CHCTEM BOJOIIOATO-
TOBKHU, TeXHOJIOTHYECKUX I'a30B,
3JIeKTPOCHAbKeHUsI, aBTOMa-
TU3ALIUU, JHUCIeTYepU3allHH,
MOHHUTOPHHTA U C1aBOTOUHBIX
CHUCTEM;

» ocyllecTBJIeHHe MYCKOHa-
Mago4dHBbIX paboT, BBemeHUe
B 3KCII/IyaTaLlHIo;

» BaJHUAALHsI/aTTeCTalHs;

» TrapaHTHHIHOE U OCTTapaHTHH-
Hoe 06C/Ty>)KHBaHHe.

» IIpodpeccHoHanbHAsi KOMaHJA.
B xomnaHuu "PapMHUHKHUHUPHUHT'
paboTaroT BBICOKOKJIACCHBIE CIle-
UANIUCTBL ¢ 6osee yeM 20-71eT-
HUM CcTaskeM paboTsl B obnactu
HH>KeHEePHBIX CUCTeM U 12-IeTHUM
OIIBITOM CTPOHUTENbCTBA UUCTHIX
IIOMEIIeHH H.

"TaraHm BbluzpblBaenm MAMmLl, a KOMAHOHAS
u2pa uym - 4emnuoHamet'.
(M. iskopdat)

Bhllleriepeyrc/IeHHbIe IIPeUMYIIe-
CTBa KOMIIaHUH "®PapMHUHKUHUPUHT"
OTBEYAIOT BCeM HeOOXOLUMBIM KPH-
TepHUsIM I FpaMOTHOro BhiGopa
3aKa34MKOM IOAPSAUHKA AJIs CTPOH-
TeIbCTBA YHCTHIX IOMEI[EHHUH.
"®apMUHKUHUPHUHT" BOILIOIAET UeH
3aKa34YMKOB B peasibHbIC IIPOEKTHI. M
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B TexHO/NOrM4yeckoM MpoLecce W3roTOB/IeHUS MUKPOIIEKTPOHHbIX MPUGOPHBIX CTPYKTYP,
0CO6eHHO MpU MNMpoOU3BOACTBE C CY6MUKPOHHLBIMM MUHUMAJIbHLIMU pa3sMepamMu, yCcuUanBaeTcs
B3aMMOCBSA3b MeXAy napamMeTpamMu NpUGOPHbLIX CTPYKTYP U TEeXHONOrMem UX U3roTOoBJIEHUS.
Mpu yMeHblIEHUM pasMepoOB 3/1IeMEHTOB MNpPUBGOPHbIX CTPYKTYp oOfnpegeseHMe mnapaMeTpoB
npodunsa npumecein U UX 3/IEKTPUYECKUX NapaMeTpoB, YCTAHOBEHUN O6paTHOM CBA3U MeXAy
XapakTepucTtukamu npubopa U TeXHO0ruel ero U3roToBieHns npunobpetaeTt npeobnapatouee
3Ha4yeHwue. NokasaHo, 4YTo  (U3MKO-TeXHOJIOrM4yeckoe  MoAeNUpoBaHMe  Mo3BonsieT
NPOrHO3MpoOBaTb XapakTepPUCTUKU MUKPOIEKTPOHHbIX MPUGOPHBIX CTPYKTYP M YyCTaHaBAUBaTb
KOppensuum TEeXHOJIOTMYEeCKUX U INeKTPpUYeCcKUX MapamMeTpoB 3/1eMEHTOB, BO3MOXHOCTb MX
ONTUMANbHOTO MpPOEeKTUpOBaHUA. MopenvpoBaHue TEXHOJNIOTUM W3roTOBNIeHUA MNPUBOPHbBIX
CTPYKTYyp o6ecrneyvMBaeT WMUTALUM NOBEAEHUSA 3EMEHTOB WHTErpasbHOM 3/1eKTPOHUKU
B pabouymx yC/NOBUAX M pacyeT MUX 3/1IeKTPUYECKUX XapaKTepUCTUK M napamMeTpoB, NMo3BosseT
CHU3UTb BpeMs NpPOeKTUPOBaHWUSA NPUGOPOB U OAHOBPEMEHHO 06ycC/iaBAMBaeT BEPOSATHOCTb
ONTUMU3ALUM PEXUMOB TEXHONIOTUMU, FeOMEeTPUYeCKUX Ppa3MepoB, KOHCTPYKLUIA 3JIEMEHTOB
MHTErpasbHOM 3/IeKTPOHUKU, JOCTUXEHUS ONTMMAJIbHbIX ANS [AHHOTO YPOBHSA TEXHOJI0rMU
6bICTPOAEACTBUA U CTEMEeHU WHTerpauuMu. MHTerpauus MeTofoB ¢U3MKO-TEXHOIOIMYECKOro
NpoeKTUPOBaHMUS CY6MMUKPOHHbIX TOHKOC/JIOMHbIX MNPUBOPHBIX CTPYKTYyp o6ecneyuBaer
ynpasjeHne TeXHOJIOrM4yeckMmM npoLeccoM. Pe3ynbTaTbl MOAE/NMPOBAHUS TEXHOJIOIFMYECKOro
npouecca BMecCTe CO 3HAYEHUSAMU 3NeKTPUYECKUX PEeXMMOB MpeacTaBAsAlT co60M UCXOAHbIe
OaHHble A8 MOAeNMPOBaHUSA NPUBOPHbIX CTPYKTYP, KOTOpble MO3BOJIAKOT paccuuTaTb UX
BaXHelLwune 3n1eKTpopu3nYecKme 1 31eKTpuYeckmne xapakTepucTuku.

In the technological process of manufacturing microelectronic device structures, especially in
production with submicron minimum dimensions, the relationship between the parameters of
device structures and the technology for their manufacture is strengthened. With a decrease in
the size of the elements of the instrument structures, the determination of the profile parameters
of impurities and their electrical parameters, the establishment of feedback between the
characteristics of the device and its manufacturing technology becomes prevailing. It is shown
that physical and technological modeling allows predicting the characteristics of microelectronic

®rbOY BO "CeBepo-KaBKa3ckuii ropHO-MeTannyprivyecknin MHCTUTYT (rocyAapCTBEHHbIA TEXHONOMMYECKNA YHUBEPCUTET)" .
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device structures and establishing correlations of technological and electrical parameters of
elements, the possibility of their optimal design. Modeling the technology for manufacturing
instrument structures provides simulations of the behavior of integrated electronics elements
under operating conditions and the calculation of their electrical characteristics and parameters,
reduces the design time of devices, and at the same time determines the likelihood of optimizing
technology modes, geometric dimensions, designs of elements of integrated electronics, and
achieving optimal technologies for a given level of technology speed and degree of integration.
The integration of methods of physical and technological design of submicron thin-layer
instrument structures provides process control. The simulation results of the technological
process together with the values of the electrical modes are the initial data for the simulation
of instrument structures, which allow us to calculate their most important electrophysical and

electrical characteristics.

BBEJAEHUE

CyllecTByHOLIHe OrPAHUYEeHU S CXeMHO- U CHCTeMO-
TeXHHYeCKOr0 NPOeKTUPOBAHUS IIPU CO3JLAHUU
3/leMeHTOB UHTerPaJIbHOM 3/IeKTPOHHUKH, KOTOPbIe
CYIleCTBeHHO BJIIUSIOT Ha OCHOBBI TeXHOJIOTHH, BCe
bonblre ompenensoOTCS MeTalIHU3UPOBAHHBIMHU
MesKCoelMHeHUSIMU [1, 2]. TexHOMOTH4YeCKoe 060py-
Jl0BaHMUe, IPUMeHsIeMoe B TeXHOJIOTHHU HHTeT Pajb-
HOI 371eKTPOHMKM, HAXOAUTCS B TeCHOH CBSI3U

C JOCTHKeHUSMH B TeXHOJOTHUU MeTaJI/TM3allhH.
OnHOM U3 XapaKTepHBIX 0COO@HHOCTEN Pa3BUTHUS
OOJIBIIMX 37IeMEHTOB HHTEI Pa/IbHOM 3/IeKTPOHUKH,
B YaCTHOCTH JIOTUYeCKUX MaTPHUYHOI0 THUIIA, CTAJIO
BO3pacTaHUe POJIK MeKCOeJUHEeHU I 3/IeMeHTOB.
KOHCTPYKTHBHO-TeXHO/OTHYeCKasi HHTerpa-
LU TPH CO3JAaHHH MHKPO3/IeKTPOHHBIX MPHO0P-
HBIX CTPYKTYP. JJIeMeHThl HHTer pa/IbHOU 3JIeKTPO-
HHUKH PACCMATPHUBAIOT KaK COBOKYITHOCTb AKTHBHBIX

INTRODUCTION
The existing limitations of circuit
and system engineering when creat-
ing integrated electronics elements
that significantly affect the founda-
tions of technology are increasingly
determined by metallized intercon-
nects [1, 2]. Technological equipment
used in integrated electronics tech-
nology is closely linked to advances in
metallization technology. One of the
characteristic features of the devel-
opment of large elements of inte-
grated electronics, in particular log-
ical matrix type, was the increasing
role of interconnections of elements.
Structural and technological
integration in the creation of micro-
electronic instrument structures.
Elements of integrated electronics
are considered as a set of active ele-
ments interacting through intercon-
nects (a system of signal conductors).
The active element is the main com-
ponent of integrated electronics. The
relationship between the active ele-
ment - the transistor structure and

the technology of its manufacture
is the essence of developments with
submicron sizes, focused on achiev-
ing ultra-fast performance and the
degree of integration of the element-
technological and structural base.
Modeling of integrated electronics
elements is considered as a means for
identifying the distribution and con-
trol of their output electrical parame-
ters, when due to technological devi-
ations inherent in submicron instru-
ment structures, control of the abso-
lute value of the statistical spread of
parameters determining the speed
and quality of structure performance
comes to the fore [3-5] . When physi-
cotechnological modeling and design
of elements, it is necessary to take
into account a number of aspects due
to:
« physical limitations;
» alternatives to design decisions;
« optimization of the process.
When developing instrument
structures and elements of inte-
grated electronics, it is necessary

to know the physical distribution
of impurities (technological model-
ing), and take into account the influ-
ence of impurity profiles on the elec-
trical characteristics of the device
(physical and technological model-
ing). Modeling of the manufacturing
technology of instrument structures
provides an imitation of the behav-
ior of integrated electronics elements
under operating conditions and cal-
culation of their electrical character-
istics and parameters. It allows you
to reduce the design time of devices,
and at the same time increase the
likelihood of optimizing technol-
ogy modes, geometric dimensions,
designs of elements of integrated
electronics, to achieve optimal per-
formance technologies for this level
and degree of integration.

The measurement of electrical and
electrophysical parameters of struc-
tures is laborious and is character-
ized by a significant error. In this
regard, the use of methods of physi-
cal and technological modeling to
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3/1eMeHTOB, B3aHMOJEeHCTBYIOLUIUX Yepe3 Me>KCo-
equHeHHUS (CUCTeMy CUTHAJbHBIX IIPOBOJHHUKOB).
AKTHBHBIN 3JIEMEHT SIBJISIeTCS OCHOBHOM COCTABHOU
YaCTbhIO 3JIeMEHTOB HHTEIPAaIbHON 3JIeKTPOHUKH.
CBsi3b MeX/Jy aKTUBHBIM 37IeMEHTOM — TPAH3UCTOP-
HOM CTPYKTYPOH M TeXHOJIOTHeH ero U3roTOBJIeHH S ~
SIBJISIETCS CYLIHOCTBIO Pa3paboToK ¢ CyOMUKPOHHBIMU
pa3sMepaMu, OpUeHTUPOBAHHBIX Ha JOCTHKeHHe
CBepXOBICTPOEMCTBHUS U CTeIIeHH UHTEeTPAllUHU dJIe-
MEHTHO-TeXHOJIOTMYeCKOH M KOHCTPYKTUBHOM 6a3bl.
MogenupoBaHHe 3eMeHTOB HHTEIPaJbHOU
3IeKTPOHUKHU PAaCCMATPUBAIOT KaK CPeACcTBO
Jl1sl BBISIBJIEHU S pacIipefiesieHUS M KOHTPOJIS UX
BBIXOAHBIX 3J1eKTPHUYECKUX IIapaMeTpoB, Korja
BC/Ie[ICTBHE TEXHOJOTMYECKHUX OTKIOHEHUH, IIPU-
CYLIUX A1 CYyOMUKPOHHBIX IPUOOPHBIX CTPYKTYP,
Ha IepeJHUM MJIaH BRIXOAUT KOHTPOJb abCoNIOT-
HOT'O 3Ha4YeHUs CTAaTUCTHUYecKoro paszbpoca mapa-
METPOB, OIIpeleIsIIOM X ObICTPOLECTBHE U Kade-
CTBO HCIIOTHEHU S CTPYKTYPHI [3-5]. IIpu dusuko-
TeXHOJIOTUYeCKOM MOAEeIHUPOBAHUU U IPOEKTHU-
POBaHHUH 3IeMEHTOB HeOOXOQMMO YyUUTHIBATH P,
aCIeKTOB, 00YC/IOBIEHHBIX:
o GU3MYeCKUMU OTPaHHUUEHHUSIMU;
* aJbTepPHATHBAMMU IIPOEKTHBIX pelleHU;
e ONTHUMM3ALKeHN TeXHOJIOIU4YeCcKOoro mpoliecca.
IIpu pa3paboTke mpUOOPHBIX CTPYKTYP H 371e-
MEHTOB HHTErPaJbHOM 3JIeKTPOHUKHU HeobXo0-
OHMO 3HAaTh GU3MUeCKoe paclpesesieHUe IIpUMe-
cel (TexHOJIOTH4YeCcKkoe MOJe/HMPOBaHUE) U YUeCTh
BIHSHUe IpodUel IpUMecel Ha 3TeKTpUUeckUue
XapaKTePUCTUKHU IIpHbopa (PH3UKO-TeXHOIOrhYecKoe

MoZieTMPOBaHUe). Mofe/TnpoBaHHe TeXHOTIOT UK U3ro-
TOBJIeHUSI IPUOOPHBIX CTPYKTYp obecrieunBaeT KMHU-
TaIMIO II0BeJIeHH s 3/IeMeHTOB UHTeTPaJIbHOU 3JIeK-
TPOHHUKH B PabOYUX YCIOBUSIX U PACUeT UX KT PH-
YeCKHUX XapaKTepPUCTUK U ITapaMeTpoB. OHO I03BO-
NsleT CHU3UTb BpeMsl IPOeKTUPOBAHUS NPUOOPOB,
Y OHOBPEMEHHO YBe/JUUHTb BEPOSITHOCTh OIITUMHU-
3allMM Pe>KMMOB TeXHOJIOTHUH, FeOMeTPUYeCcKHX pas-
MepoB, KOHCTPYKIMI 3J1eMeHTOB HHTeIrpaJbHOU
3JIeKTPOHUKH, JOCTUIATh OITHMAJbHBIX IJIsI JaH-
HOT'O YPOBHSI TeXHOJIOTUH OBICTPOAENCTBHUS U CTEIIeHHU
HHTerpalHu.

M3MepeHHe 3/IeKTPUUECKUX U 371eKTpodPHu3UUe-
CKHX ITapaMeTPOB CTPYKTYP TPYyLOeMKO U XapaKTepH-
3yeTCs 3Ha4MUTeIbHOU MOTPelIHOCTEIO0. B 3TOM CBI3U
HCII0/Ib30BaHHE MeTO/I0B PH3HKO-TeXHOTOTHYeCKOro
MOZeNTHUPOBAHUS O/IsI UAeHTUPUKALUU ITeKTpHye-
CKHUX IIapaMeTpOB IIPUOOPHBIX CTPYKTYP B YCTAHOB-
JeHUH 0OpaTHOM CBSI3K MeXXAY XapaKTepUCTUKAMU
nprbopa U TeXHOJIOTHek ero U3rOTOBIeHHU S SIB/ISeTCs
ONTHMAaJIbHBIM.

[IprMeHeHMe MOfIe/IMPOBAHH S TEXHOJIOTUH U IIPH-
OOPHBIX CTPYKTYp IPHU H3TOTOBJIEHHUHU 3TeMeHTOB
MHTerpajbHON 3JeKTPOHUKH obecredynBaeT: TOY-
HOCTb, CKOPOCTb, CUCTEMHYI0 HHTeI PUPYeMOCTb 1 Cep-
BHCHBIE BO3MOKHOCTH. TouHOe oIpefie/ieHHe [TapaMe-
TPOB POQUIA IPHUMeCeH U 3TeKTPUYeCcKUX Ilapame-
TpPOB IIPUOOPHBIX CTPYKTYp IpHobpeTaeT JOMUHH-
pyolllee 3Ha4YeHHe I10 Mepe yMeHbIIeHH s Pa3MepOoB
3/IeMEeHTOB.

[IpruMeHeHHe MeTOLOB PU3UKO-TeXHOJOTHU-
YeCKOro MOJEJIUPOBAHHUS AL CYOMUKPOHHBIX

identify the electrical parameters of
instrument structures in establish-
ing feedback between the character-
istics of the device and its manufac-
turing technology is optimal.

The application of modeling tech-
nology and instrument structures in
the manufacture of integrated elec-
tronics provides: accuracy, speed,
system integrability and service
capabilities. The exact determination
of the profile parameters of impu-
rities and the electrical parameters
of instrument structures becomes
dominant as the size of the elements
decreases.

Application of methods of phys-
ical and technological modeling

for submicron elements of inte-
grated electronics - determina-
tion and establishment of physi-
cal limitations and limits, crit-
ical functional characteristics
and parameters for the design
and manufacture of instrument
structures.

Physicotechnological modeling
allows us to study the tolerances
in the technology and identify the
dominant factors that can affect
the manufacturing process of inte-
grated electronics and output. It
is also possible to use technologi-
cal models as effective controllers
of technological equipment and to
conduct real-time modeling using

HAHO MHOYCTPHA Tom 13 Ne 2 (95) 2020

computer equipment used in pro-
cess control.

The need for process control
requires the integration of methods
of physical and technological design
of submicron thin-layer instrument
structures. At the system level,
with a high degree of integration,
modeling of technology and instru-
ment structures is necessary.

When modeling technologies,
aspects of manufacturing ele-
ments of integrated electronics
are taken into account. The simu-
lation results of the technological
process together with the values
of electrical modes, electrophysi-
cal constants, etc. represent the
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3JIeMeHTOB MHTErPa/IbHOM 3JIeKTPOHUKH — OIpe-
IeneHHe U YCTaHOB/IeHHe QU3HUUYeCKHUX OTpaHHUYe-
HHUU U IIpe/iesioB, KPUTHUECKUX QYHKIIMOHATBHBIX
XapaKTepPUCTHUK U IIapaMeTPOB /I/Isl IPOeKTHPOBa-
HUS U U3TOTOBJIEHU S IIPUOOPHBIX CTPYKTYP.

OU3UKO-TeXHOJOTHUYeCKOe MOJEJIHUPOBAHUE
II03BOJISIET UCC/IeIOBATh AOMYCTUMBbIE OTKIOHEHHU S
B TeXHOJIOTHH U BBISIBUTH JOMUHHUPYyoOIHKe dak-
TOPBI, KOTOPble MOTYT BAHMSTh Ha IIPOIeCC HU3I0-
TOBJIEHU S 3JIeMeHTOB MHTerpaabHON 3JeKTPO-
HUKHU U BBIXO/la TOAHBIX. BO3MOXHO TaKsKe UCIIO/b-
30BaHHe TEeXHOJOTHUYeCKHUX MOJejIel B KauecTBe
3¢ PeKTUBHBIX KOHTPOJIIEPOB TeXHOJIOTUYECKOI0
060pyIOBaHUS U A/ IPOBeJeHHUSI MOLeIHUPOBa-
HHS B pea/IbHOM MaciuTabe BpeMeHH Ha CpeJCTBaX
BBIUHC/IHUTEIbHON TeXHUKH, UCIIONb3yeMBIX IIPHU
yIpaBAeHUH TeXHOJTOTHUeCKHUM IIPOLIeCCOM.

Heo6xXx0AMMOCTD yIpaB/lIeHUS TeXHOJOTHYe-
CKHUM IpoleccoM TpebyeT HHTerpallud MeTOMOB
GH3HMKO-TeXHOIOTHUeCKOr0 IPOeKTUPOBAHHUS Cy6-
MUKPOHHBIX TOHKOCTOMHBIX IPUOOPHEIX CTPYK-
Typ. Ha cicTeMHOM ypoBHe IIpH BBICOKOK CTeIleHH
HHTerpalnuy HeobxoJMMO MOJeTUPOBaHHeE TeXHO-
JIOTUU U IPUOOPHBIX CTPYKTYP.

[Ipu MoOJeTHPOBAHUU TEXHOJIOTHMH yYHUTHIBA-
IOTCSI ACIIeKThl M3TOTOBJIEHUS 3JIeMEeHTOB HHTe-
IrpaJbHOM 371eKTPOHUKHU. Pe3yabTaThl MOAEIUPO-
BaHMS TeXHOJOIMUYeCKOIo IIpoljecca BMecTe CO 3Ha-
YeHUSMH 3TeKTPUUYECKUX PeXXKUMOB, 31eKTpodU-
3MYeCKUX KOHCTAHT U T.[. IPeJCTaBIsAIOT cob0k
HCXONHBle NJaHHBIe IS MOIEJIHPOBAHUS MPHU-
OOpPHBIX CTPYKTYpP, KOTOPBIe PACCUUTHIBAIOT HX

BaskHeMIIHe 371eKTpodHU3ndeckre U 3JeKTpUUe-
CKHe XapaKTepUCTHKH.

TakuM 06pa3omM, MHOTOYpPOBHEBOE MOMAEIHUPO-
BaHMe 3/1eMeHTOB MHTerpaJbHOM 3/IeKTPOHUKHU
I103BOJIZeT TOYHO IIPOTHO3MPOBATh UX XapaKTe-
PHUCTUKHU. Bce 3T0 obycnaBnuBaeT 3¢pPpekTHBHOE
yIlpaB/leHHe U YCTAaHOBJIIeHHe KOPPe/IsiLiuKi TeXHO-
JIOTHYEeCKHX U 3JIeKTPUUYeCKHX [IapaMeTpOB 3Je-
MEeHTOB U NPUOOPOB, BO3MOKHOCTb OITHMAJIb-
HOTO IPOeKTHUPOBAHHUS 37IeMeHTOB HHTerpaJlbHOU
3eKTPOHUKHU.

B TexHOJIOrHM4YeCKOM IIpoliecCce M3TOTOBJIEHUS
3JIeMeHTOB, 0COO@HHO ITPHU IIPOU3BOLACTBE C CYyOMU-
KPOHHBIMH MUHHUMAJBHBIMH pa3MepaMHu, yCUIH-
BaeTCsl B3aMMOCBS3b MeX/y IIapaMeTpaMU IIpH-
OOpPHBIX CTPYKTYP M T€XHOJOTHEHN UX U3TOTOBIIe-
HHUs. PU3NUKO-TexXHOJOIu4Yeckoe MOLe/TIUPOBaHHeE
B pa3paboTke MepPCHEeKTUBHON 31€MeHTHO-TEXHO-
JIOTUYeCKOM U KOHCTPYKTHUBHOM 6a3bl CTAHOBUTCS
31000 HeBHOH.

JIJ1sl yCIIeIIHOM pean3aliuu QHU3UKO-TeXHOIOTH-
YeCKOTO0 MOJeTUPOBAHHUS HEOOXOLHUMO HCIIONIb30-
BaHHe COBPeMeHHOMU almapaTyphl, 03BOISIOIIEN
M3MepATh Pa3jIMYHble CTPYKTYPHbBIE U 3JIeKTPOPU-
3MYeCKHe [TapaMeTphl IOy POBOLHHKOBBIX MaTe-
PHaIOB: BTOPUYHO-HOHHBIE MaCC-CIIEKTPOMETPHI,
CKaHHUPYIIOIHe 3JIeKTPOHHble MUKPOCKOIIBL U T.J,.
B GosblIell CTeIleHU 3TO OTHOCUTCS K MOJIeIMPOBa-
HHUIO TeXHOJIOTHUECKHX ITPOLIeccoB, Iae 6e3 Hamex-
HOM MEeTPHKH HEBO3MOXXHBI CO3JaHHE HOBBIX
U MOAHMPHUKALKUSA NPAaKTHYECKH HCIIONb3yeMBIX
MOJIeJIeH.

initial data for modeling instru-
ment structures, which calculate
their most important electrophysi-
cal and electrical characteristics.

Thus, multi-level modeling of
integrated electronics allows accu-
rate prediction of their characteris-
tics. All this leads to effective con-
trol and correlation of technologi-
cal and electrical parameters of ele-
ments and devices, the possibility
of optimal design of elements of
integrated electronics.

In the technological process of
manufacturing elements, espe-
cially in production with submicron
minimum dimensions, the rela-
tionship between the parameters

of instrument structures and the
technology for their manufacture is
strengthened. Physicotechnological
modeling in the development of a
promising elementary technologi-
cal and structural base is becoming
topical.

For the successful implemen-
tation of physical and technologi-
cal modeling it is necessary to use
modern equipment that allows you
to measure various structural and
electrophysical parameters of semi-
conductor materials: secondary-ion
mass spectrometers, scanning elec-
tron microscopes, etc. To a greater
extent, this relates to the modeling
of technological processes, where

without reliable metrics it is impos-
sible to create new and modify practi-
cally used models.

CONCLUSIONS

In the technological process of man-
ufacturing instrument structures
with submicron sizes, the rela-
tionship between the parameters
of instrument structures and the
technology for their manufacture is
strengthened. Multilevel modeling
of integrated electronics elements
allows us to predict their character-
istics, effective control and correla-
tion of technological and electrical
parameters of elements, the possibil-
ity of their optimal design. [

Vor.13 No. 2 (95) 2020 NANO INDUSTRY



OBOPYAOBAHME A/11 HAHOUHAYCTPUM

3AK/NIIOYEHUE

B TexHOJIOTMUeCKOM Ipollecce U3rOTOBIEHUS IPU-
OOPHBIX CTPYKTYP C CYOMHUKPOHHBIMH pPa3MepaMH
YyCHUIHMBaeTCsl B3aMMOCBSI3b MeX/Y IapaMeTpaMu
NPUOOPHBIX CTPYKTYP U TEXHOJIOTHel UX U3TOTOB-
NeHHUs. MHOTOypOBHeBOe MOJe/JTHUPOBaHUE 3Jle-
MEHTOB HHTeIrpaJbHOM 3/IeKTPOHUKU I103BOJISIET
IIPOrHO3UPOBATh UX XapaKTePUCTHUKHU, 3P dek-
THBHOE yIpaBJeHHe U YCTAaHOBJIeHHe KOPpessi-
LM TeXHOJIOIUYeCKUX U 3/IeKTPUYeCKUX IlapaMe-
TPOB 3JIeMeHTOB, BO3MOKHOCTb UX OIITHMaJIbHOTO
IIPOEKTHPOBAHUS.
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HOBASA CTPATErng CO3AAHUA ABYMEPHOIO MArHUTHOIO NOPAAKA

paHuLbl 3epeH 0BbIYHO PACcMO3HAKTCA Kak AByMepHas “¢asa’,
HO MOTYT MpOSIBNSTL HOBbIE CBOWCTBA, HE CBOWCTBEHHLIE 06bEMHOMY
Kpuctanny. M3MeHeHns HenpepbiBHOCTY CBS3M aTOMOB Ha rpaHuuax
3epeH MpUBOANUT K PE3KOMY M3MEHEHMIO NOKANbHOW XUMUYECKON CPesbl
B HECKOMbKWX 3NeMEHTapHbIX SYelkax, YTo MPUBOAUT K M3MEHEHMIO
NIOKANLHOW 31EKTPUYECKOM aKTUBHOCTH, MarHUTHOTO NOPSAKA W APYryX
du3nyeckux CBONCTB. BAUSHME rPaHNL, 3epeH HA XMMUYeckie CBONCTBA
bonee CylWeCcTBEHHO B CIOXKHbLIX OKCMAAX U3-33 CMALHOIO B3aUMOAEN-
CTBWSI PeLIeToK 1 NapamMeTpoB NopsaKka. Takash HEOAHOPOAHOCTb MaTe-
pUANOB C MEX3epeHHLIMU rpaHMLAMI MOXET JOMUHUPOBATL NpK op-
MMPOBAHMN OTK/IMKA B HAHOPa3MePHbIX YCTPOUCTBAX, YTO O4EHb BAKHO
npv pa3paboTke HOBbIX GYHKLMOHANbHDIX YCTPOACTB.

B ctatbe, onybnuKkoBaHHOW B UHCTUTYTE GU3nKI EKMHCKOTO YHM-
BepcuTeTa v YHuBepcuTeTa TAHbL3MHS NPeACTaBaeH aTOMHbIA MEXaHN3M
MarHWUTOCONPOTUBAEHNS CMUHOBOrO KNanaHa Ha rpaHuLe acumMMeTpum
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MUKpocKonu4yeckoe u3obpa>keHue aHUOHHOU U KAMUOHHOU
KoHpuzypayuu zpaHuy, 3epet SrRuO;
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3epeH SrRUO;, Ybsi aCMMMETPUYHAA aTOMHAs CTPYKTYpa CUAbHO OT/U-
YaeTcsl 0T OCHOBAHHOMO Ha MpoToTMne nepoBckuTa SrTiO;. V3meperns
MepeHoca IeMOHCTPUPYIOT MArHUTOCOMPOTUB/IEHNE CMIMHOBOTO KnanaHa
LN CO3AAHHON TPAHMLbl CAHTUMETPOBOTO U CYBMUKPOHHOTO MAcLTa-
608 (MeHee 15 (310) SrRuO,). C nomolbio CKaHpyloLLEl NpoCBe MBa-
foLLien 3NeKTPOHHON MMKPOCKOMUM U CMeKTPOCKOMWUM 3apUKCMpPOBaHO
ee aTOMHOe CTPOeHMe, Ha OCHOBE KOTOPOro MpOBefeHbl pacyeTbl ero
3N1EKTPOHHbIX CBOWCTB 3TUX IPAHNL.

O6HapyxeHo, YTO M3-3a MCKKEHMS oKTa3gpa Ru-O B6AN3N acum-
METPUYHOI TPaHuLibl 3epHa 0pbuTa Ru d BOCCTAHABAMBAETCS, YTO NpH-
BOAMT K YMEHbLIEHNIO MArHUTHLIX MOMEHTOB M U3MEHEHMI0 CIMHOBOM
MONApU3aLMK BOMb FPAHMLLI 3epHA, 06pa3ysl MArHUTHbINA (MM Hemar-
HUTHbIA) nepexop. PacyeTbl OCHOBAHbI HA CBA3W aTOMHON CTPYKTYpbI
C TPAHCMOPTHBIMYU CBOMCTBAMM.

"Hawn pesynbtatbl MOryT MOMOYbL HaMm MOHATL MPOLWble TPaHC-
MOPTHbIE CBOMCTBA, Takue Kak OTpULATeNbHOE MarHUTOCONPOTUBEHME
11 OTCYTCTBME TYHHENbHOTO MArHUTOCOMPOTUBNEHUS HA TPaHULE 3epeH
STRUO;, a TaKxKe npe/ckasath HoBble 3GGeKTbl rpaHuLbl 3epen SrRuO;,
Takue KaK MexdasHoe MarHuT031eKTpUYeckoe B3aUMOAENCTBIE, KOTAd
SrRUO; MCNONb3yeTCs B KA4ECTBE HUKHEro 3NeKTpoaa ANS pocTa TOHKMX
CerHeToINeKTPUYECKUX NAEHOK. B bonee WMPOKOM CMbICAE, KOHTPOAL
CTPYKTYpbl Ae(ekToB B aTOMHOM MacwTabe MOXET peanv3oBbIBATb
cneunduyeckne Gunyeckne CBOMCTBA, NO3BOASS CTPOUTDL HOBYIO CTpa-
Termio pa3paboTkn YCTPOWCTB C HOBLIMW HWU3KOPA3MEpHLIMA MarHuT-
HbIMM CBOWCTBAMM C UCMONb30BAHMEM FPAHNYHON HAHOMHXEHepun', —
oTmeyaeT npodeccop M3H lao.

o mamepuaaam phys.org
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CnoXHOCTb coBpeMeHHbIX CBUC 1M BaXXHOCTb pellaeMbiX UMW 33434 NpeabaBasioT cTporve Tpe6oBaHus
K UX HafeXHOCTW, oueHKa KOTOpOM SIBASIeTCS aKTya/lbHOW Mcc/iefoBaTeNbCckon 3apadver. B pabote
oLeHMBaeTCd HaAEeXHOCTb OAHOKPAaTHO MpOrpaMMUpyeMbiX MOCTOSIHHO 3aMOMWMHAIOWMUX YCTPOWUCTB
(onn3y), peanusoBaHHbIX Ha TexHonorMm HCMOSSD c ToOMosorM4eckKUMu Hopmamu 180 HM,
paspaboTaHHbIX A8 UHTerpauuu B 6a30Bbid KpucTann cepum 5521TP. Ha ocHoBe 6a30Bbix C/0€B
TexHonorum HCMOS8D paspaboTtaHa CTPyKTypa M KOHCTPYKUUS NpOrpaMMuMpyembiX C MOMOLLbIO
MeXaHW3Ma 3/IeKTpOMUrpauumn 3nemeHToB OMM3Y - nepembiyek (eFuse), BbINOJHEHHbIX HA OCHOBE
C/10eB N*-NoAMKpeMHUa U cunuumaa Hukens (NiSi,). NpuBeaeHbl pesy/ibTaTbl UCMbITAHWIA HA HAAEXHOCTD
paspaboTaHHbiX 3nemeHTOoB OIMM3Y. PaspabotaHa MeToAuKa, MO3BOJSAIOWAS OLEHUTb HAAEeXHOCTb
paspaboTaHHbIX eFuse s UCNONb30BAHUA B siYerdKax namsaTM 6as3oBOro kpucrtanana cepum 5521TP.
MeToauka BK/IOHAeT B ce6s KOM6MHALMIO 31eKTPOPU3NYEeCKUX U3MEPEHUN eAUHUYHON eFuse-syenku
1 pyHKUMOHaNbHOro 610Kka Ha ee ocHoBe. MokasaHo, 4YTo eFuse rapaHTUpyeT coOXpaHeHue OCTaTOYHOro
COMpOTUB/EHUSA B 33aaHHbIX Mpefesax B TeYEHMEe BCEro Cpoka C/yX6bl MUKPOCXeMbl, BKJHOYaOLLEein
B Ce6 laHHbIN CNOXHbIN PYHKLMOHAbHbIN 6/10K.

The complexity of modern VLSI and the importance of the tasks they solve impose strict requirements on
their reliability, which assessment presents an urgent research task. In this work the reliability of the one-time
read-only memory devices (OPROM) implemented on the HCMOSS8D technology with topological standards
of 180 nm and designed to be integrated into the base crystal of the 5521TP series is evaluated. With the use of
the base layers of HCMOS8D technology, the structure and design of the programmed by the electromigration
mechanism of the elements of the EEPROM - jumpers (eFuse), made on the basis of layers of n*-polysilicon

HIMK «TexHonormnyeckum LeHtp» / Scientific-Manufacturing Complex "Technological Centre".
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and nickel silicide (NiSi,) were developed. Presented are the results of the reliability tests of the developed
OPPZU elements. A technique has been developed to assess the reliability of eFuse intended for use as a part
of memory cells in the 5521TP series base crystal. The technique includes a combination of electrophysical
measurements of a single eFuse cell and a functional block based on it. It is shown that eFuse guarantees
the preservation of residual resistance within specified limits throughout the life of the microcircuit, which

includes this complex functional unit.

BBEAEHUE

Hcrionb3oBaHuMe IepeMbluek eFuse Ha 0CHOBe CHTMIIH/T
MeTaJlIa-TIOTMKPeMHH U JaeT BO3SMOKHOCTD PeajIi30BhI-
BaTb pPa3/MuHble BAPUAHTHI KOHCTPyKLUuK CBUC B cy6-
MHUKPOHHOH TexHonoruu KMOII. IIporpaMMupyeMble
C IIOMOILBIO MeXaHM3Ma 3JIeKTPOMUIPALIMH eFuse SBIg-
IOTCS IPeAIOYTHUTEIbHBIM BAPHaHTOM IIPH ITPOEKTHPO-
BaHMH CIOKHBIX QYHKIIMOHANBHBIX 6710k0B CBHC 110 cpaB-
HEHMIO C [IePeMBIYKaMH C JIA3€PHOM KOPPEKIIHeL, TaK KaK
IIporpaMMUPOBAHMUeE B IIEPBOM C/Iydae MOXKET ObITh pea-
N130BaHO 6e3 y4acTHs GUPMBI-TIPOK3BOAUTeNs. B paboTe
(1] paHee 6p1/1a TOKA3aHA IPUHITUIIHMAIBPHAS BO3MOXKHOCTD
HCIIO/Ib30BAHUS COKHBIX QYHKIIMOHAIBHBIX OIIO0KOB
OIIIT3Y Ha 0CHOBE IJIABKKX IIePEeMBIYEK /I X OMHOKPAT-
HOTO ITPOrPaMMHMPOBAHKS B COCTaBe MHKPOCXeM, paspa-
6arpiBaeMBbIX Ha 6a30BbIX KpHCTa/UIax (BK) cepru 5521TP,

PaccmoTpeHHBIe B [2-4] eFuse UCIIONB3YIOT MeXaHU3M
3JIGKTPOMUTPAllMU [/ YBeIUYeHHUS 37IeKTPHUUeCKOro
COIIPOTHBJIEHHSI IePeMBIUKH. PU3HUYeCKUH Pa3phlB Tela
IepeMbIYKHU IIPOUCXOAUT BCIeICTBHE MUI'PALIUH MOHOB
CJI0S CHUTMIIMA OT aHOJa K KaTOAY IIOTOKOM 3JIEKTPO-
HOB, BBI3bIBasl YBeJIMYEHHE COIIPOTUB/ICHHU S [IePEeMbIUKH
Ha HEeCKOJIBKO ITOPSIAKOB [2].

CumuTaeTcsi, YTO MeTaJl/Ibl SIBJISIFOTCSL MeHee yCTOMYH-
BBIMH, HeKeIH CUIULMABI, K IIPOLIECCY 3JIeKTPOMHUTPa-
LIMH [2], HO TOK IpOrpaMMHpOBaHHUS eFuse Ha OCHOBe
MeTas1a b6osee yeM B 20 pa3 IIpeBbIIIaeT TOK ITPOrPaMMHU-
poBaHMUS eFuse Ha OCHOBe CHIMLIU-TIOTUKPeMHHUH [1].

Takske CHIIMIIUABL T POKO IIPUMEHSIIOTCS Kak A5 op-
MU POBaHHUS HU3KOOMHBIX KOHTAKTOB K TUPPY3HMOHHEIM
061acTAM, Tak U 37IeMEHTOB MEXKCOeUHEeHUN. B pabo-
Tax (3, 4] Ioka3aHoO, YTO BO3MOKHO yCIIeIIHOe HCII0/Nb30-
BaHHe IIpollecca 3/1eKTPOMHUIPALIMU CJI0eB CHIHULIKAA
B OTZIeJIBHBIX 3/IeKTPUYECKH IIPOrPAMMHUPYEMBIX 37IeMeH-
TaX CXeMbl. B KadecTBe CJ1051 CUJIUIIU/IA B 3/IeMeHTax eFuse
B 3THX paboTax OBUIM HUCIIONB30BAHBI CJIOM CHITHILIMAQ
Kobasera (CoSiy) u cunuiuaa Bonbppama (WSi,) Ha critp-
HOJIETIPOBAHHOM CJIO€ 3aTBOPHOIO ITIOJIMKPEeMHHUS.

OlLleHKa HaJle>KHOCTH B pa60Tax (3, 4] npoBonu-
J1aCh B COOTBETCTBUHU CO cTaHAapTaMu JESD22-F104,
JESD22-F113, JESD22-F108, JESD22-F110, obecrieunBaro-
IIMMH HCIBITAHUA [IPU MOBBIIIEHHON TeMIlepaType,
JIeKTPUUYECKOM CMelleHHUH, TePMOLUK/IHPOBAHUH,
a TaK>Ke YCKOpPeHHBIe CTPecc-TeCTbl IIPH IIOBBIIIEHHON
TeMIIepaType U BJIa>KHOCTH.

B aTon paboTe oleHKa HaJeKHOCTH IIPOBOJHIIACH
Ha TeCTOBBIX CTPYKTYpax, BKIIOYAIOMIUX B Cebs TOIBKO
eqUHUYHBIe eFuse, 111 MUHUMM3ALUK BIHUIHM S JTI00bIX
Mapa3sUTHBIX COCTAB/SIOMMUX 3JIeKTPUUECKOM LIeIH.
B paboTe mpencTaBaeHbl: KOHCTPYKIKS K IIOCTOHHAS
CTPYKTypa efUHUYHOM eFuse; aJiTOPUTM IIPOrpaMMHU-
poBaHus eFuse c onipefie/ieHHeM KPUTEPH S ee [IPOorpaM-
MHUPOBaHM S, MeTOAHKA UCC/IeoBaHU S eFuse Ha Haek-
HOCTb; BBIXOZHOM KPUTEPHI, 06ecreunBaIOIINN HaIeX-
HOCTB eFuse B TeueHIe BCero cpoka cysk6sr CBHC.

KOHCTPYKLIMA U IIOC/IOKHAS CTPYKTypa eFuse.

INTRODUCTION

The use of eFuse jumpers based on
metal-polysilicon silicide makes
it possible to implement various
design options for VLSI in the sub-
micron CMOS technology. An eFuse
programmable with the use of the
electromigration mechanism is
the preferred option when design-
ing complex VLSI function blocks
in comparison with laser correction
jumpers since programming, in
the first case, can be implemented

without the participation of the
manufacturer. It was previously
shown in [1] that it is possible, in
principle, to use the complex func-
tional blocks of the OTPZU based on
fusible jumpers for their one-time
programming in the microcircuits
developed on the base crystals (BC) of
the 5521TP series.

The eFuse discussed in [2-4] uses
the electromigration mechanism
to increase the electrical resistance
of the jumper. Physical breakdown

of the bridge body occurs due to
migration of the silicide layer
ions from anode to cathode by the
electron flow, causing an increase
in the bridge resistance by several
orders of magnitude [2].

Metals are considered to be
less resistant than silicides to the
electromigration process [2], but the
metal-based eFuse programming
current is more than 20 times greater
than the eFuse programming current
based on silicide-polysilicon [1].

Vor.13 No. 2 (95) 2020 NANO INDUSTRY
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MaccvBumpytoLLme AU3NEKTPUKK = 5 MKM
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Puc.1. M306paxkeHus:: a — ppazmeHm mukpocxembl cepuu 5521TP, b — koHcmpyKuus edUHUYHOU eFuse, ¢ — nocaoliHas cmpykmypa eFuse
Fig.1. Images: a - fragment of the 5521TP series chip, b - unit eFuse design, c - eFuse layered structure

OnTHYeckoe n3obpaskeHHe pparMeHTa MUKPOCXeMBI
cepuu 5521TP, BK/IIo4atomelt B cebst pa3paboTaHHBbIe efU-
HU4YHBIe eFuse, UX 3CKHU3HYI0 KOHCTPYKIIHIO U IIOC/IO0M-
HBIM pa3pes, Mpe/CTaBleHo Ha puc.l. PaspaboTaHHbIe
37eMeHTB! eFuse OBITH BCTPOEHBI B 6a30ByI0 TeXHOIOTHIO
HCMOSS8D ¢ npoeKTHEIMU HOpMaMH 180 HM Ha OCHOBe
6a30BbIX C10eB 6e3 HCII0/Ib30BAHUS HOIIOTHHUTETbHBIX
TeXHOJIOTMYeCKHX LIMKJIOB. IlepeMbIuky eFuse IipeJicTaB-
JISIIOT 060K CJI0K CUIBHO/IETPOBAHHOIO N*-3aTBOPHOI0
[IOJIMKPeMHM S Ha HU30/IMPYIOIIEeM OKCHJe, IIOTHOCTHIO
MIOKPBITOTO C/I0eM CHUIMIIH/A HUKens NiSi,. PacmupeHue
37eMeHTHOU 6a3bl B TexHomoruyr HCMOS8D pa3paboTan-
HBIMH HaMH eFuse I103B0JIKJIO cO3aTh Kak OIII3Y, Tak
Y CXeMBbI ITO/ICTPOKIKH aHAJIOTOBBIX 67I0KOB.

1 OLleHKH HaJeXHOCTH HCII0JIb30BalMCh TPH
BapHaHTa UCII0/IHeHK S eFuse C pa3/IMYHbIM OTHOIIEHHEM

WI/L (1ab1.1). KonuuecTBo HCCIeyeMbIX 06pas3LioB KaskI0H
MOOHUPHKALIMH eFuse cOCTaBJIsIO 0 20 IIIT.

ANrOPUTM NPOrPAMMUPOBAHMS eFUSE

C OMPEAENEHUEM KPUTEPUA EE NPOrPAMMUPOBAHMA
ANTOpUTM IporpaMMHpoBaHHUs eFuse pa3pabo-
TaH Ha OCHOBE OFPAHHYHBAMIKX ITapaMeTPOB
TY AEHB.431260.412TVY. [lnd nporpaMMUHPOBaHU A
M 3KCIIJIyaTaluu eFuse orpaHUYMBAIONIMM I1apa-
MeTPOM ABJISETCSA HallpssKeHHe NUTaHus. Ilo Tpe-
00BaHUIO K 3/IeKTPUUECKUM [TapaMeTpaM U PexXu-
MaM 3Kcrnyatanuu TY AEHB.431260.412TY Ha 6a30-
BBIM KpPUCTasI 5521TP qruana3oH mpejenbHo JOIy-
CTUMBIX HallpsisKeHUH NUTaHUA BK 5521TP cocTas-
JaseT oT 2,7 no 3,63 B, a ero mpejgesbHoe 3Haye-
Hue - 4 B.

Silicides are also widely used both
for the formation of low-resistance
contacts to diffusion regions,
and for interconnect elements.
In works [3, 4] it was shown that
it is possible to successfully use
the process of electromigration
of silicide layers in individual
electrically programmed circuit
elements. In these studies,
layers of cobalt silicide (CoSi,)
and tungsten silicide (WSi,) on
a heavily doped gate polysilicon
layer were used as a silicide layer
in eFuse elements.

Reliability assessment in works
(3, 4] was carried out in accordance
with the standards JESD22-F104,

JESD22-F113, JESD22-F108,
JESD22-F110 providing tests at
elevated temperature, electric
displacement, thermal cycling,
as well as accelerated stress tests
at elevated temperature and
humidity.

In this work, the reliability
assessment was carried out on test
structures that included only single
eFuses to minimize the influence
of any stray components of the
electric circuit. The paper presents:
the design and layered structure of
a single eFuse; eFuse programming
algorithm with the definition
of its programming criteria;
eFuse research methodology for
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reliability; and the output criterion
ensuring eFuse reliability over the
entire VLSI service lifetime.

eFUSE DESIGN AND LAYERING

The optical image of a fragment
of the 5521TP series microcircuit,
which includes the developed sin-
gle eFuse, their outline design and
layered section, is shown in Fig.1.
The developed eFuse elements were
integrated into the HCMOS8D basic
technology with 180 nm design
standards based on the base lay-
ers without the use of additional
technological cycles. The eFuse
jumpers present a layer of heav-
ily doped n* gate polysilicon on an
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Tabauua 1. lfeomempuyeckue pasmepbl eFuse
Table1. eFuse dimensions

AnvHa L, MKM
LengthL, p

Moaudukaums LivpuHa W, MKM

Width W, p

eFuse
eFuse variant

1 0,5 0,18
2 1,0 0,18
3 1,7 0,18

[lyis oripezenieHus cocTOsIHUS eFuse 6p1a pazpaboTaHa
CxeMa JIooIpesieieHUsl, KoTopasi paboTaeT B [HaIla30He
0T 10 KOM U BhIIIIe.

I[lepBas u BTOpast Moguouranuu (cM. tabn.l) eFuse
OBLI 3aIIPOrpaMMHPOBAHBI ITPU CJIEAYIOIIHX YCIOBHSIX:
Ha oM H BbIBOZ, eFuse IoaBajioch HaIIpsixkeHue 3,63 B mu-
TeJIbHOCThI0 100 MC ¢ oTpaHHYeHHEeM 10 MaKCHMMaJlb-
HOMY 3HaueHHUIO TOKa yepe3 eFuse B 100 MA, Ha BTOPOH
BBIBOJ, HAaIIPsIKeHHe He I0[4aBaioch. TpeTss MogUdU-
Kanus eFuse IIpy IporpaMMUMPOBaHUM Ha HaIpsiKe-
HUH 3,63 B He yIoBIeTBOPs/IA ITapaMeTPy MUHUMAaIBHOIO
OCTaTOYHOI'O COITPOTHBIIEHU S, [IJIs IIOTyYeHU I CTaTUCTH-
YeCKUX JAHHBIX I10 BeJIMYKHe OCTaTOYHOI'0 COIIPOTUBIIE-
HUS TPeThs MOGUOUKAIIMS Obla 3aIIporpaMMUpPOBaHa
[IpU [Ipe/ie/IbHOM HaIIPSKeHUHU IIUTaHuA 4 B. YcioBus
I10 BpeMeHH 1 TOKY OCTaBaJIKCh IIPeSKHUMH.

OCHOBHBIM BBIXOJHBIM 3/1eKTPOPU3UYECKUM I1apa-
METPOM, XapaKTepU3YIOLUIUM BBLIIIOJIHeHHE IIpolecca
IIpOrpaMMHUPOBaHUS eFuse, 6bLI0 U3MeHeHHe Hadyallb-
HOTO COIIPOTHUBJIEHHS Tejla IIepeMBIYKM He MeHee
4yeM Ha [iBa ropsigka. Pa3bpoc 3HAaUeHHUN OCTAaTOYHOIO

Ucc o—

[ - ] 2 1 -
/ / /|

1-yCTpOMCTBO KOMMYTaLIMK;
1 - switching device;

2 —nposepsieMas MMKpocxema c eFuse;
2 —tested chip with eFuse;

“Yactota KOMMyTaUUW HAMPAXKEHNA NNTAHKA —f{=0,05Tu+60ruy;
The frequency of switching the supply voltage = f=0.05 Hz + 60 Hz;

CKBaXHOCTb—Q =1,1+3;
On-linetimeratio-Q=1.1+3;

Ucc=3,63B+5%
Ucc=3,63V+5%

Puc.2. baok-cxema 0ns uccnedosarus eFuse
Fig.2. Block diagram for eFuse research

COIIPOTHBJIEHHU S UCCIelyeMBIX TpeX MoAHHKaLui eFuse
JI0 U TI0C/Ie TIpoLiecca IPOrpaMMHUPOBAHHUS IIPUBE/IeHEL
BTabm.2.

I[TonyyeHHble JaHHBIE [10Ka3bIBAIOT, UTO eFuse Mofu-
duxanyu | iMeeT HAaUOOBIIUH K3 TPeX MOAUPHKAIIULL
TOK IIPOTPaMMHUPOBaHHUS, /IS KOTOPOIO B a/IbHEHIIeM
MOHa 106K TCsT 60MIBINION TPAH3UCTOP TPOrPAMMHPOBAHHS,
YTO BIIOC/IeJCTBUH CKaKeTCS Ha IUIOMIAIA 3aHMMaeMOK
SUeMKOM MaMSITH, OCHOBAaHHOM Ha 3TOM BapHaHTe eFuse.
Mopudukalys | mporpaMMHUpPYeTcs Ipefe/IbHO JOIYCTH-
MBIM HaIlpsiKeHHeM MUTaHHuA. JaHHasg MOAHUPHUKALIMA

insulating oxide completely coated
with a layer of nickel silicide NiSi,.
Expansion of the elemental base in
the HCMOSS8D technology with the
developed by us eFuses allowed us
to develop both the core memory
and analog circuit tuning circuits.
To assess reliability, three eFuse
designs were applied with different
W/L ratios (Table 1). The number
of test samples of each eFuse
modification was 20 pieces.

THE eFUSE PROGRAMMING
ALGORITHM WITH THE DEFINITION OF
ITS PROGRAMMING CRITERION

The eFuse programming algo-
rithm has been developed based

on the limiting parameters of TU
AENV.431260.412TU. For program-
ming and operation of eFuse,
the supply voltage is the limit-
ing parameter. According to the
requirement for electrical parame-
ters and operating modes of the TU
AENV.431260.412TU for the 5521TR
base crystal, the range of maxi-
mum permissible supply voltages
of the BK 5521TR varies from 2.7 to
3.63V, its limit value being 4 V.

To determine the state of eFuse,
an extension circuit has been
developed that operates in the
range of 10 kQ and higher.

The first and second
modifications (see Table 1) of

eFuse were programmed under
the following conditions: a
voltage of 3.63 V for a duration of
100 ms was applied to one eFuse
pin with a limit of the maximum
current value through eFuse that
equals 100 mA, no voltage was
applied to the second pin. The
third modification of eFuse, when
programming at a voltage of 3.63 V,
did not satisfy the minimum
residual resistance parameter. To
obtain statistics on the residual
resistance value, the third
modification was programmed at
a maximum supply voltage of 4 V.
The time and current conditions
remained the same.

Vor.13 No. 2 (95) 2020 NANO INDUSTRY
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Tabauua 2. M3meHeHue conpomusAeHus eFuse 8 npouecce Npozpammuposanust

Table 2. Change of eFuse resistance when programming

Moaudukauusa Tok, MA HanpsixeHue HavyanbHoe ConpoTuB/ieHue nocine
eFuse Current, nporpaMmMupoBaHus, B conpoTusneHue, OM nporpaMMupoBaHus, MOm
eFuse variant mA Programming voltage, V Initial resistance, Resistance after programming,
Ohm MOhm
1 17 3,63 ~60 Ot (from) 0,538 fo (to) 423
2 14 3,63 ~70 OT (from) 304 go (to) 446
3 10 4,0 ~84 O (from) 0,012 go (to) 0,020

eFuse nMeeT HaubOMBIINI, U3 BCX IIPe/CTaBIeHHBbIX,
pa3bpoc ConpoTHBIEHHUS [OC/Ie IPOrPaMMHUPOBaHMUS,
a Tak’Ke Haubosnpllee M3MeHeH e OCTAaTOYHOIO COITPOTHB-
JIeHU S BO BpeMS$ UCIBITAHUU. Pe3ynbTaTel H3MeHeHHU S
COITPOTHBJIEHHUSI BO BpeMsi paboTsl eFuse ITpeCcTaB/IeHb
HIKe, Ha PUC.3.

HamnpsskeHue NMporpaMMHPOBAHMA MOAHUPUKA-
nuu 2 eFuse coBIiajiaeT ¢ HaIpsi>KeHHEM IIPOrPaMMHU-
POBaHHMS IIepBOM MOJUPHUKALIMH, HO IIpU 3ToM eFuse
MOIHPHUKALMH 2 MMeeT MeHBIIHH TOK IPOrpaMMHUPO-
BaHMSI, MEHBIIH pa3bpoc COITPOTHBIEHUH I0C/Ie IIPO-
IPAMMUPOBAHUS U MEHBUIUH pa3bpoc 0CTATOUHOIO
COITPOTHBJIEHUSI BO BpeMs paboThl. Pe3y/IbTaThl H3MeHe-
HHSI COITPOTHB/IEHH S BO BpeMsi paboTsl eFuse mpesicTaB-
JIeHBI HHKe, Ha PUC.4.

Moauduranus 3 obecriedriBaeT MUHHMaJIBHBIN TOK
[IPOrpaMMHPOBAHU S U3 UCC/IeIOBAHHBIX MOTUHUKALIMH,
HO TpebyIoleecs 115 IPOrPaMMUPOBAHUS HaIIpsKeHHe
He [0I1a/IaeT B [Tpefle/IbHO JOIYCTHMBIE THAIIa30H HaIlps-
SKeHUH NUTaHud 01 BK 5521TP.

HMcxons W3 MOJIyUeHHBIX JAaHHBIX MOXKHO CHeJaTh
BBIBOJI, YTO HAMIyYIllel K3 Ipe/iCTaBIeHHbIX MOOHUPHKa-
LTUH SIBsSeTCS MomuHKaIius 2 eFuse.

METOAWUKA NCC/IEAOBAHNSA eFUSE HA HALLEXXHOCTb
MuxpocxeMbl cepuu 5521TP mOMKHBL 6BITH CTOK-
KHUMH K BO3[eHCTBHUIO CIellMalbHBIX GaKTOPOB
C XxapakTepucTukamu 7.1, 7.C u 7.K B COOTBETCTBUH
¢ TOCT PB 20.39.414.2. ODHUM K3 OCHOBHBIX KpPHUTe-
pHeB KauecTBa MHUKPOCXEMBI SIBJISIETCS ee Ha[e>KHOCTh
B TeUeHHe BCero Cpoka CaysKObl. [IJst OATBEPKAeHUS
HaJIe>KHOCTH pa3paboTaHHOM suelKkU eFuse 6bl1a pas-
paboTaHa MeTOAMKA OLIEHKHU HaJle>KHOCTH JJAHHOIO
6110Kka B cooTBeTcTBUU ¢ TOCT PB 20.39.414.2.
MeTonMKa OLleHKH HaJeXHoOCTH eFuse 6nlia
HaITpaBJeHa Ha UCCIeJ0BAaHHe TePMHUYeCKON CTaOUIb-
HOCTH COIIPOTHUBJIEHH A eFuse, BKIOYas CTpecc, pelak-
CallHIO ¥ CBA3aHHbBIE C 3TUM H3MEHEHHM I OCTATOYHOI0
COIIPOTHUBJIEHHSI. MHUKpOCXeMa IoABepraaach BO3-
IeNCTBUIO IIOBHIIIeHHON TeMIepaTypsl (125 °C) npu

The main output electrophysical
parameter characterizing the
implementation of the eFuse
programming process was a
change in the initial resistance
of the jumper body by at least 2
orders of magnitude. The scatter
of the residual resistance values
of the three eFuse modifications
under study before and after the
programming process is shown in
Table 2.

The data obtained show that
eFuse of modification 1 has the
largest programming current out
of three modifications for which
a large programming transistor
will be needed in future, which

will subsequently affect the
area occupied by the memory
cell based on this eFuse variant.
Modification 1 is programmed
with the maximum permissible
supply voltage. After programming,
this eFuse modification has the
largest resistance spread out of all
presented, as well as the largest
change in residual resistance during
testing. The results of resistance
changes during eFuse operation are
presented below in Fig.3.

The programming voltage of the
second modification eFuse is the
same as the programming voltage
of the first modification, but the
eFuse of the second modification

HAHO MHOYCTPHA Tom 13 Ne 2 (95) 2020

has a lower programming current,
a smaller spread of resistances
after programming and a smaller
spread of residual resistance
during operation. The results of
resistance changes during eFuse
operation are presented below in
Fig.4.

Modification 3 provides for the
minimum programming current
from the studied modifications
but the voltage required for
programming does not fall within
the maximum permissible supply
voltage range for the 5521TP base
crystal.

Based on the obtained data,
we can conclude that the second
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Puc.3. luana3oH usmeHeHUss 0CMAMO4H020 CONPOMUBAEHUS
80 8pemeHU eFuse ¢ pasmepamu L/W = 0,5/0,18 mkm
Fig.3. The range of changes in residual resistance over time eFuse

with dimensionsL/W=0.5/0.18 u

9aCTOTe KOMMYTallMK HAIIPSIP)KEHH S ITMTAHH S OT 0,05

0o 60 I'.
Brok cxeMa, pa3paboTaHHas AJ1sl UCIIBITAHUS eFuse,

IIpe/iCTaB/IeHa Ha pUC.2.

HJist UCIIBITAHMSA Ha HAJEKHOCTh MHKPOCXEMY C
eFuse ycTaHaB/IMBa/IA B COOTBETCTBUM CO CX@MOM, IIPH-
BeJIeHHOI Ha pUC.2. MCIBITAaHUS IPOBOLUIKCH IPU
TeMIiepaTtype 125°C, Ipu HaIps>KeHUH ITUTAHUA 3,6 B

+5%.

Puc.4. Juana3zoH usmeHeHUs: 0CMAMO4H020 CONPOMUBAEHUS
80 8pemeHU eFuse ¢ pazmepamu L/W = 1,0/0,18 mKkm

Fig.4. The range of changes in residual resistance over time eFuse
with dimensions L/W=1.0/0.18 p

AJNITOpPUTM HCCaemoBaHUs eFuse mociepoBa-
TeJIPHO BKJIIOYAN B cebsl M3MepeHUe CONPOTHBIIE-
Hus eFuse J0 IPpOorpaMMUPOBAHUSA, IPOTPAMMU-
poBaHue eFuse, H3MepeHHe COIPOTHUBIIEHHUS I10CTIe
NporpaMMHUPOBAaHUS, NIPOBefeHHe HCIBITAHUU
B COCTaBe MHKPOCXeMbI B TedyeHue 3000 4 ¢ mmpo-
MEe>KYyTOUYHBIM KOHTPOJIEM OCTAaTOYHOI'O COIIPOTHB-
neHusd eFuse gyepes 48, 500, 1000, 1500, 2000, 2500,

3000 u.

The eFuse research algorithm

modification of eFuse is the best one
out of the presented modifications.

METHODS OF RESEARCH ON
RELIABILITY

Chips of the 5521TP series must
be resistant to special fac-
tors with characteristics 7.1,
7.C and 7.K in accordance with
GOST RV 20.39.414.2. One of the
main criteria for the quality of a
microcircuit is its reliability over
the entire service life. To confirm
the reliability of the developed
eFuse cell, a methodology was
developed for assessing the reli-
ability of this unit in accordance
with GCOST RV 20.39.414.2.

The eFuse reliability assessment
methodology was aimed at
studying the thermal stability
of eFuse resistance, including
stress, relaxation, and related
changes in residual resistance.
The microcircuit was exposed to
elevated temperature (125 °C) at a
switching frequency of the supply
voltage from 0.05 Hz to 60 Hz.

The block diagram developed for
the eFuse test is shown in Fig.2.

For reliability testing, the
chip with eFuse was installed in
accordance with the circuit shown
in Fig.2. The tests were carried
out at a temperature of 125°C ata
supply voltage of 3.6 V + 5%.

consistently included the
measurement of eFuse resistance
before programming, the eFuse
programming, the measurement
of resistance after programming,
and testing of the chip for 3,000
hours with an intermediate
monitoring of the eFuse residual
resistance through 48, 500, 1,000,
1,500, 2,000, 2,500 and 3,000
hours.

AN OUTPUT CRITERION THAT
ENSURES eFUSE RELIABILITY OVER
THE ENTIRE VLSI SERVICE LIFETIME
The main performance criteria
for a single eFuse are the residual

Vor.13 No. 2 (95) 2020 NANO INDUSTRY
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BbIXOLHOW KPUTEPWUIA, OBECMIEYUBAIOLLUM HALEX-
HOCTb eFUSE B TEMEHUE BCEFO CPOKA CJ/1YXbbl CBUC
OCHOBHBIMH KPUTEPHSIMHU paboTOCIIOCOOHOCTH elH-
HUYHOM eFuse SIBJISIIOTCS OCTATOUHOE COIIPOTHUBIIEHHE
U [UaIa30H U3MeHeHMUs OCTAaTOYHOTO COIIPOTHBIIe-
HUSsl. Mi3MeHeHHe 0CTaTOYHOTO COIIPOTHBIIEHHSI BO Bpe-
MeHHU II0f BO3[IeMCTBHEM BHEIIHUX GAKTOPOB MOXKET
[IOBJIMSITH Ha ITPABHJIBHYI0 Pab0TOCIIOCOOHOCTH MHUKPO-
cxeMBsl. [lJIsl IPOBEPKH OCTATOYHOTO CONIPOTHBIEHHUS
6BLTH TPOBEe/IeHbI UCIIBITAHU S, BEIOpaHbI eFuse c reomMe-
TpU4YecKUMHU pa3mepamu 0,5/0,18 MM u 1,0/0,18 MKM,
TaK Kak JaHHbIe eFuse IIporpaMMHUPYIOTCS C UCII0NIb30-
BaHHUEM IIPeJie/IbHO JOIIYCTHMOr0 HAIIPSSKeHU S [TUTA-
HUS. B paboTe nmprBeeHBl pe3yn1bTaThl KCCIEN0BaA-
HUSI U3MeHEeHHS OCTAaTOYHOIO COIIPOTHUBJIEHHUS pa3-
paboTanHbIX eFuse. BbIgBIeH qUANAa30H U3MEHEHUS
OCTATOYHOI'O COITPOTUBJIEHUS C TeYeHHeM BpeMeHH.
[lonyueHHBIe Pe3y/IbTaThI IIPeICTAaBIEHBI HA PUC.3, 4.

Ha puc.3 moka3aHa 3aBUCHMOCTb OCTATOYHOTO
COIIPOTHUBJIEHU S TPeX OLUHAKOBBIX eFuse Moguduka-
LIMH | OT BpeMeHH. JlaHHBIH PHUCYHOK OTPaskaeT gHa-
[1a30H M3MeHeHMUS 0CTAaTOYHOIO COIIPOTHUBIIEHHUS BO
BpeMeHH.

Juarna3oH H3MeHEeHHUS OCTATOYHOIO COIPO-
TUBJIeHHUs eFuse c reoMeTpUYeCKHMHU pa3Me-
pamu L/W = 0,5/0,18 MKkM cocTaBiseT oT 10 KOMm
nol1T'Om.

Ha puc.4 npencTaBiaeHa 3aBUCHMOCTD OCTATOY-
HOT'O COITPOTHUBJIEHU S TPeX OAUHAKOBEIX eFuse MogU-
duUKaL MK 2 OT BpeMeHU HCIBbITAaHUS. [JaHHBIH PUCY-
HOK II0Ka3bIBaeT JMaIlla30H U3MeHeHUs 0CTATOYHOI 0
COIIPOTHBIIEHU S BO BpEMEHHU.

Juamna3oH M3MeHeHHSI OCTATOYHOIO COIIPO-
TUBNeHHUS eFuse c reoMeTpUUYeCKHUMHU pa3me-
pamu L/W =1,0/0,18 MKkM cocTaBiaseT oT 10 MOm
1o 10 T'OmM.

OBCY)XAEHUE PE3Y/IbTATOB
M3 npuBeNeHHBIX B paboTe JaHHBIX MOKHO CIe-
JIaTh BBIBOJBL O TOM, UTO He BCe pa3paboTaHHBIe
reoMeTpuHu eFuse MOXHO HCIIONIb30BaTh B S4ell-
kax OIITI3Y. Cxema suenku OIITI3Y Ha oCHOBe pas-
paboraHHBIX eFuse mpencTaBiaeHa Ha puc.5. eFuse
C TeOMeTpHUYeCKHMMH pa3mepamu 0,5/0,18 MKM
uMeeT 60bIION Pa3bpoc 0CTATOUHOIO COIIPOTHB-
JIeHHUs II0CJe mporpaMmupoBaHus (oT 500 KOM
no 400 MOm), a TakXe 6onbImon pasbpoc ocTa-
TOYHOI'O COIIPOTHBJIEHHS BO BPeMs HCIBITAHUS
(oT 10 kxOM mo 100 MOM). [laHHAS MOTUPUKALK
eFuse Hy>X[aeTcs B cxeMe JOOIpeseeHus, KOTO-
pasi MOKeT OTC/IeAHUTh H3MeHeHHe COIIPOTHUBJICHU S
B Auamna3oHe oT 10 KOM g0 10 MOM.
PaspaboranHas momsudukanus efFuse c reo-
MeTPHUYeCKHMH pa3Mepamu 1,0/0,18 MM oba-
naeT CTabHJIBHO OOJBIIUM OCTATOYHBIM COIIPO-
THUBJeHHUEeM IIOC/Je NpPpOrpaMMUpPOBAHUSA
(ot 300 mo 500 MOM). OcTaTouHOe COIIPOTUBJIEHHE
BO BpeMs HCIBITAHUS U3MeHsdeTCsd B JHalla3oHe
oT 45 MOM 1o 8 TOM, 4TO 103BOJISIeT 0CNabUTh Tpe-
6oBaHMS K CXeMe JJoONpe/ie/IeHU . Sluerika MaMsATH
Ha OCHOBe JaHHOM eFuse nMeeT 60JIBIIYIO IIJIOMALb
U HyXJaeTcs B 60JbIIeM TPaH3UCTOPe [JIS IIPO-
rpaMMHUPOBAHUS, CXeMa STUeNKH MaMSITH Ipej-
CTaBjIeHa Ha pUC.2.

resistance and the range of vari-
ation of the residual resistance.
Changing the residual resistance
over time under the influence of
external factors can affect the
correct performance of the chip.
To check the residual resistance,
tests were carried out, eFuses
with geometrical sizes of 0.5 /
0.18 pm and 1.0 / 0.18 pm were
selected, since the eFuse data is
programmed using the maxi-
mum allowable supply voltage.
The paper presents the results
of a study of changes in residual
resistance developed by eFuse.
The range of changes in resid-
ual resistance over time has been

identified. The results are pre-
sented in Figs.3, 4.

Fig.3 shows the time dependence
of the residual resistance of
three identical eFuse of the first
modification. This figure shows
the range of changes in residual
resistance over time.

The range of the residual
resistance variation in eFuse with
geometric dimensions L/ W = 0.5/
0.18 pm is from 10 kQ to 1 CQ.

Fig.4 shows the dependence of
the residual resistance of three
identical eFuse of the second
modification on the test time. This
figure shows the range of change
in residual resistance over time.
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The range of variation of the
residual resistance eFuse with
geometric dimensions L/ W =1.0/
0.18 pm is from 10 MQ to 10 CQ.

DISCUSSION

From the data presented in the
work we can conclude that not all
developed eFuse geometries can be
used in the cells of the RAM. The
cell layout of the RAM based on
the developed eFuse is presented
in Fig.5. eFuse with geometric
dimensions of 0.5/ 0.18 pm has a
large spread of residual resistance
after programming (from 500 kQ to
400 MQ), as well as a large spread of
residual resistance during the test
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MogudpuKaLuusg C TeOMETPUYECKHMMH pasme-
pamu 1,7/0,18 MKM He MOAXOAUT A AaJbHeH-
IIero UCII07b30BaHMUS B Pa3pabaThlBaeMBbIX STUeHKaX
[IaMSTH, TaK KaK HaIlpssKeHHe IIPOorpaMMHUPOBaHU A
IIpeBHIIIAeT IIpeJeIbHOe HAIIPsIKeHHe [ pa3pabo-
TaHHOI'0 KpUCTalIa cepuu 5521TP.

CxeMa BKJIIOYEHHM S 11 IPOrpaMMUPOBaHU A eFuse
B coctaBe OIIII3Y mpexacTaBieHa Ha puc.5.

BblBO/1bl

B manHom paboTe O6BIIM IpefCTaBIEHBl TPU MOJH-
dukanuu paspaboTaHHBIX HAa OCHOBe 6a30BBIX C/I0EB
TexHosoruu HCMOS8D mepeMbiuek eFuse, omu-
CaH pe>XHUM IIPOrPaMMMPOBAHHUS U BbIOpaH KpHUTe-
PHI OLIeHKH HaJeXXHOCTH. M3 Bcex Ipe/CTaBJIeH-
HBIX eFuse KpUTepHeM HaJIe>XHOCTH yOOBIeTBOpseT
TOJIBKO MopuduKaiius 2. OHa uMeeT CTabuIbHO 60/
mroe (Beimre 1 MOM) ocTaToOUHOe COIIPOTHUBJIEHHE II0CJIe
[IPOrpaMMHMPOBAHHMs, a TAKKe BO BpeMs IIPOBefeHH
HWCIbITaHUsA. IIpoBefeHHbIe UCIIBITAHUS IIOATBEPIK-
JAI0T Ha/Ie>KHOCTb Pa3paboTaHHOM KOHCTPYKIIMH B Teue-
HHe BCero Cpoka CIy>k65I MHKPOCXeMBI 3asBJI€HHOTO
B TY AEHB.431260.412. Pa3paboTtaHHas MogUUKAIHS
eFuse B manbHeHIIeM MOKET IPUMEHSThCS B COCTaBe
6/10Ka OJHOKPATHO IIPOrPaMMHUPYeMOro IIOCTOSSHHO
3aIIOMMHAIOIIEro YCTPOHCTBA B cocTaBe BK cepru 5521TP.
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programming, the memory cell
diagram is shown in Fig.2.
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Fig.5. Scheme of the RAM cell based on the developed eFuse
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described the programming mode
and selected a criterion for evalu-

definition circuit that can track
resistance changes in the range of
10 kQ to 10 MQ.

The developed eFuse modifica-
tion with geometric dimensions
0f 1.0 / 0.18 pm has a stable large
residual resistance after program-
ming (from 300 MQ to 500 MQ).
The residual resistance during the
test varies in the range from 45
MQ to 8 GQ, which makes it pos-
sible to weaken the requirements
for the additional determination
circuit. The memory cell based
on this eFuse has a large area
and needs a larger transistor for

The modification with geometric
dimensions of 1.7 / 0.18 microns is
not suitable for further use in the
developed memory cells since the
programming voltage exceeds the
maximum voltage for the developed
5521TP series crystal.

The wiring diagram for eFuse
programming as part of the
EEPROM is shown in Fig.5.

CONCLUSIONS

In this paper we presented three
modifications of the eFuse jumpers
developed on the basis of the base
layers of the HCMOS8D technology,

ating reliability. Of all those pre-
sented eFuses only the second mod-
ification satisfies the reliability cri-
terion. This modification has a sta-
ble large (above 1 MQ) residual resis-
tance after programming as well as
during the test. The carried out tests
confirm the reliability of the devel-
oped design during the entire ser-
vice life of the microcircuit declared
in TU AENV.431260.412. The devel-
oped eFuse modification can later
be used as a part of the unit of a
one-time programmable read-only
memory device as a part of the
base crystal of the 5521TP series.H
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PaccmoTpeHbl TexHoorMyeckmMe noaxoabl, o6ecrneymBatlolime yayyweHme agresum MeTaaansauum,
YMeHbLIeHUe CTPYKTYPHbIX Hamnps)XeHU B MJeHKe B Mpouecce OCAXKAEHUS U CHUXKEHUs
aneKTpoMurpaumm npu ¢GoOpMMUPOBAHUM KOHTAKTHO-META/UIU3ALMOHHBIX CUCTEM MPU CO34aHUU

3/1IeMeHTOB MHTeraﬂbHOﬁ /IeKTPOHUKMW.

Considered are the technological approaches that provide improved metallization adhesion, reduced
structural stresses in the film during deposition and reduced electrical migration at the formation of
contact-metallization systems when producing integrated electronics elements.

OPMHUpOBaHHE KOHTAKTHO-MeTaJIIM3AIHOH-

HBIX CHCTeM IIPU CO3[LaHUU IIeMEHTOB HHTe-

IPajbHOM IEKTPOHUKU SBISETCS CIOKHOHN
TeXHOJIOTHYEeCKOH 3asauel, obycI0BIeHHOHN TeM,
4TO penbed IOBEPXHOCTH obpa3yeTcs CTyIeHSIMU
Ha IPpaHHIlaX KOHTAKTHBIX OKOH, a TaKke 3HAYHU-
TeJBHBIM BO3PaCTaHHUEM CJIOKHOCTHU IPOPUIS
B MHOIOYPOBHEBBIX MeXCOeqHMHEeHU X U3-3a YBeIU-
YeHM S YUCIa KOHTAKTHBIX OKOH.

®OPMUPOBAHUE KOHTAKTHO-

METAJ/IN3ALLUOHHDBIX CUCTEM

IIpy GOpPMHUPOBAHHU MHOIOYPOBHEBBIX MeX-
CoeIlMHEHUN MMeEIOTCs CTYIleHH Ha Ilepeceye-
HHUSX JOPOKeK MeTa/JIM3alluu Pa3JIHYHBIX YPOB-
Hell [1]. [Tpoduab cTyneHH, o6pa30BaHHOMN HUXK-
HHUM ypOBHeM MeXXCOeJHHEeHUM, ompeJenseTcs
npoduneM TpaBjleHHUs HUKHEIO C/10sl MeTajlaHu3a-
LIMH U CTeIleHbI0 BOCIIPOU3BeJeHHUS ero MesKC/I0H-
HBIM JH37eKTPUKOM. B 06/1acTu BepxHel IJIeHKH
MeTa/JIZIM3allUK TOJNIIKMHA MeXC/IONHOIO AH3JeK-
TPUKa MUHKMaJbHa, a BHYTPeHHHe HAIIPSKeHU S

MaKCHMaJIbHBI, H3-33 Yero IPOUCXOAUT pacTpe-
CKHMBaHUe JUIIeKTPHUKA, KOTOPOe MOXKeT BBI3BATh
3aKOPOTOK yPOBHEN MeTa/JIM3alluy UIH OOPHIBOB
MeTa/UIM3allUH BepXHEro ypoBHS. [[pHUHHOMN pas-

PBIBOB MOKeT 6BITh 3¢ deKT "caMo3aTeHeHHUs MPHU

$OpMHPOBAHUH IJIEHKH, BOSHUKAIOIMHUN H3-3a pas-

JTUYHS CKOPOCTH ee POCTa Ha INIAAKUX U IIepOoX0Ba-

TBIX IIOBEPXHOCTSAX [2]. PABHOMEPHOCTH I10 TOJIIHHE

Me>KC/IOMHOI0 HU3JIeKTPUKA U OTCYTCTBHE 3aKOPO-

TOK 1 OOPBIBOB Ha CTYIIEHSIX MOXKHO JOOGUTBCS CIIa-

SKUBAHHEM CTYIIeHYaTOTo pejbeda MOBEPXHOCTHU

MO JIOKKH.

O6pBIBEL MeTa/UIM3AL MU Ha CTYIeHIX U 3¢ deKT
"caMo3aTeHeHUSs" YyCTPAHSIOT, UCIIOb3Ys PA3IHUY-
Hble TeXHOJIOTUYeCKHe IIpUeMbl, IPU HaHeCeHUH
MeTaJlTU3aLHuH:

* IOBHIIIEHHEe TeMIIepPATyPhl OJIOKKH U CKOPOCTH
HaHeCeHHs IJIEHKH [/151 YBeJTUUeHH s I10JBUKHO-
CTH a/IcCOP6MPOBAaHHBIX ATOMOB ILJIEHKH;

e IIpUMEeHeHHe Pa3JHYHBIX IPUCIIOCObIeHUN AN
HaHeCeHHs MeTajlJla IOJ YIJIOM K IOBEPXHO-
CTH MOAJOXKHU, 06eCredyHBAOIUX [IONyUYeHHe

®rbOY BO "CeBepo-KaBKasCKMin rOpHO-METaNYPruiecknii MHCTUTYT (rocyfapCTBEHHbIN TeXHONOrMYeckmin yunepcuTeT)" / North Caucasian Institute

of Mining and Metallurgy (State Technological University), NCIMM (STU).
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K03 dHUIIMEeHTa 3aMI0THeHU I CTIOKHBIX IIpoduIeH,
6/IM3KOr0 K e JUHHUILIE U IP.
MeskKIIOBepXHOCTHBIE CBSI3M B 00/1aCTH KOH-
TaKTa 'IJIEHKA — MOJJIOKKA" MMeIOT CyIleCTBeH-
HOe 3HaueHHe, TaK KaK IIePOXOBATOCTh [IOBEPXHO-
CTH IIOJJIOKKHU CO3/IaeT CHJIBHYIO MeXIIOBEPXHOCT-
HYI0 MaKPOCKOIIMYEeCKYIO CBSI3b Jake IIPU clabom
Me>XKaTOMHOM CBsI3U. Tak IpU HAaNBIJIEHUHU B BaKy-
yMe IIepOXOBATOCTh [IOBEPXHOCTH IO/ IOKKH MOKeT
IIPUBECTH K IMOSBIEHUIO PA3JHUYHBIX CTPYKTYp-
HbBIX TedeKTOB THIIA IIYCTOT U BaKAHCHM, KOTOPbIe
U SIBJISIIOTCS IPUYKUHOM yXYAIIeHUS afre3unu [3].
Hu3Kasg anresus MeTa/UIM3ALMH MOXKET OBITh
obycioBIeHa HeCOrJAaCOBAHHOCTHIO CBOMCTB

KOHTAKTHUPYIOUIUX MaTePHAJI0OB, HEIIPABUIbBHBIM
BBIOOPOM METOJOB HUJIU TE€XHOJOTHYECKHUX PesKH-
MOB I0JIy4YeHH s IIJIEHOK, HeKauyeCTBeHHBIM IIpoBe-
JeHHeM ITpoliecca MeTaI/IM3all U1 HU/IH II0ATOTOBKH
IIOBEPXHOCTHU IOAJIOXKKH, YTO IIPUBOLUT K 06pa-
30BaHHIO bapbepHBIX CJIOeB HA IPaHHIle pa3fena
U OTPAaHUYEHHOMY B3aMMOJEHCTBUIO KOHTAKTH-
PYIOLIMX MaTepHaoB, KOTOPble MOKHO YCTPAaHHUTh
IIPU Me>KOIlePallMOHHOM KOHTpOJIe.

YXyAlleHHe afire3uy MeTa/UIM3alluU IIPU Tep-
MoobpaboTKax MoxkeT OBITH 00YyCJIIOBIEHO Hei-
CTBUEM BBICOKHX BHYTPEHHHX HAINPSIKeHUH
B MeTaJ/UIMYeCKHUX MJIeHKax, Tak KakK IIPU 3TOM
B IIJIEHKAaX BO3HHMKAIOT HAINPSIKeHUS CKaATHUS,

ormation of contact-metalliza-

tion systems when fabricating

integrated electronic elements
presents a complicated process
task as the surface relief is formed
by steps in the boundaries of con-
tact windows and by a significant
growth of profile non-uniformity in
the multilevel interconnections due
to the increasing number of contact
windows.

FORMATION OF THE CONTACT-
METALLIZATION SYSTEMS

In forming multilevel interconnec-
tions [1] there are steps situated at
the metallization track intersec-
tions of different levels. The step pro-
file formed by a bottom level of inter-
connections depends on the etching
profile of lower metallization level
and on how the interlayer dielectric
repeats the steps shape. Thickness of
the interlayer dielectric is the low-
est in the top area of a metalized
film but the inner stresses here are
the highest - it leads to cracking of
the dielectric and electrical short-
ing of the metalized levels or inter-
ruption of the top-level metalized
films. These cracks can be caused by
the "self-shadowing" effect occur-
ring when the film is being formed
because of the differences in its
grow rates on smooth and rough
surfaces [2]. The uniformity in the

interlayer dielectric thickness and

the absence of shorts and interrup-

tions on steps may be obtained by
smoothing of the substrate surface
staircase relief.

Interruptions of the metalliza-
tion on steps and the "self-shadow-
ing" effect should be eliminated by
using different technological meth-
ods in the metallization process:

« increasing of the substrate sur-
face temperature and higher
film application rate in order
to enhance the adsorbed atoms
mobility in a film;

« use of various accessories to apply
metal at an angle to the substrate
surface thereby providing for a fill
coefficient of the complicated pro-
files that is close to unity, etc.
Interfacial connections in the

"film-substrate” contact area are

essential because the substrate

surface roughness produces a

strong interfacial macroscopic con-

nection even at weak interatomic
binding. Roughness of the sub-
strate surface at vacuum deposi-
tion can lead to emergence of vari-
ous structural defects like hollows
and vacancies that cause adhesion

weakness [3].

Low level of metallization adhe-
sion can be explained by a non-con-
formity of the contacting material
properties or improper choice of the

methods or processes during prep-
aration of films, or poor metalliza-
tion process regimes and insuffi-
cient quality of the substrate sur-
face which leads to the formation of
barrier layers at the boundaries and
limited interaction of the contact
materials which can be eliminated
at the interoperational inspection
stage.

Deterioration of the metalliza-
tion adhesion at thermal treatment
may be caused by high internal
stresses in metal films due to the
arising compressing stresses caused
by increasing of grain sizes. Thus,
the total mechanical stresses may
be increased or decreased depend-
ing on the sign of the intrinsic
stresses in the films. When the crit-
ical value which is dependent on the
boundary phase contact properties
is exceeded, detachment of the film
from a substrate can be observed.
High inner stresses result in the
detachment of the metal films and
disruptions of the film in the areas
with the maximal stress values.
Diagnostics of these types of fail-
ures is usually complicated because
of the long destruction period and
the increasing static fatigue of the
materials. Semiconductor sub-
strates are fragile and commonly
destruct by detachment without
being preliminary deformed.
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BbI3BaHHBIE yBeJIHUYeHHEM pa3Mepa HX 3epHa.
TakuMm 06pa3omM, B 3aBUCHUMOCTH OT 3HaKa cob-
CTBEHHBIX BHYTPEeHHUX HAIPSI>KeHUH B IJeHKe
IPOMCXOAUT yBeJHUYeHHe UIH YMeHbIIeHHe CYyM-
MapHBIX MeXaHHYeCKUX HallpskeHUM. [Ipu npe-
BBIIIEHUH KPUTHYECKOM BeJIMUUHBI, OIlpeseisie-
MOM CBOMCTBAaMH IPaHHUIBI Pa3fena KOHTAKTH-
pyromux ¢as, HabnogaeTCs 0OTCIaMBaHUe [IJIEHKH
OT IOJJIOKKH.

BricOKHe BHYTPeHHHEe HAIPSIKeHUS IIPUBOASAT
K OTCIAUBAHHUIO MeTaJl/IM3alM1 U1K pa3pblBaM ee
B 06/1aCTSX C MAaKCHMabHBIMU 3HAaYeHUSIMHU BHY-
TPeHHMX HalpsykeHUH. TSKeCTh 3TOro BU/a OTKa-
30B 3aK/0YaeTcs B TOM, UTO IPOI[ecC pa3pylue-
HUS CUJIBHO PaCTSHYT BO BpeMeHHU U BBI3BaH BO3-
pacTaHHeM CTAaTHU4YeCKOH YCTaJ0CTH MaTepHaJoB.
Hcrmonp3yeMble B KaueCTBe IOJIJIOKEK IOy POBO-
OHHUKOBBIE MaTepHaJIbl XPYIKUe, I HUX XapakK-
TePHO pa3pylleHHe OTPbIBOM 6e3 IIpe/IBapHUTeIbHOM
nebopMariuu.

MexaHH4YecKHe HANPsSXKeHUS, BO3ZHHUKAIO-
mue BCAeACTBHE pPa3IHUYUs CBOHCTB MaTepHa-
JIOB IJIEHKHU, FPAHULIBI pa3fena "MaeHKa — IOA-
NMoXKKa" M CAaMOM IOAJIOXKH MOTYT OBITH 3HAUHU-
TeJIbHO YMeHbIIEHbI IIPH ONpefeIeHHOMN TONIHHe
IJIeHKX. IIpy 3TOM Ha rpaHHIle pa3jena J0IKHBI
OTCYTCTBOBAaTh MHUKPOIIOPHl U ApyTHe AedeKThl,
KOTOpBIe MOT'YT CTaTh KOHI[€HTPAaTOPaMHU BHYTpPeH-
HUX HaIlpsKeHUH. BelTMurHa BHYTPeHHUX HaIIpsi-
JKeHUH B TOHKHX MeTa/I/IMYeCKHUX IIJIeHKaX 3aBU-
CHUT OT TeXHOJIOTHYeCKHUX [TapaMeTPOB IIpoIjecca UX
OCaXKJeHH S U IoCaelyIomux 06paboToxk.

CTPYKTYypHBbIe HAIIPSIKeHUS B IIJIeHKe QU3JIeK-
TPHUKa BO3HHUKAIOT B IIpoLiecce OCaKAeHUs IIJIEHKHU
Y OIpeJle/ISIIOTCS YCIOBUSIMH ero IpoBe/leHus (TeM-
nepaTtypa IOJ/I0KKH, CKOPOCTh OCaKJeHHUS U T.[I.).
J71s1 yMeHbIIeHHU I CTPYKTYPHBIX HAIIPSIKeHU I ITPO-
BOJSIT TepMo0o6paboTKy, uTo obecrieurBaeT CHUXKe-
HHe IJIOTHOCTU TOYEUHBIX AedeKTOB U yBeauue-
HUe IJIOTHOCTH IIJIEHOK. [leCTBHe 3TOro 3gppexra
YyCHIMBAeTCs 110 Mepe yBelHYeHHUs TeMIepaTypsl
06paboTKHU /10 onpesieIeHHOIO IIpefiesia B 3aBUCH-
MOCTH OT IIPUPOABI MaTepHaJsia AUIeKTPUUECKON
IJIeHKH.

MexaHHU3M BOSHUKHOBEHU S CTPYKTYPHBIX HAIIPS-
SKeHUH B AUITeKTPUUECKUX IIJIEHKAX OIlpeflelsieTcst
nercTBrieM GaKTOpPOB:

* 30deKTOM I1I0BEpPXHOCTHOIO HATSIKEHHU S B IIIEHKAX;
* IIPUPOMOM KPUCTAIHYECKUX NedeKTOB;
* PaBHOMEPHOCTBIO KPUCTAIIUYECKOHN CTPYKTYPHI

I10 TONIMHe IIJIEHKU U Jp.

Ins KadecTBa GOPMHUPOBAHUS KOHTAKTHO-
MeTa/IM3allMOHHBIX CHCTeM HeMaJIOBa>kKHO siBje-
HHe 3JIeKTPOMUTPALIUU. SIBlleHHe 3JIeKTPOMHUTIpa-
LUK, CBSI3aHHOE C IepeHOCOM MacChl MaTepHala
Me>KCOeMHeHUH 10, feMCTBUeM BHEIIHEro 3JIeK-
TPHUYECKOTO I10J151 K BBI3BAHHOI'0 3THUM II0/IeM TOKa,
HUrpaeT CyIMeCTBeHHYI POJib B MHOTOYPOBHEBBIX
CUCTeMax Me>XcoeqUuHeHUH [4].

JlJ1sl TIOBBIIIEHUSI COIIPOTUBJIEHHUS 3/IeKTPOMHU-
TPallMK UCII0JIB3YIOT METO/[] JIETHPOBAHUS MeTajl-
JIOB Pa3IUYHBIMHU NpUMecsiMU (bepUIIUN, Mefb,
MaTHUH), SBASOMUMUCST 3peKTUBHHIMHU bapbe-
paMHU MaccolepeHOCa MaTepuana. ITH NPHUMeCH

Mechanical stresses arising due
to different film properties, and
"film-substrate" boundaries and the
substrate itself may be significantly
reduced at a certain film thickness.
In addition, micropores and other
defects on the boundaries which
may concentrate inner stresses must
be absent. The inner stress value
in the thin metal films depends
on technological parameters of its
deposition and followed treatments.

The structural stresses in a dielec-
tric film arise at film deposition and
are dependent on the conditions
of fabrication (substrate tempera-
ture, deposition rate, etc.). Thermal
treatment is necessary to decrease

structural stresses for increasing
film density and decrease of the
point defects density. This effect
becomes more pronounced as the
treatment temperatures grows up
to the definite point depending on
the nature of the dielectric film
material.

Structural stresses arise in the
dielectric films due to the follow-
ing factors:

« surface-tension in the films;

« nature of crystalline defects;

« uniformity of the crystalline
structure across the film thick-
ness and others.

The important role to ensure good
quality of contact-metallization

HAHO MHOYCTPHA Tom 13 Ne 2 (95) 2020

systems is played by electrical
migration. The electrical migra-
tion phenomena connected with
a transfer of the mass of the inter-
connection materials under the
influence of the external electrical
field has an important role in the
multilayer interconnections sys-
tems together with a current which
is produced by this field [4].

In order to raise the electrical
migration resistance, metals are
doped with different impurities
(beryllium, copper, magnesium)
which present effective barriers
for mass transfer. These impuri-
ties have a relatively high bound
energy of the vacancies. Use of
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HUMeIOT OTHOCHUTe/IbHO BBICOKYIO SHEPrHUI0 CBS3U
BaKaHCHUH.

JpyruM MeTOLOM CHHUIKeHHS SIBJIEHUS 3JIeK-
TPOMUTIPALIMU SABJISLETCS MUCIIOJb30BAHMUE 3aIMUT-
HBIX JU3MeKTPHUUYECKUX MOKPBITUK, UTPAIOLHUX
ponbp MexaHHUUYecKoro bapeepa. IIpu 3TOM poCT
TOJIIMHBL JH3IeKTPHUYECKOIO IOKPHITHUS YBeIH-
YHBaeT BePOSTHOCTh 06pa30BaHUS MEIKUX XOJI-
MHKOB Ha BCeH NOBEPXHOCTH MeTalJIH3allUH,
a He OTHe/IbHBIX BBICOKMX IIHUKOB. MCII0/Ib30BaHUE
IIEHKHU OKcHza anioMuHus Al,Og, monydeHHOMN
AHOLUPOBAaHHEM IIOBePXHOCTHU aJIIOMHUHUHEBOIO
NpOBOJHHKKA, obecrneuynBaeT HafeXHYIO 3aIIUTY
OT 3JIeKTPOMUIPALIMU U ylydlllaeT OJHOPOLHOCTD
CJ104 JU3JIeKTPUKA.

Jnsi CHU>KeHU S 37IeKTPOMUTPALIUM HMCIIONIb3YIOT
TYroIJIaBKHe MeTaJlIbl: MonubaeH, BoibdpaM,
XpoOM, TUTAH U Ip., KOTOpble, IOMKMO BBICOKOH
TeMIIepaTyphl [IJIaBJIeHHS B [IepeKpUCTA/IIM3aLl U1
[I0 CPaBHEHHIO C AJIIOMUHUEM U ApPyrumu bonee
JIETKOIIJIABKM MU CHCTeMaMU, UMeIOT MeHblllee 3Ha-
yeHHUe KodpdunmenTa guddys3un u bonee BICOKOE
3HaYeHHe dHePruM aKTHBALMU cCaMogudPys3uu,
YTO CBHU/IETENBCTBYET 06 OTCYTCTBUU IIOJBEPKEH-
HOCTH 3JIeKTPOMUT PALIUH.

BbIBOAbI

JleficTBHe BBICOKHMX BHYTPEHHHUX HAIPSKeHUU
B MeTa//IMYeCKHUX IJIeHKaX 3aBHUCUT OT TeXHO-
JIOTUYeCKHUX IIapaMeTpoB IIpoliecca UX OcCaskie-
HUS U IocaeyoImux 06paboTok 1 obyciaBaiuBaeT
yXyALIeHHe afre3uu npu TepmoobpaboTke, 4TO

NPUBOAUT K OTCJIAUBAHUIO MeTa/IM3allUK UJIH ee
paspeiBaM. [l yly4dlleHUs afre3ny MeTasJIu3a-
MU obecrevyrBalOT COIJIACOBAHHOCTh CBOMCTB KOH-
TAaKTUPYONUX MaTepHaloB, IPABUIBHO BHOU-
PaIOT TeXHOJIOIMYeCKHUM PeKUM MOoAydeHHU S e~
HOK U MOATOTOBKH IIOBEPXHOCTHU IOJJIOXKH.
YMeHblIeHHe CTPYKTYPHBIX HAIIPSOKeHUH B IIIeHKe
OM3/IeKTPUKA B IIpoLiecce 0CaXKAeHU s JOCTUIAeTCs
TepMoo6paboTKkoi, 4To obecrmedynBaeT CHHUXKe-
HHe TOYeYHBIX AeDeKTOB U yBeJHUYeHHe MIOTHO-
CTH IIJIEHKH. JJJIs CHUKeHH S 3/IeKTPOMUTpallu U
KICIIO/IB3YIOT TYTOIIJIABKKe MeTaJI/Ibl.
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the protective dielectric coatings
as a mechanical barrier is another
method to decrease electrical
migration.

At that, a greater thickness of
the dielectric coating increases a
probability of little hills formation
across the entire surface to be met-
alized, not of the individual high
peaks only. Usually, uniformity of
the dielectric layer is improved by
the use of an aluminum oxide film
Al,O;obtained by anodizing of the
aluminum conductor surface and
ensures reliable protection against
electrical migration. To reduce
electrical migration, high-melt-
ing metals are used: molybdenum,

tungsten, chromium, titanium,
and others, which, in addition to
a high melting point in recrystal-
lization as compared to aluminum
and other more fusible systems,
have a lower diffusion coetficient
and a higher value of the self-diffu-
sion activation energy, which indi-
cates lack of exposure to electrical
migration.

CONCLUSIONS

The action of high internal
stresses in metal films depends
on the technological parameters
of the process of their deposition
and subsequent processing and
causes deterioration of adhesion

during thermal treatment, which
leads to detachment of metalli-
zation or its rupture. To improve
adhesion of metallization, con-
sistency of the contacting mate-
rials properties is to be ensured,
the technological mode of pro-
ducing films and preparation of
the surface of the substrate are to
be correctly selected. Reduction
of the structural stresses in the
dielectric film during the deposi-
tion process is achieved by ther-
mal treatment, which reduces
point defects and increases the
film density. High-melting met-
als are used to reduce electrical
migration. [ |
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B pa6oTe npeacraBneHa MHpopmauusa o 6aktepumn Brevibacillus laterosporus, cnoco6HOM 06pa3oBbIBATb
6enkoBble KpUCTa/l/ibl, TOKCMYHbIe [AJI HEKOTOPbIX HACeKOMbIX, YTO MO3BOJSIET paccMaTpuBaTb
OaHHble KpUCTas/ibl 6@30MacHbIM U 3KOJIOFMYHbIM CPeaCcTBOM Asisl 60pb6bl € MOCKUTaMU. UccnepgoBaHa
TOHKas CTPYKTypa 6e/KOBbIX KPUCTA/IZIOB, NPUBEAEHbI 3KCNEpPUMEHTasIbHbie AAHHble O MOJYYeHHbIX
M306pakeHUsIX MeTOA,0M 3/1IeKTPOHHON MUKPOCKOMUM.

The article provides information about bacterium Brevibacillus laterosporus capable to form
protein crystals, toxic to some insects, which allows us to consider these crystals as safe and
environmentally friendly product in the fight against mosquitoes. A fine structure of protein
crystals was studied and experimental data of the electron microscopy images were obtained.

BBEAEHWUE y HaCeKOMBIX IIPHU 3apaskeHUH Bt BHOCUT besko-
B HacTosIIee BpeMs B CBSI3HM C PACIIPOCTPAHEHHO-  BBIH KPUCTAIMYeCKUN §-3HAOTOKCHUH, CUHTe3H-
CThi0 3a60€BaHHUM, MepeJaONUXCs C IIOMOIIBI0  PYIOIIHHICS B IIpoliecce criopyasinuu [1]. BenkoBele
IBYKPBLIBIX HACEKOMBIX, 0c060e BHUMaHHUe yhensi-  KPHUCTAJIBl 3HAOTOKCHHA 00pa3yoTCs OLHOBpe-
eTcs 6HoNoru4ecKUM MeTomaM 60peObI C UCIIONB-  MEHHO CO CIIOPAMHM I10 OJTHOMY, peke II0 1Ba B Ka’K-
30BaHHEM HTOMOIIATOTeHHBIX 6aKTepHUll, I1aB-  O0H 6aKkTepHaabHOM KjeTKe. OHHU TOKCHUUYHBI IS

HBIM o6pasom, Bac. thuringiensis (Bt). OCHOBHOM  HaCeKOMBIX OTPSIJOB YellyeKPbIIbIX, ABYKPBIIBIX
BKJaJ B pa3BUTHe MHQPEKIMOHHOIO Mpollecca M >KeCTKOKPBIIBIX.
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Puc.1. a, b - cpe3bl Kpucmannos wmamma Bl 16-92. lpocee4usarolias 3AeKmpoHHAs MUKpockonusl
Fig.1. a, b - sections of Bl 16-92 strain crystals. Transmission electron microscopy

Cr1oco6HOCTh K KPUCTAII000pa30BaHHUIO Y 6aKkTepuil
Brevibacillus laterosporus (Bl) mo HeaBHero BpeMeHH He 6bl1a
yCTaHOBJIeHA. bBaliy/IIb Bl, B oTiMuue oT Bt, OTHOCATCSA
K MaJIOM3y4YeHHBIM SHTOMOIIATOTeHHBIM OaKTepHSIM.
HX 0c06eHHOCTD B HAIMYMH KaHOIBU/JHOIO BRIIIOYEHUS,
[IPUKPEILIEHHOTO K CIIOpe.

PaHee HaMU OBUIU I1OJYYeHBI U OXapaKTePHU30BaAHBI
mTaMMBI Bl, criocobHble 06pa30BBIBATh IIapacIIOpaibHble
KPHUCTa/LIBL [2]. Y Hcce[oBaHHBIX ITaMMOB Bl yranocs
0OHAPY>KUTh KPUCTAIIMYECKHe BKIIOUEHH S, Pa3Iuda-
IolTrecs o Gbopme U pasmepam, rofobHbIe TeM, YTO OITH-
CaHBI IJIsI SHTOMOIIATOreHHbIX 6akTepuil Bt u B. sphaeri-
cus [3]. Kpuctannsl Bl 061a5at0T MOCKUTOLLHJHBIMH
CBOMCTBAMH (TOKCUYHBI [/IS1 IByKPBLIBIX), YTO BaSKHO
B CBSI3U C BO3MOKHOCTBIO UX ITPAKTHUECKOT0 UCIIOIb30-
BAaHHUS B CIyYae Pa3BUTHUS YCTOMYUBOCTH Y THYHUHOK
KOMapoOB K UMEIIIUMCS HHCeKTUIIUIHBIM IIperapa-
TaM Ha ocHoBe Bt [4]. KpucTasuisl Bl Masio uccie1oBaHbl.
KX coxpaHeHHe B OKPYsKaIOlLeH Cpefie U IIPOsIBIeHHe

TOKCHYHOCTH B OpPTaHH3Me X03sIMHA 3aBUCAT 0T QU3KKO-
XUMHYeCKUX CBOHCTB, 00yC/IOB/IEHHBIX HX CTPYKTYPHOM
OpraHHU3aIen.

Pa3IMYHBIMU MHUKPOCKOIMYECKHUMHU MeTOAaMHU
paHee U3y4aIHCh CIIOPbI U KPUCTAJUIBI HATUBHBIX KJIETOK
B. laterosporus. C IIOMOIIbI0 ATOMHO-CHJ/IOBOH MUKPOCKO-
IIUU [OJTy4eHO TPexMepHoe n30bpaskeHue criop [6]. Bun
HaTUBHOI'0 KaHO3 [IaeT BO3MOSKHOCTb OLIEHUTBD €0 II03U-
LIMIO [10 OTHOIIEHHO0 COOCTBEHHO K criope. OLHAKO KpH-
CTasIbI ObLIM HeOCTATOUHO OXapaKTepH30BaHHBIMH.
B HacTos e paboTe Ioy4eHbl AaHHbIE 00 YIBTPacTPyK-
TYPHOM OpraHM3aLIM K KPHUCTAJLIOB B. laterosporus.

MATEPWUA/IbI U METO/1bl UCC/IEJOBAHUA

IlITamMBbI Bl 6bL1H IOy 9YeHbl U3 1a60PaTOPHOM KOJJIeK-
nuu BHUU TeHetuka (Bl16-92) 1 KOJIeKIIUU HHcTUTyTa
[Mactepa (Ilapuk) oT A-pa Lecadet (Lat 006). LITaMMBI
BBIPAllMBa/IH Ha arapu3oBaHHOU cpezie NBY B Teue-
Hue 72 4 ripu 30 °C.

INTRODUCTION

Currently, due to prevalence of
the diseases transmitted by dip-
terans, special attention is paid
to biological methods of combat-
ing the use of entomopathogenic
bacteria, mainly Bac. thuringiensis
(Bt). The main contribution to the
development of the infection pro-
cess in insects during Bt infection
is made by crystalline protein
8-endotoxin, synthesized during
sporulation [1]. Protein crystals of

endotoxin are formed simultane-
ously with spores by one or two in
each bacterial cell. They are toxic
to insects of Lepidoptera, Diptera
and Coleoptera orders.

The ability to produce protein
crystals in bacteria Brevibacillus lat-
erosporus (Bl) has not been established
until recently. Bacilli Bl, in contrast to
Bt, are poorly studied entomopatho-
genic bacteria. Their distinctive fea-
ture is the presence of a canoe-like
inclusion attached to the spore.

Earlier, we obtained and char-
acterized Bl strains capable to
form the parasporal crystals
[2]. In the studied Bl strains it
was possible to detect the crys-
talline inclusions that differ in
shape and size, similar to those
described for the entomopatho-
genic bacteria Bt and B. sphaericus
[3]. Bl crystals possess mosquito-
cidal properties (toxic for dipter-
ans), which are important due
to a possibility of their practical
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Puc.2. a, b - cpe3bl kpucmannos wmamma Lat 006. lNpocsequsarou,as 3AeKmMpoHHAs Mu-
Kpockonus
Fig.2. a, b - sections of Lat 006 strain crystals. Transmission electron microscopy

O6paboTka m3obpaskeHUS
IIpoBeJleHa B IPOrpaMMHOM
obecmevenun "®emToCKaH
OnnanH" (LleHTp mepCreKTUB-
HBIX TeXHOJIoruH, P®) [7, 8, 9, 10].

PE3V/IbTATDI

Y mrraMMoB Bl 16-92, Lat 006 6b111
obHapyskKeHbl KpPUCTAJIHYe-
CKHe BKJIIOYeHUs, pa3inuvaio-
muecd 1o popme U pasmepam,
Ha puc.la, b u puc.2a, b mpen-
CTaBJIeHBl JaHHbIE, IIONTy4YeH-
Hble IIPU HM3y4YeHUHU YIbTPa-
TOHKHX CPe30B 3THX IITaMMOB.
KpucTanabl XOpOIlo BHIHBI
Ha Cpe3ax CIIOPYIHPYIOMHUX
KJIeTOK. Y mTamma Bl 16-92 kpu-

JJIeKTPOHHAs MUKPOCKOIUsA. CIIOPhl U KPHUCTAJIJIbL
CMBIBaJIM C arapa, CyCrieHJHpPoBa/IK, [IPOMBIBA/IM B JUC-
THU/UIMPOBAaHHOM BOJIe M KICC/IeI0BATH METOAAMH YJIETpa-
TOHKHX CPe30B U HeraTUBHOI'0O KOHTPACTUPOBAHUS [2].
CyCIeH3HIO CIIOp M KPUCTAJIIOB )11 U3YYeHU S MeTOLOM
HeTraTHUBHOI'O KOHTPACTHPOBAHM A HAHOCHUIIY Ha CETKH,
TIOKPBITHIE yI/IePOJHOM I/IEHKOL K OKPAIKBa/IK KOHTPa-
cTepoM docdopHO-BobOPaMOBOI KUCIO0TEI NANOW™,
CTpyKTYypa 06pas3LioB H3yueHa C IOMOIIBIO 3IeKTPOHHBIX
MuKpockoros JEM-100B u LEO912AB (Zeiss). [TapaMeTpsl
PpeIleTKH KpUCTa/IIa BL16-92 6BLIH OIlpefiee sl 10 Moy~
YeHHOH AU(PAKLHMOHHON KapTHHe C IOMOIIbIO IIPO-
CBEUHMBAIOIIEr0 3JIeKTPOHHOro MUKpockora LEO912AB

CTaJ/lJIbl, B OCHOBHOM, UMeIOT poMO60OBUAHYI0 dopMy
(puc.la, b). Y mramma Lat 006 KpUCTAJLIBL HMEIOT Ky6H-
yecKkyo GopMy (pHC.2a) H/IH BRITSHYTYIO0 GOpMY C 3aKpy-
IJIeHHBIMU KOHIIaMH (pHcC.2b). KpUCTaNIBl OKPYsKeHBI
CeTYaTOH 060/I0UKON PaBHOMEPHOM TOJIIMHEL, 0COBEHHO
XOPOIIO BUHOM y mTaMMma Bl16-92 (puc.1a).

ITpy HeraTHUBHOM KOHTPAaCTHPOBaHUU y IITaMMa
Bl16-92 Tak>Ke BUAHBI pOMOHYeCKHe KPHUCTAJIIBL C YeTKO
OYepYeHHBIMH yIJIaMH pa3sMepoM, B OCHOBHOM,
0,4x0,3 MmxM. IlITamMm Lat 006 ©MeeT IIPSMOYTOIbHbIe KPU-
CTaJUIMYeCKUe BKIYeHUs pasmepom 0,2x0,7 MKM KN
KBaJIpaTHbIE CO CIVIaJKeHHBIMH YIVIAMH KPHUCTAJLIBL pPas3-
mepom 0,4x0,4 MKM K MeHbIIIe, BCTpe4YaroTCst KPHCTaI/IbL

(Zeiss).

use in case of the development
of resistance in mosquito larvae
to existing BT-based insecticides
[4]. Bl crystals have been poorly
studied. Their conservation in
the environment and the mani-
festation of toxicity in the host
organism are dependent on the
physical and chemical proper-
ties according to their structural
organization.

Earlier various microscopic
methods have been used to study
spores and crystals of native B. lat-
erosporus cells. Using atomic force
microscopy, a three-dimensional
image of spores was obtained [6].
A view of the native canoe makes

MeHee I1PaBUIbHON GQOPMEL.

it possible to evaluate its position
in relation to the spore. However,
the crystals were not sufficiently
characterized. In this work we
obtained data on the ultrastruc-
tural organization of the B. lat-
erosporus crystals.

MATERIALS AND RESEARCH
METHODS

Strains Bl were obtained from
the laboratory collection of the
All-Russian Research Institute
of Cenetics (Bl 16-92) and the col-
lection of the Pasteur Institute
(Paris) by Dr. Lecadet (Lat 006).
Strains were grown on NBY agar
medium for 72 hours at 30 °C.

HAHO MHOYCTPHA Tom 13 Ne 2 (95) 2020

Electron microscopy. Spores
and crystals were washed off
agar, suspended, washed in dis-
tilled water, and examined using
ultrathin sections and nega-
tive contrast [2]. A suspension
of spores and crystals for study-
ing by the method of negative
contrasting was applied to grids
coated with a carbon film and
stained with a NANOW®™™ phos-
phoric-tungsten acid contrast.
The structure of the samples was
studied using electron micro-
scopes JEM-100B and LEO912AB
(Zeiss). The lattice parame-
ters of the BL16-92 crystal were
determined from the obtained
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Puc.3. Vi306paxceHue cnopel B. laterospo-
rus Lat 006, ¢pazmeHmos paspyweH-
HbIX KAEMOK U KpUCmanAu4eckux eKAw-
yeHul. MMpoceevusarouidst 3NeKMpPoOHHAs
mMukpockonus, mukpockon LEO912AB.
Obpabomka U306pa>keHust 8 Nnpozpamm-
Hom obecneveHuu "®emmoCkaH OHAAlH"

Fig.3. Image of B. laterosporus Lat 006
spore, fragments of destroyed cells and crys-
talline inclusions. Transmission electron
microscopy, LEO912AB microscope. Image
processing in FemtoScan Online software

Kpuctasiel mramma Lat 006 OTIIMYAIOTCS OT KPUCTAJI-
70B mTaMma Bl16-92 He TonbKO GOpMO¥, HO U GosbIIeit
3/IeKTPOHHOM IJIOTHOCTBIO. OIHAKO OHU CXOHBI C KPH-
cramnamu Bl16-92 HanuureM 060/104KH, H30IHPYIOMeH
HX OT BO3/IeHCTBUS paKTOPOB BHEIIHEL Cpe/ibl.

diffraction pattern using a
LEO912AB transmission electron
microscope (Zeiss).

Image processing was carried
out in FemtoScan Online soft-
ware (Advanced Technologies
Center, RF) [7, 8, 9, 10].

RESULTS

In strains Bl 16-92, Lat 006 crys-
talline inclusions were found
that differ in shape and size.
Fig.la, b and Fig.2a, b show the
data obtained by studying ultra-
thin sections of these strains.
The crystals are clearly visible in
sections of sporulating cells. In
strain Bl 16-92 the crystals mainly

Puc.4. N3o06paxeHue Kpucmannos
U ¢pazmeHmos paspyweHHbX Knemok
wmamma Lat 006. lMpocsevusarou,as
3NeKMPOHHAS MUKPOCKONUS, MUKPO-
ckon LEO912AB. Obpabomka usobpa-
JKEHUST 8 NpO02paAMMHOM obecneyeHuu
"®emmoCkaH OHAalH"

Fig.4. Image of crystals and fragments
of destroyed cells of Lat 006 strain.
Transmission electron microscopy, micro-
scope LEO912AB. Image processing in
FemtoScan Online software

have a rhomboid shape (Fig.1a, b).
In strain Lat 006 the crystals have
a cubic shape (Fig.2a) or an elon-
gated shape with rounded ends
(Fig.2b). The crystals are sur-
rounded by a mesh shell of uni-
form thickness, which is espe-
cially clearly visible in strain
Bl16-92 (Fig.1a).

With negative contrast,
the rhombic crystals with
clearly defined angles, mainly
0.4x0.3 pm, are also visible in
strain Bl 16-92. Strain Lat 006 has
rectangular crystalline inclu-
sions of size 0.2x 0.7 pm or square
crystals with smoothed corners of
size 0.4x 0.4 pm or less. Crystals

Puc.5. beakoebie Kpucmanabl Ha ¢poHe
paspyweHHbx Kaemok B. laterospo-
rus Lat 006. lpocsevusarow,as 3nek-
MPOHHAS MUKPOCKONUS, MUKPOCKON
LEO912AB. Obpabomka uzobpaxe-
HUS 8 Npoz2paMMHOM obecneveHuu
"®emmoCkaH OHAalH"

Fig.5. Protein crystals on the background
of B. laterosporus Lat 006 destroyed cells.
Transmission electron microscopy, micro-
scope LEO912AB. Image processing in
FemtoScan Online software

[Ipy HETaTUBHOM KOHTPAaCTUPOBAHUH 0COBEHHO
YETKO BBISBIISIOTCS 37IEKTPOHHO-TIJIOTHbIE KPUCTALIIBL
Lat 006 (puc.3, 4, 5).

Ha moBepxHOCTH 6eIKOBOro KpUCTajia Habio-
IAeTCs MepUOSUYEeCKOe YIOPSLOUeHHe MOJIEKYII.

of less regular shape are occur
from time to time.

Crystals of strain Lat 006 differ
from crystals of strain Bl 16-92 not
only in shape but also in higher
electron density. However, they
are similar to Bl 16-92 crystals by
presence of a shell that isolates
them from the influence of envi-
ronmental factors.

With negative contrasting, the
electron-dense Lat 006 crystals
are especially clearly detected
(Figs.3, 4, 5).

Periodic ordering of molecules
is observed on the protein crystal
surface. Fig.6 shows a character-
istic image of a fragment of the
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Puc.G. Mpoceeyusarouias 31eKmpoHHAsS MUKPOCKONUSI N08epXHOCMU 6eAK08020 KpUCMAnaa: cAed — U3obpakeHue GppazmeHma nogepx-
Hocmu, nepenadbl NO 8bICOMeE COOMaemcmaym 8apuayusm 3AeKmpoHHOU NA0MHocmu; 8 LieHmpe — ®ypbe-06pas y4acmka no8epxHo-
cmu (3HaveHus 8 1/HM); cnpasa — nonepeyuHoe cedeHue 800Ab 00HOLI U3 Kpucmaanozpapuyeckux oceli Kpucmanaa (no 8epmuKaau — om-
HocumeAbHble edUHULbI). O6pabomka 0aHHbIX 8 Npo2pamMmHom obecneveHul "®emmoCKaH OHAAlH"

Fig.6. Transmission electron microscopy of a protein crystal surface the surface of a protein crystal: at left is the image of a fragment
of the surface, differences in height correspond to variations in electron density; middle image is Fourier transform of the surface
area (values in 1 / nm); at right is a cross section along one of the crystallographic axes of the crystal (vertical: relative units). Data

processing in FemtoScan Online software

Ha puc.6 mpuBeneHo xapakTepHoe H3obpaskeHue dpar-
MeHTa [TOBePXHOCTH 6e/IKOBOr0 KPUCTAIIIA, IIOJTydeHHOe
MeTO/IOM ITPOCBeYHBaOIlel 3JIeKTPOHHOM MUKPOCKO-
UM, [[151 KpUCTalIa XapakTepHa Kybrudeckast yIIaKoBKa
C IIepHUOIOM OKOJIO 4,5 HM.

Jnsg cpaBHeHHs paHee HaMM MCCIeLOBAIMCh
MHCeKTHUI[MIHble KPUCTAJIBI Bt var. gallerine meto-
JIOM HeraTHBHOI'O KOHTPACTUPOBAHMS, TOKCUYHBIX
17151 4elllyeKPBIIBIX HACeKOMBIX, U OblsIa 0OHapyskeHa
Iapajje/lbHas HCYepPUYeHHOCTD IIOBePXHOCTH KPHU-
CTaJLJIOB C IIEPUOLO0M 0K0JI0 20 HM [5]. 9TUM MeTomOM

OB M3y4YeHBl U KPUCTAIBI Bt var. israelensis, obma-
JamIlye MOCKUTOLMIHON aKTUBHOCTEIO. IIpH 3/1eK-
TPOHHOM MHKPOCKOIIMM 3THX KPHCTAJJIOB, Hera-
THUBHO OKPAIlleHHBIX 2% HbIM MOTH6IATOM aMMOHHUS,
Ha II0BepPXHOCTH Hab/iioJanu pelIeTKy M3 YaCThIX
[IOIIePeYHBIX JIMHUU C IePHUOJIOM 7 HM. Y KPUCTa-
JIOB, TOKCHUYHBIX /IS IBYKPBIJIBIX, HE YIaBa/IOCh BbIS-
BHUTh HCUYEPUYEHHOCTh, XaPAKTEPHYIO A1 KPHUCTAJIJIOB,
TOKCHUYHBIX JIJISI YeIIYeKPhIIbIX.

[IpoekLIMOHHOE HM300paskeHue OJUHOUYHOIO KPHU-
CTajanaa KJaeToK B. laterosporus Lat 006, TonydeHHOe

protein crystal surface obtained
by transmission electron micros-
copy. A cubic packing with a
period of about 4.5 nm is charac-
teristic of this crystal.

For comparison, we previously
studied the insecticidal crystals
of Btvar. galleriae with the method
of negative contrast, toxic to lep-
idopteran insects, and a paral-
lel striation of the crystal sur-
face with a period of about 20 nm
was found [5]. The same method
was applied for studying Bt var.
israelensis crystals that possess
mosquitocidal activity. Electron
microscopy of these crystals,
negatively stained with 2%

ammonium molybdate, showed
a lattice of frequent transverse
lines with a period of 7 nm on
the surface. In the crystals toxic
to dipterans, it was not possi-
ble to reveal the striation char-
acteristic of crystals toxic to
lepidopterans.

The projection image of a single
crystal of B. laterosporus Lat 006 cells
obtained with a LEO 912AB trans-
mission electron microscope is
shown in Fig.7.

CONCLUSIONS

In this work we obtained data
on the ultrastructural organi-
zation of B. laterosporus crystals.

HAHO MHOYCTPHA Tom 13 Ne 2 (95) 2020

Their structure turned out to
be similar in size to the crys-
tal lattice with Bt var. israelensis
crystals toxic to mosquito lar-
vae. Regardless of the type of
bacillus, the structural features
of crystals are probably more
determined by the properties of
the object of their insecticidal
action.

The characteristic packing
size of proteins in B. Laterosporus
crystalsis about 4.5nm. Crystal
sizes vary between 50-700 nm.
In this case, a cubic crystal
with a facet of 250 nm contains
about 170 thousand protein sub-
units. [ ]
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Puc.7. M306paxkeHue (cAesa) 0dUHOHYHO20 Kpucmaaaa kKnemok B. laterosporus Lat 006. [poceeyusarowds 3AeKmpoHHAs MUKpocKo-
nus, mukpockon LEO912AB. Monepe4Hoe ceyeHue 800Ab 8bI6PAHHOL HA U306paXkeHUU AUHUU (B8epXYy cnpasad) u CnekmpanbHble co-
cmasasiouue ceqeHus (BHU3Y cnpasa). PaccmosiHUI MexXdy NYHKMUPHBIMU AUHUSIMU HA ce4eHue Coomaemcmayom mpu 3nemeH-
mapHbix sueliku (~11 HM). MakcumManbHoe 3Ha4eHue 8 Cnekmpe ykaswieaem Ha nepuod 8 ~4,5 Hm

Fig.7. Image (left) of a single crystal of B. laterosporus Lat 006 cells. Transmission electron microscopy, LEO912AB microscope. The cross
section along the lines (right upper) selected in the image and the spectral components of the cross section (right bottom). Three unit cells
(~ 11 nm) correspond to the distance between the dashed lines in the cross section. The maximum value in the spectrum indicates a period

of ~4.5nm

Ha IIPOCBeYHMBAIOLleM 3J1eKTPOHHOM MHUKPOCKOIIE
LEO 912AB, mipe[icTaBJ/IeHO Ha PUC.7.

3AK/TIOYEHUE
B HacTosimer paboTe Iony4YeHHl JaHHBIe 00 yabTpa-
CTPYKTYPHOF OpraHH3aLlMK KPUCTAUIOB B. laterosporus. Hx
CTPYKTYpa OKa3aJ1ach CXOLHOK I10 pa3MepaM KPUCTal/IH-
YeCKOH PelleTKH C KPUCTA/UIaMU Btvar. israelensis, Tokcry-
HBIMH )11 THYUHOK KOMapoB. He3aBHUCHMO OT IIpHHA[-
JIEXKHOCTH K BUAY 6a1in/IT 0COB@HHOCTH CTPOHHU S KpH-
CTaJIIOB BEPOSITHO B GOJIBIIIEH CTEIIEHH OIIpefesioTCs
CBOMCTBaMHM 00bEKTa MX MHCeKTULIUIHOIO AeHCTBHS.
XapaKTepHBII pa3Mep yI1aKOBKHU 6e/IKOB B KPUCTAJT-
nax B. laterosporus - okoo 4,5 HM. PazaMepsl KPUCTAJIIOB
BapbHPYIOTCA B I1pefenax 50-700 um. IIpu sToM Kpu-
cTasu1 Ky6rdeckor GOPMBI € TPAHBIO B 250 HM COIEPSKUT
B cebe 0K0710 170 ThIC. 6e/IKOBBIX CYOBeJUHHUII.
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C NoMoLLbI0 30HAOBOM MUKPOCKOMWUM MOXHO MPOBOAUTbL Pas/iMyHble U3MEPEeHUs MepCrneKTUBHbIX
MaTepuasnoB. 3a CYeT NPOCTOTbl METOoAA U3MEPEHUsl MOFYT AaTb BHYLUUTE/bHbIA 06beM UHPOpMALMMK:
Mopdonoruto U CTpyKTypy MOBEPXHOCTU, NMPOBOAMMOCTb, UCC/Iefl0BAaHWE CBOWCTB Martepuana npu
Harpese (Npu UCMoJib30BaHUM HarpeBatoLLLEro CTo/IMKa BO3MOXeH Harpes A0 100°C) [1, 2, 3].

Scanning probe microscopy is a tool for taking various measurements of the promising materials.
Simplicity of the measurement method allows of obtaining an impressive scope of information pertaining
to morphology and surface structure, conductivity, study of material properties at heating (it is possible

to achieve temperature up to 100°C when using a heating table) [1, 2, 3].

OHOCJIOU AU XA/IBKOTE€HH/IOB [IepeXOAHBIX MeTajl-

JIOB SIBJISIFOTCSI [1IePCIIeKTUBHBIMU KaHAUATAMU

OJ1s1 CO3laHUSI OITO3IeKTPOHHBIX YCTPOMHCTB
HOBOI'O ITI0KOJIeHHs. ONTUYeCcKHe CBOKMCTBA 3THUX ABY-
MepHBIX MaTepHasoB, OHAKO, BAPbUPYIOTCS U U3Me-
HSIOTCS CO BpeMeHeM, 4TO 3aTpyJHseT yIIpaBleHHe
OIITO3/IeKTPOHHBIMHU CBOMCTBAMHU. CyIlleCTByeT MHOXe-
CTBO Pa3/IMYHbIX GaKTOPOB, KOTOpPble MOI'YT U3MEHSTh
OITHYecKHe CBOKCTBA, BK/II04as JerHpoBaHHe 3apsIOB,
nedexTsl, fepopMallHIo, OKHC/IeHHe, afcOpOHpOBaH-
Hble MOJIeKY/Ibl 1 HHTePKa/IALHI0 BoAbl. OIpese/ieHHe
IIPUCYTCTBYIOIMUX U3MEHEHHI 0OBIYHO He SIBJISIeTCS
IPOCTBHIM U TpebyeT MHOTOKPATHBIX HM3MepeHUM
C HCIIONb30BaHHEM HeCKOJIbKHUX 3KCIIepHUMEHTalb-
HBIX MeTOJI0B, UTO CO3/IaeT IIPeIlIsITCTBUS IIPU IIOIIBITKE
ONTHMM3HUPOBATE IIOATOTOBKY 3THX MaTepHaJIOB.

Boratas npubopHas 6a3a 1aeT BO3MOKHOCTD POC-
CHMCKOM HAay4HOM IPyIIe IPOBOAUTH PA3HOCTO-
POHHHE HCC/Ief0BAaHH A B pAMKaX MeXKIYHapOA4HOTO
[IpOeKTa COBMECTHO ¢ TeXHO/JIOTUYeCKUM yHUBEpP-
cuteToM UMeHH lllapuda (TerepaH).

HMpaHCKOM HAay4HOM I'PYIIION OB IIOLTOTOB-
JeHBl U IPefoCTaBIeHBl 06pa3Ibl AT IpoBese-
HHS HCCIeJJOBAaHHUU C IOMOLIbIO CKAHHUPYIOILETo
30HJ0BOTO MUKpocKoma "®emToCKkaH". B KOHTAKT-
HOM pe>XHMe aTOMHO-CHJIOBOM MHUKPOCKOIHHU
HCCIeL0BaINCh CBOMCTBA U Tomorpadus obpas-
noB WS, Ha kpeMHHUHU, TiS; Ha 3070Te, a TaKKe
Fe,0; Ha moBepxHOCTHU cTekaa FTO (CTeKJIO C TOKPHI-
THeM K3 OKCHU/JA 0JI0Ba, JIETHPOBAHHOI0 GTOpOM).

CTpykTypHO WS, MOTYT IIPeCTaBIsATh COOOM Kak
OTZEeJIPHO B3SThle UellyMKH, Tak U CJIOU 4ellyek.

1 MIY umenun M.B.JlomoHocoBa / Lomonosov Moscow State University, Physical and Chemical departments.
2 OOO HMM "LieHTp nepcrnekTuBHbIX TexHonornn" / Advanced Technologies Center.

3 000 "SHeproacddexTmBHble TexHonorun" [ Energy Efficient Technologies.
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Puc.1. M306pakeHus 8bicombl U ceveHus 8blbpaHHol obaacmu 06pasu,a oucyabuoa 80abpamad. PaccmosiHue mexxoy KpacHbimu
moyKamu no eepmukau cocmagasiem 24 Hm
Fig.1. Image of height and section of the selected area of disulphide tungsten sample. The distance between red points is 24 nm by height

WS, 61aromapst KpUCTAIIMYECKOMY CTPOEHHIO, CX0-
>KeMy € TpaduToM, sBisieTcsi 3¢ PeKTUBHOU TBePIOH
CMa3KOU [J1s y3/I0B TPeHU S IIPU IIOBBIIIeHHBIX TeM-
IepaTypax U KOHTAaKTHBIX Harpyskax. Habmomaemas

ransition metal dichalcogen-

ide monolayers are the pro-

spective structures to manu-
facture optical devices of new gen-
eration. However, the optical prop-
erties of these 2D materials may
vary and change over time, which
makes it difficult to control the
optoelectronic properties. There
are numbers of different factors
that may change optical proper-
ties, including doping of charges,
defects, deformation, oxidation,
adsorbed molecules and interca-
lation of water. Determination of
the existing changes is usually
not a simple task requiring mul-
tiple measurements use of sev-
eral experimental methods which
makes it difficult to optimize a
preparation of these materials.

A significant instrument base
enables the Russian scientific
group to conduct comprehensive
research in the framework of an
international project in conjunc-
tion with the Sharif University of
Technology (Tehran).

The Iranian scientific team pre-
pared and provided samples for
research using a FemtoScan scan-
ning probe microscope. In the con-
tact mode of atomic force micros-
copy the properties of the topog-
raphy of WS, samples on silicon,
TiS; on gold, and Fe,0; on the sur-
face of FTO glass (glass coated with
tin oxide doped with fluorine) were
studied.

Structurally, WS, can be either
individual flakes or layers of flakes.
WS,, due to its crystalline structure
similar to graphite, is an effective
solid lubricant for friction units at
elevated temperatures and contact
loads. The recorded height of the
WS, film on the silicon surface vis-
ible in an atomic force microscope
is24nm.

Scanning probe microscopy
measurements were not limited
to WS, monolayers but were also
applied to other 2D materials with
optical transitions. In particu-
lar, the conductivity of TiS; was
measured on gold. In so doing,

B aTOMHO-CHJIOBOK MHKPOCKOII BBICOTA IJIEHKH

WS, Ha MOBEePXHOCTU KPeMHHU S COCTABIISAET 24 HM.
Vi3MepeHUS C IOMOILIBI0 CKAHUPYIOLEeH 30HA0BOK

MHKPOCKOIIMHM He OrPAaHMYMBAIIMCh MOHOC/IIOSMH

conductive cantilevers were used.
According to the data obtained,
when correlating the images
of height and conductivity, an
increase in the conductive proper-
ties is noticeable when the layers of
titanium trisulfide drop.

Probe microscopy allows of a
precise control over quality of the
deposition of samples on sub-
strates, in particular, when Fe,0,
is applied to the surface of FTO
glass. Thanks to the FemtoScan
Online software [4, 5], it is pos-
sible to use various color palettes
and represent not only 2D, but 3D
images of the scanned area.

Our results obtained with the
aid of the scanning probe and cap-
illary microscopy demonstrate the
promising properties of WS, and
TiS, for optoelectronic and nano-
photonic devices. [ |

The study was carried out with the finan-
cial support of the Russian Foundation for
Basic Research in the framework of the sci-
entific project No. 17-52-560001.
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WS,, a TakXe IPHMEHSIJIHCh K OPY-
rum 2D-MaTepuasaM C ONTHYECKUMHU

HM
rnepexogaMHu. B vacTtHOCTH IIpOBOAHIIHCH

nm

HM

. M3MepeHHMs IIPOBOAKMMOCTH TiS; Ha 30710Te.
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30H/10Basi MUKPOCKOIIHS TI03BOJISIET OCY-

0 0 IIeCTBJISITh YeTKHUE KOHTPOJIb 32 KaueCTBOM

0 4000 8000 12000 16000 HM|nm HaHeceHMUsI 06pasIoB Ha MOAJIOKKH, B 4aCT-

HOCTHU IIpU HaHeceHUH Fe,0; Ha moBepx-

A HOCTh cTekia FTO. baaromaps mporpaMmm-

HOoMY obecriedeHuo "PeMTOCKaH OHJIANH"
[4, 5] MOXXHO HCIIO/B30BATh Pa3/HUUHBIE
LIBeTOBble MaJKUTPBl U IIPeACTaBAATh He
0,012 TOJIBKO 2D-, HO 3D-H306pa>KEHHe OTCKaHU-
POBaHHOM 0671aCTH.

Hamwu pes3ynbTaThl, HOJAydeHHEIe
0.006 C IIOMOINBI0 CKAHHUPYIOIIEN 30HI0BOM
U KallU/UISSPHOKM MHKPOCKOIHKH, IeMOH-
CTPHUPYIOT NepClIeKTUBHBIE CBOMCTBA
WS, u TiS; 471 ONITO3/IeKTPOHHBIX U HAHO-
$OTOHHBIX YCTPOMCTB.

0 4000 8000 12000 16000 HM|[nm

Puc.2. Vi3meperue nposodumocmu TiS; Ha 3010me. BepxHee U306paxkeHue — 8bi- Hccaedosaue sbinoaxero npu uracosoil noddepskke

coma, HUXKHee — npogodumocmb. Momexuyuan 30H0d — 1B omHocumensHo 3emau PO 8 pamkax Hay4Ho20 npoekma 17-52-560001.

Fig.2. Conductivity measurement of TiS; on gold. The top image is the height,

the bottom is the conductivity. The probe potential relative to ground is 1 V JIUTEPATYPA / REFERENCES
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HaHoTexHoNOrMM MO3BOJIAOT  M3roTaB/MBaTb HaHoOMaTepuasbl C YHUKaNbHbIMU  (GU3UKO-
XUMMYECKUMM  XapaKTepucTukamum U NoTpebutenbckMmu  KadectBamu.  CTpouTesibHble
Matepuanbl (CTpouTeslbHble W KAaAOYHble pacTBOpbl, WTyKaTypka) ¢ MoauduumpylowmmMm
Aob6aBkamMu Moryt 6biTb He6e3onacHbl Mpu 3KcnyaTauuu. C LeNbio UCCIefoBaHUS FOCTOBCKUX
XapaKTepUCTUK MO ABTOPCKOM TEXHOJIOrUMU 6bUIM U3rOTOBJIEHbl 3KCMEepUMEHTasibHble 06pasubl
HAHOCTPYKTYPUPOBAHHOIO CTPOMTE/IbHOINO pacTBopa - KJaAoO4YHble pacTBOpbl C Pas/INYHOMN
KOHUeHTpauuenn moguouumpylowern p[o06aBku. DKCNEpUMEHTa/IbHO f[oKasaHa BO3MOXHOCTb
co3paHuMs  6uo6esonacHbIX pecypcoc6eperalowmx HaHOCTPYKTYPUPOBAHHbLIX  CTPOMUTENbHbIX
MaTepuasnos C 3aaHHbIMU XapakTepucTukamm.

Nanotechnologies facilitate producing nanomaterials with unique physical and chemical properties
and consumer qualities. Construction materials (mortar, mason’s mortar, plaster) using modifying
additives may be unsafe under operating conditions. In order to study GOST characteristics,
experimental samples of nanostructured mortar i. e. mason’s mortar with different concentrations
of modifying additives were manufactured according to the proprietary technology. The possibility
of creating bio-safe resource-saving nanostructured construction materials with tailor-made
properties has been experimentally proved. This expands the product range enduing it with new
consumer qualities and enhances its competitiveness.

BBEJEHUE

HaHOTeXHOJO0TUH I103BO/ISIIOT U3rOTaBAMBATh HAHO-
MaTepHasbl C YHUKAAbHBIMU QU3UKO-XHMHUUe-
CKMMH XapaKTepUCTUKAMHU U MOTPebUTeNTbCKUMHU
KadecTBaMU. CTPOHTeIbHbIe MaTepHUasbl, B YaCTHO-
CTH CTPOUTE/IbHBIE PACTBOPHI, KJIaZOUHbIe PAaCTBOPBI,
MTyKaTypKa, C MOOUGUIUPYOMUMU go6aBKaMU

MOTyT ObITh Hebe30macHBL B YCIOBUAX 3KCIIIyaTa-
LMY -~ BO3MOKHO IIOSBJIEHHE Ha UX [IOBEPXHOCTSIX
KOJIOHU I GaKTepUH U BUPYCOB, OMACHbIX /15 340PO-
Bbs uesioBeka [1-3]. M.B.TapacoBbiM pa3paboTtaHa 6uo-
Ge3omacHas HAHOCTPYKTYpHasi MOAUPULIHPYIOIA S
nobaBka, IIpeBpallaoNiasi CTPOKTeTbHbIE MAaTEPHAJIbI
B HAaHOCTPYKTYpPHUPOBaHHBIe. [IOTIOJIHUTEJIbHBIE

Benropoackoe pernoHanbHoe oTAeNieHne obLeCcTBEHHOM OpraHn3aumm Bcepoccninckon opranmsaunm nsobpertartenen n paunoHanmnsatopos / Public
Organization of the All-Russian Society of Inventors and Rationalizers, Belgorod Regional Office.
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PHUCKH HCKJIIOYeHBI Ha 3Talle pa3paboTKH HAaHOCTPYK-
TYPHPOBAHHBIX pecypcocheperaronux 1 KIaJ0uHbIX
PacTBOPOB C 3a/laHHBIMHU XapaKTePUCTHKAMH. ITO
CTaJI0 BO3MO>KHBIM 3a CYeT YCTAHOBJIEHHU S y>KeCTOUeH-
HBIX TpeboBaHM 110 6robe3omacHOCTH [4-6]. 3amaHEI
norpebUTebCKUe ITapaMeTPhl: 3dPeKTHBHAS TEIl/I0-
IIPOBOAHOCTb, OAaKTepHULIUAHAS U BUPYIULIHUIHAS
3¢ PeKTUBHOCTD, UCKIIOYEHHe paclaga HaHOMa-
TepPHaJIOB IIPU AJHUTEIbHOHN 3KCIIyaTalluH OT BO3-
TeHCTBUS He6IaronpusiTHOM OKPY>KAIOLek CpeJibl.
Bro6e30macHOCTh LOCTUTAETCS TeM, UYTO HaHO4a-
CTHIIBI MaTepPHaJIOB HAXOSITCS B CBSI3AHHOM COCTOSI-
HUU U He MOT'YT IIPOHUKATh B OPraHu3M 610065eKTOB
yepes KOXY U PeCIIMPAaTOPHYIO CUCTEMY.

METOAbI NCC/IEAOBAHNA

C menp0 MCCIeNOBAHMHS FOCTOBCKUX XapaKTepH-
CTUK II0 aBTOPCKOIM TeXHOJIOIUU OBIIM HU3LOTOB-
JIeHbl 3KCIIepPUMeHTa/IbHble 06pa3libl HAHOCTPYKTY-
PHUPOBAaHHOIO CTPOMTEIBHOIO PacTBOpa — KjaaLo4-
HBble PACTBOPEI C PA3/IMYHON KOHILIeHTPAallHeH MOJH-
dunupylomen 1ob6aBku. Hcronp30Baauch 106aBKU
BecoM 1T Ha 1 ;M3 TOTOBOr0 HAHOCTPYKTYPUPOBAH-
HOTO MPOAYKTa. M3TOTOBJIEHO MSATh CepUll 06pas-
1oB pasMepom 100x100x100 mm. Hcronb3oBajcs
LeMeHT Mapku M-400. Omanybka ymansnaachk
Ha 7 CyTKH. PacriuioBKa o6pasiioB IpoBe/leHa aiMas-
HOM ITHJIOM Ha 21 cyTKu. TeMmepaTypa o6pasLioB MOoA-
Jep;KuBajiach Ha ypoBHe 20 °C. DKCIIepUMeHTaIbHbIe
paboTEL 10 M3roTOBIEHUIO 06Pa3L0B BHIIIOTHEHBI
C.H.Lp16ynpHUKOBBIM (OO0 "HII® "HaHoTexIIpom").
llata mocTtaBku o6pasmoB 25 mapra 2011 roza.
HMcnpiTaHKS 06pa31ioB BBIIIOTHEHE! B MICIIBITaTe/IbHOM
ueHTpe ULl "BITY - cepBuUC': ATTecTaT aKKpeau-
Tanuu Ne POCC RU.0001.22 CJI 25, 3aperucTpupo-
BaH B PesepasbHOM areHTCTBE 10 TeXHHUYECKOMY
peryiupoBaHUI0 U MeTposioruu 17 uwoHsa 2009 roga.
JlaTa ucnelTaHUs obpasios: 28-31 mapTa 2011 roza.
HopmaTuBHBIE JOKYMEHTBI, B KOTOPBIX YCTaHOBJIEHBI
TpeGOBAaHMUS K UCIIBITBIBA€MOH IIPOAYKIIUH: OIIpejie-
neHue GaKTUUYeCKUX 3HaUueHUU 3¢deKTUBHOM TeIllo-
IIPOBOAHOCTH IIPU CTALIMOHAPHOM TEILJIOBOM peKHMe
Y eCTeCTBeHHOH BJIa’KHOCTH. MeToAMKa UCIIBITAHUH:
TOCT 7076-99.

PE3Y/IbTATDI I/ICCJ]EAOBAHI/IVI

ITo pesynbTaTaM II0JIy4eH MPOTOKOJ MCIIBITAHHU
Ne 27 ot 31 peBpasns 2011 roma (cM. Tabi. 1). ITo meTo-
nuke TOCT 7076-99 piig omnpepeneHHs IIOKa3aTesls
3¢ deKTUBHOM TeIJIONPOBOLHOCTH MPH CTalJMOHAP-
HOM TeIIJIOBOM Pe>XXHMe U eCTeCTBeHHOU BIa’KHOCTH
06pasIoB 13 HAHOCTPYKTYPHOIro pecypcocbeperaio-
IIer0 CTPOUTEIBHOTO PACTBOPA OBLIN HU3rOTOBJIEHBI

06pasnpl A/ UCCIeNOoBAHUI. B pe3ynbraTe BBISB-
JleHa BO3MOSKHOCTb BAPbHPOBAHU S TEIIOQH3UYECKUX
I1IapaMeTPOB CTPOHUTEIbHBIX MaTepPHAJIOB, YIyUlIao-
KX Ka4eCTBO KOHEUHOM IIPOAYKLHUU (CTPOMMAaTepH-
asoB). Yepes BoceMb JIeT XPaHEHU S OIBITHBIX 06pa3-
LI0B 1P KOMHATHOM TeMIlepaType IIPU BU3yalbHOM
0CMOTpe MPHU3HAKOB JeCTPYKLHUU He 0OHApPYy>KeHO.
UTO IOATBEPKAAET METOLOJIOTHYeCKYI0 OCHOBY IIPe-
CTaB/IeHUS TpeboBaHUM K 6106€30I1aCHOCTH HAHO-
CprKTypI/IPOBaHHbIX CTPOUTEJ/IPHBIX MATEPHUJIOB
B KayecTBe 6a3UCHOM IIPU OLleHKe HAHOTEeXHOJIOTHH .

BbIBO/AbI

JdderTHUBHAS TEIJIONPOBOAHOCTD IIPU eCTeCTBEH-
HOM BJIAXXHOCTH HCIBITAHHBIX 00pa3moB, H3ro-
TOBJIEHHBIX M3 HAHOCTPYKTypPHOTO pecypcocbepe-
TFampIero CTPOMTEe/IBHOIO PacTBOPa COCTAB/ISALT AJIs
cepuu 1-1,289 Br/m-°C; nnst cepuu 3 - 1,190 Bt/m-°C;
[t cepui 5 - 1,423 Br/m-°C. DKCIIepHMeHTaJIBHO JO0Ka-
3aHa BO3MOXKHOCTB CO3/IaHU s O6106e30IIacHbBIX pecyp-
cocbeperammux HaHOCTPYKTYPUPOBAHHBIX CTPOUTENTb-
HBIX MaTepHaJIOB C 3aJaHHBIMU XapaKTePHUCTUKAMH,
YTO paCIIMpPseT aCCOPTUMEHT HPOAYKLMH, IIPHUIABas
el1 HOBbIe ITIOTPebUTe/IbCKHE KAaYeCcTBA U IIOBBIIIAET ee
KOHKYPEeHTOCIIOCOOHOCTb.
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Tabauya 1. Pe3yabmamel ucneimanul no memoduke FOCT 7076-99 0ast onpedeneHus nokazameas 3pdexmusHol menaonposo-
dHOCMU Npu CMAUUOHAPHOM MenA08oM pexkuMe U eCmecmeeHHOoU 8AaXXHOCMU 06pa3u,08 U3 HAHOCMpPYKMYpHO20 pecypcocbepe-
2at0Ue20 cmpoumenbHo20 pacmeopa*

Table1. Test results according to the GOST 7076-99 method to determine the index of effective thermal conductivity under steady
temperature condition and natural humidity of the samples made of nanostructured resource-saving mortar*

UsmepsieMble napameTpbl 06pasua
Measured sample parameters
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CpenHee apudmMeTU4eckoe 3Ha4YeHme Nno pesyibTaTaM N3mMmepeHnn (cepus 1)
The arithmetic average of the measurement results (series 1)

SFL [opu3oHTaNbHOE CBepxy—>BHU3
2274 31 Horizontal Top to bottom 35 20 27,5 15
ST [FOpu30HTanbLHoe CBepxy->BHU3
2L 5:2 Horizontal Top to bottom 35 20 205 15
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2 = Horizontal Top to bottom = = 2 E
CpenHee apydMeTUYeCKoe 3HaYeHKe No pesysibTaTaM 3mepeHui (cepms 3)
The arithmetic mean value according to the measurement results (series 3)
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CpefHee apydmeTnyeckoe 3HaYeHne no pesyibTaTtaM U3MepeHu (cepus 5)
The arithmetic average of the measurement results (series 5)

OTKNOHEHMSA OT Npoueayp UCMbITAHWUI OTCYTCTBYIOT, OCHOBHAS OTHOCUTENbHAA MOrPeLHOCTb M3MepeHns 3GGEKTUBHOM TEeNIONPOBOAHOCTM Ha yCTa-
HoBKe MTM-MT4 (100) He npeebiwaeT 3%. / There are no deviations from the test procedures, the main relative error in measuring the effective thermal
conductivity at the ITP-MG4 (100) installation does not exceed 3%.
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N3mepsiemble napaMeTpbl 06pasua

Measured sample parameters

NANOMATERIALS
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0,02240 0,0002270 0,4301 1894,71 1250,89 0,01598 1,401
0,02220 0,0002262 0,4200 1856,76 1072,97 0,01863 1191
1,289
0,02220 0,0002190 0,3815 1742,00 978,38 0,02044 1,086
0,02240 0,0002234 0,3882 1737,69 107,14 0,01806 1,240
0,02260 0,0002266 0,4002 1766,10 100,88 0,01816 1,244
1,190
0,02230 0,0002236 0,4441 1986,13 169,50 0,01710 1,304
0,02127 0,0002116 0,4156 1964,08 1200,00 0,01666 1,278
0,02270 0,0002290 0,4507 1968,12 1488,10 0,01343 1,689
1,423
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BbICTABKA "KJINMAT-2020": Ob30P
OB6OPYAOBAHUA A1 YACTbIX MOMELLEHHIA
CLIMATE-2020 EXHIBITION: OVERVIEW

OF EQUIPMENT FOR CLEAN ROOMS

| AH.Anéwun, k.¢p.-m.H., douenm, (ORCID: 0000-0001-7342-4638) / nanoindustry@technosphera.ru
A.N.Alyoshin, Cand of Sc. (Physics and Mathematics), Docent

DOI: 10.22184/1993-8578.2020.13.2.140.143
Mony4yeHo: 27.03.2020 1.

BbictaBka "Knumart-2020" cobpana Beayuwux npousBogutesnien o6opypoBaHus Ans Kaumart-
cucTeM, KOHAULMOHUPOBAHUSA, BEHTUJISALUM U UYUCTbIX MOMELLEeHUMN. Mbl COCPefoTOYUIUCH
Ha npeacTaB/ieHHOM Ha BbicTaBke 060pyAOBaHMU A YUCTbIX NMOMeLlLeHUM U nobecegoBanu
C NpeAcTaBUTENSIMU KOMNAHUMN, 3assBUBLLUUX O cebe Ha 3TOM CerMeHTe pblHKa.

The Climate-2020 exhibition brought together leading manufacturers of equipment for climate
systems, air conditioning, ventilation and clean rooms. We focused on the equipment for
cleanrooms presented at the exhibition and interviewed representatives of companies that made
themselves known in this market segment.

WpuHa Monosa, 000 "HMIM "Mukpocucrema” 00O "HIIII "MukpocucTeMa" mpeAcTaBIseT BO3-

aymHele GunbTpel PHAUF o1 YMCTHIX IIOMeIe-
HpuHa, 4TO mpeAcCTaB/AsSeT Bamla KOMIAHHS  HHUH, IPOU3BOJACTBO KOTOPBIX OBIIO 3aIyINeHO
Ha BbIcTaBKe "Kiaumar-2020" nas co3gaHHsS  BCero OKOJIO ITOJYroja Haszaj. Hamum nmpeumymie-
YHCTBIX IOMeIleHHH? CTBOM SIBJISIeTCSI pa3MellleHHe IIPOU3BOJCTBA B Cep-
TUPUIHMPOBAHHOM UHCTOM IMOMEIIeHHUM KJjacca
[SO7, 4TO mO3BOJIsIeT IIPOMU3BONUTH QUIBTPHL be3
Ha4a/IbHOTO 3arpsA3HeHUS U TaM Ke IOMeIlaTh UX
B BAKYYMHYIO yIIaKOBKY. 9Ty TeXHOJIOTHIO, pa3-
paboTaHHYI0 HAIMMHU CHEeLHATHUCTAMHU II0J OpPH-
TMHAJIPHBIM Ha3BaHHEM, MBI CelYac IaTeHTyeM,
a QUIBTPBI, U3TOTOBJIIEHHbIE TAKUM 00pa3oM, MBI
Ha3blBaeM "GHIIBTPHL C HYJeBBIM Bei6pocoM”. Hamra
KOMIIAHHUS BBIIIyCKaeT QUABTPBI CAMBIX BBICOKHX
CTeleHeHr OYMCTKHU IJ1d MOoOMeIleHUH Kiacca ISO3,
ISO5 u BhIIIe. 3aKa3YMK I10JIy4yaeT GUILTP C HyjIe-
BBIM BBIOPOCOM, UTO 3HAYHUTEJIbHO COKpaIlaeT
pecypcel U BpeMs BBIXOJA YHCTOTO MOMeIleHHU s
Ha Heob6XOAMMBIH KJIACC YUCTOTHI.

Hamre mpeanpusiTHe HaXOAMUTCS Ha TeppH-
TOPHHU 0CO060HM 3KOHOMHYECKOHN 30HBI "HcTOK"
B T. OpsI3KMHO, YTO [103BOJISIET HAM YCIIeIIHO KOHKY-
PHUPOBATh C HHOCTPAHHBIMU IIPOU3BOAUTENSIMH,
TaKXe Mbl Hada/lHU OCYIIEeCTB/ISTh 3KCIOPTHBEIE
OTTPY3KH HallUM KJIHeHTaM B EBpomy.

MBbl CTpeMHUMCSI YKPeNHUTb M PaCIIHMPHUTH
WpuHa Monosa HalllM MO3HILIMH Ha POCCHUICKOM PBIHKE, TJe Ipo-

OYKI K KOMIAHHHU y>XKe IO0JIb3yeTCs yCIIeXoM
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Yucmoe nomeuieHue kaacca ISO7 0as npou3eodcmad u yna-
KO8KU puabmpos

y OTeuyeCTBEHHBIX NpeJNPUSATUM, OIS KOTOPBIX
OIHUM K3 KPUTHUYECKHUX YCIOBUH SBIsSeTCS Kade-
CTBO cpenbl/Bo3ayxa B UIIII.

Kak ycTpoeHbl Balld GHU/IBTPBI AJI51 YHCTHIX IIOMe-
LeHHH?

®OUIBTP COCTOUT K3 paMBbl, H3TOTOBJIEHHOK 13 aHOAH-
POBaHHOI0 AJIIOMUHHEBOro IIpodH/Isi OPUTHHA/ILHOM,
3aIlaTeHTOBAHHOM KOHCTPYKIIMH, QUIBTPYOIIHHU
610K BBITIOJTHEH K3 IVIMCCHPOBAHHOIO CTEK/IOBOJIOKHA
E10-Ul7 1 momeIreH MeKAy ABYMS 3aIIUTHBIMHU CeT-
KaMHM, a BCS 3Ta KOHCTPYKLUHMS BKJIeeHa B pamy
C IIOMOILIBIO IIOJIMYPETAHOBOIO ABYXKOMIIOHEHTHOIO
Kyes. Obsi3aTe/IbHOE AaHOAKMPOBAHUE MBI IPUMEeHSsIeM
n7s obecriedeHUS 3aIUTHL paMbl GUIBTPA OT KOP-
PO3HH U BO3[IeHCTBHUS alPeCCUBHBIX Cpefi, a TaKXKe
Xopoulel afre3uy pU BKIeUBAaHUU QUIBTPYIOLIEro
roppa-riakera ¥ HaHeCeHUHU T'eJIeBOTO YIIJIOTHUTEIS.
TeeBBIH YIIJIOTHUTEJIb, HCIIONb3yeMBbIH B QUIBTPAX
PHAUF, B oT/iM4He OT IIOJIUYPEeTAaHOBBIX, SIBISETCS
OLHUM M3 JIy4IINX Ha CeTOAHSIIHUM JeHb, obecIie-
yrBag 100%-Hywo0 repMeTrU3anuio GUAbTPa B QUIIb-
TpoJepskaTeje, UCKAKYas olajgaHue HeQuabTpo-
BaHHOro Bosayxa B YIIII.

I[Tocse cOopku GUABTPA HA ABTOMATHU3UPOBAHHOMU
JIUHUU B YUCTOM IIOMeEIIeHHUHU KJjacca ISO7 kaskgas
eIUHHIA U3e/IHs IIPOXOOUT TeCTUPOBAHHE Ha a3po-
30/IPHOM aBTOMAaTHYeCKOM CKaH-TecTepe. Pe3ynbTaThl
GUKCHUPYIOTCS Ha CIenHaJbHOM HaKJIeHKe
¢ QR-kogom, m03BOJISASI O3HAKOMHUMTHLCSI C HUMH,
a IpU HeoOXOJUMOCTH 3arPy3UTh UX U3 06/1a4HOTO
XpaHUJIHINA.

3aHHUMaeTCs 1M Balla KOMIIAHHS yTH/IH3alHeH
3arpsi3HEHHBIX QUIBTPOB?

®uAbmp ¢ HyAesbiM 8bI6POCOM C 3aliULLLEHHbIM cemKoli 20¢-
pa-nakemom u 2eAesbim ynaomHumenem

ME&I mpefTaraeM TaKyIo OIILIMIO HATKM 3aKa34HKaM.
Be60p 3aKa3umKa OIpesiensieTcsi 0COOeHHOCTSIMHU ero
[IPOM3BOACTBA, CTEIIeHbIO BPeJHOCTH K TOKCUYHOCTH
HCIIONb3yeMBIX BellleCTB. Hala KoMIIaHUs IPULep-
SKMBAETCSI CAMBIX BBICOKHX 3KOJIOTHUECKUX CTAaHAAP-
TOB IIPOM3BOJICTBA U IIOCTOSIHHO paboTaeT HaM yIyu-
IIeHHeM aCCOPTHMEHTA U KaueCTBa Halllel MPOAyK-
MU )1 YUCTHIX [IOMEIeHUH.

MpeactaButen> komnanuu Biihler AHS

Kakoe obopysoBaHHe IpelcTaBasieT KOMIAHHS
Bihler AHS nis dyHcThIX oMemeHuH? Kak oHO
obecrieyrnBaeT HeO6XOQHMBIH yPOBEHb BIa’KHOCTH
B YHCTHIX IIOMEIeHH SIX?

MBI mpencTaBisieM LEeHTPATU30BAHHYIO CUCTEMY
YBJIA)KHEHU I, KOI/la OT LieHTPaJIbHOro 610Ka pacxo-
IOUTCSI 110 TPYOOIIpOBOIaM BOZIA IT0 HECKOJIBKUM ITOMe-
IeHUSIM, Ihe TpebyeTcs yBIaskHeHHe. [/ O4YHUCTKH
BOJIBI B HAIlIe CUCTEMe YCTaHOBJIEHBI QUIIBTPHI IBOK-
HOro 06paTHOro ocMoca, GUIBTPHI TPYOOI OYUCTKH,
KOTOpBle Ha BXOJe OYHUINAIOT BOAY [0 obpaTHOro
ocMoca. [IBe ynpTpadHoIeTOBbIE IAMIIBI 06e33apasku-
BAIOT BOAY OT 6aKTepHONIOrHYeCKUX 3arpsi3HEHUH.
ITocyie TaKOM KOMIIJIEKCHOHM OYMCTKHU BoZa IIOMafaeT
B UHCTBIe IIOMeIleHHs 110 TeIIOHOBBIM TPybOIIpoBoO-
JaM C XapaKTepHUCTHKaMU, COOTBETCTBYIOIMMH BCEM
HeOoOXOMUMBIM CTAaHAPTaM, COOPAaHHBIM I10 KOJIbIe-
BOM cxeMe. JJaTUMKH BIasKHOCTH QUKCHUPYIOT Iapa-
METPBI BJIa>KHOCTHU B YHCTOM IIOMEIIEeHHUH U UCIIONb-
3yI0TCS IJ1sI IOAJep>KaHU s Heo6X0JUMOro YPOBHS
cofep>kaHUsI BOJSIHOM BJIATH B YUCTOM IIOMEIIeHHH.
BHeIHsIs o1ieTKa, POPCYHKH U BCe 3JIeMeHTHI, KOH-
TAaKTHUPYIOLU[He C OYUINeHHON BOMOM, BBIIIOTHEHBI
M3 Hep>KaBeoIler CTalu. [IpPOU3BOAUTENTBHOCTH
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ycTaHOBOK PG6UV - 6 s1/4, PG12UV - 12 1 18 11/4 B 3aBU-
CHMOCTH OT 06beMa YHCTHIX IIOMeIeHUH, Ie Tpe-
byetcs obecrnedyuTh HeOOXOAMMYIO BJIASKHOCTD.
B mepecyeTe Ha IJIOLWA b YUCTOrO [IOMEIeHU I MO~
HOCTB 6 /1/4 0becrieurBaeT Heo6X0qMOe YBIasKHEHHe
o 150 kB. M, 12 1/9 - 300 KB. M, 18 j1/4 HcIONB3yeTCs
IIJIs TIOMeIlleHUH II0IaAbio 600 KB. M U BBILIIE.

MBI ITpeficTaBIIsieM TP CHCTeMBL 0becriedeHu I BIasK-
HOCTH YHCTHIX [TIOMeIeHUH ~ 04HO30Ha/IbHYIO, 1BY30-
HaJbHYI0 K MHOT030HAa/IbHYI0. Kaskgas cuctema moj-
Iep>KuBaeT TpebyeMble yPOBHU BIasKHOCTU B O HOM,
IByX U 60jiee IOMeIIeHUSIX, IPUUYeM MHOI030Ha/IbHbIE
CHUCTeMBI MOT'YT MO JeP>KUBATh Pa3Hble YPOBHU BIasK-
HOCTH B Pa3HBIX 30HaX YHUCTBIX IIOMeIlleHU. B ogHO-
30Ha/IbHBIX CUCTEeMaX 3aMeHa QUIBTPOB MOXKeT IIPO-
HM3BOAUTHCS 3aKa3UHMKOM CaMOCTOSITe/NBHO, I10 Mepe
BBIPAbOTKHU pecypca GUIBTPA CHUCTeMA OTPABIISIeT CUT-
HaJl C yKa3aHHeM Homepa QUIbTpa, HYKIAIIIerocs
B 3aMeHe (Bcero 1x 4eTbIpe). KoMIiekTa GUIBTPOB XBa-
TaeT IIPU 0OBIYHOM HArpy3Ke Ha LOA-TIONITOPA HeIlpe-
PBIBHOF paboThl. CIIOSKHBIE MHOT030HAIBHBIE CHCTEMBI
cofepsKaT QHUIBTPBI, pacIookeHHBIe TTTy6OKO BHY-
TPH LIeHTPAJIBHOr0 6/10Ka, U UX 3aMeHa ITPOU3BOLUTCS
HaIlMMH CePBHUCHBIMHU CIleLIHaNuCcTaMU. Ha mepuof
3aMeHbl QUIBTPOB MBI IIPeJOCTaBIsIeM CBOM IIOAMEH-
HBIF MOZLY/Ib QUIBTPOB [IJ151 0becriedeHU s HeIllpepbIBHOM
PaboThI YHCTHIX IIOMeIeHUH 3aKa3uHKa.

Tne HCIIONB3YIOTCSA BBINyCKaeMble BalleH KOMIIa-
HHeH CHCTeMBI YB/Ia)KHEHH I YHCTBIX IIOMeIeHHH?
Bl 6ymeTe, HaBepHOe, YAUB/IEHbI, HO OYeHb YaCTO
HaIIX CUCTEeMBI yCTaHABIMBAIOTCSA B OPraHU3AIHAX,
IPOBOASAIIMX MCCIe0BAHUS Ha KUBBIX 00beKTaX,
HaIlpUMep, MbIIIax. JIsi UX KOMGOPTHOIO CYIeCTBO-
BaHHKSA B YCJIOBUAX HAYYHBIX 3KCIIEDHMEHTOB HalIlle
obopyzioBaHMe He3aMeHHUMO. I1o/1b3yeTcs CIIPOCOM OHO
Y Ha IIPe/IIIPUSATH X [IOTTUT AU IeCKOM IPOMBIIIIEH-
HOCTH, JlepeBo06paboTku, GapMalrieBTHIeCKHX KOM-
MaHMX, TabopaTopusix U 60NPHUIIAX, ITHIIEBOM ITPO-
MBIIIJIEHHOCTH, My3esiX 1 6ubnuorekax, AeTCKUX
camax v oprcax. Kpome Mporu3BOACTB, HAIIY IIPOAYK-
L0 YyCTAHABJIMBAIOT K B YaCTHOM CEKTOpe€, B JOMdX
M SKUJIBIX IIOMeIeHHUsIX. KoHTponupyeMas BIasK-
HOCTB JKMJIBIX ITIOMEIIeHHU I co3/laeT KOMGOPT U 3710~
POBBIe YCTIOBHS KM3HHU AJIS NIOfeH, 3a60TAmuXCs
0 CBOEM 3/I0POBbe, M Hallla KOMIIAHHUS BCEr[a FOTOBA
obecreynTs Haubosee 61aTONPUSATHYIO, IKOJIOTHYe-
CKH 9HUCTYIO Cpely HAIIKMM K/JIHMEeHTaM.

Cepreii l'ypoB, komnaxus Condair

Ceprei, paccKa>kHTe, MOKaJIyHCTa, B KAKOM cer-
MeHTe 060pyIOBaHHS AJIS1 YHCTBIX IOMENeHUH
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HGPOQOD yena>xHumenb cucmemol aHmuu38ecmKo8oll 3auiumsl

paboraet komnaHus Condair? Yro BB MpeacTaB-
JsieTe CeroJHs Ha BbICTaBKe?

MBI IpencTaBiasieM pasHble TUIIE 000PYLOBAHU S
[UISL YHMCTBIX IIOMelleHUH. HallMMHU KIHeHTaMH
SABNSI0TCA dapMalleBTHUeCKHe KOMIIAaHUU, IIpef-
NPHUSTHS MHKPO31eKTPOHHOM IIPOMBIIIIEHHOCTH.
K 0oCHOBHBIM THUIIaM 060pyL0BaHUS AJISI JAHHOTO
HaIlpaBJIeHUS Mbl OTHOCHM THOpPHU/HEBIE YBIaK-
HUTeNIH, 060pyloBaHMe BBICOKOTO JaBlIeHUs, pop-
CYHKH — BCe 3aBHCHT OT KJIaCCa YHUCTOTHI IOMeIe-
HHUU 3aKa3yuKa. OGHUMHU U3 IIOCIeJHUX HAIIUX
IIPOeKTOB 6bIJT KOMIIJIEKC YHCTBHIX IIOMeIleHUH
knacca ISO5 B CaHKT-IleTepbypre. Mpl HCIIONb3yeM
IIpoBepeHHEIe TeXHOJIOTHHU yBIaKHeHHU S ~ I1apo-
yBIQKAEHHe, IOBePXHOCTHOe, TUOpUAHOe, pac-
IOBIIMTebHOEe U afinabaTrudeckoe yBIaskHeHUS.
TexHHUYeCKH 3TO0 obecrneduBaeTCss MIHPOKUM
ACCOPTHMEHTOM Halero o6opymoBaHUS - Iapo-
BBIMH yBJIA)KHUTEISIMH, CUCTeMaMH pacIpefeie-
HHUS Iapa II0f BBICOKUM JlaBJIeHHeM U ITaporeHe-
paTopaMH. YBIAKHHUTeNIH paboTaroT KaK Ha OUU-
IeHHOM Boje (IeMHUHepaJInu30BaHHON), TaK U Ha
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0OBIYHOM, BOLOIIPOBOLHOM, IIPUYEM MBI HCIIOIb-
3yeM COOCTBeHHBle OPHUTHHAJbHBIE CHCTEMBI
OYHCTKH BOABI, Tpebylonire MUHUMAIBHOTO Cep-
BHUCHOTO 06ciy>kuBaHus. [lepes pa3paboTKom Kak-
IOTO KOHKPETHOTO IIPOeKTa KOMITaHHU S [leJlaeT aHa-
U3 MeCTHOM BOABI, KOTOPOH II0/Ib3yeTCs 3aKa3-
YUK, U NnonbrpaeT oOUHCTUTeNbHOEe o0bopymoBa-
HHUe C MAKCHUMAJIbHBIM KO3QPUIIMEeHTOM II0jIe3-
HOT'0 JeHCTBUSI KMEHHO /151 BOABI JAHHOIO XHMH-
YeCcKkoro ¥ GMOXUMHUYECKOro cocTaBa. Takoy mof-
XOfI siBJIsieTCs Haubollee s3Hepro- U pecypcocbepe-
FTAIOIIUM JJIs 3aKa34uKa U obecreurBaeT 3HAYU-
TeJIbHOEe yBe/lHUYeHHe CPOKa 3KCIIyaTalluU IPU-
0OpeTeHHOM CHCTeMBI yBIaskHeHHUsI. X0Uuy oTMe-
TUTH, YTO TOUHOCTb MOAEP>KAHU S He06X0qUMOTO
YPOBHS BIA>KHOCTH B YHCTHIX IIOMeIeHHUSIX OYeHb
3aBHUCHUT OT YHCTOTHI BOJIBI, IIOLABAEMOH B Mapo-
reHepaTophl U YBJIAKHUTENH. B psijle yBlIaskHU-
TeJler MBI UCII0Nb3yeM Y®-IaMIIbl 11l aHTHOAK-
TepPHUOJIOTHYEeCKHUX Ie/ler U KapTPUIKHU C Belle-
CTBAaMH, COLepKaIMMHU HOHBL cepebpa. Takue
CHCTeMBI HaCTO YyCTAHABIMUBAIOTCS B OOTBHUIIAX,
HO He B Poccuu, a B 3anagHou EBpone, HampuMep
B epMaHHU U ABCTPHUH. biaromaps TaKUM I10JX0-
IaM K pa3paboTke CHCTeM HealbHOTO MUKPOKJIH-
MaTa MBI CHH’KaeM SHeprornorpebieHue U coxpa-
HsieM OKPY>KAIOILYI0 Cpey. SKOJOTHYHOCTh Halller
NPOAYKIMH I103BOJISIeT HAM C yBePEHHOCTBIO CMO-
TpeTb B byaymee. MBI TOTOBBl pellaTh 3afavH
060 CJIOKHOCTH CeTOLHSIIIHEro NHS U elle 6oee
amMbu11o3HBbIe B OygyIeM.

Tumyp CamoHumK, Komnauus TICA

Tumyp, Kakoe ob6opygoBaHHe /I YHCTHIX IIOMe-
meHUH Npou3BoAUT KoMmnaHus TICA? YTo oTau-
YyaeT Bally KOMIIAaHHIO OT IpeACTaBIeHHBIX
Ha BBICTaBKe?

Kommanusg TICA - mpousBoguTens U3 Kurad,
nuAep KUTANCKON IPOMBIIIJIEHHOCTH B o6a-
CTH IIPOHU3BOACTBA 060pPyNOBAHHUS, B TOM YHCIIe
U JJIs1 YUCTHIX MMOMeIleHUH, KOHIUIIMOHUPOBa-
HHUS, KJIMMAaTHYeCKOTo U XO0JOAUJIbHOTO 060opy-
noBaHHUsA. [Io BceMy MUPY PacCIIOJIOKeHBI ee Ipes-
CTaBUTeJIbCKHEe LeHTPH. IIepBOM M3 KUTANUCKUX
xoMnaHuu TICA monyuymuna npemuro CMIF 3a Tex-
HoOJIOTHYeCKUH nporpecc. ObopynoBanue TICA
IS YUCTBIX IOMeIleHUN COOTBETCTBYeT BCeM
MeXXIYHapOAHBIM CTaHJapTaM, IIPpU3HaHa 3KCIIep-
TaMu u3 Kurtasg, CIIIA, ®panuuu, Uranuu, Kopeu,
HupepnaHpmos, BeHHKO6pI/ITaHI/II/I U UpnaHguu.
YucTtele nomMmemeHHusS KomonaHuu TICA cooTBeT-
CTBYIOT cTaHzapTy ISOl. Hame obopynoBaHue

paboTaer Ha NpeANpHUSATHSX, IPOU3BOASLIIUX I'Pa-
deH U H3Me/Hs U3 Hero, IPOM3BOJUTeIed MUKpPO-
371eKTPOHHOM IPOMBIIIJIEHHOCTH, BBIIIYCKal-
IIMX UHTerpajbHble CXeMbl, MOHUTOPBI, CMapT-
GOHBI M ITpoYMe rajkeThl. MBI aKTUBHO paboTaeM
10 BCEMY MU DY C IPeAIPUATHAMU papMalieBTHYe-
CKOM IIPOMBIIIJIEHHOCTH, Ta60PaTOPHBIMHU U OIle-
pPallMOHHBIMHU 6/10KaMU. JIOCTaTOYHO CKa3aTh, YTO
obopymoBanue TICA mMeeT 3aKJIIOUeHHbIe KOH-
TPaKThl Ha IIOCTABKY CUCTEM KOHAULIMOHHUPOBAHU A
BO3/lyXa U IblaeynaneHus 6omee vem 2000 BrIIy-
CKAIOIIUM MUKPO3JIEKTPOHUKY IIPeOIPUATHIM,
B ToM umciie IBM, Sony, Philips, Sharp, Toshiba.

Masen laHunuH, rpynna KomnaHui "Bo3gywHbie GuabTpbl”

ITaBes, Kakoe obopynoBaHHe mpejaraeT Bama
KOMIIAHHSA /IS YHCTHIX IIOMENeHHH?

Hama KoMIaHUS CIIeljHalHu3UPyeTcss Ha U3TOTOB-
JIeHUU QUIIBTPOB AJIg OUMCTKH Bo3ayXa. [ToMHUMoO
3TOr0, MBI OCYIeCTBJIsIeM IIOCTAaBKH 3JIEMEHTOB
JJIs1 YUCTBIX [IOMEIIeHUH: [IOTOJOUYHble QUIBTPO-
JepsKaTenln, QUIBTPOBEHTU/IALMOHHbBIE MOLYIIH,
JIOKAJIbHBbIe YUCTHIe 30HBI, 6JIOKU QUIBTPALIUU C
6e3omacHBIM U3BIedyeHueM (BIBO), repegaToyHble
oKkHa. Hambonee BocTpebOBaHHBIMU B 3TOM Cer-
MeHTe SIBJISIOTCS BBICOKO3)PeKTUBHBIE QUIIBTPHI,
YaCTO UX HA3BIBAKOT abCOMIOTHRIMU. MBI peaia-
raeMm BecCh CIIeKTpP TakKuX ¢unsTpos: EPA, HEPA u
ULPA. KOHCTPYKTHBHO HAalIX QUABTPEL HE OTIH-
YaIOTCS OT MMIIOPTHBIX aHAJIOIOB, YTO 0CO6eHHO
Ba’KHO B YCJIOBHSAX MMIIOpPTO3aMelleHHusA. KopIyc
¢unBTpPa MOKET OBITH M3TOTOBJIEH M3 3KCTPYAUPO-
BAHHOI'0 AJTIOMUHUEBOTO0 NPoduIs (OIMIIHOHAIBHO
OOCTYIIHO aHOLHUPOBAaHMe), HepKaBeloIller HIHU
OLIMHKOBAaHHOI CTa/lH, IJIaCTUKa. PUIBTPYIOLUHI
3JIeMeHT M3roTaB/JIHBAeTCA U3 IIJIMCCUPOBAHHOTIO
MaTepHalia Ha OCHOBe MHUKPOTOHKOIO CTeKJIOBO-
JIOKHA. YIIJIOTHUTEIb MOKET ObITh BHIIIOJIHEH B BU/IE
6e3pa3peIBHOTO KOHTYPa U3 BCIIEHEHHOI'0 IIOTIUYpe-
TaHa, 1160 B BUJIe Tesisl, KOTOPbIM 3aII0JIHSIETCS CIIe-
LIMAIbHBIH Keob 110 mepuMeTpy Kopiyca. B coot-
BETCTBHUU C TpebOBAHUSIMHU KOMILIEKCA CTAHAAP-
ToB 'OCT P EH 1822, mocJie U3TOTOBJIeHUS Ka>KIbIH
GUIBTP NPOXOAUT MHAMBHUIYA/IbHOE TeCTUPOBA-
HHe 114 onpeneeHUusa 3¢ OeKTUBHOCTH. Pe3ynbTaThl
HCIBITAHUU OTPakalTCS B IPOTOKOJIE, KOTOPBIHU
NpUKIALBIBACTCSA K QUIBTPY. MBI IPOU3BOLHUM
dunpTpsl 601€e 17 1eT. HaKkomIeHHBIH OMIBIT, C06-
cTBeHHBIN HTL] 1 cOBpeMeHHOe eBpOIIekCKoe 060-
pynoBaHHe II03BONAIOT pPellaTh CaMble CJIOKHBIe
3a/la4M U JoOMBATHCS FAaPaHTHUPOBAHHOTO pe3y/ib-
TaTa. |
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Ctatbs MOCBSllEHA BaiMJALUM Mpoueayp MOWMKU/OYUCTKU TEeXHOJIOrMYyeckoro o60pyAoBaHUS
B COOTBETCTBUM C pykoBopcTBoM VDMA "Riboflavin test for low-germ or sterile process technologies".
MpepcraBneHo o6opypoBaHue ansa ero nposegeHus KIT ASEPTICA RFT VDMA.

The article is devoted to the validation of process equipment washing/cleaning procedures in accordance with
the VDMA manual "Riboflavin test. Equipment for its performance KIT ASEPTICA RFT VDMA" is presented.

BBEAEHUE C/IOKHBIE, JOPOTHe U, HepPeJKO, YHUKAJIbHbIE TeXHOJIO"
B coBpeMeHHBIX BBICOKOTEXHOJIOTMUHBIX OTPAC/ISIX HAy-  TH4Yeckoe ob60pyJoBaHUe U YCTAHOBKH. Ilocie mpose-
KU U IIPOMBIIUIEHHOCTH: GapMaLiuy, OHOTeXHOJIOTHH, IeHUs paboT HaBBIKH, [ONy4YeHHBIe IIPU paboTe HaL

HAHOTEXHOJIOTHH, MaTepHaJIOBeJeHUH ~ HCII0/Ib3yI0TCA OAHHUM IIPOAYKTOM, HCIIOJIB3YIOTCA IIPU CO30aHHUU
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Puc.1. Cxema ycmaHoseKku 0431 nposedeHust pAyopecueHmHoz20 mecma
Fig.1. Fluorescence test diagram

OO0 «BATMAALUNOHHAS TABOPATOPUA ACENTUKA» / LLC «/ALIDATION LABORATORY ASEPTICA».

HAHO MHOYCTPHA Tom 13 Ne 2 (95) 2020



CONTROL AND MEASUREMENTS

Puc.2. Konba pomayuoHH020 ucnapumeas ¢ pubopaasuHosbim
pacmeopom npu dHeaHom (a) u yabmpaguonemosom ceeme (b)
nocAe o4ucmKu

Fig.2. Flask of a rotary evaporator with riboflavin solution in day-
light (a) and ultraviolet light (b) after cleaning

cnepyromero. IIpy 3ToOM ammapaT MM YCTaHOBKA
IOJISKHBI OBITH OTMBITHI OT CJI€Z0B IIPeABIAYINEro Belle-
cTBa. [ly1s1 3TOr0 pa3pabaTsiBalOT IIpoLley Pbl MOKMKH/
OYHCTKH TeXHOJIOTHYeCKOro 060pyLoBaHU I, KOHCTPY-
upyrorca CIP/SIP-cucTeMbl. Ho Kak MOATBEPAMTD, UTO
aImapaT OTMBIT U IIPOLey Pl MOMKH/OUUCTKH 3ddPeK-
TUBHBEL, a CIP/SIP-ycTaHOBKH paﬁoTaIOT HagjaexkalluMm
obpasom?

METOJ0/IOrng

Hauny4ymui obpasel, HOPMUPOBAHUS IIpolie-
OyP MOHKH/OYHCTKHU pa3paboTaH B GpapmMalieBTH-
YeCKOI IIPOMBILIJIEHHOCTH [1-6], ITOCKOIBKY IOIa-
NaHUe CHJIBHOLENCTBYIOIIEro BemecTBa U3 OJHOTO
JeKapCTBEHHOTO Ipemapara K APYroMy HeJOIy-
cTUMoO. [logpa3sneneHuye 10 aCeIITHYECKHUM IIPOIiec-
caM Hemenkou Acconmanuu Verfahrenstechnische
Maschinen und Apparate pa3paborano yHUBepCcaIb
Hoe PyKOBOJCTBO II0 ITPOBeIeHHI0 pr60dpI1aBHHOBOTO
TeCTa OIS BAJULALUU IIPOLIeCCOB MOMKH/OYUCTKH
B GapMalleBTHUYeCKOM, [THINEeBON, OHOTeXHOIOrHye-
CKOM U IPYTHUX OTPACIISIX.

Puc.3. Tabnemnpecc nocae 06pabomku mecmosebim pacmeo-
pom npu dHesHom (a) u 8 yabmpacduoremogom cgeme (b) nocae
npogedeHus o4uCmKU

Fig.3. Tabletpress after treatment with a test solution in daylight
(a) and in ultraviolet light (b) after cleaning

Ha BHYTPeHHIOIO [IOBEPXHOCTH TEXHOIOT UIECKOI0
060pyIOBaHUS MM allllapaTa HAHOCUTCS puboda-
BUH U IIPOBOJMTCSI MOMKA/OYUCTKA I10 yTBepXKaae-
MoM MeTofuKe (puc.l).

Banupanus O4YMCTKH 3aK/IH04YaeTcsl B IIPOBepKe
npoueayp O4YUCTKU 060pynoBaHUS. KPpUTHUYHEIM
SIB/sIeTCS HaJU4Ke TPYyJHO OUHIaeMbIX y4aCTKOB
Ha [I0BEPXHOCTH 060PyNOBAHUSI.

[IpuHLUII MeToa PU60GIaBHHOBOIO TECTA OCHO-
BaH Ha TOM, 4uTo pubodyiaBUH dayopecLHpYeT
B Y®-gramna3oHe CBeTa, U 3Ta $yopeclieHIUs BUJHA
Hake IIPHU He3HAYHTeJIbHOM KOJIHYECTBe CIef0B
pubodnaBuHa.

[IpeABapUTeNbHO IPOBOAUTCS BH3YaJIbHBIU
OCMOTP IIOBEPXHOCTH 060pyI0BaHU S IIPU OCBEIleHU
Y®-1aMIIoi A5 IpefBapUTeIbHOI0 0OHapy KeHU I
KPUTHUYECKHUX YUaCTKOB. B ciiydae ¢pnroopecrieHINH,
KPUTHYeCKHe y9acTKU GOoTorpadupyroTCs U IPOBO-
OUTCSL OUMCTKA 060pyI0OBaHUS Iepef HAHeCeHUeM
TECTOBOT'O PacTBOpa.

Ha nmoBepxHOCTb 060pyOBaHUS, MOAJIEXKAIIET0
OYHCTKe, MNPU IIOMOIIH PACHBIIKTENSI HAHOCAT

Puc.4. 38e3004Kka sopowumenss mabaemnpecca ¢ pubopaasu-
HOBbLIM pacmaopom npu dHesHom (a) U yAbMpadLOAemosom
ceeme (b) nocae o4ucmku

Fig.4. Tabletpress agitator sprocket with riboflavin solution in
daylight (a) and ultraviolet light (b) after cleaning

Puc.5. BHympeHHas nosepxHocmb peakmopa (Peakmop
2000 4, IPEC, MIHOU$1) nocAe HaHeceHUs mecmosoz20 pacmaopd
(a) u nocae nposedeHus oyucmku (b)

Fig.5. The inner surface of the reactor (2000 L Reactor, IPEC, India)
after applying the test solution (a) and after cleaning (b)
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Puc.6. AMnyabl ¢ pacmeopom pubopaasuHa npu dHesHom (a)
u yabmpaguonemosom ceeme (b) nocae ovucmiu

Fig.6. Ampoules with riboflavin solution in daylight (a) and ultra-
violet light (b) after cleaning

TeCTOBBIHM PACTBOP TAKKM 00pa3oM, UYTOObI BCSI [TOBEPX-
HOCTb ObIIa IOTHOCTBIO CMoOdYeHa. Mcmonb3yeTcs
TeCTOBBIH PaCTBOP CIeAYIOIIEero cocTaBa: pubodia-
BHH - 0,05 I, THAPOKCHATHILe/IoN03a (A1) - 1,25 T,
BoJa oyMIneHHas - 250 M. OCBelaoT ITOBEPXHOCTh
Y®-1aMIION IIPU BBIK/IIOUEHHOM CBeTe, 3aTeMHeHHOM
MoMellleHU U U $oTorpadupyroT IOBEPXHOCTH. He JosKU-

[AasiCh IIOJTHOI'O BBICBIXAHH S IIOBEPXHOCTH IIPOBOAAT

Puc.7. Baaudayus moliku/ouucmku paboyeli kamepbl AGMUHApa

Fig.7. Validation of washing / cleaning the laminar working chamber

HAHO UHAYCTPUA Tom 13 Ne 2 (95) 2020

OYHCTKY IIOBEPXHOCTH 000PyNOBaHUS COIVIACHO CTaH-
JNapTHOM omepallMoHHOM npouenype (COII). IToce
OKOHYAaHHS OYKMCTKH OCMaTPHUBAIOT [IOBEPXHOCTH ITPU
Y®-ocBemeHUH U GOoTOrpadupyoT. McrplTaHKe IIPo-
BOJUTCS Ha TPeX M0C/eloBaTe/TbHbIX [IMK/IaX OUHMCTKH.
Pe3yybTaT CUMTAETCA IIOJOKUTE/IbHBIM, €C/IH II0C/Ie
OUMCTKHU II0BePXHOCTh BH3yaJIbHO YKUCTAsl U OTCYT-
CTBYyeT CBeueHHe B YP-cBeTe. Bce pe3ynbraThl GUKCH-
PYIOTCS M 3aHOCSITCSL B IIPOTOKOJI BJIMTAIIMKA MOMKH/
OYHCTKU 060pyIOBaHUS, U IPHUIATAIOTCS $OTO
B YO-cBeTe moc/ie HaHeceHUs pubodiaBuHa U 11oCIIe
BBITIOJIHEHH I ITpOLieAy bl (pHC.2-5).

Banuganus OYHCTKH. Pu60dIaBUHOBLII TECT -
nprMepsl IpoBefieHUsI RET TeXHOIOrM4ecKkoro obopy-
JOBaHM S Ha Pa3HBIX IPEAIPUATHIX.

JlJ1s1 IpOBeleHH s TeCTa B COOTBETCTBHH C Tpeboa-
HUSIMH VDMA HaITMMH CIIeLHAIUCTAMU pa3paboTaH
KOMILIEKT ITPUCIIOCO6IeHUH AJ1s1 prb0odaBUHOBOTO
Tecta KIT ASEPTICA RET VDMA (prc.8), KOTOPBIE cofep-
SKAT Bce HeoOXOAMble aKCeCCyapsl /1l IIPOBe/leHH s
HCIIBITAHUH.

Ha puc.9 moxasaHa CTaTHCTHKA I10 Pe3y/IbTaTaM IIPo-
BefleHHU s prub0¢IaBHHOBOIO TeCTa Ha papMalleBTHYe-
CKUX IIpeanpusaTuax B 2019 romy.

3AK/TIIOMEHUE

[IpoLienypbl OYUCTKU TEXHOJIOTHYECKOTo 060pymo-
BaHMUS [JO/IKHBI OBITH IIPOBEJEHBI B COOTBETCTBHH
¢ COII-3.1-CO-89 p. "IlopsAIOK OUMCTKH, Ae3UHPEKIIUHU
Y CTEPU/IM3ALIMH CUCTEMbI IPUTOTOBIEHUSI MHBEKI[U-
OHHBIX, pacTBOpoB". M3 puc.9 BUAHO, 4TO HA papma-
LIEBTUYECKUX [TPEAIIPUSITUSIX, 16 PAGOTAIOT OIIbITHbIE
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MacnopT C MHCTPYKLMEN MO 3KCriyaTaumm
Passport with manual guide

Pykosoactso VDMA
VDMA guide

CreknisiHHas 6yTbiika 1000 mn
Glass bottle 1000 ml

BasmpaumoHHbie npoTokonbl 1Q, OQ, PQ
Validation protocols 1Q, OQ, PQ

®doHapb CBETOANOAHBLI 3W
LED Flashlight 3W

®doHapb YO-3W

CTeknsHHas 6yTbiika 250 MA
Glass bottle 250 ml

3aUMTHbIE 04KM OT YD-13/TyHeHns
UV protective glasses

OCBeTUTE/b IIOMUHECLIeHTHBIN (1amna Byaa)
Luminescent luminaire (Wood's lamp)

Flashlight UV-3W

TMAPOKCUITUNLLENNIONIO03A
Hydroxyethyl cellulose

AMMy bl C pubodraBMHOM
Riboflavin Ampoules

Pa3bpbi3rnsaTesnb
Sprayer

Puc.8. Komnaekm npucnocobaeruli 045 pubopaaguHosozo mecma KIT ASEPTICA RFT VDMA

Fig.8. KIT ASEPTICA RFT VDMA riboflavin test kit

TeXHOJIOT'H, XOPOIIO yKOMIIIEKTOBAHBI CJIy>KOBI Kade-
CTBA, CyLIECTBYIOT IIPOo6IeMBI C ITpoLiefypaMHU U 0b6opy-
IOBaHUEM JIJIsI MOMKH/OYHCTKU. B 3TUX cuTyanusax KIT
ASEPTICA RFT VDMA - yno6HBII1 U HeIOpOrokl HHCTPY-
MEHT JIJI51 PellleHH I TAKOTro pojia ITpobiieMm.
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Fig.9. RFT Abnormality Statistics
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U3OATEJNIbCTBO «TEXHOC®DEPA»

NMPEOCTABIAET KHUTY:

A. MUHOAM

MHHOBALLUU B TEXHOAOTUAX
CMNYTHUKOBOW CBSA3U

npu noasAepXxKe
Puanaaa AQO «OPKK» — «HUM KMy

M.: TEXHOCEPA, 2019. — 446 c.,
ISBN 978-5-94836-545-9

Lena 1188 py6.

KHUra aBageTcs oB30p0OM KAIOYEBEIX AOCTHIKEHWM B OBACCTH KOMMEDPHECKOM CMYTHMKOBOM CBA3M.
B Hel cTABMTCA BONPOC © TOM, KOKMMM MOTYT BbiTh HOBLIS BOIMOXKHOCTH AAS KOHEYHBIX MOAb3IOBATE-
AEH M NOCTAUBLLIMKOB YCAYT B MCMNOABIOBAHKMIM HOBERLLIMK DblCTRORQ3BMBAIOLLIMXCS MHHOBALMA B 3TOH
obAadcTH (paclurpeHme cneupdomkaumm DBV-52 (DVS-52X)), TeXHOAOMMIA CNYTHUKOBLIX KAHOACE
C BLICOKOM NponyckHoM cnocobHocTeio (HTS, High throughput satellite), metoaos cnyTHHKOro npu-
MEHEHMA pelleHnn M2M (machine-tormachine) 1 1. A.).

KHUIra coAepXUT 8 rAdB. NepevH MCTOYHWMKOB, MAOAOAOCTYMHBIX PRACBOMY DYCCKOAIBIYHOMY
YUTATEAID [MCKAIOYMTEABHO HO QHIAMMCKOM A3bIKe), TPU NPHAOKEHKS 1 NDEAMETHIM YKA3aTEAb.

BeOAHOA FACIBA COASPMUT CMPUBOYHBIA TEXHUYECKWIA MATEPUTA, KOTODbIM MOXKET BhiTe NoaeseH
HMHXKEHeRAM NO CrNYTHHUKOBORM CBAZM BHE IABMCHMMOCTH OT OCTAABHOIO COASRMKAHMA KHMM. B 4acT-
HOCTH, B 3TOM rAQBE NPUBEASHbLI CBEASHUA O HOMMEHOBOHMAX DAANMOAMCNU3OHOB, MCTOAB3YEMbIX
B CMNYTHWKOBOM CBA3M, O TAKKE OKOAO3IEMHBIX OPBUT CNYTHMKOB KOCMMYECKONM CBA3NM (HE TOABKO
reccTalUMoHApPHIX). B NpuackKeHu B npueeseH MAoCCApMii OCHOBHLIX KOHUEMNUWM M TEPMMHOB
CMYTHMKOBOW CBA3K. OH CO3AQH HO OCHOBE DPA3IAMYHBIX MCTOMHMKOB B OFPAOHWYEHHOM OBbeme
MHCPOPMALMK C NPUMBEAEHMEM CCHIAOK HO 3TH MCTOYHMKM.

M3apaHMe MOXKHO CHATATE CMPABOYHBIM NOCOBMEM, TAK KOK B BEOAHYIO TAQRY BKAIOYEH CNPABOYHbIM
TEXHMYECKMIA MATEPUAA, KOTOPLIM BYAST CAYXWUTL B KAYECTBE YYEBHMKA MO CNYTHMKOBOM CBA3M AAS
HOYMHOKOLLLMX.

Kak 3aka3zaTtb Halwy KHUrn?

Mo noyte: 125319, Mockea, a/s 91

Mo chakcy: (495) 956-33-46
E-mail: knigi@technosphera.ru MHCDOPMAU‘MR O HOBMHKAX

sales@ technosphera.ru www.technosphera.ru
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JKCNOo M XUMUYECKUX PeaKTUBOB

a Hyve event 22-25.09.2020
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KOHTPO/Ib U UBMEPEHMUSA

BUOBE3OMACHOCTb HAHOIMPEMAPATOB
nPU NPUMEHEHUN B XKNBOTHOBO/CTBE
W NTULLEBOCTBE

BIOSAFETY OF NANODRUGS USED

IN LIVESTOCK AND POULTRY BREEDING

P.®.Kanycmun™, 0.6.H., npog., (ORCID: 0000-0002-4953-7808), M.B.Tapacos*, H306pemamen» CCCP, (ORCID: 0000-0003-
0980-5908), U.I1.ITozopenbckuii”, d.med.H., npod., (ORCID: 0000-0001-6293-7366), B.A.XauKo", koHcyavmarm, (ORCID:
0000-0002-0674-8971), C.1.LplbyAbHuK08", npedcedamens cosema, (ORCID: 0000-0002-7727-0645) / m-tarasov@list.ru
R.F.Kapustin®, Doct. of Sc. (Biological), Prof., (ORCID: 0000-0002-4953-7808), M.B.Tarasov", "Inventor of the USSR",
(ORCID: 0000-0003-0980-5908), I.P.Pogorelsky™, Doct. of Sc. (Medical), Prof., (ORCID 0000-0001-6293-7366), V.I.Khachko*,
Consultant, (ORCID: 0000-0002-0674-8971), S.L Tsybulnikov*, Council Chair (ORCID: 0000-0002-7727-0645)

DOI: 10.22184/1993-8578.2020.13.2.150.156
[Mony4eHo: 03.02.2020 .

Pa3BuBawLLaACs aHTUBNOTUKOPE3UCTEHTHOCTb, NOSBJ/IEHME cynepb6akTepuii, yCTONYMBBIX K paay
aHTM6aKTepuasbHbIX CPeACTB, Bbi3BaJIM HEO6XOAMMOCTb CO3[4aHUSA XUMMOTEpaneBTUYEeCKUX
cpeactB (XTC) mpuHUMNUANbLHO HOBOro knacca. C NMpMMeHeHMEM HAHOTEXHOJIOrUA COo3AaHbl
pbIHOYHbIE TMpPOAYKTbI — HaHonpenapaTtbl M.Bb.TapacoBa: "Ckan-®opc", "lMeHTauukKAuH",
"Pudomact” n "dHpgocynep”, obnaparwme paHee HeJO0CTUXKUMbBIMU CBOMCTBAMU. HoBble CBOMCTBA
BelecTBa, CNoco6bbl NOJYyYeHUS HOBbIX MaTepUasios, NOJYYEHHbIX HA OCHOBE HOBbIX TEXHUYECKUX
peweHnn, onpepensoTcss YHUKaJbHbIMWU CBOMCTBAMM HAHOYACTUL, U OCOB6EHHOCTAMM
onepauuii ¢ Humu (HaHoTexHosiorMamu). [oKasaHo, 4YTO AAA  nonyveHus ceptudukara
COOTBETCTBUSA YHUKAJIbHbIX MpenapaToB A0CTaTOYHO OAHO3HAYHO €O 100%-HOW BepOSATHOCTbIO
MaeHTUGULMpPOBaTbL KOHEYHbIM MpoAyKT. MccnepoBaHUs MO NMPUMEHEHUID TUCTOJIOrMYecKoro
KOHTpPO/NSA MNpoAYKLMW CBUHOBOACTBA AoKasann 6uob6es3onacHoCTb  HAHOCTPYKTYPHbIX
npenapatoB. BbisiBneHa 3¢p¢PeKTUBHOCTb BO3AEMCTBUS HAHOCTPYKTYpHOro npenaparta "Ckam-
dopc" Ha Bo3byauTenein onacHbix MHbekuuin (6pyuennesa n appmkaHckon YyMbl cBUHeN — AYC).
DKCMNepUMEHTA/IbHO [A0Ka3aHa YHUKAJ/IbHOCTb XapaKTEPUCTUK HAHOCTPYKTYPHbIX MpenapaTos,
4TO npegnosaraeT A[OMNOJIHUTENbHYIO pa3spaboTKy MHCTPYMEHTaJIbHbIX METOAUK BbIXOAHOrO
KOHTPOJ1 KayecTBa caMuUX HaHonpenapaToB. Tpe6oBaHUSA K 6M06e30NacHOCTU HAHOCTPYKTYPHbIX
npenapaTtoB Heo6xoAUMO 3aKnafbiBaTb B TEXHUYECKOe 3aaHue npu paspaboTke HAaHOCTPYKTYp
C 3ajaHHbIMM  (PU3NKO-XMMUYECKUMU U TepaneBTUYECKUMU cCBoMcTBamMu. [lpoBepeHHble
rucrosiormyeckme wucciegoBaHUs roTOBOM MNpPOAYKLMU >XMBOTHOBOACTBA M NTULEBOACTBA
Nno3BOJISIOT [0CTOBEPHO KOHTPOJIMPOBAaTb COOTBETCTBME WCMNOJIb3yeMbiX B TepaneBTUYECKUX
uensax HaHOCTPYKTYPHbIX MpenapaTtoB Tpe6oBaHusM 6umob6eszonacHocTU. OTCYTCTBUE [AHHbIX
no UCXOAHbLIM UHIFpeaueHTaM, Ha OCHOBE KOTOPbIX 6bl1M CO3AaHbl HAHOMNpenapaTbl, 3aTpyAHSeT
ceptudukauuio nocnegHux. NokasaHo, YTO ANS LOCTOBEPHOM cepTUPUKALUM HAHOCTPYKTYPHbIX
npenapaTtoB AO0CTaTOYHO MHCTPYMEHTA/IbHbIX METOAOB KOHTPOJIA UX COOTBETCTBUS 3TAa/IOHHbIM
ob6pasuam.

The developing antibiotic resistance, the appearance of superbugs resistant to a number
of antibacterial agents made it necessary to create chemotherapeutic agents (CTA) of a
fundamentally new class. The use of nanotechnologies enabled the creation of market

Benropoackoe pernoHanbHoe oTAeNieHne 0bLeCcTBEHHOM OpraHn3aLmm Bcepoccninckon opranmsaunm nsobpertartenen 1 paunoHanmnsatopos / Public
Organization of the All-Russian Society of Inventors and Rationalizers, Belgorod Regional Office.
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products such as M. Tarasov's nanodrugs: Sky-Force, Pentacycline, Rifomast and Endosuper
having previously unattainable properties. New properties of a substance, methods for
producing new materials obtained on the basis of new technical solutions are determined
by the unique properties of nanoparticles and the peculiarities of handling with them
(nanotechnologies). It is proven that in order to obtain a certificate of conformity for unique
drugs, it is sufficient to unambiguously identify the final product with a 100% probability.
Studies on the application of histological control for pork products have proved the biosafety
of nanostructured drugs. The effectiveness of the Sky-Force nanostructured drug with regard
to pathogens of dangerous infections (brucellosis and African Swine Fever — ASF) is revealed.
The uniqueness of the nanostructured drug properties is experimentally proved, which
implies the additional development of instrumental methods for the final quality inspection
of the nanodrugs themselves. The biosafety requirements for nanostructured drugs shall be
laid down in the technical assignment when developing nanostructures with tailor-made
physicochemical and therapeutic properties. The conducted histological studies of the
finished livestock and poultry products allow us to reliably inspect the compliance of the
nanostructured drugs used for therapeutic purposes with the biosafety requirements. The lack
of data on the starting ingredients, on the basis of which the nanodrugs were created, makes
certification of the latter difficult. It is shown that for reliable certification of nanostructured
drugs, instrumental methods of examining for their compliance with reference samples are

sufficient.

BBEAEHUE

Pa3BUBaIOMAsCSI AHTUOHMOTHUKOPE3UCTEHTHOCTD,
nosiBjieHUe cyrnepbakTepuil, obramaomuXx MHO-
S>KeCTBEHHOH JIeKapCTBEeHHOH YCTOMYMHBOCTHIO,
BBI3BAJIM HEOOXOJHMMOCTD CO3AHUS INPHUHIUIIN-
A7PHO HOBOTO KJIaCCa XMMHUOTEPAaNeBTUYECKUX
cpenctB (XTC). C mpruMeHeHHEeM HAHOTEXHOJIOT UM
CO3/IaHBbI PRIHOUHBIE IIPOJYKTHl -~ HAHOIIpeIapaTel
M.B.TapacoBa: "Ckan-®opc", "[leHTaOUKIHUH",
"Pudomact” u "DHpocymnep”, obragamimre paHee
HeIOCTUKMMBIMHU CBOMCTBaMU. Co3JaHHbBIe HAHO-
Mmpernaparsl He SBASIOTCSI aHTUOHMOTUKAMU, OHHU
30 OeKTUBHL B OTHOIIEHUH IPAMIIOJIOKUTE/Ib-
HBIX U TPaMOTpHLIATe/NIbHBIX 6aKTepHUIl, BUPYCOB,
SIBJISIIOTCSI PeaJIbHOM aJIbTepHATUBOM aHTHOHOTH-
KaM B CHJIY CBOMX YHHUKAJIBHBIX QH3UKO-XHMHUUe-
CKHX, TepaleBTUYeCKHUX CBOMCTB U MOTYT CHU3UTH
BePOSITHOCTb BO3HHUKHOBEHHUS JIOKAJIBHBIX O0Ya-
rOB OMAaCHBIX K 0c060 omacHbIX HHPeKIKUH [1-15].
HaHOTeXHOJIOIUHU ~ COBOKYIIHOCTb OIlepallu, IIpe-
o6pasyom X UCXOJHOe ChIpbe, IpeAcTaBsIoONIee
cobort MaTepuas, B BeIeCTBO C pa3MepPOM YaCTHI]
meHee 100 HM, C UCIIOJIB30BaHHEM HHPOpPMAIIHU-
OHHBIX (3HAHHU), JHepreTU4YecKUx (Tersuo, 3aeK-
TPO3Heprus u T.A.) U MaTepHaJIbHBIX PeCypcoB,
B pe3yJibTaTe 4Yero NPOU3BOASITCSI HAHOCTPYKTYP-
Hble MaTepHalbl, IOAYIPOAYKTHl MK IIPOAYKTHI,
obnagamoniye YHUKAAbHBIMH XapaKTePUCTUKAMHU
HJIM CBOMCTBAMH, 3HAUHUTE/IbHO IIPEBBIIIAIINMH
II0 CBOMM I1apaMeTpaM CYIIecTBYIOIIKe aHAJIOTH,
WU He MMeloljhe MHUPOBBIX aHAJOrOB, TO eCTh

beccriopHO KOHKYPeHTOCIIOCOOHBIe HAa MHUPOBOM
peIHKe. Bro6e30macHOCTh HaHONIpemapaToB obe-
CIIeYHBAETCSI He TOJIbKO COKpallleHHeM B JIeCSITKH
M COTHHU Pa3 MacChl aKTHUBHOTO ([JeHCTBYIOIIEro)
BeIlleCTBa B COCTaBe HAHOIIPeNapaToB, HO U Iieje-
BOM JJOCTABKOM B O4YaTl IOPa’keHUS U CeJeKTHUB-
HOCTBIO BO3JEHCTBUS Ha IaToreHs (6akTepuu
U BHPYCHI, YTO UCK/IIOYaeT TOKCHUUYeCKOe BO3MeH-
CTBHe Ha opraHu3M 6rnoobrvexTa). C LeIbI0 HCKIIIO-
YeHHU s PUCKOB TOKCUYECKOI0 BO3JEHCTBUS HAHO-
IIPOJYKTOB Ha YeJT0BeKa U SKUBOTHHIX, UX Heobxo0-
OUMO MPeAyCMOTPHUTEIBHO UCKI0YATh Ha JTalle
pa3paboTKM HaHOIpeapaToB, CO3JaBasi HAHO-
CTPYKTYPBHI C 3aJaHHBIMHU QU3UKO-XUMHUUYECKUMU
U TepaleBTUYeCKHMHU CBOMCTBAMHU, HCKJIIOYAIO-
IIUMHU TOKCHYHOCTh MaTepHasoB. CyliecTBYOMIAs
HOPMAaTHBHO-TeXHHYecKas 6a3a HeJoCTaToOuHaA
1 GaKTHUYeCKH 3aKpbIBaeT BBIXO/ TAKUX MaTepHa-
JIOB Ha PHIHOK HAHOIIPEIIapaToB /151 MeAHUIIMHCKOTO
Y BeTePUHAPHOIO IIpUMeHeHUs. HaHOIpemapaTel
baKTHUUYeCKH He MOTYT 6BITh CEpTUGUIIMPOBAHBI
B COOTBETCTBUHU C JEeHCTBYIOIHUM 3aKOHOAATEb"
CTBOM BCJIe/ICTBHE OTCYTCTBHSI B TOTOBOM IIPOJYKTe
HCXOJHBIX KOMIIOHEHTOB.

METOAbI UCCNEAOBAHUA

Pa3zpaboTaHBl MHCTPYMEHTAJIbHbIe METOLUKH
JIOCTOBEPHOU HUAeHTHGHUKAL UK FOTOBOTO IIPOAYKTa
Ha CTaJHH BBIXOAHOTO0 KOHTPOISI (5, 7]. Iy1sa ructo-
JIOTUYeCKOr0o UCCAeL0BaAHUS OTOUpANTU COOTBET-
CTByMOIHMe GparMeHTHl CeJIbCKOXO03IHMCTBeHHOU

Vor.13 No. 2 (95) 2020 NANO INDUSTRY



KOHTPOJIb U UBMEPEHMUA

Puc.1. KonmpoabHas 2pynna, xxugomHoe Ne 6. Cepo3Ho-

2emoppazu4eckas NHeeMoHus
Fig.1. Control group, animal. Serosanguineous pneumonia

NPpOAYyKLHHU, PUKCUPOBAIHU UX B 10%-HOM pacTBope
HeUTpaabHOro GopManuHa, 06e3BOSKUBAIH B U30-
IIpoIaHo/ie U 3a/IMBa/IU B IMapaduH. [Ipemnaparsl
Cpe30B TKaHeM OKpallMBaJKd IeMaTOKCUIHNHOM
DpiHXa U 303MHOM, HCCIeNOBa/lld Ha MHUKPO-
ckome "Mukrmen-2" (OOO "IOMO", Poccus) npu
yBenu4YeHHUHU B 100-200 pa3 (aHAIK3 pe3ylbTaToB
BhimIoNiHeH B.M.Xauko, [|.B.BOJIKOBBIM, COTPYL-
HuKoM Cubupckoro @Il PAH, M.B.TapacoBsIM).
HccnegoBaHUS 0 OoNpefeleHUI0 TOKCUYHOCTHU

Puc.3. OnbimHas epynna, >xugomuoe N2 1. J/lezkoe, 6poHX
Fig.3. Experienced group, animal Ne 1. Lung, bronchus

HAHO MHOYCTPHA Tom 13 Ne 2 (95) 2020

Puc.2. KonmponbHas epynna, xusomuoe Ne 7.
lemoppazuyeckas nHe8mMoHuUs
Fig.2. Control group, animal N2 7. Hemorrhagic pneumonia

U BO3/IeMCTBHIO HaHompemnapatoB "Ckamn-®opc”
U "TleHTaUUKAUH" Ha BUPYCchl AYC BHIIIOTHEHBI
crnenuanucramu 'HY BHUUBBuM (r. ITokpos,
akT oT 11 urwusg 2014 roma). B pa60Te HUCIIO/NBb30-
BaJIK OHoMaTepHal Ajsl TUCTOJIOTHYeCKUX HCCIe-
JOBAaHUM, B3SITBIK U3 FOTOBOM INPOAYKILIMHU [BYX
TPYII KUBOTHBIX (KOHTPOJIBHOMN M OIIBITHOH,
Impollefel JiedeHHe npemnapartoMm "Crau-®opc”).
s ycuneHHUs KOHTPOJIS 32 6106e30macHOCTHIO
FOTOBOM NPOAYKLHHU MpeAaaraeTcss BbIOOpouHO

Puc.4. OneimHas 2pynna, >xueomHoe Ne 1. Jlezkoe, y4acmok
Ne2K020 6€3 NaMoA02u4ecKux UsmeHeHul

Fig.4. Experienced group, animal N2 1. Lung, lung area without
pathological findings
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Puc.5. OnbimHas 2pynna, xxusomHoe N2 2. Jlezkoe, socnanu-
meAbHble U3MEHeHUS U KpOBOU3AUSIHUS 8 EOUHUYHbIX AAbB8E0AaX
Fig.5. Experienced group, animal N2 2. Lung, inflammatory
changes and haemorrhages in single alveoli

OCYIIeCTB/ISITh THCTOJOIMUYEeCKHUI KOHTPOJIb Kade-
CTBAa FOTOBOM IPOAYKLHH B KPYIIHBIX aTpPOXOJI-
OUHTaX OOIIOJHUTEJbHO K UMEIOIIUMCSI METO-
JaM KOHTPOJS KadeCTBa KOHEYHOM IIPOAYK-
UK — MSCA CeJIbCKOXO3SIMCTBEHHBIX K MBOTHBIX
u oTul (puc.1-3). 3To YyCHIUT IO3UIIUHU OTede-
CTBEHHBIX arpapHeB Ha MUPOBBIX PBIHKAX U, I[VIaB-
Hoe, IIPOJOBOJILCTBEHHYIO 6e30omacHOCTh PO.

PE3V/IbTATbI UICCNIELOBAHWNIA

[IUKJI JOKIMHUYECKHUX UCIBITAaHUN "Ckan-Popca”
B arpoxo3siMCTBaX HHCTPYMEHTAJbHBIMH MeTO-
JaMU IIPOBeJleH B COOTBETCTBUU C "PYKOBOJACTBOM
0 MHCTPyMeHTa/JbHBIM MeTOJaM HCCIefo-
BaHUM IpU pa3paboTKe M 3KCIepTH3e Kade-
CTBa JIeKapCTBeHHBIX IpemapaTtoB” (M., 2014),
ITprKa3zoM MHUHHUCTePCTBA CeIbCKOTO X034HUCTBa PO
oT 06 MmapTa 2018 roma Ne 101.

B KOHTPOJBHOM TpyIlIe XHUBOTHBIX (mopo-
cdTa), He IOJy4YaBIIMX IpemapaT, Habnroma-
I0TCSl NPU3HAKU MHTEPCTUIIMAJIBHON IIHEBMO-
HUU. YTONIIeHHe MeXKaJbBeOIIPHBIX IIepPeropo-
IOK OXBATBIBAaeT GOJIBIIYIO YaCTh T€TOYHOM TKAHH,
OLHAKO Y4aCTKH, IIpHUIeramIinyue K 6poHXxaM, oKa-
3bpIBalOTCS 6oee mopaskeHHBIMHU. Habniomaercs
OTeK CTPOMBI, IPeUMYIeCTBEHHO I10 X0/1y OPOHXOB
M KPYIHBIX BeH. Takke BCTpe4aroTcs TpoM603Hl,
KaK IIPUCTEHOYHBbIe, TaK U IIOTHOCTHIO ITePeKPbl-
BaOI[He IIPOCBET KPOBEHOCHBIX COCYHOB (IIpeuMy-
IeCTBeHHO BeH). CoeJUHHUTeIbHAsI TKaHb, IPU-
nerampmas K 6poHXaM, HepeJKO MPOMHUTaHa KPo-
BbI0. B mpocBeTe 6POHXOB 4acTO MOKHO YBH/EThb

Puc.6. OnbimHas 2pynna, xxusomuoe N2 2. Jlezkoe, nepubpoH-
XUaAbHAs cOeOUHUMeAbHAss mKaHb, pubpo3s

Fig.6. Experienced group, animal N2 2. Lung, peribronchial con-
nective tissue, fibrosis

KpPOBb, B PefKHX Clydasx HabnogaeTcs Halu-
YHe JeCKBAMHUPOBAHHOIO 3MHUTeNUs. [HllepeMUs
MapeHXHU MBI JIeTKUX [IPeMMYyIeCTBEHHO CBsSI3aHa
C BEHO3HBIM 3acToeM. [IpU pa3sBUTHUU BOCIAIU-
TeJIPHOT'O IpoIlecca 3KCCYAaT MperuMyILIeCTBEHHO
remopparudeckuu. MHQUABTpALlUU FPAHYIOLH-
TaMU NPaKTHYeCKH He HabTomaeTCs, 3a UCKIIIO-
YyeHHeM TPoMOOB Ha CTaJlUM OpraHHU3aLUU. B oua-
rax BoCIlaJleHHs NpeuMYyIlecTBEHHO BCTpeua-
I0TCSE TUMOLUTH, MaKpodaru (B TOM UHC]Ie

8 €\ 2 SN

Puc.7. OnbimHasg zpynna, >xusomHoe N2 4. Jlezkoe, y4acmok
N€2K020 63 NaMoA02U4ecKUX U3MeHeHUl

Fig.7. Experienced group, animal N2 4. Lung, lung area without
pathological findings
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KOHTPOJIb U UBMEPEHMUA

OTMeYaeTCs Ha/JUYHe MeHUCTHIX MaKkpodaros).
B IBYX M3 IIpernapaToB BCTPEYaJHUCh BHYTPUIUTO-
[aasMaTUUYeCKUe 303UHOPUIbHEIE Te/lbla-BKIIIO-
YeHHU S, IPEACTABIEHHOCTh KOTOPHIX Obla 6osbIle
B Oouarax mopasxkeHus (Mopdosorudeckue xapak-
TEPUCTUKHU TeJel-BKII0YeHUH 6oee XapaKTepHbI
LISl IAPBOBUPYCHON MHbEKIUU), PaKT HATUUUS
TOJIBKO BYX KUBOTHBIX C IIPU3HAKAMHU IIaPBOBU-
pPYCHO¥ MHOEKIIUHU [103BOJIseT TOBOPUTH O He3Ha-
YUTETbHOM BKIAaJie B [IOPaskeHUe PeCclIuPATOPHOH
CUCTeMBbI. Y JKUBOTHBIX 06euX I'PyII HabmomaoTcs
Mopdosoruvyeckre U3MeHeHHU S B IeIKUX, JAOLIHe
OCHOBaHHE [JIs1 IPEAIIONOKEHUSI UIEHTUUHOCTH
3THUOJIOTHU U IIaTOreHe3a IaTOJOTHYEeCKOro Ipo-

: necca. OQHOTUIIHOCTD U OLHOPOLHOCTh HU3MeHe-
Puc.8. VicxodHble 080UIHbIE KAEMKU U UX cKonAeHus (3nek- HHUH BHYTPH I'PYIII TaKKe IPeJIIONaraeT MpeuMy-

MPOHHAS MUKPOCKONUS, NpocaeyusaroLas) IIeCTBEHHO MOHOA3THOJIOTUYECKHUH XapaKTep Mmopa-
Fig.8. Initial ovoid cells and their clusters (transmission electron sKeHUH (puc.l, 2).
microscopy) [pynmna SKUBOTHBIX IIOC/Ie MOAYYeHUS Iperna-

pata (tepanmuu npemnaparom "Ckam-®opc”, ombIT-
Has rpynna) (cMm. puc.3-7). MHTeHCUBHOCTb BOC-
MaJUTeNbHBIX M3MeHEHHH B JIeTKHUX Cylle-
CTBEHHO MeHee BBIpa’keHa B CPaBHEHHUHU C KOH-
TPOJIBHOMX IPYyIIOM. Ilnomanb IopakeHUH TakKe
MeHblIe. FI3MeHeHH I BOCIIAJIUTEIBHOIO XapaKTepa
TaK>Ke 3aTParuBalOT IIPeHMYIeCTBEHHO CTPOMY,
MOKHO YBUJETb OTeKH CTpPOoMbI U ¢ubpomaTos.
[lepubpoHxHanbHasl COeJUHHUTENbHAS TKaHb
YacTo B COCTOSHUH dubpomarosa, Ho 6e3 Bocma-
TUTeNbHBIX UHQUIBTPATOB. BocmaauTeTbHBIX
MHOQUIBTPATOB TakKe, KaK U Yy SKUBOTHBIX KOH-
TPOJBHON T'PYIIBl -~ IPakKTUYeCKH He Habaroma-
eTcsi. BctpedaloTcst TpomM603bl BeH (CylmeCTBEHHO
peske), B HEKOTOPBIX C/IydasiX BeHBbI 3allyCTeBIIHe,
nubo B COCTOSHUM 06MHUTepaliuy. YYaCTKHU HOJIeK,
rae HabIIOMAIOTCS U3MeHeHU s BeH, YacTo aTelek-
TaTHYHBI. XapaKkTep U3MeHeHU CBUIeTeIbCTBYeT
0 paHee IepeHeCeHHOM BOCIIAJIUTEeIbHOM IIPO-
Lecce, aHAJIOTUYHOM I10 3THOJIOTUU U MeXaHHU3MY
Pa3BUTHS NATOJIOTUH TAKOBOMY Y SKMBOTHBIX KOH-
TPOJIBHOM Ipynmnsl (puc.3-7). KpoMe Toro, BBHISIB-
neHa 50 PeKTHBHOCTD BO3JHCTBUS HaHOIpema-
pata "Ckan-®opc” Ha Bo3byauTeneit 0cobo omacHou
UHOEeKIHUH — 6pyuen11 (pHc.8—12).

(s : b : . SR 3AKNIOMEHUE

Puc.9. 4 u 3kcno3uyuu, kKAemku 830ysuwiuecs,, omcAolKa yu- HaHOTexHOJIOTMH, IPUMeEHseMble B [IPOMBIIIJIeH-
monAasmamu4eckol MemOpdaHbl, N08bILLEHHAS 3AeKMPOHHO- HOM IIPOM3BOJCTBE HAHOIIPeIlapaToB, SIBJISIOTCS YHU-
onmuyveckasl Npo3payHocmp (3AeKMpPOHHAS MUKPOCKONUS, KaJAbHBIMHU. /1 MONy4yeHUsI CepTUPUKATA COOTBET-
npocsevusarouias) CTBHS YHHKAJIbHBIX HAHOIIPEIIapaTOB JOCTATOYHO
Fig.9. 4 hours of exposure, swollen cells, detachment of the OJHO3HA4YHO co 100%-HON BepOATHOCTBHIO UJEHTHU-
cytoplasmic membrane, enhanced electron-optical transpar- dUIIMpPOBaTh KOHEUHBIN IPOAYKT. HeobxomMMOCTh
ency (transmission electron microscopy) PacKpBITHS criocoba Iony4deHHUs HAHOIPOAYKTA

HAHO MHOYCTPHA Tom 13 Ne 2 (95) 2020
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Puc.10. 24 4 3kcno3uluu, KAemoYHbll dempum u paspyLieH-
Hble KAemKu (3AeKmpOHHAS MUKPOCKONUSI, npoceevusaruas)

Fig.10. 24 hours of exposure, cell debris and destroyed
cells(transmission electron microscopy)

Puc.11. 24 4 3kcno3uuuu, KAEMOoYHbIL dempum U paspy-
WeHHble Knemku (3AeKmpOHHAS MUKPOCKONUS, Npoceeyusd-
rouas)

Fig.11. 24 hours of exposure, cell debris and destroyed
cells(transmission electron microscopy)

@

Puc.12. PazpyweHue 6pyuean nod deticmsuem "Ckati-@opc”
Fig.12. The destruction of brucella under the Sky Force

oTmajaeT, TaK KakK II0OJYUYHUTb YyHHUKAJIBHYIO CTPYK-
TYpPy MOXKHO eHUHCTBeHHBIM cIiocobom. IIoaTomy
IIpaBoBasi OXpPaHa MHTeJJIeKTYaIbHOM COOCTBEHHO-
CTH — IPOMBIIIIEHHBIX HAHOTEXHOJIOTUH ~ OCYyIllecT-
BJISIeTCSI B PeSKHMe HOy-Xay, HMelolleM abCcoMoTHO Te
>Ke TIPaBOBbIe IIOCJIeAICTBH S, YTO U ITIATEHT Ha U300pe-
TeHHe. HoBbIe CBOMCTBA BeIleCTBa, CIIOCOOBI IOy de-
HUS HOBBIX MaTepPHUaJIOB, HOBble TeXHOJIOTHYECKUe
pellleHu s oIl pee/siloTCsl yHUKaIbHBIMU CBOMCTBAMU
HAHOYACTUIL ¥ 0CODEHHOCTSIMH OIlePallUil C HUMH
(HaHoTexHOJOTUAMU). OTCIOLA BO3HUKAET Heobxo-
OHUMOCTH BbIOOPA peskMMa IIPaBOBOM 3aIHUTHI 10Ty~
YeHHBIX TeXHUYeCKHX Pe3y/IbTaTOB — [IaTeHTOBAHHE
HJIK OXpaHa B pexkhMe Hoy-xay (cT. 1465-1472 u. 4 TK
P®). Kpome Toro, ele 10 IaTeHTOBAHMUS U OIy6IHKO-
BaHMUS CYLUIHOCTH M306peTeHHU s B OTKPBITOM I1e4aTH
HeobX0A MO IIPOBECTH B COOTBETCTBHUH C CYLIECTBY-
IOUNUMHU JOKYMeHTaMH IIPOBEPKY Ha HaJlH4YHe CBe-
JleHHH, COCTABIAOIIUX TOCYJaPpCTBeHHYIO TalHY.
[TopsIIOK ITaTeHTOBAHMU S CEKPETHBIX pa3paboTok pery-
nupyercs cT. 1401-1405 4. 4 I'K P®, [locTaHOB/IeHHEM
ITpaBuTenbcTBa PO Ne 928 (2007 r.), HOpMaTUBHBIMHU
IOKYyMeHTaMH MUHO60pOHEI PO.

BbIBO/bI

1. OKCIIepHUMEeHTA/IbHO A0Ka3aHa YHUKAJIbHOCTH
XapaKTepPUCTUK HAHOIIPEIIapaToB.

2. Heobxonrumo pa3paboTaTbh MHCTPYMEHTAIb-
Hble METOLUKH BBIXOJHOTO KOHTPOJIS KadecTBa
HaHOIIPeIlapaTos.

3. Ilpu pa3paboTKe HAHOCTPYKTYP C 3aaHHBIMU
OU3UKO-XMMUUYECKUMHU U TepaleBTUUYEeCKUMHU
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cBorcTBaMu TpeboBaHUS K buobesomacHO-
CTH HAaHOIpeIapaToB HeobxoOMMO 3aKja-
OBIBATh HAa HAa4daJIbHOM 3Talle IIPOM3BOACTBA
HaHOIIpeIapaToB.

.I[IpoBeseHHBIE TUCTOJOTUYECKHE UCCIENOBA-
HHUS TOTOBOM MPOAYKIUH B JXUBOTHOBOZCTBE
U IITHLEBOACTBE II03BOJISIIOT JOCTOBEPHO KOH-
TPOJIHPOBATh €e COOTBETCTBHUE TpebOBaHUAM
6robe3omacHOCTH.

. IToxa3aHo, 4TO AJIS1 JOCTOBePHOM CepTUPHUKA-
LUK HAHOIperIapaToB JOCTATOYHO HHCTPY-
MEHTAJIbHBIX METOJOB KOHTPOJS COOTBET-
CTBHUS HAHOIIPeIapaToB 3TAJIOHHBIM 06pa3iam,
IIOCKOJBKY OTCYTCTBHE UCXOALHBIX HHIpeJHeH-
TOB B HaHOIIpelaparax 3aTpPyLHseT caM IIPoO-
ecc uX CepTUPUKALIUU.
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Bonpocbl NATEHTOBAHMSA

HOL, ®MH 3ANATEHTOBAJI TEXHOJIOTUN
CO3AHUA NNASMOHHDbIX HAHOJIA3EPOB

C YHUKA/IbHbIMU XAPAKTEPUCTUKAMU
TECHNOLOGIES FOR CREATING PLASMON
NANOLASERS WITH UNIQUE CHARACTERISTICS
ARE PATENTED AT THE FMN LABORATORY

U.A.PoduoHos, dupekmop HOLL PyHKULUOHANbHblE MUKPO/HAHOCUCITIEMbL
L.A.Rodionov, Director of FMN Laboratory

DOI: 10.22184/1993-8578.2020.13.2.158.159
Mony4eHo:10.03.2020 .

KomaHaa wHXeHepoB M y4eHbix HOL, ®yHKUUOHa/IbHble MUKpO/HaHocuctembl MITY
M. H.3.baymaHa u ®ryn "BHUUA nm. H.J1.[lyxoBa" noay4ymna nateHTbl HA MHOrosTanHyto
TEXHOJIOTMIO U3roTOBJIEHUSA MJIa3MOHHbIX Jla3epoB (cnasepoB) U CEHCOPOB C YHUKAbHbIMMU
XapakTepuctukamum. HoBbiM MeTOoA CTa/N MPOPbIBHbIM peweHueM B 06/1aCTU MIa3MOHUKU
M NO3BOJIMJ, B YAaCTHOCTMU, CO34aTb NIa3MOHHbIA HaHonasep (cnasep) ¢ peKOpAHbIMU cnek-
Tpa/ibHbIMU XapakTepucTukamMu u 6MONIOrNYecKuUm CeEHCOpP C PeKOPAHOWN YYBCTBUTEIbHOCTbIO
3 ppt.

Team of Engineers and Scientists REC Functional Micro / Nanosystems of Bauman Moscow
state technical university and Dukhov Automatics Research Institute (VNIIA) received patents
for a multi-stage technology for manufacturing plasmon lasers (spazers) and sensors with
unique characteristics. The new method was a breakthrough solution in the field of plasmonics
and allowed, in particular, the creation of a plasmon nanolaser (spaser) with record spectral
characteristics and a biological sensor with a record sensitivity of 3 ppt.

MonyyeHHble pOCCMIMCKME NATEHTDI:

e Crocob pU3UUECKOTO OCAKIAEHUSI TOHKHX IIjIe-
HOK MEeTAaJIJIOB U3 ra3oBou dpa3ssr Ne 2697313;

e Criocob HM3roTOBIEHHUS MAaCCHUBOB pPeryasp-
HBIX CYOMUKPOHHBIX MeTaTJHUYeCKUX CTPYK-
TYyp Ha ONTHUYECKH IIPO3PAUYHBIX ITOOJIOKKAX
Ne 2706265;

* Criocob6 M3roTOBJIEHUSI MAaCCUBOB PeryasipPHBIX
Cy6OMHKPOHHBIX OTBEPCTHUI B TOHKHX MeTaJl/IH-
YeCKHUX IIJIeHKaX Ha IMoaJioskKax Ne 2703773,

6opbba 3mech BeeTCs 3a KAYeCTBO KPUCTAIHUYe-
CKOM CTPYKTYPHl U COBEPIIEHCTBO IIOBEPXHOCTH
TOHKHUX IIJIEHOK, CO3/laBaeMbIX U3 3TUX METaJIJIOB.
YPpOBeHb COBepILIeHCTBA Pe30HATOPOB B OCHOBHOM
onpepesieTCss TOUYHOCTbIO M3TOTOBJIEHUS IJIa3-
MOHHBIX HAaHOCTPYKTYpP, a TaKXXe OTCYTCTBHUEM
3arpsSg3HeHHU - Ja’ke aTOMapHBEIX - II0 UTOraM
nocTnponeccuHra. Ka>kJAbll TeXHOJIOTUYeCKHUU
IpoLecc NOoKeH OBITh peasin30BaH TaKKUM obpa-
30M, 4TO6B Ha QUHUIIE IIOTYyUHUJICS UAealbHbIH
npubop. Cepus narenTo HOLl ®MH 3akpemnser

CneKTpaanme XdPaKTepUCTHUKHU IIJIAa3MOH- HOYy-Xay KOMaHABI Ha BeChb LIUKIJI onepaum?l CO03-

HBIX Jla3epOB M, COOTBETCTBEHHO, YyBCTBUTE/Ib"
HOCTbh CEHCOPOB Ha UX OCHOBe KPUTHUYECKH 3aBU-
CSIT OT IIOTEePb B IIJITA3MOHHBIX MaTepHalax U pac-
CessHUSI CUTHAJIOB Ha HeCOBepIIeHCTBaX GOpMHU-
PyeMBbIX M3 HUX HAaHOCTPYKTYp (Pe30HATOpPOB).
ITo ypoBHIO IIOTEPh B MaTepHaJie cepebpo U 30710TO
He MMeIOT aHaJIOr0B B IIJIa3MOHHKe - MHUpoOBas

HAHO MHOYCTPHA Tom 13 Ne 2 (95) 2020

JaHHUS [a3MOHHBIX YCTPOMCTB C YHUKA/JIbHBIMHU
XapaKTepUCTHUKAMHU.

PaszpaboTaHHAas TeXHOJIOTUS BbIBesla Ha Kaue-
CTBEHHO HOBBIM YPOBEeHb METOMbl OCa’KIeHHUS,
nuTorpaduM U MJIA3MOXHMMHUYECKOTO TpaBje-
HUS 671aropoHBIX MeTaJIJIOB — 30710Ta U cepebpa.
HMIMeHHO 3TH MaTepHaJbl IBISI0TCS KIKO4YeBbIMU



ISSUES OF PATENTING

Oas NpUMeHeHHUU B obiactu
IIJIa3MOHHUKH, XOTs obnagamoT
60JIBIIMM KOJTHUECTBOM TeXHOJIO-
rHYeCKHUX OTPAaHUYEHHUH U 0CO-
6eHHO KAaIIPU3HBI C TOYKHU 3pe-
Hus HaHodpabpukanuu. Criocod,
npennoxeHHsn HOILl dMH,
1103BosieT 060KUTH 3TH CIOKHO-
CTH, BbI3BaHHBIe QHU3HNUYECKUMHU
CBOMCTBAMM MaTepHaJIOB.
[Iony4dyeHBl ITAaTEHTHI Ha KaXX-
IBIM 3Tall pealH3allMU TEXHO-
noruu: dusuveckoe ocakigeHUe
YABTPATOHKUX IIJIEHOK MeTaJjIJIoB
M3 ra3soBou ¢asbl, U3rOTOBIEHUE
MaCCHUBOB CyOMUKPOHHBIX OTBeP-
CTHUH B TOHKHX IIJIEHKaX, IIJjia3-

SMUCCUOHHOE U3/ydeHune
Emission of radiation

M3nyyeHne Hakaukm
Pumping radiation

MokpbiBaloLas nofMmepHas cpega
Coating Polymer Medium

Cnow cepebpa C MacCMBOM OTBEPCTUN
Silver layer with an array of holes

Moanoxka 13 keapua
Quartz substrate

-

MOXHMMHYECKOe TpaBIeHHUe cyb-
MHKPOHHBIX MeTa/JIHYeCKHX
CTPYKTYP.

3amaTeHTOBAHHAS TeXHOJOTUs HAaHUJeT IpHU-
MeHeHHe B 0071aCTH CO3/laHHUS HU3KOIOPOTOBBIX
HaHOJIa3epPOB ~ HCTOYHHUKOB KOTEePEHTHOI0 U3y~
YeHHUs CyOMUKPOHHBIX Pa3MepOB, BBICTYIAOIIUX
KJIIOYEeBbIM 3IeMEeHTOM OITHUYEeCKHX CHCTEeM MeXK-
IIPOLIECCOPHOM CBSI3M Ha YHIIe U BBICOKOIIPOM3BO-
OUTENbHBIX BEIYUCAUTENbBHBIX CUCTEeM. [IOMHMO
3TOro, OHA OTKPBIBaeT Ka4eCTBEHHO MHbIE BO3MOXK-
HOCTH B 0671aCTH 3K0- U OOCEHCOPHUKHU.

B YacCTHOCTH, HU3TOTOBJIEHHBIH C HUCIOIb-
30BaHHeM pa3paboTaHHON TeXHOJIOTHH 6HO-
CEeHCOp IO3BOJISIeT ONpee/siTh BellleCTBA Ipe-
HOelbHO MaJIBIX KOHIleHTpanum (Aas dayopec-
LHUPYIOIIKX MOJIEKY A0 20 MUKOrpaMM Ha MHUJI-
TUIUTP unu 3 ppt (parts per trillion - 3 moine-
KyJabl Ha TPUJUIMOH 4YacTHUI, pacTBopa). OH
MoOXXeT OBITh HCIONB30BaH B jaabopaTtopum
Ha YHIle - MepCOHUPUIMPOBAHHOM Ipubope,
duKcHpyOIIeM U3MeHeHHe BellecTB, ComepsKa-
IIUXCS B KPOBHU - a TaKKe B cUcTeMax be3somac-
HOCTH a3pOIIOPTOB, TOPTOBBEIX LIEHTPOB U APYTHUX
0611eCTBeHHBIX MeCTaX.

"Pa3paboTaHHble Halleld KOMAaHAON TeXHOJO-
TUU YHUKAJIbHBI, OJHAKO ropa3fo BaskHee IOJy-
YeHHBIH OIBIT, KOTOPBIF MBI HUCIIOTb3yeM CerofH s
He TOJIBKO B 06/1aCTH IIJIA3MOHHUKHU, I/le COBMECTHO
C HAIIMMU IIapTHePAMH Y>Ke IPOLeMOHCTPUPO-
BAJIU PSi MUPOBBIX NOCTHXKEHUMN, HO U B paboTe
C HeKOTOPBIMU APYTMMHU "UyBCTBUTEJIbHBIMU"
MaTepHaJaMH. Pedb HeT B TOM YHC/Ie O paspa-
60oTKax aTIOMHUHHUEBON, HUTPUA-TUTAHOBOM HJIH
HUOOMEeBOM TeXHOJIOI UM ITPU U3TOTOBJIEHUH KBaH-
TOBO 3JIeMeHTHOM 6a3bl Ha CBePXIIPOBOAHHUKAX.

Puc.1. Maa3moHHbIl HaHonasep HOL ®MH
Fig.1. Plasmon Nanolaser in FMN Laboratory

BkyIle c HelIpeB30OKMJeHHBIMH XapaKTepPUCTUKAMHU
YCTPONCTB, HAIIK MeTOAbl 06eCIIeYnBalOT MaKCH-
MaJIbHO BBICOKYIO JOOPOTHOCTDH, BOCIIPOHU3BOAHU-
MOCTb U MHUHUMM3AL U0 IPUBHOCUMBIX AedeK-
TOB", - oTMeyvaeT HUibsg POLUOHOB, nupekTtop HOLJ
OYHKIIMOHA/JbHbIe MUKPO/HAHOCHCTEMBI.

HOILL ®MH - cOBMeCTHBIN HCCIeL0BATEIbCKHUI
neHTp MITY um. H.3.Baymana u ®I'YII "BHUUA
uM. H.JI. [lyxoBa", obecrie4rBaOUI NI pearn3alnio
IepeoBbIX IPAKTUYECKUX UCCIeJOBAHUN B 0b11a-
CTHU 3JeMeHTHOUN 6a3bl Ha HOBBIX QU3HUUECKUX
NpUHIMIIAX, KBAHTOBLIX TeXHOJIOTHI, HAHODOTO-
HUKH U ONITUKH, 6HOAaHATUTHYECKHUX IIT1aTOOPM
Tuna "naboparopus Ha ymumne', MOMC/MOSMC
M TOHKOIIJIEHOYHBIX TeXHOJOTHH. MccaemoBaHuS
BBIIIOJTHSIIOTCSI C HCII0JIb30BAaHUEM KOMIIJIEKCOB
060pymoBaHUS BeAyIIUX MUPOBLIX [IPOHU3BOJUTE-
JIe, o0 beJUHEHHBIX B e IUHBIN TeXHOJIOTUYeCKHU U
KJIACTep.

MITY uM. H.9.bayMaHa - OJHH U3 KPyIHeM-
IIHMX TOCYyLapCTBeHHBIX TeXHUYECKHUX YHUBEP-
CHUTETOB U Hay4YHBIX LleHTPoB Poccuu U EBpPOIBHL.
Obyuenue B MI'TY uM. H.3.baymaHa BefeTcs Ha 19
dakynpreTax AHeBHOIO OTAeNeHUsA. OTKPBHITH fBa
¢éunuana MITY B Kanyre 1 MeITHIIAX, a TaKXKe
TexHHUKyM. OCHOBHBIMHU CTPYKTYPHBIMH IIOApa3-
JeJleHUSIMH YHHBePCHUTeTa SABJISIOTCS Hay4YHO-
y4uebHbIe KOMIIJIEKCHl, HMeIoN[He B CBOeM COCTaBe
baxkynbpTeT U Hay4yHO-UCCIef0BaTeIbCKUI HHCTHU-
TyT. ®I'YII "BHUHA um. H.JI.[lyxoBa" - co3jaHHOe
B 1954 romy, oqHa M3 BeAYIIHX HAyYHO-HCCIeN0Ba-
TeJIbCKHUX OpTaHHU3allUH [ocygapCcTBeHHOM KOPIIO-
PaLlUU 10 aTOMHOM 3Hepruu "Pocatom". |
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SEMIEXPO
RUSSIA

SEMIEXPO Russia o0veguHAer mMexayHapoAHYH CNeuWann3vpoBaHHYH BLICTABKY C ABYXAHEBHOW
AENOBOA NPOTrPaMMOoN, rAe eXercAHo NPUHUMAKOT YHacTUe PYKOBOAWTENW, IKCMEepPThl, TON-MeHeaxepsbl
KPYNMHEWLWMX KOMMaHWA MO MWKPO3NEKTPOHMKE, NPeACTaBUTENM OpraHoB rOCYA3apCTBEHHOW BAacTw,
Hay4YHO-UCCNEA0BATENLCKMX MHCTUTYTOR M MeXAYHaPOAHbBIX aCCOLMAaLIAN.

Mporpammubie meponpuarna Ha SEMIEXPO Russia 2020

SEMI Member Forum 2020 0630p kapsepHbIX BO3MOXKHOCTENN
1 exerofgHelit JeHs Tanantos 0 I
_ﬂ MexayHapogssiini MEMS Farum JKCMOPTHbIE NEPCNEKTUBHL.
OTKpBITLIA Avanor ¢ 3apybexHbiMu o—

pPhIHKaMu
Hoseii 31an KOHKypca
«MHHOBaUWOHHAA PafMO3NEKTDOHUKA» JKENO3MUMA Knactepos W3 EBponsl 1

A3znu

MOCKBA IKCNOLLEHTP 9-10 UKOHA 2020

BbICTABKA N KOH®EPEHLU A
NO TEXHOJIONMAM, MATEPUAJIAM,
CTAHAAPTAM U OBOPYAOBAHUIO B

OBJIACTU MUKPOSJTEKTPOHUKU

Bonbuwe uHpopmMaLnn Ha oQULlManbHOM CaiiTe

www.semiexpo.ru

@semiexporussia





