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BARYYMHON 3NEKTPOHMEY

OCBOEHME TeparepLiOBOO AMANA30Ha YacTOT U POCT TPEHOBAHMI K Ka4eCTBy
6ecnpoBOHOIA CBA3M 1 PAAMONOKALMM CTUMYAMPYIOT Pa3BUTUE BaKYYMHOM
MMKPO3/IEKTPOHNKN

HAMEYEH NPOPDLIB |
B TPABUTALIHOHHOH DU HUKE |

MpeacTasneH NPOeKT Co3AaHNs KOMMNAKTHOO \
Na3epHO-MHTEPHEPOMETPUYECKOTO KOMMEKCA Ha NPUHLMNE |
rPaBUTALMOHHO-MHAYLIMPOBAHHOTO CAIBITA YACTOTbI reHepaLmuy

HEAPONPOLLECCOP HA
MEMPHCTOPHO-AHOAHOM
HPOCCBAPE

Pa3paboTaHa KoHLenLys aBTOHOMHOTO HeMpONpOLIeccopa,
Ha KOTOPOM MOTYT 6a31poBaTLCA KaK HEMPOCeTH Ha
MPOCTbIX HEMPOHaAX, TaK 1 buoMOpdHas HeNpoceTb
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Competent opinion
Russian MEMS production of European quality
D.Shamiryan

New classics of photolithography
L.Peter

Conferences, seminars,
exhibitions

Compact laser-interferometric complex
(CLIC) - promising research in field

of gravitational physics

10 best innovative products of
VacuumTechExpo 2018
S.Nesterov

News

Report from production
Supercritical fluid technologies - basis for
creating innovative implants

D.Georgiev

Control and measurement

Interprocess control of critical dimensions

in production of MEMS

N Izrailev, A.Kazachkoy, |.Rod, A.Isachenko, D.Shamiryan
The paper presents the results of the development of the
script for the analysis of optical images. Using Deriche's
boundary delimitation algorithm, the analysis script

allows obtaining critical dimensions (CD) of micro-sized
structures captured by an automated optical system. The
monitoring of the geometrical parameters of the MEMS
products after various technological processes helps to
control the processes' performance which is strictly required
by the quality management system maintained in the
MEMS manufacturing. The developed technique allows

to determine with a high accuracy the critical dimensions
of chips located on a silicon or glass wafer. A complete
optical inspection of one 100 mm wafer together with
image processing takes less than 10 minutes. Although the
developed script is designed to control the parameters of
wafers of certain types and sizes, the algorithms used allow
for a significant expansion of its functionality in the future.
Keywords: image processing, microstructure, quality
management, optical inspection

FemtoScan Online! Why?

A Filonov, I Yaminsky, A Akhmetova, G.Meshkov

The FemtoScan Online software allows to process, analyze
and create images in scanning probe microscopy, as well

as to operate a scanning probe microscope, including
remotely via the Internet. FemtoScan Online perceives
more than 100 different formats of data developed by both
existing and already disappeared companies, microscopes
of which are used in laborataries around the warld. The
software is convenient for analyzing large images, because
two images are displayed: an overview with a “sliding" area
and an increased detailed view of the content of the "sliding"
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KomMneTteHTHOE MHeHue
Poccuicroe npoussogcTBo MIMC eBponeickoro ka4ecTsa
[.WamupsH

HoBas knaccuka potonuTorpadmum
J1.Mumep

KoHdepeHuUuU, ceMuHaphli,
BbICTaBKU

KOMNaKTHbIN nazepHo-uHTephepomeTpudecKuit
komnnekc (K/IMK) - nepcnekTuBHbIe UCCNEL0BA-
HUS B Chepe rpaBuUTaLMOHHON U3NKK

[lecaTb Ny4LINX MHHOBALMOHHbIX NPOAYKTOB
BbicTaBku VacuumTechExpo 2018
C.Hecmepos

HoBoctun

PenopTtax c npou3ssoacTea
CBepxkpuTHyeckue GnouaHble TEXHONOrM —
0CHOBA /19 C03AaHUA UHHOBALMOHHbIX UMN/IAHTATOB
[l.Teopeues

KoHTponb n n3iMmepeHus

MeXnpoLeCCHbIN KOHTPONIb KPUTUYECKUX
pasmepoB M3MC-371eMeHTOB B POU3BOACTBE
H.M3paunes, A.Kasa4kos, M1.Pod, A Vcavenko, 1. Liamupss
B CTaTbe npuBezeHbl pesynbTarbl paspaboTky MporpaMMHoro 0bec-
niedenis (I10) 119 aBTOMATVYECKOTO aHa3a OMTUYeCkiX M306pa-
XeHui. CUCTIONb30BaHVEM aATOPUTMA BbIIENEHIS rpaHuL lepuiiue
MO paccyuTbIBIET reOMETPUHECkye NapaMeTpbl MUKPOCTPYKTYP Ha
U300PKEHISX, MONYHEHHbIX TP NOMOLLY ABTOMATH31tPOBAHHOM
ONMTY4ECKOV CUCTeMbI B PAMKIX MEXTPOLIECCHOTO KOHTPONS KpUTH-
yeckux pasmepos (KP) MIMCnipozykuyu. Mogo6Hbiii KoHTponb KP
SBNIRETCH OHMM M3 MHCTPYMEHTOB CUCTEMDbI YTIPAB/IeHNS Ka4ecTsa
B npou3BozCTBe MIMC. PaspaboTaHHast MeTozuka no3sonseT ¢
BLICOKO TOHHOCTLHO OMPEARNSTL KpUTMHECKye PaMepbl YUTOB,
PACNIONOXEHHbIX HA KPEMHVEBOV WM CTEKNAHHOM NIACTUHe.
T0MHas OMTUHECKAS MHCTIKLMA OLHON TIACTUHDI AYAMETPOM

100 MM BMeCTe C 06pabOTKON U306PKEHMIA 3aHNMAET MeHee

10 MutH. Xors paspaboTanHoe M0 npeaHasHadeHo s KOHTPons
N1apaMETPOB MIACTVH OMPeseNeHHbLIX TUMOB 1 Pa3MepoB, UCroNk-
30BaHHbIe AAITOPUTMbI AONYCKAIOT 3HAYUTENbHOE PaCLLMpeHie ero
YHKLMOHTLHOCTY B By yLLIeM.

Kntouesble croea: 06patomka L306paxenLL, MUKpOCTpyKmypbl,
JNpaenexLie Ka{ecmaon, onmuYeckast LIHCNeKuUs

OHnanH"! Moyemy oH?

A QunoHos, 1. muckut, A Axmemosa, I Melukos
MporpammHoe obecnevene "GemtoCka OHnaH' no3sonset
MPOBOAVTL 06PABOTKY, aHa/W3 M MOCTPOEHYe M306paXeHN

B CKHMPYHOLLIEV 30HZOBOW MUKPOCKOMIAW, A TAIOKE YTIPABASTH
CKAHVPYHOLLLVIM 30HLOBLIM MAKPOCKOMOM B TOM YNCE YaneHHo —
yepes MhTepHer. "OemToCkan OHnaiH" BocpuHumaet bonee 100
PA3NMYHbIX (POPMATOB 3AMMCH AAHHIX OT CYLLECTBYHOLLMX M )Ke
WACHE3HYBLIMX KOMMAHIIA, MAKPOCKOb! KQTOPbIX UCONLYIOTCA

8 nabopatopuax Mupa. M0 yA06HO NPUMEHSTL A1 aHaM3a
BOMLLLIMX CHYMKOB, Tak Kak Ha 3KPaH MOHWTOPA BLIBOASTCA 483
11306paXeHNs:: 0630PHO. CO CKONLALLVM OKHOM 1 YBENMYEHHOE
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area. Also in FemtoScan Online you can view 3D images
on a stereo monitor. The software is successfully used in
educational work in universities, secondary schools and in
the Nanotechnology youth innovation creativity center.
Keywords: scanning probe microscopy, optical microscopy,
electron microscopy, image processing and analysis

Nanotechnology

Neuroprocessor based on combined
memristor-diode crossbar

S.Udovichenko, A.Pisarev, A.Busygin, O.Maevsky

The paper presents the concept of an autonomous
hardware - a neuroprocessor, on which both neural
networks with simple neurons used in information
technologies and a biomorphic neural network can be
based for modeling the work of the cortical column of the
human brain. Neuroprocessor as a computational device
of matrix-vector operations includes logical and memory
matrices based on a combined memristor-diode crossbar.
We present a functional diagram of a neuroprocessor,
electrical dircuits of a storage matrix and a universal
logical matrix. The latter as a programmable logical matrix
performs matrix-vector multiplication by successive
conjunctions with inversion; as a switch directs the output
pulses of neurons to the synapses of other neurons; as
part of the input device of the neuroprocessor implements
the primary processing of the signal in the digital mode by
multiplying the matrix by a vector, converting the input
datainto the desired format; as part of the output device,
compresses the information with the same multiplication
for transmission to the interface unit. SPICE-simulation

of the main nodes of the neuroprocessor showed high
energy efficiency of the proposed matrices.

Keywaords: neuroprocessor, memories and logical matrices,
memristor-diode crossbar, processing and routing of signals,
multiplication of a matrix by a vector

Vacuum electronics: renaissance

or stagnation

A Cnigoriev, A.lvanov, V.Ilyin, V. Luchinin

The developments in the millimeter wavelengths and

the terahertz frequency range, as well as the need to
ensure high values of the most important quality factor

of wireless communication systems, radar and radio
electronic countermeasures - product of output power,
operating frequency and frequency band - have become a
stimulus for the development of vacuum microelectronics.
The use of basic and modified processes of micro-and
nanotechnology and of infrastructure of integrated
production of solid-state electronics and microsystem
equipment create prerequisites for the evolution of vacuum
electronics into the micro- and nanoscale region. The

paper notes that in terms of a complex of parameters,
including speed, quality factor, limiting operating frequency,
noise level, resistance to radiation, temperature and
electromagnetic influences, vacuum electronics devices can
exceed solid-state functional analogues. The actual physical
and technological problems of vacuum microelectronics
are determined. At the Department of Radio Electronics
and at the Center for Microtechnology and Diagnostics

of ETU"LETI", modern developments are being realized,
including field emission cathodes based on silicon carbide
and diamond, a millimeter range traveling-wave tube for
5G wireless communication systems and millimeter-wave
klystrons. Also, the paper considers areas in which vacuum
microelectronics may bein demand.
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0TOBPAXEHYE COEPXMMOrD CKONb3ALLIEr0 OkHA. Taioke peanv-
30BaHa BO3MOXHOCTL MPOCMOTPA TPEXMEDHDIX M30OPDKEHINA HA
CTepeomonmTope. M0 yCnewHo MCnonb3yeTca 8 y4ebHow v 0bpaso-
BaTe/bHOW pabore 8 By3ax, wkonax v 8 LIMIT "HaoTexHonoruu'.
Knto4egble cA0Ba: CKHLDYILLAS 30H008AS MUKPOCKONLS, ONMUYLCKas MUKpO-
CKOMLS, HAeKTTIPOHHAS MUKDOCKONLS, 06PaGOMKA U GHAAL3 L306paxeHL

HaHoTexHonoruu

Heliponpoveccop Ha 0CHOBE KOMBUHUPOBAHHOTO
MeMpUCTOPHO-ANOAHOTO Kpoccbapa

C.Ydosuuerko, A.Mucapes, A.bycbizut, O.Maesckuii

B pabore npezCTaB/ea KOHLENLVA 3BTOHOMHOMO aNNapaTHoro
CPe/CTBA — HEMPOMPOLLECCopa, Ha KOTOPOM MOTT 6331POBATLCS KAk
He/POCETY Ha NPOCTLIX HEMPOHAX, UCTIONb3yeMbie B MHOOPMALYOH-
HbIX TEXHONOrASX, Tak v GMOMOpdHas He/tpoCeTb A8 Moenu-
POBAHMS PABOTLI KOPTYKAbHOV KOMOHKY YeN0BEYECKOTO MO3ra.
He/iponpoLieccop kak BbIMUTTMTENbHOE YCTPOVICTBO MATPYYHO-Bek-
TOPHbIX NPV BIUIKHAET B Ce6 7I0TMHECKYHO 1 3aNOMUHAIOLLYIO
MaTpHLibl, MOCTPORHHbIE HA OCHOBE KOMBVHPOBAHHONO Mempyt-
CTOPHO~MOLHOr0 Kpocchapa. MpernioxeHb! GYHKUMOHAbHAS CxeMa
He/POMPOLIECCOPA, & TAKOKE MEKTPUHECKVe CXeMbi 3aNoMMHatoLLeH
11 YHBEDCA/IHON 10rM4ECKOV MTPUL, T0CTEAHSS B KadecTBe
MpOrpaMMUPYEMON 10THECKOV MaTPULLb! BLINOTHAET yMHOXeHVe
MaTpMLibl Ha BEKTOP MyTeM NOCNEA0BATENbHbIX KOHLIOHKLV C HHBEp-
CMeI; B Ka4eCTBe KOMMYTATOPA HANPaBNSeT BIXOAHbIE MMMYbCbI
He/APOHOB Ha CYIHAMChi APYTAX HEPOHOB; B KA4ECTBE YACTV BXOBHOTO
\CTPOVICTBA He/iPONPOLILCCOPA PeaNv3yeT NepavHHYH) 06paboTky
CUTHANA B LGPOBOM PEXVIME C TOMOLLIbHO YMHOXEHNS MaTpiLibl Ha
BEKTOP, NPe06pasyst BXOBHbIE AaHHbIE B HYXHbIM (OPMAT; B kayecTse
YaCTV BLIXOAHOTO YCTPOWCTBA OCYLUECTBASIET CKATHE MHGOPMALY

C MOMOLLIBO TOTO XE YMHOXEHIS U1 NEpera4i B MHTEPQENCHbIN
6nok. SPICE-Moze/poBaHIe OCHOBHbIX Y3708 HE/POMPOLIECCOpa,
110K3a/10 BbICOKYH 3HEPro3(deKTVBHOCTL MPELIOKEHHbIX MATPHL,
Knrouesble cnosa: Heliponpoueccop, 3anomuHaouias U Ao2ueckast
MAampULbl, MempuCmMOpHo-0U0dHbILi Kpocchap, obpatomka u
KOMMYMAUUS] CLZHAAOB, YMHOXeHLIe MAMPULLb! HA BeKMOp

BakyyMHas 371eKTPOHMKA: peHeccaHc

WK CTarHaums

A.Tpuzopbes, A.V1aros, B./nbuH, BJIyMUHUH

(OCBOEHVE MWIIIMETPOBLIX /IMH BOTH 1 TeparepLioBOro auana-
30Ha 4aCTOT NPV HEOBXOMMOCTY 0BECTIEYEHIS BLICOKMX 3HAYEHMM
BAXKHEWLLIErO KDUTEpHS KAYECTBA C1CTem HecripoBOSHON (B3,
PaAVIONOKALIY 1 PAAMO3NEKTPOHHONO NPOTVBOASACTBA ~ Npo-
V13B221eHIA BbIXOAHOM MOLLHOCTV Ha Paboyk0 4acToTy 1 nonocy
4aCTOT — CTa/IW CTVIMYNIOM Y19 PA3BUTIAS BAKYYMHOM MIAKDO3-
NIeKTPOHIKM. VCnonb30BaHe 6a30BbIX 1 MOAVOMLIMPOBAHHbIX
MPOLIECCOB MMKPO- Y HAHOTEXHONOT YN 1 MH(PACTPYKTYPbi MHTer-
PJILHO-TPYMNOBOrO NPOW3BOACTBA NPUEOPOB TBEPAOTENLHOM
3MEKTPOHNKI ¥ MAKPOCCTEMHOM TEXHWKI CO303H0T MPEANOCLUTKA
K 3BOMHOLYAN BAKYYMHOW 37KTPOHIKM B MUKPO-  HAHOPa3Mep-
HYH0 0671aCTb. B CTaTbe OTMeHeHO, YTO N0 KOMMAIEKCY MapaMeTpos,
B TOM 4uC1e, BLICTPORENCTBINNO, KpUTEPUIO KA4ECTBa, MpefebHON
paboyet YacToTe, YPOBHIO LLYMOB, YCTOM4BOCTY K pajyaLi-
OHHbIM, TEMNEPATYPHbIM ¥ 31eKTPOMArHUTHbIM BO3LEACTBUAM,
NP1BOPbI BaKyYMHOM IMIACCHOHHON 3NeKTPOHMKY MOryT NPeBoC-
XORWTb TBEPAOTENbHbIE (YHKLMOHbHbIE HaNOrW. Onpezenetb
aKTya/bHble U3VIKO-TEXHONOMYeCkie MpobeMbl BakyyMHON
MAKPO3IEKTPOHMKN. [TPeLCTaBNeRbI COBPEMEHHbIe pa3paboTky,
peA3yeMble Ha kadienpe PALVIoTeXHUHeCKoN NeKTPOHMKY 11 B
LieHTPe MYKPOTEXHONOTWN 1 AnarHocTvky CMBIMITY "NI5TU', 8 Tom
4¥Cne, aBTO3MUCCYIOHHbIE KATOAb! HA OCHOBE KAPOWAA KpeMHKS 1
M3, laMna beryLLert BOMHb! MANAMMETPOBOTO AVANa3oHa g
5G c1CTem 6ecnpOBOAHOV CBA3 Y KMCTPOH MUAIMMETPOBOMO
[Mana3oHa. PaccmoTpeHbl 061acTH, B KOTOPbIX MOXET BbiTh
BOCTPebOBaHa BaKyYMHas MUKPO3NEKTPOHMK.



Keywords: vacuum micro-device, field emission cathode,
traveling wave tube, klystron

hydrogen for fuel cells 370
g finely dispersed silicon
B Gribov, K Zinoviev, O.Kalashnik, N.Gerasimenko,
D.Smimov, VSukhanov, L Sukhanova, V.Chetverikov
The development of hydrogen energy causes the growth
of interest in the creation of chemical hydrogen generators
The paper considers the prospect of using fine-dispersed
silicon in such generators. In particular, the waste
products of the production of high-purity single-crystal
and polycrystalline silicon, as well as metallurgical silicon,
can be suitable and cheap materials for the obtaining of
hydrogen when interacting with a weak-alkaline KOH
solution. The study of the change in the rate and the
thermal effect of the reaction as a function of its time, the
parameters of the silicon powder, and the ratio of the
initial components of the solution made it possible to
establish that for an identical particle size of the powder,
the specific rate of hydrogen generation depends little
on the method of obtaining silicon, its crystal structure
and theimpurity content. The main factor influencing
theintensity of the chemical reaction is the particle size
of the powder. Based on the research, recommendations
for the selection of powders of polycrystalline and
monocrystalline sificon for practical use in autonomous
chemical hydrogen generators are proposed.
Keywords: Hydrogen energy, chemical hydrogen generator,
monocrystalline and polycrystalline silicon

using

COAEPXAHMUE

Kntouesble cnoa: 8aKyymHbIL MUKDONPUBOP, ABMOIMUCCLOHHbIL
Kamod, aarna GezyLuedl 80AHbl, KAUCMPOH

Mony4eHue BOAOPOAA 1S TOMIUBHBIX 31€MEHTOB
C UCNoNb30BaHUEM TOHKOAWUCNEPCHOTO KPeMHUS
b.Mpubos, K 3urosbes, O.KanawHuk, H.Tepacumerko,
[1.Cuupros, B.Cyxaros, J1.Cyxarosa, B.Hemeepuikos
Pa3BuTite BOAOPOAHOM SHepreTVky 0byCnaBAMBaeT poct
JHTEpeCa K CO3AHVI0 XMMIU4ECKIX FeHepaTopoB BOLOPOAA.

B paboTe paccMaTpuBaeTCs nepenekTvBa MCob30BaHMs B
TaKvX reHepaTopax TOHKOACTIEPCHOO KpeMHKsL. B acTHoCTH,
TIOAXOAALLYMY 1 ZIeLeBbIMM MaTepUanamu 4 nony4eHus
BOAOPOAA NPV B3AMMOAENCTBIN CO C1ADOLLEN04HbIM PACTBO-
pom KOH MOryT CiyuTb 0TX0AbI NPOM3BOACTBA BLICOKOYUCTONO
MOHOKPUCTA/VIYECKOTO 1 MOAMKPUCTA/IINYECKOTO KPEMHUS,

a TAIOKe TeXHVYECKWA KPEMHIN. VICCIeN0BaHIA M3MeHeHMS
CKOPOCTY 1 TEM/IoBOro 3(hexTa peaLivv B 3aBUCUMOCTY OT

ee BpeMeHi, NapameTpoB NMOPOLUKA KPeMHWS 1 COOTHOLLIEHMS
MCXOAHDIX KOMTIOHEHTOB PACTBOPA NO3BONAY YCTAHOBHTD, YTO
1PV OAMHAKOBOM Pa3Mepe YaCTMLL MOPOLLKA yAe/bHas CKOPOCTb
TeHepaLi BOAOPOZA MO 3aBUCHT OT METOZA NONYYeHMs
KpeMHWS, KpUCTAINYECKOV CTPYKTYPbI ¥ COBePXAHIS npu-
Mecei. OCHOBHbIM (haKTOPOM, BVSIOLLMM HA MHTEHCMBHOCTL
XMIMU4ECKON PeakLviA, SBNSIETCS pa3Mep YacTuL, NOpoLLka. Ha
OCHOBaHM 1CUEI0BaHMS Pa3pabOTaHbl PeKOMeHZALMM M0
BbIOOPY MOPOLLKOB NMOAMKPUCTINYECKOTO 1 MOHOKPUCTANT
TIAYECKOTO KPEMHIA NS NPAKTUHECKOr0 MCNONL30BaHNS B
ABTOHOMHbIX XMIYECKIX reHepaTopaXx BOJOPOAA.
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CMUCOK PEKAMOJATENEW

Infrastructure
Bionanoscopy: an educational and research
center and a shared use of equipment center 380
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"SNNEKTPOHUKA:

Hayka, TexHonorus, busHec"

Hay4HO-TeXHUYEeCKNI XypHAN, MOCBSLLEHHbIN
LWMPOKOMY CreKTpy BOMPOCOB B 061acTu paspa-
HOTKM 1 M3rOTOBNEHUS INEKTPOHHOW 1 paano-
371eKTPOHHOM annapaTypbl ¥ ee KOMNOHEeHTOB,
a TaKxe 0Tpac/aeBbiX TEHAEHLMN N COCTOSHUSA
pbiHKA. XKypHan OpueHTUpPOBAaH Kak Ha pyKoBO-
AuTene pa3IMyHOro ypoBHS, Tak 1 Ha HayYHbIX
N VHXEHepHO-TexHnYyecknx paboTHMKOB B cde-
pe NpoeKTUpoBaHMsa 1 NPOM3BOACTBA 3/1IEKTPO-

HUKM, @ TaKXKe B CMEXHbIX 061aCTax

ISSN:1992-4178

"MEPBASl MU1A Last Mile"

Hay4HO-TeXHMYeCKn >KypHasa, NOCBSLLEH-
HbI TEXHONOTMAM N BU3HECY TeNeKOMMYHU-
Kauwn, npoussoacTea kabenen cesa3u, Tene-
BM3MOHHOIO BewaHns, WHPOPMAUMOHHOM
Be3onacHocTn. Ocoboe BHUMaHWe yaenseTcs
CeTaM WMPOKONONOCHOrO A0CTYNa W N0KaNb-

HbIM TENEeKOMMYHUKAUMNOHHDbIM CEeTAM.

ISSN: 2070-8963

"UNO®POBASA SKOHOMUKA"

YKypHan, nocBaWeHHbIN GOPMUPOBAHMIO LNd-
pPOBOWN 3KOHOMWKK B PO B KOHLENTYaNbHOM,
WHCTUTYUMOHAIbHOM W TeXHUYeCckOM acnek-
Tax. HOBOCTHble, aHanuTUyeckue u 3kcnep-

THble MaTepunabl.

"HAHOUHAYCTPUSA"

Hay4YHO-TEXHUYECKUIA >KYPHaA, MOCBAULEH-
HbIW  HaHOMaTepuanam, HaHO3NeKTPOHUKE,
HaHo4ATYMKAM W HAHOYCTPOMCTBAM, Awvar-
HOCTUKE HAHOCTPYKTYp W HaHOMaTepwanos,
HAaHOBMOTEXHONOTNAM U MPUMEHEHWIO HAHO-
TEXHONOMMN B MeAULINHE.

ISSN:1993-8578

"AHAJIUTUKA"
MexoTpacnesow HAYYHO-TeXHNYECKNI
KypHan o co3paHun, N3yyeHum

NNPUMEHEHNN HOBbLIX BeLLEeCTB M MaTepmnasos.
XKypHan nocBsiUeH MNHHOBAUMOHHbIM
MEXANCUUNANHAPHBLIM peleHunsam
M TeXHONOTUSIM B XUMUN KN HebTexumuu,
Haykax O  >KW3HW,
HaHOTEXHONOrNAX.

MaTepmnanosegeHnu,
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"®OTOHUKA"

Hay4HO-TeXHNYECKNIA XKypHAN Mo GOTOHHbLIM
N ONTUYHECKUM TEXHONOTUAM, ONTUHECKUM Ma-
Tepuanam v 3nemeHTam, UCnonblyeMbiM B O~
TUYECKMX CMcTemax, 060pyA0BaAHMM N CTAHKAX.

ISSN:1993-7296

"CTAHKOUHCTPYMEHT"

OTpacneBon HayYHO-TEXHUYECKMIM dKypHan,
KOMMAEeKCHO paccMmaTpuBalowmm npobnembl
CTAHKOWHCTPYMEHTANbHOW  NPOMbBILLNEHHO-

cTn.
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TEXHOCODEPA

PEKNAMHO-U3OATENbCKWUW LEHTP
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